
�

/RJL0RQW
TU München - Lehrstuhl LSR

'LH� G\QDPLVFKH� 0DWHULDOIOX�VL�
PXODWLRQ�VWHOOW�HLQ�OHLVWXQJVIlKLJHV
:HUN]HXJ� I�U� GLH� $QDO\VH� NRP�
SOH[HU� 3URGXNWLRQVV\VWHPH� GDU�
+HUN|PPOLFKH� 6LPXODWLRQV�6RIW�
ZDUH� HUODXEW� QXU� EHJUHQ]W� GHQ
SODQXQJVEHJOHLWHQGHQ� (LQVDW]� LQ
YHUWHLOWHQ� 3URMHNWRUJDQLVDWLRQHQ�
,P�3URMHNW�/RJL0RQW�ZHUGHQ� GLH
0|JOLFKNHLWHQ� HLQHU� GXUFKJlQJL�
JHQ�8QWHUVW�W]XQJ�YRQ�3ODQXQJV�
SUR]HVVHQ�HUIRUVFKW�
,Q�GHU�+DOEOHLWHULQGXVWULH�]HLJHQ�VLFK�VWlUNHU�QRFK

DOV� LQ�DQGHUHQ�%UDQFKHQ�GLH�$XVZLUNXQJHQ�NXU]HU
,QQRYDWLRQV]\NOHQ� XQG� G\QDPLVFKHU� 0lUNWH�� 8P
VLFK� LP� LQWHUQDWLRQDOHQ�:HWWEHZHUE� EHKDXSWHQ� ]X
N|QQHQ��LVW�HLQ�VWDUNHV�:DFKVWXP�HUIRUGHUOLFK��'D�
PLW�HLQKHU�JHKW�GHU�=ZDQJ��GLH�3URGXNWHQW�
ZLFNOXQJ�� DEHU� LQVEHVRQGHUH� DXFK� GLH� 3OD�
QXQJ� XQG� ,QEHWULHEQDKPH� QHXHU� 3URGXNWL�
RQVDQODJHQ� ]X� YHUN�U]HQ�� 'LH� 3ODQXQJ� GHU
3URGXNWLRQVDQODJHQ� GHU� +DOEOHLWHULQGXVWULH
LVW� ZHJHQ� GHU� DXIZHQGLJHQ� 3UR]H�WHFKQLN�
GHU� %HGLQJXQJHQ� GHV� 5HLQUDXPV� XQG� GHV
NRPSOL]LHUWHQ� 0DWHULDOIOXVVHV� EHVRQGHUV
VFKZLHULJ�XQG�YLHOVFKLFKWLJ��6LH�ZLUG�PLW�YHU�
WHLOWHQ� 3URMHNWJUXSSHQ� GXUFKJHI�KUW�� GLH
WKHPHQEH]RJHQ� GXUFK� 6SH]LDOLVWHQ� HUJlQ]W
ZHUGHQ�
,P�3URMHNW�/RJL0RQW�ZHUGHQ�JHPHLQVDP

YRQ�GHU�)LUPD�6LHPHQV� �%HUHLFK�+DOEOHLWHU�
XQG�GHP�/HKUVWXKO�I�U�)|UGHUWHFKQLN�0DWH�
ULDOIOX��/RJLVWLN�GHU�78�0�QFKHQ�GLH�0|J�
OLFKNHLWHQ� HLQHU� SURMHNWEHJOHLWHQGHQ� 8QWHU�
VW�W]XQJ�GHU�)DEULNSODQXQJ�HUIRUVFKW��$OV�.HUQHOH�
PHQW�GHU�3ODQXQJVXQWHUVW�W]XQJ�ZLUG�GLH�HUHLJQLV�
RULHQWLHUWH� 0DWHULDOIOX�VLPXODWLRQ� JHQXW]W�� 6LH� HU�
P|JOLFKW� HV�� 9DULDQWHQ� IU�K]HLWLJ� YHUJOHLFKHQ� XQG
EHZHUWHQ� ]X� N|QQHQ�� %HUHLWV� YRU� GHU� 5HDOLVLHUXQJ
GHU�$QODJH�NDQQ�GHUHQ�G\QDPLVFKHV�9HUKDOWHQ�DQD�
O\VLHUW�XQG�RSWLPLHUW�ZHUGHQ��VLHKH�DXFK�>�@��
'DV�8PIHOG�GHU�GXUFKJlQJLJHQ�9HUZHQGXQJ�GHU

