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

0D[�)ORZ��0LQ�&XW

&RQWHQWV�
■ 0D[�IORZ�
■ 0LQ�FXW�
■ )RUG�)XONHUVRQ�DXJPHQWLQJ�SDWK�DOJRULWKP�
■ 6KRUWHVW�DXJPHQWLQJ�SDWK�
■ )DWWHVW�DXJPHQWLQJ�SDWK�
■ %LSDUWLWH�PDWFKLQJ�



�

■ 1HWZRUN�UHOLDELOLW\�
■ 6HFXULW\�RI�VWDWLVWLFDO�GDWD�
■ 'LVWULEXWHG�FRPSXWLQJ�
■ (JDOLWDULDQ�VWDEOH�PDWFKLQJ�
■ 'LVWULEXWHG�FRPSXWLQJ�
■ 0DQ\�PDQ\�PRUH������

0D[LPXP�)ORZ�DQG�0LQLPXP�&XW

0D[�IORZ�DQG�PLQ�FXW�
■ 7ZR�YHU\�ULFK�DOJRULWKPLF�SUREOHPV�
■ &RUQHUVWRQH�SUREOHPV�LQ�FRPELQDWRULDO�RSWLPL]DWLRQ�
■ %HDXWLIXO�PDWKHPDWLFDO�GXDOLW\�

1RQWULYLDO�DSSOLFDWLRQV���UHGXFWLRQV�
■ 1HWZRUN�FRQQHFWLYLW\�
■ %LSDUWLWH�PDWFKLQJ�
■ 'DWD�PLQLQJ�
■ 2SHQ�SLW�PLQLQJ��
■ $LUOLQH�VFKHGXOLQJ�
■ ,PDJH�SURFHVVLQJ�
■ 3URMHFW�VHOHFWLRQ�
■ %DVHEDOO�HOLPLQDWLRQ�



�

6RYLHW�5DLO�1HWZRUN������

6RXUFH���2Q�WKH�KLVWRU\�RI�WKH�WUDQVSRUWDWLRQ�DQG�PD[LPXP�IORZ�SUREOHPV��$OH[DQGHU�
6FKULMYHU LQ�0DWK�3URJUDPPLQJ��������������
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1HWZRUN���DEVWUDFWLRQ�IRU�PDWHULDO�)/2:,1*�WKURXJK�WKH�HGJHV�
■ 'LUHFWHG�JUDSK�
■ &DSDFLWLHV�RQ�HGJHV�
■ 6RXUFH�QRGH�V���VLQN�QRGH�W�

0LQ�FXW�SUREOHP� 'HOHWH�HGJHV�WR�GLVFRQQHFW�V�IURP�W�

0LQLPXP�&XW�3UREOHP

FDSDFLW\
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$�FXW LV�D�QRGH�SDUWLWLRQ��6��7��VXFK�WKDW�V�LV�LQ�6�DQG�W�LV�LQ�7�
■ FDSDFLW\�6��7��� �VXP�RI�ZHLJKWV�RI�HGJHV�OHDYLQJ�6�

0LQLPXP�V�W�FXW�SUREOHP� )LQG�DQ�V�W�FXW�RI�PLQLPXP�FDSDFLW\�

&XWV
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&DSDFLW\� ���

6
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$�FXW LV�D�QRGH�SDUWLWLRQ��6��7��VXFK�WKDW�V�LV�LQ�6�DQG�W�LV�LQ�7�
■ FDSDFLW\�6��7��� �VXP�RI�ZHLJKWV�RI�HGJHV�OHDYLQJ�6�

0LQLPXP�V�W�FXW�SUREOHP� )LQG�DQ�V�W�FXW�RI�PLQLPXP�FDSDFLW\�

&XWV
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$�FXW LV�D�QRGH�SDUWLWLRQ��6��7��VXFK�WKDW�V�LV�LQ�6�DQG�W�LV�LQ�7�
■ FDSDFLW\�6��7��� �VXP�RI�ZHLJKWV�RI�HGJHV�OHDYLQJ�6�

0LQLPXP�V�W�FXW�SUREOHP� )LQG�DQ�V�W�FXW�RI�PLQLPXP�FDSDFLW\�

&XWV
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1HWZRUN���DEVWUDFWLRQ�IRU�PDWHULDO�)/2:,1*�WKURXJK�WKH�HGJHV�
■ 'LUHFWHG�JUDSK�
■ &DSDFLWLHV�RQ�HGJHV�
■ 6RXUFH�QRGH�V���VLQN�QRGH�W�

0D[�IORZ�SUREOHP� $VVLJQ�IORZ�WR�HGJHV�VR�WKDW�
■ (TXDOL]HV�LQIORZ�DQG�RXWIORZ�DW�HYHU\�LQWHUPHGLDWH�YHUWH[�
■ 0D[LPL]HV�IORZ�VHQW�IURP�V�WR�W�

0D[LPXP�)ORZ�3UREOHP

FDSDFLW\

V

�

�

�

�

�

�

W

��

�

��

��

��

�

��

�

� ��

��

�����

�

VLQN

QRW�V�RU�W

H[DFWO\�DV�IRU�PLQ�FXW�SUREOHP

VRXUFH
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$�IORZ�I�LV�DQ�DVVLJQPHQW�RI�ZHLJKWV�WR�HGJHV�VR�WKDW�
■ &DSDFLW\�����≤ I�H���≤ X�H���
■ )ORZ�FRQVHUYDWLRQ���IORZ�OHDYLQJ�Y� �IORZ�HQWHULQJ�Y�

)ORZV
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&DSDFLW\

)ORZ
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$�IORZ�I�LV�DQ�DVVLJQPHQW�RI�ZHLJKWV�WR�HGJHV�VR�WKDW�
■ &DSDFLW\�����≤ I�H���≤ X�H���
■ )ORZ�FRQVHUYDWLRQ���IORZ�OHDYLQJ�Y� �IORZ�HQWHULQJ�Y�

)ORZV
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0D[�IORZ�SUREOHP���ILQG�IORZ�WKDW�PD[LPL]HV�QHW�IORZ�LQWR�VLQN�

)ORZV
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2EVHUYDWLRQ��� /HW�I�EH�D�IORZ��DQG�OHW��6��7��EH�DQ\�FXW���7KHQ��WKH�QHW�
IORZ�VHQW�DFURVV�WKH�FXW�LV�HTXDO�WR�WKH�DPRXQW�UHDFKLQJ�W�

)ORZV�DQG�&XWV
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2EVHUYDWLRQ��� /HW�I�EH�D�IORZ��DQG�OHW��6��7��EH�DQ\�FXW���7KHQ��WKH�QHW�
IORZ�VHQW�DFURVV�WKH�FXW�LV�HTXDO�WR�WKH�DPRXQW�UHDFKLQJ�W�

)ORZV�DQG�&XWV
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2EVHUYDWLRQ��� /HW�I�EH�D�IORZ��DQG�OHW��6��7��EH�DQ\�FXW���7KHQ��WKH�QHW�
IORZ�VHQW�DFURVV�WKH�FXW�LV�HTXDO�WR�WKH�DPRXQW�UHDFKLQJ�W�

)ORZV�DQG�&XWV
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2EVHUYDWLRQ��� /HW�I�EH�D�IORZ��DQG�OHW��6��7��EH�DQ\�FXW���7KHQ�WKH�
YDOXH�RI�WKH�IORZ�LV�DW�PRVW�WKH�FDSDFLW\�RI�WKH�FXW�

)ORZV�DQG�&XWV
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&XW�FDSDFLW\� ���� ⇒ )ORZ�YDOXH�≤ ��



��

0D[�)ORZ�DQG�0LQ�&XW

2EVHUYDWLRQ��� /HW�I�EH�D�IORZ��DQG�OHW��6��7��EH�D�FXW�ZKRVH�FDSDFLW\�
HTXDOV�WKH�YDOXH�RI�I���7KHQ�I�LV�D�PD[�IORZ�DQG��6��7��LV�D�PLQ�FXW�
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&XW�FDSDFLW\� ������⇒ )ORZ�YDOXH�≤ ��
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0D[�)ORZ�0LQ�&XW�7KHRUHP

0$;�)/2:�0,1�&87�7+(25(0��)RUG�)XONHUVRQ�������� ,Q�DQ\�
QHWZRUN��WKH�YDOXH�RI�PD[�IORZ�LV�HTXDO�WR�WKH�FDSDFLW\�RI�PLQ�FXW�

■ 3URRI�,28���ZH�ILQG�IORZ�DQG�FXW�VXFK�WKDW�2EVHUYDWLRQ���DSSOLHV�
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0LQ�FXW�FDSDFLW\� ������⇔ 0D[�IORZ�YDOXH� ��
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7RZDUGV�DQ�$OJRULWKP

)LQG�V�W�SDWK�ZKHUH�HDFK�DUF�KDV�I�H����X�H��DQG��DXJPHQW��IORZ�DORQJ�LW�
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)ORZ�YDOXH� ��IORZ

FDSDFLW\
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7RZDUGV�DQ�$OJRULWKP

)LQG�V�W�SDWK�ZKHUH�HDFK�DUF�KDV�I�H����X�H��DQG��DXJPHQW��IORZ�DORQJ�LW�
■ *UHHG\�DOJRULWKP���UHSHDW�XQWLO�\RX�JHW�VWXFN�
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)ORZ�YDOXH� ���IORZ

FDSDFLW\
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7RZDUGV�DQ�$OJRULWKP

)LQG�V�W�SDWK�ZKHUH�HDFK�DUF�KDV�I�H����X�H��DQG��DXJPHQW��IORZ�DORQJ�LW�
■ *UHHG\�DOJRULWKP���UHSHDW�XQWLO�\RX�JHW�VWXFN�
■ )DLOV���QHHG�WR�EH�DEOH�WR��EDFNWUDFN��
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5HVLGXDO�*UDSK

2ULJLQDO�JUDSK�
■ )ORZ�I�H��
■ (GJH�H� �Y�Z

5HVLGXDO�DUF�
■ (GJH�H� �Y�Z�RU�Z�Y�
■ �8QGR��IORZ�VHQW�

5HVLGXDO�JUDSK�
■ $OO�WKH�HGJHV�WKDW�KDYH
VWULFWO\�SRVLWLYH�UHVLGXDO�FDSDFLW\�

Y Z��
�

FDSDFLW\� �X�H�

Y Z��

�

UHVLGXDO�FDSDFLW\� �X�H��² I�H�

UHVLGXDO�FDSDFLW\� �I�H�

IORZ� �I�H�
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$XJPHQWLQJ�3DWKV

$XJPHQWLQJ�SDWK� �SDWK�LQ�UHVLGXDO�JUDSK�
■ ,QFUHDVH�IORZ�DORQJ�IRUZDUG�HGJHV�
■ 'HFUHDVH�IORZ�DORQJ�EDFNZDUG�HGJHV�
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RULJLQDO

UHVLGXDO
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$XJPHQWLQJ�3DWKV

$XJPHQWLQJ�SDWK� �SDWK�LQ�UHVLGXDO�JUDSK�
■ ,I�DXJPHQWLQJ�SDWK��WKHQ�QRW�\HW�D�PD[�IORZ�
■ ,I�QR�DXJPHQWLQJ�SDWK��LV�LW�D�PD[�IORZ"""
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RULJLQDO
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)RUG�)XONHUVRQ�$XJPHQWLQJ�3DWK�$OJRULWKP

)RUG�)XONHUVRQ�DOJRULWKP�
■ *HQHULF�PHWKRG�IRU�VROYLQJ�PD[�IORZ�SUREOHP�

4XHVWLRQV�
■ 'RHV�WKLV�OHDG�WR�D�PD[LPXP�IORZ"
■ +RZ�GR�ZH�ILQG�DQ�DXJPHQWLQJ�SDWK" V�W�SDWK�LQ�UHVLGXDO�JUDSK
■ +RZ�PDQ\�DXJPHQWLQJ�SDWKV�GRHV�LW�WDNH"

Start with f(e) = 0 everywhere.

