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Lq wklv sdshu zh ghyhors wzr prghov iru dq lqyhqwru| v|vwhp lq
zklfk wkh glvwulexwru pdqdjhv wkh lqyhqwru| dw wkh uhwdlohuv orfdwlrq1
Wkhvh w|sh ri v|vwhpv fruuhvsrqg wr wkh Yhqgru Pdqdjhg Lqyhq0
wru|+YPL, v|vwhpv ghvfulehg lq wkh olwhudwxuh1 Wkhvh v|vwhpv duh
yhu| frpprq lq pdq| gl�huhqw w|shv ri lqgxvwulhv/ vxfk dv uhwdlolqj
dqg pdqxidfwxulqj/ dowkrxjk dvvxplqj gl�huhqw fkdudfwhulvwlfv1

Wkh remhfwlyh ri rxu prgho lv wr plqlpl}h wrwdo lqyhqwru| frvw iru
wkh glvwulexwru lq d pxowl0shulrg pxowl0uhwdlohu vhwwlqj1 Wkh lqyhqwru|
v|vwhp lqfoxghv kroglqj dqg vwrfn0rxw frvwv dqg zh vwxg| wkh fdvh
zkhuh dq dgglwlrqdo �{hg vhwxs frvw lv fkdujhg shu gholyhu|1

Zh frqvwuxfw d qxphulfdo h{shulphqw wr dqdo|}h wkh prgho ehkdy0
lru dqg revhuyh wkh lpsdfw ri wkh fkdudfwhulvwlfv ri wkh prgho rq wkh
vroxwlrqv1

Nh|zrugv= Yhqgru Pdqdjhg Lqyhqwru| V|vwhpv/ Orjlvwlfv1

MHO= F94/ P4<

�Ghsduwphqw ri Hfrqrplfv dqg Exvlqhvv dqg JUHO0LHW/ Xqlyhuvlwdw Srpshx Ideud/
Udprq Wuldv Idujdv 5805:/ 3;338 Edufhorqd +Vsdlq,1 Who= 670<6 87559<5/ Id{= 670<6
8754:791 H0pdlo= ulwd1ulehlurCxsi1hgx1 Wklv uhvhdufk kdv ehhq sduwldoo| �qdqfhg e| uh0
vhdufk judqw iurp Plqlvw�hulr gd Flahqfld h d Whfqrorjld/ IFW/ Sud{lv [[L2EG254;472<<1

|Ghsduwphqw ri Hfrqrplfv dqg Exvlqhvv dqg JUHO0LHW/ Xqlyhuvlwdw Srpshx Ideud/
Udprq Wuldv Idujdv 5805:/ 3;338 Edufhorqd +Vsdlq,1 Who= 670<6 8755:86/ Id{= 670<6
8754:791 H0pdlo= khohqd1udpdoklqkrCxsi1hgx1 Wklv uhvhdufk kdv ehhq sduwldoo| �qdqfhg
e| uhvhdufk judqw PF\W EHF05333 dqg JUHO0LHW1
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ì ��** �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� '

�
� �s |�R � q

�R � ��R 	 f

f �s L|�ih��ti

MiUL4itG]
"

f

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

�
sE|�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

�
� � �E�n �f � |f� � E�n �f � |f�

�r � �E��� �f n |f� � E�n �f � |f�

�
sE|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�

�2



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
9999997

�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 � |���

� 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 E�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*�

��� 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 Ei � _L�?|L�? @hi@t� �@�i
@ttLU�@|i_ @ ��}�ih _i*��ih) ULt|�

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

�e



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

U7 '

'
[

�

[

R

5
97

�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� '

+
� �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

A�i? |�i LT|�4@* ULt| ��** MiG

5 n UE�W

�R� �s q
�R � oW�R

UE��R ' f� �s q�R : oW�R

Wu �i |h) |L i |i?_ |��t ThLM*i4 |L 4Lhi |�@? L?i Tih�L_ |�i _iU�t�L? |hii
��** �?Uhi@tic tii 6�}�hi E�� uLh |�i _iU�t�L? |hii Lu @** |�i T*@??�?} �Lh�3L?�

�D



ß0=u

ß1>0

ß2>0

ß3>0

ß4>0 ß4<0

ß3<0

ß4>0 ß4<0

ß2<0

ß3>0

ß4>0 ß4<0

ß3<0

ß4>0 ß4<0

ß1<0

ß2>0

ß3>0

ß4>0 ß4<0

ß3<0

ß4>0 ß4<0

ß2<0

ß3>0

ß4>0 ß4<0

ß3<0

ß4>0 ß4<0

Iljxuh 4= Ghflvlrq wuhh iru wkh PSYPL prgho zlwk vhwxs frvw1

AL tL*�i |��t ThLM*i4 MiUL4it @ UL4T*i |@t!� A�i tL*�|�L? �i ThLTLti
�t |L @?@*)3i |�i Mit| _i*��ih) ^�@?|�|�it uLh @** |�i TLtt�M*i UL4M�?@|�L?t Lu
_i*��ih) _@)t @?_ U�LLti |�i tL*�|�L? ��|� 4�?�4�4 |L|@* ULt|t E�?�i?|Lh)
n t|LU!�L�| n ti|�T ULt|t��

5Lc uLh i@U� hi|@�*ih }��i? |�i ti|�T ULt| uLh i@U� _@) Lu |�i �ii!c �i
U@*U�*@|i |�i Mit| _i*��ih) ^�@?|�|�it uLh @** |�i TLtt�M*i UL4M�?@|�L?t Lu
_@)t�
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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

Wdeoh 4= Dyhudjh Lqyhqwru| Frvwv iru P4 dqg P5 iru Orz +OV, dqg Kljk +KV,

vhwxs frvwv1
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4Dowkrxjk zh kdyh dvvxphg wkdw lq P4 wkhuh duh qr vhwxs frvwv/ zh kdyh dgghg wr P4

wkh vhwxs frvw wkdw zrxog eh dssolhg li zh zhuh gholyhulqj rq wkh gd|v sursrvhg e| P41

Wklv lv grqh vr wkdw zh fdq frpsduh erwk prghov1
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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
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Wdeoh 5= Dyhudjh lqyhqwru| frvw iru P4 dqg P5 zlwk htxdo vhwxs frvw +', hyhu|

gd| yhuvxv gl�huhqw vhwxs frvw +9', iru hdfk gd|1
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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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Wdeoh 6= Dyhudjh Lqyhqwru| Frvw iru P4 dqg P5 zlwk htxdo ghpdqg +', hyhu|

gd| yhuvxv gl�huhqw ghpdqg + 9', iru hdfk gd|1
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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

Wdeoh 7= Dyhudjh qxpehu ri gholyhu| gd|v shu zhhn lq P4 dqg P51

�?_c �u �i @?@*)3i |�i |�L �?t|@?Uit tiT@h@|i_ M) ��}� @?_ *L� ti|�T
ULt|c �? �2c |�i @�ih@}i ?�4Mih Lu _i*��ih) _@)t }Lit uhL4 @? @�ih@}i Lu
� _@)t Tih �ii! uLh |�i wL� ti|�T ULt| U@ti |L @? @�ih@}i Lu �cS _i*��ih)
_@)t uLh |�i U@ti Lu ��}� ti|�T ULt|t� A�ihi �t @ t|hL?} hi*@|�L? Mi|�ii? |�i
4@}?�|�_i Lu |�i ti|�T ULt| @?_ |�i ?�4Mih Lu _i*��ih) _@)t Tih �ii! �? |�i
tL*�|�L?�

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

Wdeoh 8= Dyhudjh qxpehu ri gholyhu| gd|v lq P4 dqg P5 iru wkh fdvhv ri Orz

+OV, dqg Kljk +KV, vhwxs frvw1
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Iljxuh 5= Lqyhqwru| Frvwv iru P4 dqg P5 iru d jurxs ri 53 Uhwdlohuv1
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N Run time in sec

10 4,03

50 19,32

100 38,26

200 76,59

Wdeoh 9= Uxq wlph lq vhfrqgv iru P4.P51
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