6LPXODWLRQ� LVW� NRPSOH[HU� DOV� EHLP�KHUN|PPOLFKHQ
(LQVDW]��EHL�GHP�VLFK�GLH�1XW]XQJ�]XPHLVW�DXI�GLH
QDFKWUlJOLFKH�9DOLGLHUXQJ�YRQ�3ODQXQJVHUJHEQLVVHQ
EHVFKUlQNW��8P�GLH�6LPXODWLRQ�YHUWHLOWHQ�3ODQXQJV�
JUXSSHQ�]XJlQJOLFK�]X�PDFKHQ��VLQG�:HUN]HXJH�]XU
9HUZDOWXQJ� JHPHLQVDPHU� 'DWHQ� XQG� $VVLVWHQ]V\�
VWHPH� ]XU� 8QWHUVW�W]XQJ� GHU� $QZHQGHU� HUIRUGHU�
OLFK��'DV�5HFKQHUZHUN]HXJ�PX��GHU�'\QDPLN�GHV
3URMHNWYHUODXIV�DQJHSD�W�VHLQ�

6\VWHPWHFKQLVFKH�3ODQXQJVPH�
WKRGLN
%HWUDFKWHW� PDQ� GHQ� 9HUODXI� HLQHV� 3URMHNWV�� VR

ZLUG�GLH�3UREOHPDWLN�GHV�SURMHNWEHJOHLWHQGHQ�(LQ�
VDW]HV� HLQHV� UHFKQHUJHVW�W]WHQ� 3ODQXQJVZHUN]HXJV
GHXWOLFK�� 0LW� GHQ� 0HWKRGHQ� GHV� 6\VWHPV� (QJL�
QHHULQJ�ZXUGHQ�GLH�*UXQGODJHQ�I�U�GDV�9RUJHKHQ
LQ� HLQHP� NRPSOH[HQ� 3URMHNW� V\VWHPDWLVLHUW� �VLHKH
>�@��
8P� GHU� .RPSOH[LWlW� GHU� 3UREOHPVWHOOXQJ� JH�

UHFKW� ]X� ZHUGHQ�� LVW� HLQH� 9RUJHKHQVZHLVH� YRP
*UREHQ� ]XP� 'HWDLO� QRWZHQGLJ�� 'LHV� EHGHXWHW�
IU�K]HLWLJ�=LHOH�]X�VHW]HQ�XQG�6WUXNWXUHQ�]X�ELOGHQ�
GLH� HV� HUODXEHQ�� $UEHLWVJHELHWH� DE]XJUHQ]HQ� XQG
HQWVWHKHQGH�6FKQLWWVWHOOHQ�DEVWLPPHQ�]X�N|QQHQ��,Q
XPIDQJUHLFKHQ� 3URMHNWHQ� ZLUG� GHPHQWVSUHFKHQG
HLQ�PHKUVWXILJHU�'HWDLOOLHUXQJVSUR]H�� GXUFKODXIHQ�
%HYRU� DOOHUGLQJV� HLQH� 9HUIHLQHUXQJ� GXUFKJHI�KUW
ZHUGHQ�NDQQ�� VLQG�P|JOLFKH�9DULDQWHQ� DXI]XEHUHL�
WHQ�XQG�]X�YHUJOHLFKHQ��XP�DEJHVLFKHUWH�(QWVFKHL�
GXQJHQ� WUHIIHQ� ]X� N|QQHQ�� $XI� GLHVH�:HLVH� ZLUG
YRU� MHGHU� (QWVFKHLGXQJ� I�U� HLQH� ZHLWHUH� 'HWDLOOLH�
UXQJ� HLQ� 6\VWHPO|VXQJVSUR]H�� GXUFKODXIHQ�� 9RQ
GHU� =LHOVXFKH� DXVJHKHQG� ZLUG� HLQH� /|VXQJVVXFKH

GXUFKJHI�KUW�� GLH� PHKUHUH� $OWHUQDWLYHQ� KHUYRU�
EULQJW�� YRQ� GHQHQ� HLQH� I�U� GDV� ZHLWHUH� 9RUJHKHQ
GXUFK�YHUJOHLFKHQGH�%HZHUWXQJ�DXVJHZlKOW�ZLUG�

5DQGEHGLQJXQJHQ�GHU�3ODQXQJ
'LH�8PVHW]XQJ�GLHVHU�3ULQ]LSLHQ�GHU�3ODQXQJ�LP

8QWHUQHKPHQ�VWHOOW�I�U�GLH�RUJDQLVDWRULVFKH�$XVJH�
VWDOWXQJ�HLQH�+HUDXVIRUGHUXQJ�GDU��'HQQ�GLH�HLQ]HO�
QHQ�6WXIHQ�GHU�'HWDLOOLHUXQJ�N|QQHQ�QLFKW�YRQ�HL�
QHP� 7HDP� NRQVWDQWHU� =XVDPPHQVHW]XQJ� DXVJH�
I�KUW� ZHUGHQ�� =XVWlQGLJNHLWHQ� XQG� $XIJDEHQ�
VFKZHUSXQNWH�ZHFKVHOQ�PLW�GHU�3URMHNWODXI]HLW�
$EELOGXQJ� �� YHUGHXWOLFKW� GLH� '\QDPLN�� GLH

.HQQ]HLFKHQ�JUR�HU�3ODQXQJVSURMHNWH�LVW��*UXQGOH�
JHQG�I�U�GDV�:HVHQ�GHU�VXN]HVVLYHQ�9RUJHKHQVZHL�
VH�LVW��GD��PLW�GHP�3ODQXQJVIRUWVFKULWW�GHU�'HWDLOOLH�
UXQJVJUDG� GHU� 3ODQXQJVXQWHUODJHQ�� XQG� DXIJDEHQ
ZlFKVW��%HLP�hEHUJDQJ�]ZLVFKHQ�3ODQXQJVSKDVHQ�
DOVR�QDFK�JUXQGOHJHQGHQ�(QWVFKHLGXQJHQ�� OLHJW�VR�
JDU�HLQ�6SUXQJ�LP�'HWDLOOLHUXQJVJUDG�YRU�

,P�hEHUEOLFN�NDQQ�PDQ�EHL�GHU�1HXSODQXQJ�HL�
QHU�$QODJH�GLH� YLHU�3KDVHQ�6WUXNWXUSODQXQJ��)HLQ�
SODQXQJ�� 5HDOLVLHUXQJ� XQG� %HWULHE� XQWHUVFKHLGHQ
�YJO�� >�@�� >�@��� 1DFK� GHP� 3ODQXQJVDQVWR��� GHU� ]X�
PHLVW�YRQ�GHU�*HVFKlIWVI�KUXQJ�NRPPW��ZLUG�HQW�
VSUHFKHQG� GHU� JHJHEHQHQ� =LHOH� LP� 5DKPHQ� GHU
*URESODQXQJ� HLQH�.DSD]LWlWVDXVOHJXQJ�XQG�6WUXN�
WXUSODQXQJ�GXUFKJHI�KUW��:LFKWLJHV�(UJHEQLV�LVW�GLH
$EVFKlW]XQJ�GHV�,QYHVWLWLRQVXPIDQJV��GHU�HLQH�ZH�
VHQWOLFKH�(QWVFKHLGXQJVJUXQGODJH�I�U�GHQ�ZHLWHUHQ
3URMHNWYRUJDQJ�LVW�

%LOGXQJ�YRQ�7HLOSURMHNWHQ
'LH�JUREH�6WUXNWXU�GLHQW� DOV�*UXQGODJH�� I�U�GLH

%LOGXQJ�YRQ�7HLOSURMHNWHQ� LQ�GHU�)HLQSODQXQJ��GLH
GLH� YHUZHQGHWH� 3UR]H���� 0DWHULDOIOX��� XQG� ,QIRU�
PDWLRQVWHFKQLN�GHWDLOOLHUW�VSH]LIL]LHUHQ��0LW�GHU�3UR�
MHNWODXI]HLW� QLPPW� GHVZHJHQ� GLH� $Q]DKO� XQG� GLH
6SH]LDOLVLHUXQJ�GHU� 3URMHNWEHWHLOLJWHQ� VWDUN� ]X��8P
WURW]GHP�HLQ�DEJHVWLPPWHV�*HVDPWV\VWHP�]X�HUUHL�
FKHQ��VLQG�I�U�GLH�.RRUGLQDWLRQ�GHU�7HLODXIJDEHQ�GLH
)UDJHQ� GHU�0DWHULDOIOX��� XQG� ,QIRUPDWLRQVWHFKQLN
YRQ�EHVRQGHUHU�%HGHXWXQJ�
1DFK�GHP�$EVFKOX��GHU�'HWDLOSODQXQJ�PLW�GHU