REPEAT (until no augmenting paths are left)
Increase the flow along any augmenting path.

)RUG�)XONHUVRQ�$XJPHQWLQJ�3DWK�$OJRULWKP
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0D[�)ORZ�0LQ�&XW�7KHRUHP

$XJPHQWLQJ�SDWK�WKHRUHP���$�IORZ�I�LV�D�PD[�IORZ�LI�DQG�RQO\�LI�WKHUH�
DUH�QR�DXJPHQWLQJ�SDWKV��

0D[�IORZ�PLQ�FXW�WKHRUHP���7KH�YDOXH�RI�WKH�PD[�IORZ�LV�HTXDO�WR�WKH�
FDSDFLW\�RI�WKH�PLQ�FXW�

:H�SURYH�ERWK�VLPXOWDQHRXVO\�E\�VKRZLQJ�WKH�IROORZLQJ�DUH�HTXLYDOHQW�
�L� I�LV�D�PD[�IORZ�
�LL� 7KHUH�LV�QR�DXJPHQWLQJ�SDWK�UHODWLYH�WR�I�
�LLL� 7KHUH�H[LVWV�D�FXW�ZKRVH�FDSDFLW\�HTXDOV�WKH�YDOXH�RI�I��

�L���⇒ �LL� HTXLYDOHQW�WR��QRW��LL���⇒ QRW��L�
■ /HW�I�EH�D�IORZ��,I�WKHUH�H[LVWV�DQ�DXJPHQWLQJ�SDWK��WKHQ�ZH�FDQ
LPSURYH�I�E\�VHQGLQJ�IORZ�DORQJ�SDWK�

�LL����⇒ �LLL� 1H[W�VOLGH�
�LLL���⇒ �L� 7KLV�ZDV�2EVHUYDWLRQ���
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3URRI�RI�0D[�)ORZ�0LQ�&XW�7KHRUHP

�LL���⇒ �LLL�� ,I�WKHUH�LV�QR�DXJPHQWLQJ�SDWK�UHODWLYH�WR�I��WKHQ�WKHUH
H[LVWV�D�FXW�ZKRVH�FDSDFLW\�HTXDOV�WKH�YDOXH�RI�I��

3URRI�
■ /HW�I�EH�D�IORZ�ZLWK�QR�DXJPHQWLQJ�SDWKV�
■ /HW�6�EH�VHW�RI�YHUWLFHV�UHDFKDEOH�IURP�V�LQ�UHVLGXDO�JUDSK�

² 6�FRQWDLQV�V����VLQFH�QR�DXJPHQWLQJ�SDWKV��6�GRHV�QRW�FRQWDLQ�W
² DOO�HGJHV�H�OHDYLQJ�6�LQ�RULJLQDO�QHWZRUN�KDYH�I�H�� �X�H�
² DOO�HGJHV�H�HQWHULQJ�6�LQ�RULJLQDO�QHWZRUN�KDYH�I�H�� ��

7��6�

��

����

�RI�RXW�

�WR�LQ��RI�RXW�

FDSDFLW\

HX

HIHII

6H

6H6H

=

∑=

∑−∑=

V

W

5HVLGXDO�1HWZRUN

6 7
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)RUG�)XONHUVRQ�$OJRULWKP���,PSOHPHQWDWLRQ

7ZR�UHSUHVHQWDWLRQV�RI�HDFK�HGJH�LQ�UHVLGXDO�JUDSK�
■ 0D\�QHHG�WR�WUDYHUVH�HGJH�LQ�IRUZDUG�RU�UHYHUVH�GLUHFWLRQ�
■ /HW�H�EH�HGJH�LQ�RULJLQDO�QHWZRUN�ZLWK�IORZ�I�H��DQG�FDSDFLW\�X�H��
■ ,Q�UHVLGXDO�JUDSK��LQFOXGH�UHYHUVH�HGJH�DQG�PDLQWDLQ�DQWL�V\PPHWU\�

² IRUZDUG�HGJH���IORZ� ���I�H���UHVLGXDO�FDSDFLW\� ��X�H��² I�H�
² UHYHUVH�HGJH����IORZ� ��I�H���UHVLGXDO�FDSDFLW\� �²X�H�

$� %

%� $

$

&

(

%

)

'

�� �

�����

& ���

' ��� ( ���

&� $

'� %

�����

�����

' ���

& ���� ) ���

( ���

(� %

)� '

����

�����

& �����

( �����

) ���

�
�

�
�

����

����



��

)RUG�)XONHUVRQ�$OJRULWKP���,PSOHPHQWDWLRQ

7ZR�UHSUHVHQWDWLRQV�RI�HDFK�HGJH�
■ 1HHG�WR�XSGDWH�%27+�UHSUHVHQWDWLRQV�
■ 0DLQWDLQ�OLQN�FRQQHFWLQJ�IRUZDUG�DQG�EDFNZDUG�UHSUHVHQWDWLRQV�

typedef struct node *link;
struct node {

int w;       // target vertex w in v-w
int cap;     // capacity u(e)
int flow;    // flow f(e)
link dup;    // reversal of edge
link next;   // next edge in adjacency list

};

(GJH�LQ�$GMDFHQF\�/LVW

%� $ ����� ' ���

'� % ����� & ����

%

'

��
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int residualCapacity(link e) {
if (e->cap < 0) return –e->flow;
else return e->cap – e->flow;

}

void GRAPHmaxflow(Graph G, int s, int t) {
int v, bottle;
link e;

while (augpath(G, s, t) == TRUE) {
bottle = INFINITY;
for (v = t; v != s; v = e->dup->v) {

e = G->path[v];
bottle = min(bottle, residualCapacity(e));

}

for (v = t; v != s; v = e->dup->v) {
e = G->path[v];
e->flow += bottle;
e->dup->flow -= bottle;

}
}

}

&RPSXWH�0D[�)ORZ

)RUG�)XONHUVRQ�$OJRULWKP���,PSOHPHQWDWLRQ

UHYHUVH�HGJH

IRUZDUG�HGJH

ERWWOHQHFN�FDSDFLW\

XSGDWH�IORZ�RQ�IRUZDUG�
DQG�UHYHUVH�HGJHV

ILQG�DXJPHQWLQJ�SDWK
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)RUG�)XONHUVRQ�$OJRULWKP���$QDO\VLV

$VVXPSWLRQ���DOO�FDSDFLWLHV�DUH�LQWHJHUV�EHWZHHQ���DQG�8�

,QYDULDQW� HYHU\�IORZ�YDOXH�DQG�HYHU\�UHVLGXDO�FDSDFLWLHV�UHPDLQ�DQ�
LQWHJHU�WKURXJKRXW�WKH�DOJRULWKP�

7KHRUHP� WKH�DOJRULWKP�WHUPLQDWHV�LQ�DW�PRVW�_�I�
�_�≤ 98 LWHUDWLRQV�

&RUROODU\� LI�8� ����WKHQ�DOJRULWKP�UXQV�LQ�2�9��LWHUDWLRQV�

,QWHJUDOLW\�WKHRUHP� LI�DOO�DUF�FDSDFLWLHV�DUH�LQWHJHUV��WKHQ�WKHUH�
H[LVWV�D�PD[�IORZ�I�IRU�ZKLFK�HYHU\�IORZ�YDOXH�LV�DQ�LQWHJHU�

QRW�SRO\QRPLDO�
LQ�LQSXW�VL]H�
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&KRRVLQJ�*RRG�$XJPHQWLQJ�3DWKV

8VH�FDUH�ZKHQ�VHOHFWLQJ�DXJPHQWLQJ�SDWKV�
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2ULJLQDO�1HWZRUN
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&KRRVLQJ�*RRG�$XJPHQWLQJ�3DWKV

