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4@|h� �t t)44i|h�U @?_ U@? hiThiti?| @ hi@* ULt|c _�t|@?Ui Lh |�4i� A�i 4@�? UL?�

t|h@�?|t Lu |�i ThLM*i4 @hi |�@| @** |�i _i4@?_ 4�t| Mi t@|�t�i_ @?_ |�i �i��U*it

U@T@U�|) U@? ?L| Mi i Uii_i_�

A�i M@t�U V+� �t @ }i?ih@*�3@|�L? Lu |�i Ah@�i*�?} 5@*it4@? �hLM*i4 EA5��c

��ihi 4Lhi |�@? L?i �i��U*i �t @�@�*@M*ic uLh A5� hiuihi?Uit tii uLh i @4T*i w@�ih



515 Olwhudwxuh Uhylhz rq YUS 47

i| @*� E�bHD��

A�ihi @hi ti�ih@* uLh4�*@|�L?t Lu |�i U*@tt�U@* V+� �? |�i *�|ih@|�hic uLh tL4i

Lu |�iti uLh4�*@|�L?t tii 6�t�ih @?_ a@�!�4@h E�b.H� E�bH��c k�*!@h?� @?_ ��@�i

E�bHD�c BL��i�@ E�bbD� @?_ AL|� @?_ V�}L E2ff2��

A�i U*@tt�U@* 4L_i* Lu |�i V+� U@? Mi uLh4�*@|i_ @t @? �?|i}ih *�?i@h ThL}h@4�

4�?} @?_ |��t �t |�i uLh4�*@|�L? �i ��** �ti @*L?} u�h|�ih U�@T|iht�

�L?t�_ih |�i uL**L��?} _@|@G

U ' �c ���c ? ti| Lu ?L_itc |�@| ULhhitTL?_ |L |�i _�gihi?| *LU@|�L?t Lu |�i

U�t|L4ihtc ?L_i � ULhhitTL?_t |L |�i _iTL|�

g ' �c ���c6 ti| Lu �i��U*it(

' ' U@T@U�|) Lu i@U� �i��U*i(

^� ' _i4@?_ Lu U�t|L4ih �c � ' �c ���c ?(

S�� ' ULt| Lu }L�?} uhL4 � |L �c � ' �c ���c ? ( � ' �c ���c ?�

A��t uLh4�*@|�L? UL?t�_iht |�L |)Tit Lu �@h�@M*itG

%��& '

;AA?
AA=

�c �u �i��U*i & ��t�|t U�t|L4ih � �44i_�@|*) @u|ih U�t|L4ih �

fc L|�ih��ti

+�& '

;AA?
AA=

�c �u U�t|L4ih � �t ��t�|i_ M) �i��U*i &

fc L|�ih��ti



515 Olwhudwxuh Uhylhz rq YUS 48

A�i uLh4�*@|�L? Lu |�i ThLM*i4 �tG

Remhfwlyh Ixqfwlrq G

��?

?[

�'�

?[

�'�

S��

6[

&'�

%��& E2���

Vxemhfw wr G

6[

&'�

+�& ' �c ; � ' 2c ���c ? E2�2�

6[

&'�

+�& ' 6c E2���

?[

�'2

^�+�& � 'c ; & ' �c ���c6 E2�e�

?[

�'�

%��& '

?[

�'�

%��& ' +�&c

; � ' 2c ���c ?( & ' �c ���c6 E2�D�

[

�c�M7

%��& � m7m � �c

; 7 qrq0hpsw| vxevhw ri i2c ���c ?j ( & ' �c ���c6 E2�S�

%��& 5 ifc �j ( +�& 5 ifc �j c

; � ' �c ���c ?( & ' �c ���c6 E2�.�

�L?t|h@�?| E2�2� i?t�hit |�@| i@U� U�t|L4ih �t ��t�|i_ M) L?i �i��U*i L?*)� �L?�

t|h@�?| E2��� }�@h@?|iit |�@| @** �i��U*it ��t�| |�i _iTL|� �L?t|h@�?| E2�e� hiThiti?|t

|�i �i��U*i U@T@U�|) UL?t|h@�?|� 6Lh i@U� �i��U*i &c �i }�@h@?|ii |�@| |�i t�4 Lu |�i

_i4@?_ Lu |�i ?L_it |�@| |�i �i��U*i UL�iht �t *itt Lh i^�@* |L �|t 4@ �4�4 U@T@U�|)�

Oihi �i @tt�4i |�@| ?L?i Lu |�i U�t|L4iht �@t @ _@�*) _i4@?_ |�@| i Uii_t '� A�i

UL?t|h@�?| E2�D� i?t�hit |�@| �u @ �i��U*i ��t�|t @ U�t|L4ih �| @*tL �@t |L *i@�i |�@|



516 Wkh prghov iru wkh glvwulexwlrq vwudwhjlhv 49

U�t|L4ih�

�L?t|h@�?| E2�S� �t |�i t�M�|L�h i*�4�?@|�L? UL?t|h@�?|� A��t UL?t|h@�?| �4T*�it

|�@| |�i @hUt ti*iU|i_ UL?|@�? ?L t�M�U)U*it� W| t|@|it |�@| uLh i�ih) �i��U*ic |�i

uL**L��?} �L*_tG uLh i�ih) ?L?�i4T|) t�Mti| 7 Lu i2c ��c ?jc |�i ?�4Mih Lu @hUt |�@|

@hi �? |�i hL�|i Lu |��t �i��U*ic ��|� ML|� ?L_it Mi*L?}�?} |L 7c �@t |L Mi *itt Lh

i^�@* |L |�i ?�4Mih Lu i*i4i?|t Lu 7 4�?�t ��

A�i *@t| UL?t|h@�?|c E2�.� _i�?it |�i �@h�@M*it % @?_ + @t M�?@h)� A�i LM�iU|��i

u�?U|�L? �t 4�?�4�3�?} |�i |L|@* ULt| Lu |�i hL�|it�

A�i A5� �t @ t�M�ThLM*i4 Lu |�i V+�c |�i A5� Mi*L?}t |L |�i U*@tt Lu �� �

�@h_ E?L?�_i|ih4�?�t|�U TL*)?L4�@* |�4i� ThLM*i4tc @?_ tL _Lit |�i M@t�U V+� @?_

i |i?t�L?t� A��t 4i@?t |�@| |�i UL4T�|@|�L?@* UL4T*i �|) Lu |�i ThLM*i4 }hL�t

i TL?i?|�@**) ��|� �|t t�3ic ��i�c �| }hL�t i TL?i?|�@**) ��|� |�i ?�4Mih Lu U�t|L4iht�

W? |�i ?i | tiU|�L? �i ��** _itUh�Mi |�i 4@|�i4@|�U@* 4L_i* Lu i@U� _�t|h�M�|�L?

t|h@|i})�

2�� A�i 4L_i*t uLh |�i _�t|h�M�|�L? t|h@|i}�it

W? |��t tiU|�L? �i ��** Thiti?| |�i 4@|�i4@|�U@* 4L_i*t @ttLU�@|i_ ��|� |�i |�hii

_�t|h�M�|�L? t|h@|i}�it� 6�ht| Lu @**c �i _itUh�Mi |�i @tt�4T|�L?t Lu |�i 4L_i*�

A�i �ht| @tt�4T|�L? �t |�@| |�i �h4 �t hitTL?t�M*i uLh |�i _�t|h�M�|�L? Lu �|t L�?