9HUJDEH�GHU�5HDOLVLHUXQJV�$XIWUlJH�LVW�GLH�&KDUDNWH�
ULVWLN�GHV�*HVDPWV\VWHPV�ZHLWJHKHQG�IHVWJHOHJW��'LH

=HLW� ELV� ]XP� 3URGXNWLRQVVWDUW� VROOWH� JHQXW]W
ZHUGHQ�� 6WHXHUXQJVVWUDWHJLHQ� I�U� GHQ� %HWULHE
GHV�6\VWHPV�]X�HQWZLFNHOQ��*HOLQJW�HV��SDUDOOHO
]XU� 5HDOLVLHUXQJ� GHU� .RPSRQHQWHQ� 6WHXH�
UXQJVVWUDWHJLHQ� ZHLWJHKHQG� ]X� RSWLPLHUHQ�
N|QQHQ� GLHVH� IU�K]HLWLJ� LQ� GLH� 6WHXHU�� XQG
/HLWWHFKQLN�GHV�6\VWHPV��EHUQRPPHQ�ZHUGHQ�
'HU�LQ�YLHOHQ�3URMHNWHQ�HUKHEOLFKH�bQGHUXQJV�
DXIZDQG�ZLUG�YHUPLQGHUW�

.RPSOH[LWlW�GHV�6\VWHPV
1DFK� GHU� ,QEHWULHEQDKPH�� GHP� 3UREHEH�

WULHE�XQG�GHU�)UHLJDEH�GHU�$QODJH�ZLUG�PLW�GHU
3URGXNWLRQ�EHJRQQHQ��%HJOHLWHQG�]XP�%HWULHE
VLQG� $XIJDEHQ� GHU� %HWUHXXQJ� XQG� 2SWLPLH�
UXQJ� LP� =XVDPPHQKDQJ� PLW� GHU� $XIWUDJV�

VWHXHUXQJ�XQG�8PEDXYRUKDEHQ�GXUFK]XI�KUHQ�
0LW�GHP�'XUFKODXIHQ�GHU�3KDVHQ�LVW�YHUEXQGHQ�

GD��PLW�GHU�)HVWOHJXQJ�DXI�EHVWLPPWH�6\VWHPH�GLH
0HQJH� GHU� YRUKDQGHQHQ� ,QIRUPDWLRQ� VWDUN� DQ�
ZlFKVW�� �'LH�4XDOLWlW� GHU�'DWHQ� QLPPW� KLQJHJHQ
HUVW�PLW�GHU�,QEHWULHEQDKPH�GHU�$QODJHQ�VLJQLILNDQW
]X��=XYRU�ZLUG�PLW�6FKlW]ZHUWHQ�JHDUEHLWHW�� HV� VHL
GHQQ��HV�EHVWHKHQ�GHWDLOOLHUWH�'DWHQ�I�U�GHQ�%HWULHE
JOHLFKHU� $QODJHQWHLOH� DQ� DQGHUHQ� 6WDQGRUWHQ�� ,P
,GHDOIDOO�ZHUGHQ�GLHVH�DXI�GHU�%DVLV�HLQHU�DXWRPDWL�
VFKHQ�(UIDVVXQJ�XQG�$XVZHUWXQJ�GHU�0DVFKLQHQ�
GDWHQ�YHUZDOWHW�
,Q�DOOHQ�3ODQXQJVSKDVHQ�EHVWHKW� OHW]WHQGOLFK�GDV

3UREOHP�� GD�� GDV� HQWVWHKHQGH� 3URGXNWLRQVV\VWHP
HLQHQ�KRKHQ�*UDG�DQ�.RPSOH[LWlW� DXIZHLVW��=DKO�
UHLFKH� (LQIOX�JU|�HQ� EHVWLPPHQ� GDV� G\QDPLVFKH
9HUKDOWHQ�GHV�6\VWHPV��GLH� LQ� LKUHU�:LUNXQJVZHLVH
XQWHUHLQDQGHU�VWDUN�YHUQHW]W�VLQG��,QVEHVRQGHUH�VLQG
GLHV�GLH�RUJDQLVDWRULVFKH�6WUXNWXU��GLH�7HFKQRORJLHQ�
GLH� I�U�GHQ�3URGXNWLRQVSUR]H���GHQ�0DWHULDO�� XQG