8VH�FDUH�ZKHQ�VHOHFWLQJ�DXJPHQWLQJ�SDWKV�
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�

�

�

;

;

;
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&KRRVLQJ�*RRG�$XJPHQWLQJ�3DWKV

8VH�FDUH�ZKHQ�VHOHFWLQJ�DXJPHQWLQJ�SDWKV�
■ 6RPH�FKRLFHV�OHDG�WR�H[SRQHQWLDO�DOJRULWKPV�
■ &OHYHU�FKRLFHV�OHDG�WR�SRO\QRPLDO�DOJRULWKPV�
■ 2SWLPDO�FKRLFHV�IRU�UHDO�ZRUOG�SUREOHPV�"""

'HVLJQ�JRDO�LV�WR�FKRRVH�DXJPHQWLQJ�SDWKV�VR�WKDW�
■ &DQ�ILQG�DXJPHQWLQJ�SDWKV�HIILFLHQWO\�
■ )HZ�LWHUDWLRQV�

&KRRVH�DXJPHQWLQJ�SDWK�ZLWK� (GPRQGV�.DUS�������
■ )HZHVW�QXPEHU�RI�DUFV� �VKRUWHVW�SDWK�
■ 0D[�ERWWOHQHFN�FDSDFLW\� �IDWWHVW�SDWK�



��

6KRUWHVW�$XJPHQWLQJ�3DWK

6KRUWHVW�DXJPHQWLQJ�SDWK�
■ (DV\�WR�LPSOHPHQW�ZLWK�%)6�
■ )LQGV�DXJPHQWLQJ�SDWK�ZLWK�IHZHVW�QXPEHU�RI�DUFV��

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

if (residualCapacity(e) > 0) {
w = e->w;
if (G->dist[w] > G->dist[v] + 1) {

G->dist[w] = G->dist[v] + 1;
G->path[w] = e;
QUEUEput(w);

}
}

}  
}

return (dist[t] < INFINITY);

LJQRUH�XQOHVV�LW
V
D�UHVLGXDO�DUF

UHWXUQ���LI�WKHUH
V�DQ�DXJPHQWLQJ�SDWK

NHHS�WUDFN�RI�SDWK



��

6KRUWHVW�$XJPHQWLQJ�3DWK�$QDO\VLV

/HQJWK�RI�VKRUWHVW�DXJPHQWLQJ�SDWK�LQFUHDVHV�PRQRWRQLFDOO\�
■ 6WULFWO\�LQFUHDVHV�DIWHU�DW�PRVW�(�DXJPHQWDWLRQV�
■ $W�PRVW�(�9�WRWDO�DXJPHQWLQJ�SDWKV�
■ 2�(��9��UXQQLQJ�WLPH�



��

)DWWHVW�$XJPHQWLQJ�3DWK

)DWWHVW�DXJPHQWLQJ�SDWK�
■ )LQGV�DXJPHQWLQJ�SDWK�ZKRVH�ERWWOHQHFN�FDSDFLW\�LV�PD[LPXP�
■ 'HOLYHUV�PRVW�DPRXQW�RI�IORZ�WR�VLQN�
■ 6ROYH�XVLQJ�'LMNVWUD�VW\OH��3)6��DOJRULWKP�

$QDO\VLV�
■ 2�(�ORJ�9��SHU�DXJPHQWDWLRQ�ZLWK�ELQDU\�KHDS�
■ 2�(���9�ORJ�9��SHU�DXJPHQWDWLRQ�ZLWK�)LERQDFFL�KHDS�
■ )DFW���2�(�ORJ�8��DXJPHQWDWLRQV�LI�FDSDFLWLHV�DUH�EHWZHHQ���DQG�8�

Y Z��

UHVLGXDO�FDSDFLW\

if (wt[w] < min(wt[v], cap[e])

wt[w] = min(wt[v], cap[e]) 