ThL_�U|t� A�ihiuLhic |�ihi @hi ?L ^�it|�L?t Lu L�|tL�hU�?} |L Mi �@?_*i_� A�iti �h4t

u@Ui |�i Thitt�hit Lu @ UL4Ti|�|��i 4@h!i| 4@!�?} |�i4 UL?Uih?i_ ML|� L? UL?t�4ih



516 Wkh prghov iru wkh glvwulexwlrq vwudwhjlhv 4:

t@|�tu@U|�L? @?_ �?|ih?@* i�U�i?U)�

A�i U*@tt�U@* V+� UL?t�_iht L?*) L?i Tih�L_ @?_ U�LLtit |�i LT|�4@* hL�|it uLh

|�@| Tih�L_� Oihi �i ��** �?|hL_�Ui 4Lhi Tih�L_t M) UL?t�_ih�?} @ �ii! *i?}|� Lu

@?@*)t�t� ,@U� _@) �i �@�i @ _�gihi?| ti| Lu U�t|L4iht |L tih�i @?_ ^�@?|�|�it |L

_i*��ih� A�i hi_�U|�L? Lu |�i �?�i?|Lh) *i�i*tc @?_ |�i �?Uhi@ti �? |�i uhi^�i?U) Lu

Lh_iht �t @ |i?_i?U) �? 4@?) M�t�?ittit |L *L�ih t|LU! �@?_*�?} ULt|t�

�|�ih @tt�4T|�L?t Lu |�i 4L_i* @hiG

� �** |�i _i4@?_ �t t@|�t�i_ �? |�i t@4i _@) |�@| �| �t hi^��hi_ @?_ ?L| L? @?)

L|�ih _@) Lu |�i �ii!�

� �?*) �?*L@_ �t _L?i @| i@U� U�t|L4ih�

� A�i ?�4Mih Lu �i��U*it �t � i_ @?_ |�ihi @hi ?L � i_ ULt|t @ttLU�@|i_ ��|� |�i

�ti Lu |�i �i��U*it� A�i) @** �@�i |�i t@4i U@T@U�|)� �LhiL�ihc |�i ?�4Mih Lu

�i��U*it @�@�*@M*i �t i?L�}� |L t@|�tu) @** |�i _i4@?_�

� �?L|�ih @tt�4T|�L? �t |�@| |�i _�t|@?Ui 4@|h� Mi|�ii? U�t|L4iht @?_ Mi|�ii?

U�t|L4iht @?_ �@hi�L�ti �t !?L�? @?_ � i_� A��t 4@|h� _Lit ?L| _iTi?_ L?

|�i _@) Lh |�i ^�@?|�|) *L@_i_�

� ,@U� �i��U*i �t @tt�}?i_ |L @ _h��ih� �?_ �i UL?t�_ih |�@| |�i) �Lh! i�ih) _@)

�? |�i Tih�L_ �? ^�it|�L?�

� �?i �i��U*i U@? L?*) Mi �ti_ L?Ui @ _@) @?_ |�i |�4i �| |@!it |L _i*��ih |�i



516 Wkh prghov iru wkh glvwulexwlrq vwudwhjlhv 4;

u�** U@T@U�|) �t *itt |�@? @ �Lh!�?} _@)�

�i | |�i 4L_i* �i ��** Mi Thiti?|i_ �? _i|@�*� A�i uL**L��?} _@|@ �t UL?t�_ihi_

�? |�i 4@|�i4@|�U@* uLh4�*@|�L?G

�c U ' �?_i @?_ ti| Lu ?L_itc U ' �c ���c ? ��ihi � �t |�i _iTL| @?_ 2 |L ? @hi

|�i U�t|L4iht *LU@|�L?t(

&cg ' �?_i @?_ ti| Lu �i��U*itc g ' �c ���c6(

|c A ' �?_i @?_ ti| Lu _@)t ���U� hiThiti?| |�i Tih�L_c A ' �c ���c R(

A� ' ti| Lu _@)t ��ihi U�t|L4ih � �@t @ _i4@?_ |�@| �t }hi@|ih |�@? 3ihLc

� ' 2c ���c ?(

^|� ' _i4@?_ Lu U�t|L4ih � L? _@) |c � ' �c ���c ? @?_ | ' �c ���c R(

S�� ' |�i ULt| Lu }L�?} uhL4 � |L �c |��t �t @ � i_ 4@|h� c � ' �c ���c ? @?_

� ' �c ���c ?(

' ' U@T@U�|) Lu @ �i��U*i�

A�i �@h�@M*it Lu |�i 4L_i* @hiG

%|
��& '

;AAAAAA?
AAAAAA=

�c
�u �i��U*i & ��t�|t U�t|L4ih �

�44i_�@|*) @u|ih U�t|L4ih � L? _@) |

fc L|�ih��ti



516 Wkh prghov iru wkh glvwulexwlrq vwudwhjlhv 4<

+
|

�&
'

;AA?
AA=

�c �u U�t|L4ih � �t ��t�|i_ M) �i��U*i & L? _@) |

fc L|�ih��ti

2���� 5|h@|i}) �G #�t|@?Ui ��?�4�3@|�L?

A�i LM�iU|��i u�?U|�L? 4�?�4�3it hL�|�?} ULt|tc uLh @** U�t|L4iht _�h�?} |�i �ii!

Tih�L_� A��t t|h@|i}) ULhhitTL?_t |L hiTi@|�?} @ U*@tt�U@* V+� uLh i@U� _@) Lu |�i

�ii!�

A�i uLh4�*@|�L? Lu |��t LM�iU|��i ��** Mi |�i t@4i @t |�i L?i �ti_ uLh |�i U*@tt�U@*

4L_i* M�| ��|� @ ?i� T@h@4i|ihc |c hiThiti?|�?} |�i _@) Lu |�i �ii!�

Remhfwlyh ixqfwlrq= ��?

R[

|'�

?[

�'�

?[

�'�

6[

&'�

S��%
|
��& E2�H�

2���2 5|h@|i}) 2G �@t|ih +L�|it

6�ht| �i UL?t|h�U| @ ti| Lu hL�|itc R4@t|ih hL�|it�c �t�?} |�i t@4i V+� uLh4�*@�

|�L? @t �? 5|h@|i}) ��

A��t t|@h|i}) @?_ |�i 4L_i* @ttLU�@|i_ �t �ih) U*Lti |L @ UL44L? Th@U|�Ui �?

ti�ih@* UL4T@?�it� W| UL?t�t|t �?G �ht| _i�?�?} R4@t|ih hL�|it� @?_c @u|ih�@h_t

TihuLh4�?} _@�*) @_��t|4i?|t _iTi?_�?} L? |�i _i4@?_ Lu |�i U�t|L4ih @?_ L? |�i

U@T@U�|) Lu |�i �i��U*i� AL LM|@�? |�i R4@t|ih hL�|it� �i UL?t�_ih @ V+� 4L_i*c

��ihi @** U�t|L4iht @hi �? |�i �?T�| _@|@ @?_ |�i _i4@?_ Lu i@U� U�t|L4ih _iTi?_t

L? |�i @�ih@}i _@�*) _i4@?_� AL @_��t| |�i _@�*) hL�|it �i UL?t�_ih L|�ih UL?t|h@�?|t



516 Wkh prghov iru wkh glvwulexwlrq vwudwhjlhv 53

t�U� @t U@T@U�|) @?_ ?�4Mih Lu �i��U*it�

5Lc |�i hi^��hi4i?| |�@| @ U�t|L4ih ��** @*�@)t Mi tih�i_ M) |�i t@4i _h��ih

4@) �@�i |L Mi t@Uh��Ui_ M�| �i ��** |h) |L i?uLhUi |��t @| *i@t| |L |�i Mit| U�t�

|L4iht� A�ihiuLhic |�i �_i@ �tc |�i Mi||ih |�i U�t|L4ih |�i 4Lhi �?|ihit| �i �@�i �?

4@�?|@�?�?} |�i t@4i _h��ih�

A�i 4@|�i4@|�U@* uLh4�*@|�L? uLh |��t t|h@|i}) �t �_i?|�U@* |L |�i L?i Lu |�i

U*@tt�U@* V+� uLh L?i Tih�L_ Thiti?|i_ �? tiU|�L? 2�2c M�|c �? |��t U@ti @** U�t|L4iht

@hi UL?t�_ihi_ uLh |�i R4@t|ih hL�|it��

2���� 5|h@|i}) �G ��*|���M�iU|��i

W? |��t t|h@|i}) �i ThLTLti @ 4�*|��LM�iU|��i 4L_i* ��|� |�L LM�iU|��itG 4�?��

4�3�?} Lu hL�|�?} ULt|t @?_ 4�?�4�3@|�L? Lu tih��Ui *i�i*tc |�@| hi�iU| |�i �?|i}h@|i_

t|h@|i}�it Mi|�ii? #�t|h�M�|�L? @?_ �@h!i|�?} _iT@h|4i?|t�

�t u@h �@t �i !?L� |�ihi @hi ?L t|�_�it L? hL�|�?} ThLM*i4t ��|� 4�*|�T*i Tih��

L_t @?_ |��t 4@h!i|�?} Lh�i?|i_ LM�iU|��i u�?U|�L?� �*|�L�}� |�ihi @hi tL4i 4�*|��

LM�iU|��i V+� |�@| UL?t�_ih L|�ih |)Tit Lu LM�iU|��it� , @4T*it Lu |�iti @hi |�i

T@Tiht M) OL?} @?_ �@h! E�bbb� |�@| UL?t�_ih |�i 4�?�4�3@|�L? Lu ML|� |�i |L|@*

�i��U*i |h@�i* |�4i @?_ |�i |L|@* U�t|L4ih �@�|�?} |�4ic �? @ V+� ��|� |�4i ��?_L�t

UL?t|h@�?|t� wii @?_ Ni?} E�bbb� _i�i*LTi_ @? �?|i}ih *�?i@h 4L_i* |�@| ti@hU�it uLh

|�i t�Lh|it| |h@�i* T@|� @?_ M@*@?Uit _h��ih<t *L@_ t�4�*|@?iL�t*)� A�i �Lh! �t 4i@�

t�hi_ �? |ih4t Lu |h@�i*�?} @?_ *L@_�?} |�4i� A�i LM�iU|��i u�?U|�L? �t |�i �i�}�|i_



516 Wkh prghov iru wkh glvwulexwlrq vwudwhjlhv 54

t�4 Lu |�i @ML�i LM�iU|��it� A��t tiUL?_ LM�iU|��i 4�?�4�3it |�i _�gihi?Ui Mi|�ii?

|�i �Lh!�?} |�4i Lu i@U� �i��U*i @?_ |�i �Lh!�?} |�4i Lu |�i �i��U*i ��|� |�i t�Lh|it|

�Lh!�?} |�4i�

W? 4Lt| U@tit Lu 4�*|�T*i LM�iU|��it �| �t �?*�!i*) |�@| |�i ThLM*i4 �t LT|�4�3i_ M)

|�i t@4i @*|ih?@|��i T@h@4i|ih U�L�Uit� Oi?Uic tL4i |h@_i�Lg Mi|�ii? |�i Uh�|ih�@ �t

?ii_i_ |L i?t�hi @ t@|�tu@U|Lh) _it�}?�

W? |�i 4�*|��LM�iU|��i LT|�4�3@|�L? @? �4TLh|@?| hi*@|�L? �t |�i _L4�?@?Ui hi*@�

|�L?�

wi| E5�� @?_ E52� Mi |�L tL*�|�L?t Lu @ 4�*|��LM�iU|��i ThLM*i4 ��|� - LM�iU|��it�
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LOV iru wkh YUS

Vwhs �1 Vdylqjv Khxulvwlf 0 Lqlwldo Vroxwlrq

Vwhs 21 LOV iru WVS rq hdfk wrxu=
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N Example a b a b a b

50 1 14344,15 36840 17018,93 3306 14510,34 32327

14344,15 36840

2 13589,47 38538 16304,18 4590 13755,11 35826

13697,92 38148

13589,47 38538

13680,72 38278

3 13225,97 40284 15744,37 4997 13289,63 36178

13228,96 40284

13278,06 40140

4 11710,85 32341 15597,20 5950 11850,30 25753

11811,55 31776

11710,85 32341

11788,70 32289

5 13452,19 38084 16832,33 3012 13541,62 30733

13462,15 38426

13473,14 38198

13485,40 37925

100 6 22970,35 75096 28356,94 8368 23240,29 64967

23033,34 75012

22971,54 75096

23162,88 74404

23153,67 74601

7 21999,94 73497 27755,47 7209 22045,08 61244

22041,77 73416

21999,94 73497

8 21839,25 74834 26873,79 10264 21907,99 63623

21839,25 74834

9 17062,82 70744 24874,82 5045 17236,27 59365

17036,71 70838

17220,50 69385

17167,73 70579

10 22383,01 76252 27892,61 5987 22632,56 63871

22467,32 76110

22493,46 75632

22462,16 76252

200 11 40438,91 152536 52738,09 19418 40682,93 132320

40438,91 152536

40484,59 152292

12 40420,20 152564 52089,76 9967 40757,39 134118

40420,20 152564

13 38484,12 151187 49881,28 19803 38498,67 131916

38423,13 150677

14 38481,27 148056 47837,33 9999 38681,92 129944

38710,30 147051

38731,63 147035

38601,73 148056

38502,60 148186

38581,57 148113

38624,37 147863

38457,64 148254

38649,82 147718

15 40047,94 130399 50744,95 15778 40047,94 130399

40028,26 151554

Strategy 1 Startegy 3Strategy 2
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N Example a b a b a b

200 16 28589,23 152040 35849,68 8375 28883,37 132744

(cap=500) 28782,42 151361

28780,13 151569

28686,55 151883

28551,02 152164

28630,92 152040

17 28675,59 150844 34171,21 2096 28814,46 130891

28711,49 150542

28704,59 150844

18 27350,06 149576 33919,55 9715 27511,86 130867

27474,54 149315

27255,56 150108

27503,72 149261

27397,52 149435

27371,87 149576

19 27674,99 147608 33632,54 9637 27676,81 128579

27613,74 147754

20 27836,23 152388 34002,28 9320 28035,45 130763

27896,09 151456

27824,33 151509

27990,09 151355

400 21 40013,37 304388 49637,54 9607 40120,91 260814

40101,29 304184

40023,38 304388

22 39758,16 308956 47691,43 9401 39961,71 270449

39845,06 308604

39842,24 308956

23 39576,79 300057 47635,00 6954 39658,17 255775

39584,53 299568

24 39949,22 302980 47978,58 9525 40022,79 266906

39956,93 303057

39970,21 302980

25 39552,16 299976 46682,13 9538 39593,31 264664

39583,24 299976

50 26 12606,09 37756 11465,43 2032 12870,39 33258

(low stdev) 12716,22 37124

12606,09 37756

12867,78 36802

27 13752,04 37759 11913,72 0 13861,01 34403

13715,64 37757

13855,72 37428

28 12723,78 39888 11096,46 0 12820,78 33940

12781,62 39888

29 12468,30 32983 11225,91 0 12571,04 25854

12489,20 32330

30 12687,26 36396 10831,83 0 12765,22 31287

12657,08 36504

12685,23 36352
12747,45 36043

Strategy 2 Strategy 3Strategy 1
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N Strategy 1 Strategy 2 Strategy 3

50 36 44 36

100 68 84 68

200 135 167 135

200(cap=500) 80 99 81

400 114 141 114

50 (low stdev) 36 26 36
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N Strategy 1 Strategy 2 Strategy 3

50
146,19 2,32 142,40

100
383,95 6,24 384,38

200
1116,73 17,09 1076,41

200(cap=500)
1497,82 21,13 1409,40

400
3199,07 29,07 3088,93

50 (low stdev) 152,59 3,05 149,16
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Examples a b a b a b