5HOD[�DQ�HGJH�H� �Y�Z

�� �;

��



��

&KRRVLQJ�DQ�$XJPHQWLQJ�3DWK

&KRRVLQJ�DQ�DXJPHQWLQJ�SDWK�
■ $Q\�SDWK�ZLOO�GR��⇒ ZLGH�ODWLWXGH�LQ�LPSOHPHQWLQJ�)RUG�)XONHUVRQ�
■ *HQHULF�SULRULW\�ILUVW�VHDUFK�
■ 6RPH�FKRLFHV�OHDG�WR�JRRG�ZRUVW�FDVH�SHUIRUPDQFH�

² VKRUWHVW�DXJPHQWLQJ�SDWK
² IDWWHVW�DXJPHQWLQJ�SDWK
² YDULDWLRQ�RQ�D�WKHPH���3)6

■ $YHUDJH�FDVH�QRW�ZHOO�XQGHUVWRRG�

5HVHDUFK�FKDOOHQJHV�
■ 3UDFWLFH���VROYH�PD[�IORZ�SUREOHPV�RQ�UHDO�QHWZRUNV�LQ�OLQHDU�WLPH�
■ 7KHRU\���SURYH�LW�IRU�ZRUVW�FDVH�QHWZRUNV�



��

+LVWRU\�RI�:RUVW�&DVH�5XQQLQJ�7LPHV

��$UF�FDSDFLWLHV�DUH�EHWZHHQ���DQG�8�

'DQW]LJ

'LVFRYHUHU
6LPSOH[

0HWKRG %LJ�2K
(�9��8������

<HDU

)RUG��)XONHUVRQ $XJPHQWLQJ�SDWK (�9�8������

(GPRQGV�.DUS 6KRUWHVW�SDWK (��9����

'LQLW] ,PSURYHG�VKRUWHVW�SDWK (�9�����

(GPRQGV�.DUS��'LQLW] &DSDFLW\�VFDOLQJ (��ORJ�8������

'LQLW]�*DERZ ,PSURYHG�FDSDFLW\�VFDOLQJ (�9 ORJ�8������

.DU]DQRY 3UHIORZ�SXVK 9�����

6OHDWRU�7DUMDQ '\QDPLF�WUHHV (�9�ORJ�9����

*ROGEHUJ�7DUMDQ ),)2�SUHIORZ�SXVK (�9� ORJ��9����(�����

����� ����� ����������

*ROGEHUJ�5DR /HQJWK�IXQFWLRQ
(����ORJ��9����(��ORJ�8��

(9����ORJ��9����(��ORJ�8��
����

(GPRQGV�.DUS 0D[�FDSDFLW\ (� ORJ�8��(���9�ORJ�9�������



��

$Q�$SSOLFDWLRQ

-RQ�SODFHPHQW�
■ &RPSDQLHV�PDNH�MRE�RIIHUV�
■ 6WXGHQWV�KDYH�MRE�FKRLFHV�

&DQ�ZH�ILOO�HYHU\�MRE"

&DQ�ZH�HPSOR\�HYHU\�VWXGHQW"

$OLFH�$GREH
%RE�<DKRR
&DURO�+3
'DYH�$SSOH
(OL]D�,%0
)UDQN�6XQ



��

%LSDUWLWH�0DWFKLQJ

%LSDUWLWH�PDWFKLQJ�
■ ,QSXW���XQGLUHFWHG��ELSDUWLWH JUDSK�*�
■ $�VHW�RI�HGJHV�0�LV�D�PDWFKLQJ�LI�HDFK�YHUWH[�DSSHDUV�DW�PRVW�RQFH�
■ 0D[�PDWFKLQJ���ILQG�D�PD[�FDUGLQDOLW\�PDWFKLQJ�

�

�

�

$

&

(

�

�

%

'