1 14510,34 32327 14510,34 32327 14372,34 32327

14344,15 36840 14376,34 36570 14251,39 36840

14318,05 36840

Run Time 151,60 369,65 406,61

2 13755,11 35826 13755,11 35826 13657,49 35826

13697,92 38148 13697,92 38148 13631,61 38148

13589,47 38538 13680,72 38278

13680,72 38278 13644,05 38376

13589,47 38538

Run Time 141,22 358,72 386,46

3 13289,63 36178 13289,63 36178 13235,85 35668

13228,96 40284 13224,70 40284 13229,69 40148

13278,06 40140 13183,31 40284

Run Time 150,23 378,33 398,76

4 11850,30 25753 11850,30 25753 11812,68 25393

11811,55 31776 11805,80 31416 12126,23 31416

11710,85 32341 11751,11 32062

11788,70 32289 11710,85 32341

Run Time 123,64 311,10 329,89

5 13541,62 30733 13541,62 30733 13515,69 30336

13462,15 38426 13485,40 37925 13441,13 36998

13473,14 38198 13452,19 38084 13364,65 38084

13485,40 37925

Run Time 145,33 368,83 397,50

Startegy 3, version 3Startegy 3, version 2Startegy 3, version 1
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��? ìi!*) ULt| ' W?�i?|Lh) �L*_�?} ULt| n 5|LU!�L�| ULt|�

�L|@|�L?G



615 Wkh PSYPL Prghov 8;

? ' ?�4Mih Lu hi|@�*ihtc �?_i i_ uhL4 � |L ?(

� ' ?�4Mih Lu Tih�L_t E�? |��t U@tic D Tih�L_tc uhL4 f |L e�(

� ' �?�i?|Lh) U@hh)�?} ULt| Tih �?�|(

r ' t�Lh|@}i ULt| Tih �?�|(

qR� ' �?�|�@* �?�i?|Lh) @| *LU@|�L? � L? _@) Rc � ' �c ���?( R ' �c ���c � @?_ q
f�

�t

!?L�?(

8�RE�� ' U�4�*@|��i _�t|h�M�|�L? u�?U|�L? Lu |�i L?i Tih�L_ _i4@?_ @| hi|@�*ih<t

*LU@|�L? �c uLh _@) Rc � ' �c ���? @?_ R ' �c ���c � (

s�R ' _�t|h�M�|�L? u�?U|�L? Lu |�i L?i Tih�L_ _i4@?_ @| hi|@�*ih<t *LU@|�L? �c uLh

_@) Rc � ' �c ���? @?_ R ' �c ���c � (

|�R ' h@?_L4 �@h�@M*i hiThiti?|�?} |�i _i4@?_ Lu hi|@�*ih � L? _@) Rc � ' �c ���?

@?_ R ' �c ���c � (

#iU�t�L? V@h�@M*itG

��R ' @4L�?| _i*��ihi_ |L hi|@�*ih � L? _@) R

+�R '

;AA?
AA=

� �u hi|@�*ih � �t ��t�|i_ L? _@) R

f �u L|�ih��ti



615 Wkh PSYPL Prghov 8<

W?�i?|Lh) ULt|G

[

�M�

[

R

5
9997

�

q�Rn��RS

|�R'f

Eq
�R n ��R � |�R�s�RE|�R�_|�R

nr
"S

q
�Rn��R

E|�R � q�R � ��R�s�RE|�R�_|�R

6
:::8 E����

6Lh i@U� _@) @?_ uLh i@U� hi|@�*ihc |�i �?�i?|Lh) ULt| �t i^�@* |L |�i |�i t�4 Lu

|�i i TiU|i_ �?�i?|Lh) �L*_�?} @?_ t|LU!�L�| ULt|t�

6Lh i@U� Tih�L_c �u _i4@?_ i Uii_t |�i �?�|�@* t|LU! Lu |�@| Tih�L_ T*�t |�i ^�@?|�|)

_i*��ihi_c |�ihi �t @ ULt| r Tih �?�| i Uii_i_� �|�ih��tic �u |�i _i4@?_ �t t4@**ih

|�@? |�i ^�@?|�|) _i*��ihi_ @?_ |�i �?�|�@* t|LU!c |�i �i?_Lh �?U�ht �? @ �L*_�?} ULt|

�c Tih �?�| Lu i?_ t|LU!�

A��t i Thitt�L? @TT*�it uLh |�i U@ti ��ihi _i4@?_ �t @ _�tUhi|i �@h�@M*i� 5�?Ui

|�i hiThiti?|@|�L? Lu |�i ThLM@M�*�|) _�t|h�M�|�L? �t _��U�*| |L �?_c T@h|�U�*@h*) ��i?

_i4@?_ h@?}it L�ih @ *@h}i ?�4Mih Lu TLtt�M*i �@*�itc |�i _�tUhi|i h@?_L4 �@h�@M*i �t

Lu|i? @TThL �4@|i_ M) @ UL?|�?�L�t h@?_L4 �@h�@M*i EO�**�ih @?_ w�iMih4@? �bbD��

6�h|�ih4Lhic ��i? _i4@?_ h@?}it uhL4 L�ih @ *@h}i ?�4Mih Lu TLtt�M*i �@*�itc |��t

@TThL �4@|�L? ��** }i?ih@**) )�i*_ @ ?i@h*) i @U| �@*�i Lu |�i LT|�4@* @4L�?|� W?

@__�|�L?c ��i? _�tUhi|i _i4@?_ �t �ti_c |�i hit�*|�?} i Thitt�L? 4@) MiUL4i t*�}�|*)

4Lhi _��U�*| |L tL*�i @?@*)|�U@**)� 5Lc �i ��** @TThL �4@|i |�i _i4@?_ @t @ UL?�

|�?�L�t h@?_L4 �@h�@M*i @?_ @| |�i i?_ �i @TThL �4@|i |�i tL*�|�L? |L |�i U*Ltit|

�?|i}ih�



615 Wkh PSYPL Prghov 93

wi| U�RE��R� hiThiti?| |�i �?�i?|Lh) 4@?@}�?} ULt| Lu *LU@|�L? � L? _@) R�

[

�

[

R

U�RE��R�

'
[

�

[

R

5
997

�
U q

�Rn��R

f
Eq

�R n ��R � |�R�s�RE|�R�_|�R

nr
U
"

q
�Rn��R

E|�R � q�R � ��R�s�RE|�R�_|�R

6
::8

A�i ThLM*i4 U@? Mi t|@|i_ @t uL**L�tG

��?
[

�

[
R

U�RE��R� E��2�

5�M�iU| |LG

��R �� � +�Rc ; �c R E����

� �
[

R

+�Rc ; � E��e�

��R � fc ; �c R E��D�

+�R 5 ifc �j ; �c R E��S�

A�i 4i@?�?} Lu |�i @ML�i UL?t|h@�?|t �tG

E���� Wu |�i ^�@?|�|) |L Mi _i*��ihi_ �t TLt�|��ic |�@? |�@| *LU@|�L? �@t |L Mi ��t�|i_

L? |�@| _@)�

E��e� A�i V�W hi|@�*iht @hi ��t�|i_ @| *i@t| L?Ui @ �ii!�

E��D� A�i �@h�@M*i ��Rc |�@| hiThiti?|t |�i ^�@?|�|) _i*��ihi_ |L @ hi|@�*ih L? @ }��i?

_@) �t @*�@)t }hi@|ih Lh i^�@* |L f�

E��S� A��t UL?t|h@�?| _i�?it +�R @t M�?@h)�



615 Wkh PSYPL Prghov 94

�| |��t TL�?|c �i �@�i @? @__�|�L?@* ThLM*i4 ��|� |�i �?�|�@* �?�i?|Lh)G A�i

�?�|�@* t|LU! �? L?*) LMtih�i_ @| |�i Mi}�??�?} Lu |�i T*@??�?} �Lh�3L?� A�i?c �i

�@�i |L _iU�_i |�i _i*��ih) _@)t @?_ ^�@?|�|�it ��|�L�| UL?t�_ih�?} @?) �?uLh4@|�L?
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ì ?ii_ |L U@*U�*@|i |�i �?�i?|Lh) ULt| uLh i@U� Tih�L_� 5Lc uLh i@U� Tih�L_ �i

?ii_ |L UL?t�_ih @** |�i TLtt�M*i tUi?@h�Lt Lu |�i Thi��L�t Tih�L_t �?�|�@* �?�i?|Lh)�

A��t �tc uLh Tih�L_ fc �i !?L� |�i �?�|�@* �?�i?|Lh)c uLh Tih�L_ � �i ?ii_ |L UL?t�_ih

|�L TLtt�M�*�|�itG t|LU!�L�| @| |�i i?_ Lu Tih�L_ 3ihL E3ihL �?�|�@* �?�i?|Lh) @| Tih�L_ ��

@?_ TLt�|��i t|LU! @| |�i i?_ Lu Tih�L_ f E�?�|�@* t|LU! @| Tih�L_ � TLt�|��i�� , |i?_�?}

|��t uLh @** |�i Tih�L_t �i LM|@�? |�i UL4T*i|i �?�i?|Lh) ULt| u�?U|�L?�



615 Wkh PSYPL Prghov 96

�

] q�Rn��R

f

Eq
�R n ��R � |�R�s�RE|�R�_|�R n r

]
"

q�Rn��R

E|�R � q�R � ��R�s�RE|�R�_|�R

`i ��** �ti |�i Oi@��t�_i u�?U|�L? |L t�4T*�u) |�i i Thitt�L?c

t�Mt|�|��?}G

�E|�R 	 q�R n ��R� '

;AA?
AA=

� �s |�R � q�R � ��R 	 f

f �s L|�ih��ti

MiUL4itG

]
"

f

5
997

�� �E|�R 	 q�R n ��R�Eq�R n ��R � |�R�

nr� �E|�R : q�R n ��R�E|�R � q�R ���R�

6
::8 s E|�R�_|�R

6Lh t�4T*�U�|)c �? |�i ?i | tiU|�L?t �i ��** _ih��i |�i i Thitt�L?t uLh L?i hi|@�*ih

L?*)c |�i? @__ uLh @** hi|@�*iht�

5�?Ui LM|@�?�?} |�i i Thitt�L? uLh |�i �?�i?|Lh) ULt| u�?U|�L? �t UL4T*i �i ��**

�ht| LM|@�? |�i i Thitt�L?t uLh |�i �?�i?|Lh) ULt| i Thitt�L? uLh i@U� Tih�L_ tiT@h@|i*)c

|�i UL4T*i|i ULt| u�?U|�L? �t |�i t�4 Lu |�i �?�i?|Lh) ULt| Lu i@U� _@)�

6Lh |�i �ht| Tih�L_c |�i �?�i?|Lh) ULt|c Ufc �tG

�ih�L_ fG

Uf '

]
"

f

5
997

� � �E�n �f � |f� � E�n �f � |f�

�r � �E����f n |f� � E�n �f � |f�

6
::8 s E|f�_|f

' e%RE�@f � E�n �f�� � Ern ��*@f n � � E@f � �n @f � �f � ��*@f

Uf �t |�i �?�i?|Lh) ULt| �? Tih�L_ f� W| �t i^�@* |L @ �L*_�?} ULt| Lu �� E�n�f� |f�

�u �n �f : |f @?_ @ t�Lh|@}i ULt| Lu r � E|f � �� �f� �u �n �f 	 |f�



615 Wkh PSYPL Prghov 97

6Lh Tih�L_ � �i ��** �@�i |L UL?t�_ih |�i 2 TLtt�M*i L�|UL4it Lu Tih�L_ f�

�ih�L_ �G

U� '

]
"

f

]
"

f

5
9999999999999999997

�E�n �f � |f� � E� � �E�n �f n �� � |f � |��

�E�n �f n �� � |f � |��

�r � �E��� �f � �� n |f n |��

�E�n �f n �� � |f � |���

n�E��� �f n |f� � E� � �E�� � |�� � E�� � |��

�r � �E��� n |�� � E�� � |���

6
::::::::::::::::::8

sE|f�s E|��_|f_|�

U� ' EEk� � �n k� � �f n ��*k� � � n Ek� � �n k� � �f

n��*k� � r� � e%RE�k� � E�n �f n ����

n�*k� � � � e%RE�k� � E�n �f��

nE�2 n k� � �� n k� � �n k� � �f�*k� � �

U� �t |�i �?�i?|Lh) ULt| Lu Tih�L_ �� W| �t |�i �?�i?|Lh) ULt| UL?t�_ih�?} |�L

TLtt�M�*�|�itG

� �Lt�|��i t|LU! �? Tih�L_ fG

�E�n �f � |f� � E� � �E�n �f n �� � |f � |�� � E�n �f n �� � |f � |��

�r � �E��� �f � �� n |f n |�� � E�n �f n �� � |f � |���



615 Wkh PSYPL Prghov 98

� 5|LU!�L�| �? Tih�L_ fG

�E����f n |f� � E� � �E�� � |�� � E�� � |��� r � �E��� n |�� � E�� � |���

6Lh |�i |��h_ Tih�L_ �i �L�*_ �@�i |L UL?t�_ih e TLtt�M�*�|�itc uLh |�i uL�h|�

Tih�L_ H @?_ �S uLh |�i �u|��

A�i @?@*)|�U@* i Thitt�L? uLh |�i �?�i?|Lh) ULt| u�?U|�L? Lu @** |�i Tih�L_t �t �?

�TTi?_� ��

A�i |L|@* �?�i?|Lh) ULt| ��** Mi |�i t�4 Lu |�i ULt| Lu i@U� Tih�L_G

e[

R'f

UR

A�i �?�i?|Lh) ULt| u�?U|�L? �t @ ?L?�*�?i@h u�?U|�L?� A�i �ht| Lh_ih _ih��@|��it Lu |�i

�?�i?|Lh) ULt| u�?U|�L? @hi @*tL ?L?�*�?i@h u�?U|�L?t� �?_c �i @*tL �@�i |�i UL?t|h@�?|

|�@| |�i �<t U@? ?L| @tt�4i ?i}@|��i �@*�it� 5Lc |L 4�?�4�3i |�i u�?U|�L? �i ��**

�ti |�i B@�tt��i�|L?<t @TThL �4@|�L? 4i|�L_t E�ih|ti!@t �bbD��

A�i hit�*| LM|@�?i_ @u|ih tL*��?} |��t 4L_i* �t @ _i*��ih) TL*�U) ���U� �4T*�it

|�@| |�i _�t|h�M�|Lh ��t�|t @ *LU@|�L? @*4Lt| i�ih) _@)� W? tL4i U@titc �u �?�|�@* t|LU!

�t t��U�i?|*) ��}�c |�i? |�i Mit| tL*�|�L? ��** Mi |L _i*��ih @u|ih |��t t|LU! �@t h@?