0DWFKLQJ

��%����$����(��

5/
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%LSDUWLWH�0DWFKLQJ

%LSDUWLWH�PDWFKLQJ�
■ ,QSXW���XQGLUHFWHG��ELSDUWLWH JUDSK�*�
■ $�VHW�RI�HGJHV�0�LV�D�PDWFKLQJ�LI�HDFK�YHUWH[�DSSHDUV�DW�PRVW�RQFH�
■ 0D[�PDWFKLQJ���ILQG�D�PD[�FDUGLQDOLW\�PDWFKLQJ�

�

�

�

$

&

(

�

�

%

'

0DWFKLQJ

��$����%����&����'��
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5HGXFHV�WR�PD[�IORZ�
■ &UHDWH�GLUHFWHG�JUDSK *
�
■ 'LUHFW�DOO�DUFV�IURP�/�WR�5��DQG�JLYH�LQILQLWH��RU�XQLW��FDSDFLW\�
■ $GG�VRXUFH�V��DQG�XQLW�FDSDFLW\�DUFV�IURP�V�WR�HDFK�QRGH�LQ�/�
■ $GG�VLQN�W��DQG�XQLW�FDSDFLW\�DUFV�IURP�HDFK�QRGH�LQ�5�WR�W�

%LSDUWLWH�0DWFKLQJ

5/
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&ODLP� 0DWFKLQJ�LQ�*�RI�FDUGLQDOLW\�N�LQGXFHV�IORZ�LQ�*
�RI�YDOXH�N�
■ *LYHQ�PDWFKLQJ��1-2’ 3-1’ 4-5’ RI�FDUGLQDOLW\���
■ &RQVLGHU�IORZ�WKDW�VHQGV���XQLW�DORQJ�HDFK�RI���SDWKV�
s-1-2’-t  s-3-1’-t  s-4-5’-t.

■ I�LV�D�IORZ��DQG�KDV�FDUGLQDOLW\���

%LSDUWLWH�0DWFKLQJ���3URRI�RI�&RUUHFWQHVV
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&ODLP� )ORZ�I�RI�YDOXH�N�LQ�*
�LQGXFHV�PDWFKLQJ�RI�FDUGLQDOLW\�N�LQ�*�
■ %\�LQWHJUDOLW\�WKHRUHP��WKHUH�H[LVWV�����YDOXHG�IORZ�I�RI�YDOXH�N�
■ &RQVLGHU�0� �VHW�RI�HGJHV�IURP�/�WR�5�ZLWK�I�H�� ���

² HDFK�QRGH�LQ�/ DQG�5 SDUWLFLSDWHV�LQ�DW�PRVW�RQH�HGJH�LQ�0
² _0_� �N���FRQVLGHU�FXW��/ ∪ V��5 ∪ W�

%LSDUWLWH�0DWFKLQJ���3URRI�RI�&RUUHFWQHVV
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5HGXFWLRQ�
■ *LYHQ�DQ�LQVWDQFH�RI�ELSDUWLWH�PDWFKLQJ�
■ 7UDQVIRUP�LW�WR�D�PD[�IORZ SUREOHP�
■ 6ROYH�PD[�IORZ�SUREOHP�
■ 7UDQVIRUP�PD[�IORZ�VROXWLRQ�WR�ELSDUWLWH�PDWFKLQJ�VROXWLRQ�

,VVXHV�
■ +RZ�H[SHQVLYH�LV�WUDQVIRUPDWLRQ"
■ ,V�LW�EHWWHU�WR�VROYH�SUREOHP�GLUHFWO\" 2�(�9�����ELSDUWLWH�PDWFKLQJ

%RWWRP�OLQH���PD[�IORZ�LV�DQ�H[WUHPHO\�ULFK�SUREOHP�VROYLQJ�PRGHO�
■ 0DQ\�LPSRUWDQW�SUDFWLFDO�SUREOHPV�UHGXFH�WR�PD[�IORZ�
■ :H�NQRZ�JRRG�DOJRULWKPV�IRU�VROYLQJ�PD[�IORZ�SUREOHPV�

5HGXFWLRQ