L�|� �L?i|�i*ittc �| 4@!it ti?ti |L �?U*�_i @ ULt| Tih _i*��ih) |�@| 4�}�| U�@?}i |�i

@ML�i _i*��ih) TL*�U)� A��t ULt|c �? @ �@)c hi�iU|t |�i |h@?tTLh|@|�L? ULt|� A��t �t

��@| �i ��** UL?t�_ih �? |�i ?i | 4L_i*�



615 Wkh PSYPL Prghov 99

��2�� A�i 4L_i* ��|� ti|�T ULt|

�L?t�_ih ?L� |�@| |�ihi �t @? @__�|�L?@* ULt|c @ ti|�T ULt| Tih _i*��ih)� A��t

ti|�T ULt| �t @ � i_ U�@h}ic �?_iTi?_i?| Lu |�i ^�@?|�|) _i*��ihi_c |�@| ��** �@h)

uhL4 hi|@�*ih |L hi|@�*ih @?_ i�i?|�@**) uhL4 _@) |L _@) @?_ �t @TT*�i_ ��i?i�ih

@ _i*��ih �t 4@_i |L @ hi|@�*ih� W| _Lit ?L| _iTi?_ L? |�i ^�@?|�|�it _i*��ihi_c �|

ULhhitTL?_t |L |�i ULt| Lu ThiT@h�?} |�i Lh_ihc |h@?tTLh|@|�L? ULt| @?_ _i*��ih) ULt|�

A�i 4L_i* ��** @}@�? 4�?�4�3i |L|@* ULt|c M�| |��t |�4i �| �?U*�_it �L*_�?} @?_

t|LU!�L�| ULt|t Tih �?�| Lu ThL_�U| Tih _@) @?_ |�i ti|�T ULt| Tih _@) @?_ Tih hi|@�*ih

��t�|i_�

A�i ti|�T ULt| �@h�it uhL4 hi|@�*ih @?_ _@)c |��t @tt�4T|�L? �t ��t|��i_ ��i? *LL!�

�?} @| |�i ti|�T ULt| @t @ |h@?tTLh|@|�L? ULt|� ��t|L4ih u@h @�@) uhL4 |�i �@hi�L�ti

Lh ��|� 4Lhi _��U�*| @UUitt EuLh i @4T*iG _L�?|L�? @hi@t� �@�i @ttLU�@|i_ @ ��}�ih

_i*��ih) ULt|�

#i*��ih) ULt|t 4�}�| @*tL �@h) M) _@)c *LL!�?} @}@�? �? |ih4t Lu |h@?tTLh|@|�L?

@?_ @?@*)3�?} |�i }hL�T Lu hi|@�*iht |L Mi tih�i_c @ hi|@�*ih @�@) uhL4 |�i �@hi�L�ti

M�| U*Ltih |L L|�ih }hL�T Lu hi|@�*ih Mi�?} ��t�|i_ �@t @ *L�ih ULt| |�@? �u �i �t �tL*@|i_�

�?L|�ih @tTiU| �t |�i ?�4Mih Lu hL�|itc @ hi|@�*ih tih�i_ L? @ }��i? _@) 4�}�| Mi

�?U*�_i_ �? @ |L�h ���U� �t ULt|*) |�@? �u �| �t �?U*�_i_ L? @?L|�ih _@)�

wi| �t ?L� �?|hL_�Ui |�i ti|�T ULt| �? |�i �?�i?|Lh) u�?U|�L?G

5�R ' ti|�T ULt| Lu _i*��ih�?} |L hi|@�*ih � L? _@) Rc ��|� � ' �c ���? @?_ R ' �c ���c � (



615 Wkh PSYPL Prghov 9:

A�i �?�i?|Lh) ULt| u�?U|�L? ��|� ti|�T ULt|c EU7�c �tG

U7 '

'
[

�

[

R

5
9999997

�E��R 	 f�� 5�R

n�
U q�Rn��R

f
Eq

�R n ��R � |�R�s�RE|�R�_|�R

nr
U
"

q�Rn��R
E|�R � q�R � ��R�s�RE|�R�_|�R

6
::::::8

��|�

�E��R : f� '

;AAA?
AAA=

� �s ��R : f

f �s J|�eo��re

wi| �t t|@h| M) @?@*)3�?} |�i �?�i?|Lh) ULt| uLh L?*) L?i hi|@�*ih � @?_ L?i Tih�L_

RG

5�R n UE�W

�R� �s �W

�R : f

UE�W

�R� �s �W

�R ' f

AL tL*�i |��t ThLM*i4G

6�ht|c *i| �W

�R Mi |�i _i*��ih�?} ^�@?|�|) |�@| ��?�4�3it U�R

Wu �i _i*��ihc �| MiUL4itG UE�W

�R� n 5�R

5L �i �@�i |L UL4T@hi UE��R ' f� ��|� UE�W

�R� n 5�R

wi| oW�R Mi |�i �@*�i |�@| i^�@*t UE��R ' f� ' UE�W

�R� n 5�R
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N Setup M1 M1+setup M2 M2+setup

10 HS 6211,60 11039,55 7193,79 8270,99

LS 6211,60 7335,95 6318,67 6989,07

50 HS 30304,26 55249,71 35309,20 40974,90

LS 30304,26 36798,16 31431,37 34983,87

100 HS 60588,02 110789,07 70499,63 81778,17

LS 60588,02 73643,97 62803,86 69832,36

200 HS 120429,09 222111,27 140718,38 163254,89

LS 120429,09 146841,40 125169,50 139334,50

A@M*i ���G ��ih@}i W?�i?|Lh) �Lt|t uLh �� @?_ �2 uLh wL� Ew5� @?_ O�}� EO5� ti|�T
ULt|t�
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N Low Setup M1 M1+setup M2 M2+setup

10 = 6211,60 7314,10 6298,71 6997,01

6211,60 7357,80 6338,63 6981,13

50 = 30304,26 36592,86 31176,13 34944,93

30304,26 37003,46 31686,60 35022,80

100 = 60588,02 73531,22 62465,64 70004,54

60588,02 73756,72 63142,08 69660,18

200 = 120429,09 146875,40 124546,33 139814,12

120429,09 146807,40 125792,68 138854,89

N High Setup M1 M1+setup M2 M2+setup

10 = 6211,60 10994,00 7142,08 8441,98

6211,60 11085,10 7245,50 8100,00

50 = 30304,26 54572,06 34918,82 41780,72

30304,26 55927,36 35699,58 40169,08

100 = 60588,02 110704,02 70171,28 83733,48

60588,02 110874,12 70827,97 79822,86

200 = 120429,09 223041,82 140034,83 167567,55

120429,09 221180,72 141401,92 158942,23

≠

≠

≠

≠

≠

≠

≠

≠

A@M*i ��2G ��ih@}i �?�i?|Lh) ULt| uLh �� @?_ �2 ��|� i^�@* ti|�T ULt| E'� i�ih)
_@) �iht�t _�gihi?| ti|�T ULt| E 9'� uLh i@U� _@)�
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N Demand M1 M1+setup M2 M2+setup

10 =
6494,42 9512,12 7128,76 8060,41

5928,78 8863,38 6383,69 7199,64

50 =
29787,64 45563,24 33150,73 37696,18

30820,88 46484,63 33589,84 38262,59

100 =
60830,22 92653,16 67667,79 76941,63

60345,83 91779,88 65635,70 74668,90

200 =
121550,58 185917,46 135340,07 153995,22

119307,60 183035,21 130547,82 148594,18

≠

≠

≠

≠
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@?_ �2� A�i �ht| LMtih�@|�L? �t |�@| |�i ?�4Mih Lu _i*��ih) _@)t _Lit ?L| _iTi?_ L?
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N M1 M2

10 4,70 2,41

50 4,76 2,37

100 4,63 2,23

200 4,78 2,32

A@M*i ��eG ��ih@}i ?�4Mih Lu _i*��ih) _@)t Tih �ii! �? �� @?_ �2�
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hi|@�*iht�� �t i TiU|i_ �� �@t ��}� _i*��ih) _@)t �? |�i T*@??�?} Tih�L_c L? @�ih@}i
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N Setup M1 M2

10 HS 4,70 1,58

LS 4,70 3,25

50 HS 4,76 1,64

LS 4,76 3,10

100 HS 4,64 1,74

LS 4,62 2,72

200 HS 4,78 1,61

LS 4,78 3,03
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280
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M1 M1+setup M2 M2+setup

6�}�hi ��2G W?�i?|Lh) �Lt|t uLh �� @?_ �2 uLh @ }hL�T Lu 2f +i|@�*iht�

N
Run time in 

seconds

10 4,03

50 19,32

100 38,26

200 76,59

A@M*i ��SG +�? |�4i �? tiUL?_t uLh ��n�2�
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� ìi! Tih�L_ _i*��ih) t)t|i4 �t UL?t�_ihi_ E��i �Lh!�?} _@)t��

� A�i ��W U�t|L4iht �@�i @ _i4@?_ |�@| �t � i_c |�@| �tc @| |�i Mi}�??�?} Lu

|�i Tih�L_ �i !?L� |�i _i4@?_ @?_c |��t i @U| @4L�?| �@t |L Mi _i*��ihi_ @|

@ tTiU��U _@)�

� A�ihi @hi ?L �?�i?|Lh) ULt|t |L Mi 4@?@}i_ @| |�i ��W t�|it�

� A�ihi @hi ?L �@?_*�?} t|LU! ULt|t @| |�i _iTL|c @?_ �i @tt�4i |�@| |�ihi �t

i?L�}� @4L�?| Lu ThL_�U| @| |�i _iTL| E�?*�4�|i_ U@T@U�|)��

� V�W U�t|L4iht �@�i t|LU�@t|�U _i4@?_c |�i ^�@?|�|�it |L _i*��ih _iTi?_ L? |�i

i TiU|i_ _i4@?_�



715 Wkh PSLUS0VGG <4

� 6Lh |�i V�W U�t|L4ihtc _i4@?_ ThLM@M�*�|) u�?U|�L? �t !?L�? @?_ �@h�it M)

U�t|L4ih @?_ uhL4 _@) |L _@)�

� �| |�i V�W TL�?|tc |�ihi @hi �?�i?|Lh) �L*_�?} ULt|t @?_ @ ULt| uLh t|LU! L�|�

� A�i �i��U*it �@�i @ � i_ U@T@U�|)�

� A�i ��}�it| _i4@?_ �t @*�@)t t4@**ih |�@? @ �i��U*i U@T@U�|)�

� A�ihi �t ?L � i_ ?�4Mih Lu �i��U*it M�| @ ��}� � i_ ULt| uLh |�i �ti Lu @ �i��U*i�

� ,@U� U�t|L4ih U@? L?*) Mi ��t�|i_ L?Ui @ _@) @?_ �t ��t�|i_ @| *i@t| L?Ui @

�ii!�

� A�i �L*_�?} @?_ t|LU! L�| ULt|t L?*) _iTi?_ L? ^�@?|�|�it @?_ ?L| L? U�t|L4iht�

�?_ |�i t|LU! L�| ULt| �t @*�@)t M�}}ih |�@? |�i �L*_�?} ULt|�

e�2�2 A�i ��W+��5##

A�i ULt|t Lu |�i ThLM*i4 @hiG

� Ah@?tTLh|@|�L? ULt| Mi|�ii? *LU@|�L?t(

� 5|LU! L�| @?_ �?�i?|Lh) ULt|t uLh |�i V�W U�t|L4ihtc Tih �?�| Lu ThL_�U| @?_

Tih _@)(

� 6� i_ ULt| Tih �i��U*i �ti_�



715 Wkh PSLUS0VGG <5

A�i _iU�t�L?t |L Mi 4@_i @hi |�i uL**L��?}G

� #iU�_i |�i hL�|it uLh i@U� _@) Lu |�i �ii!c uLh i@U� �i��U*i(

� #iU�_i |�i ?�4Mih Lu �i��U*it ?ii_i_ i@U� _@) Lu |�i Tih�L_(

� #iU�_i uLh i@U� _@) ���U� Lu |�i V�W U�t|L4iht ��** Mi �?U*�_i_ @?_ ��ihi �?

|�i |L�h(

� OL� 4�U� |L _i*��ih |L |�i V�W U�t|L4ihtc L? i@U� _@)�

�M�iU|��i u�?U|�L?G

�M�iU|��i �t |L 4�?�4�3i |�i i TiU|i_ ULt| @| |�i i?_ Lu |�i �ii!G
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Inventory cost

29000

30000

31000

32000

33000

0 1 2 3 4 5 6 7

Transportation cost

67000

68000

69000

70000

71000

0 1 2 3 4 5 6 7

Total cost

99000

100000

101000

102000

0 1 2 3 4 5 6 7

Inventory cost

11000
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Example B : Inventory, Routing and Total Costs, example 
of 200 customers, 10% VMI, high setup cost.

Example A : Inventory, Routing and Total Costs, example 
of 100 customers, 50% VMI, low setup cost.
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Problem 
Size

Number 
VMI

Average Total Cost 
Reduction

100 10 1,42%

50 0,99%

200 20 0,94%

100 2,09%

400 40 0,26%

200 0,06%
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Example C
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Example D
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ip_cost vrp_cost ip_cost vrp_cost ip_cost vrp_cost ip_cost vrp_cost

100 10 -18,71% 2,77% -22,09% 3,28% -6,98% 1,24% -7,73% 1,75%

50 -21,40% 4,95% -18,67% 3,77% -5,66% 4,57% -6,04% 4,99%

200 20 -15,97% 2,59% -14,88% 2,02% -4,61% 1,19% -2,85% 1,09%

100 -18,35% 12,33% -17,17% 12,25% -4,23% 3,23% -4,33% 3,43%

400 40 -14,92% 2,27% -13,87% 2,09% -2,17% 0,51% -2,26% 0,79%

200 -15,31% 11,10% -15,10% 10,86% -2,72% 2,33% -2,45% 2,30%

Low setup cost parameter

 Equal demand  Different demand 
Problem 

Size
Number 

VMI

High setup cost parameter

 Equal demand  Different demand 
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High setup cost 
parameter

Low setup cost 
parameter

100 10 -2,81% -1,73%

50 -12,34% -4,67%

200 20 -2,55% -1,65%

100 -12,02% -3,19%

400 40 -2,08% -0,99%

200 -10,65% -2,14%

Problem 
Size

Number 
VMI

Reduction N. of vehicles
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Problem 
Size

Number 
VMI

Average Run 
Time in seconds

100 10 110,73

50 113,88

200 20 465,72

100 376,39

400 40 1783,901

200 1490,591
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High setup cost parameter

ip_cost vrp_cost irp cost ip_cost vrp_cost irp cost
1 6498,22 30628,63 37126,86 7861,85 29828,59 37690,43
2 6355,31 31375,62 37730,93 7434,59 30262,58 37697,17

3 5243,26 30977,93 36221,19 6381,84 30459,46 36841,30

4 7121,96 29147,56 36269,52 8711,73 28427,08 37138,81

5 5467,93 31655,90 37123,83 6098,23 30532,67 36630,91

6 5799,68 30833,62 36633,31 7001,11 29609,45 36610,57

7 5875,08 31035,80 36910,88 7174,82 29948,35 37123,17

8 4881,30 31509,59 36390,89 6125,71 30384,86 36510,57

9 6371,38 28611,75 34983,13 7677,00 27876,12 35553,12

10 5940,05 30928,22 36868,28 7223,96 30071,99 37295,95

11 29461,91 134669,51 164131,42 35229,64 128655,93 163885,57

12 26378,18 137100,31 163478,48 31618,04 131219,73 162837,77

13 26649,86 137002,51 163652,37 32837,95 128848,28 161686,23

14 30342,85 131775,51 162118,36 37047,23 123413,53 160460,77

15 28903,85 134073,11 162976,96 35336,77 129087,49 164424,26

16 30467,18 126200,44 156667,62 36374,30 121183,70 157558,00

17 25354,41 128423,79 153778,20 29423,74 124898,44 154322,18

18 29855,08 127208,54 157063,61 35623,64 121325,79 156949,43

19 31942,34 122568,69 154511,03 38293,11 116961,38 155254,49

20 29788,85 125960,32 155749,17 35364,07 122279,06 157643,13

21 11851,10 146009,14 157860,24 13609,64 141526,73 155136,37

22 11620,89 148817,97 160438,86 13591,28 146417,56 160008,85

23 10988,98 148994,77 159983,76 13166,90 143583,57 156750,47

24 13520,39 144356,64 157877,03 15510,37 138884,68 154395,05

25 10896,98 145440,85 156337,83 12368,91 144215,66 156584,57

26 11136,77 146623,41 157760,18 12563,53 143234,13 155797,66

27 12040,65 150948,77 162989,41 13690,65 148648,29 162338,94

28 10678,55 146053,11 156731,66 12292,63 141718,82 154011,45

29 12319,38 141799,48 154118,86 14570,24 138363,20 152933,44
30 12003,82 146401,55 158405,36 13743,45 145150,91 158894,37

Solution without integration Best solution in terms of routing cost
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High setup cost parameter

ip_cost vrp_cost irp cost ip_cost vrp_cost irp cost

31 58674,63 133829,29 192503,93 69005,01 119925,65 188930,66

32 59889,80 137499,71 197389,52 71463,35 119506,11 190969,46

33 58313,88 136085,59 194399,48 69508,10 118919,19 188427,29

34 59371,39 132244,21 191615,60 71085,14 113293,53 184378,67

35 60901,65 137730,66 198632,32 70592,22 122290,03 192882,25

36 63463,89 138273,92 201737,81 75402,09 120275,84 195677,92

37 57826,86 135862,69 193689,54 66186,96 121223,22 187410,18

38 55050,70 131415,18 186465,88 64829,78 116630,75 181460,52

39 62090,84 133501,33 195592,17 72921,35 116603,68 189525,04

40 58096,64 133894,36 191991,00 68180,87 115780,98 183961,85

41 23405,30 145807,66 169212,97 26920,70 142360,28 169280,98

42 25022,88 146285,91 171308,79 28592,83 143859,95 172452,78

43 22712,34 141635,34 164347,68 25752,70 138121,55 163874,26

44 25192,47 144722,15 169914,62 29463,98 141190,34 170654,32

45 22747,68 141185,46 163933,14 26155,48 137765,47 163920,95

46 24299,35 147304,68 171604,03 28150,52 142829,40 170979,92

47 21002,83 145300,65 166303,48 23441,20 141974,75 165415,95

48 23747,97 142127,97 165875,94 27215,04 139737,67 166952,71

49 25225,42 147922,02 173147,44 28565,95 145433,92 173999,87

50 23659,68 141671,12 165330,80 26983,41 139201,34 166184,75

51 122100,85 136956,93 259057,78 141602,91 120886,17 262489,07

52 116837,25 135295,62 252132,87 133106,36 121465,77 254572,13

53 119174,04 134272,18 253446,21 138728,67 119115,67 257844,34

54 120608,52 137250,82 257859,35 138362,39 121179,12 259541,51

55 117370,26 132365,88 249736,14 135575,56 118380,05 253955,61

56 120053,16 140289,70 260342,86 138177,69 125344,54 263522,22

57 118380,38 135432,22 253812,61 136176,59 120430,08 256606,68

58 122992,87 136707,75 259700,62 142040,55 121633,15 263673,70

59 120800,61 133394,11 254194,72 139646,92 118506,20 258153,12
60 119347,77 133058,10 252405,86 136401,03 119234,27 255635,30

Solution without integration Best solution in terms of routing cost
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Low setup cost parameter

ip_cost vrp_cost irp cost ip_cost vrp_cost irp cost
1 6498,22 111428,63 117926,86 7105,70 111246,53 118352,23
2 6355,31 115375,62 121730,93 6654,56 115301,78 121956,34

3 5243,26 114977,93 120221,19 5672,49 112649,15 118321,64

4 7121,96 106747,56 113869,52 7743,07 105621,18 113364,25

5 5467,93 116455,90 121923,83 5683,68 113094,02 118777,70

6 5799,68 112433,62 118233,31 6105,84 110355,38 116461,22

7 5875,08 115035,80 120910,88 6244,89 111829,06 118073,95

8 4881,30 116309,59 121190,89 5413,04 113104,59 118517,63

9 6371,38 105411,75 111783,13 6764,85 105070,48 111835,33

10 5940,05 113328,22 119268,28 6535,36 112132,27 118667,62

11 29461,91 69315,38 98777,29 30616,47 66929,56 97546,03

12 26378,18 68389,74 94767,91 28143,20 64831,80 92975,00

13 26649,86 69186,54 95836,40 28313,92 66614,39 94928,31

14 30342,85 66902,88 97245,73 32169,24 62389,47 94558,71

15 28903,85 68358,42 97262,27 30465,54 65804,42 96269,96

16 30389,25 71295,01 101684,26 32386,09 67559,76 99945,86

17 25354,41 65223,79 90578,20 26807,99 63753,90 90561,89

18 29855,08 73608,54 103463,61 31592,56 69142,17 100734,73

19 31942,34 68168,69 100111,03 33698,29 64788,00 98486,29

20 29788,85 69960,32 99749,17 31746,63 65460,39 97207,02

21 11851,10 146009,14 157860,24 12524,70 143691,04 156215,74

22 11620,89 148817,97 160438,86 12011,40 148643,22 160654,62

23 10988,98 148994,77 159983,76 11638,76 146923,80 158562,56

24 13520,39 144356,64 157877,03 14090,26 141249,13 155339,39

25 10896,98 145440,85 156337,83 11319,79 144435,96 155755,75

26 11136,77 146623,41 157760,18 11543,56 143247,09 154790,65

27 12040,65 150948,77 162989,41 12312,05 150897,17 163209,22

28 10678,55 146053,11 156731,66 10934,04 143835,58 154769,62

29 12319,38 141799,48 154118,86 12687,48 139528,32 152215,80
30 12003,82 146401,55 158405,36 12359,90 146397,36 158757,26

Solution without integration Best solution in terms of routing cost
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Low setup cost parameter

ip_cost vrp_cost irp cost ip_cost vrp_cost irp cost

31 58674,63 133829,29 192503,93 61569,35 130357,64 191926,99

32 59889,80 137499,71 197389,52 62306,07 132912,07 195218,13

33 58313,88 136085,59 194399,48 61337,93 132281,43 193619,36

34 59371,39 132244,21 191615,60 61547,91 126663,45 188211,36

35 60901,65 137730,66 198632,32 62923,54 133313,04 196236,59

36 63463,89 138273,92 201737,81 66238,09 135706,20 201944,30

37 57826,86 135862,69 193689,54 60573,85 129060,16 189634,00

38 55050,70 131415,18 186465,88 57207,93 127862,95 185070,88

39 62090,84 133501,33 195592,17 64709,21 128985,01 193694,21

40 58096,64 133894,36 191991,00 60646,84 128258,76 188905,61

41 23405,30 145807,66 169212,97 24040,76 144638,47 168679,23

42 25022,88 146285,91 171308,79 25763,50 146098,80 171862,30

43 22712,34 141635,34 164347,68 23341,04 139409,23 162750,27

44 25192,47 144722,15 169914,62 25795,77 144621,35 170417,12

45 22747,68 141185,46 163933,14 22747,68 141185,46 163933,14

46 24299,35 147304,68 171604,03 24811,48 144170,32 168981,80

47 21002,83 145300,65 166303,48 21578,16 144106,24 165684,40

48 23747,97 142127,97 165875,94 24334,98 141941,15 166276,13

49 25225,42 147922,02 173147,44 25735,83 146767,94 172503,77

50 23659,68 141671,12 165330,80 24121,99 141571,93 165693,92

51 122100,85 136956,93 259057,78 125263,46 134423,73 259687,19

52 116837,25 135295,62 252132,87 119849,04 131709,03 251558,07

53 119174,04 134272,18 253446,21 123186,39 130697,41 253883,80

54 120608,52 137250,82 257859,35 123494,64 133836,59 257331,23

55 117370,26 132365,88 249736,14 120507,41 129714,36 250221,77

56 120053,16 140289,70 260342,86 123388,88 136659,86 260048,74

57 118380,38 135432,22 253812,61 120873,64 132857,53 253731,17

58 122992,87 136707,75 259700,62 125877,36 133182,79 259060,15

59 120800,61 133394,11 254194,72 123769,99 130972,43 254742,43
60 119347,77 133058,10 252405,86 122403,42 129607,21 252010,64

Solution without integration Best solution in terms of routing cost
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