3URMHNWEHJOHLWHQGH�8QWHUVW�W]XQJ�GHU
3ODQXQJ�GXUFK�6LPXODWLRQ
%HLWUDJ�LQ��I|UGHUQ�XQG�KHEHQ��I�K������1U�����������6���������
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$EELOGXQJ����9HUODXI�YRQ�3ODQXQJVSURMHNWHQ



�

/RJL0RQW
TU München - Lehrstuhl LSR

,QIRUPDWLRQVIOX�� HLQJHVHW]W� ZHUGHQ�� XQG� GLH� YHU�
ZHQGHWHQ�6WUDWHJLHQ�GHU�$XIWUDJVVWHXHUXQJ�

6LPXODWLRQVJHVW�W]WHV�3ODQXQJV�
ZHUN]HXJ�/RJL)$&7
5HFKQHUZHUN]HXJH�KDEHQ�I�U�YLHOH�3URMHNWH�HLQH

JUR�H� %HGHXWXQJ� HUODQJW�� 'LH� 9HUZHQGXQJ� UHLFKW
YRQ�3URJUDPPHQ�]XU�3URMHNWSODQXQJ��EHU�GLH�7D�
EHOOHQNDONXODWLRQ�� 3UlVHQWDWLRQHQ�� &$'�� 'RNX�
PHQWHQYHUZDOWXQJ� ELV� KLQ� ]X� 6LPXODWLRQHQ� XQWHU�
VFKLHGOLFKVWHU�=LHOVHW]XQJ��%HVRQGHUV�ZHLW�JHGLHKHQ
LVW� GLH� 8QWHUVW�W]XQJ� YRQ� 6RIWZDUH�3URMHNWHQ� PLW
+LOIH�YRQ�&$6(�7RROV�

,P�5DKPHQ�GHU�$XIJDEHQ�GHU�)DEULNSODQXQJ�LVW
LQVEHVRQGHUH� I�U� GLH� 0DWHULDOIOX�VLPXODWLRQ� GLH
GXUFKJlQJLJH�1XW]EDUNHLW�GHU�:HUN]HXJH�QRFK�VHKU
HLQJHVFKUlQNW�� 8UVDFKHQ� KLHUI�U� OLHJHQ� LQ� GHQ
6FKZLHULJNHLWHQ�� PLW� GHP� 0RGHOO� GHP� 3ODQXQJV�
IRUWVFKULWW�]X�IROJHQ��DEHU�DXFK�LP�HIIL]LHQWHQ�8P�
JDQJ�PLW�GHQ�:HUN]HXJHQ��=XPHLVW�ZLUG�GLH�6LPX�
ODWLRQ�SXQNWXHOO�XQG�GDQQ�LQ�GHU�5HJHO�GXUFK�H[WHU�
QH�'LHQVWOHLVWHU�HLQJHVHW]W��'DPLW�YHUEXQGHQ�LVW�HLQ
HUKHEOLFKHU�$XIZDQG� GHU� (LQDUEHLWXQJ� XQG� ,QIRU�
PDWLRQVVDPPOXQJ�
0LW� GHP� VLPXODWLRQVJHVW�W]WHQ� 3ODQXQJVZHUN�

]HXJ� /RJL)$&7� ZLUG� YHUVXFKW�� GLH� EHVWHKHQGHQ
3UREOHPH� GHU� ,QWHJUDWLRQ� GHU� 6LPXODWLRQ� LQ� GLH
3URMHNWRUJDQLVDWLRQ�DXI]XKHEHQ��VLHKH�$EELOGXQJ����
(LQH�ZHVHQWOLFKH�9RUDXVVHW]XQJ� I�U�GHQ� HUIROJ�

UHLFKHQ�(LQVDW]�GHU�6LPXODWLRQ�LQ�YHUWHLOWHQ�3URMHN�
WRUJDQLVDWLRQHQ� LVW� HLQH� JHPHLQVDPH�'DWHQKDOWXQJ�
'LHVH�PX��HV�HUODXEHQ��9DULDQWHQ�]X�ELOGHQ�XQG�GLH
3ODQXQJVXQWHUODJHQ��DOVR�GDV�0RGHOO�� VXN]HVVLYH�]X
GHWDLOOLHUHQ��'DPLW�YLHOH�$QZHQGHU�PLW�GHP�:HUN�
]HXJ� XPJHKHQ� XQG� 0RGHOOH� HLQDQGHU� �EHUJHEHQ
N|QQHQ��LVW�HLQH��EHUVLFKWOLFKH�%HGLHQXQJ�XQG�'R�
NXPHQWDWLRQ�GHU�0RGHOOH�]X�UHDOLVLHUHQ��'LH�6FKZLH�
ULJNHLWHQ�GHU�'XUFKI�KUXQJ�YRQ�]LHOJHULFKWHWHQ�6L�
PXODWLRQH[SHULPHQWHQ�VLQG�GXUFK�$VVLVWHQ]V\VWHPH
]X� XQWHUVW�W]HQ��'DEHL�PX�� NODU� VHLQ�� GD�� GLH� 6L�
PXODWLRQ� GLH� JU�QGOLFKH� 3ODQXQJ� QLFKW� HUVHW]HQ
NDQQ��6LH� LVW� HLQ�:HUN]HXJ��GDV�GHU�3ODQHU�QXW]HQ
NDQQ�� XP�(QWVFKHLGXQJHQ� DE]XVLFKHUQ� XQG�2SWL�
PLHUXQJVSRWHQWLDOH�]X�HUVFKOLH�HQ�

6XN]HVVLY�3ODQXQJ
'HU� GXUFKJlQJLJH� (LQVDW]� HLQHV� 5HFKQHUZHUN�

]HXJHV� LQ� DXIHLQDQGHUIROJHQGHQ� 3ODQXQJVSKDVHQ
HUIRUGHUW� HV�� GD�� GHP� VXN]HVVLYHQ� 9RUJDQJ� GHV
(QWZHUIHQV� JHIROJW� ZLUG�� 'DV� 3ODQXQJVZHUN]HXJ
PX�� GHVZHJHQ� GLH� 0|JOLFKNHLW� ELHWHQ�� 7HLOH� GHV
*HVDPWV\VWHPV� YRQ� HLQ]HOQHQ� 3URMHNWJUXSSHQ� EH�
DUEHLWHQ�]X�ODVVHQ�XQG�]X�HLQHP�*HVDPWPRGHOO�YHU�
HLQLJHQ� ]X� N|QQHQ� �YJO�� >�@��� 'LH�0RGHOOHOHPHQWH�
GLH�GHQ�$QZHQGHUQ�DQJHERWHQ�ZHUGHQ��VWHOOHQ�GDV
(UJHEQLV�HLQHU�YRUZHJJHQRPPHQHQ�6\VWHPDQDO\VH
GDU��'DPLW�VLH�GHQ�(QWZXUIVSUR]H��QLFKW�EHKLQGHUQ�
P�VVHQ�VLH�HLQ�VXN]HVVLYHV�'HWDLOOLHUHQ�GHV�0RGHOOV
HUODXEHQ� XQG� GHQ� JHGDQNOLFKHQ�9RUVWHOOXQJHQ� GHU
$QZHQGHU�ZHLWJHKHQG�HQWVSUHFKHQ�

%HLP�3UR]H��GHU�1HXSODQXQJ�HLQHU�)DEULN�VHW]W
GLH�6WUXNWXUSODQXQJ�YLHOH�5DQGEHGLQJXQJHQ�I�U�GLH
ZHLWHUH�'HWDLOOLHUXQJ��'HQQ�KLHU�ZLUG�GLH�RUJDQLVDWR�
ULVFKH� 6WUXNWXULHUXQJ� LQ�%HUHLFKH� XQG� GLH�$XIVWHO�
OXQJVSODQXQJ�ZHLWJHKHQG� YRUEHVWLPPW�� -H� %HUHLFK
ZLUG�HQWVSUHFKHQG�GHU�&KDUDNWHULVWLN�GHV�$EVFKQLWWV
GHU�3UR]H�NHWWH�HLQ�2UJDQLVDWLRQVW\S�LQ�$QOHKQXQJ
DQ� GLH� 0RGHOOH� GHU� :HUNVWDWW��� *UXSSHQ�� RGHU
)OLH�IHUWLJXQJ� JHZlKOW�� )�U� GLH� ZHLWHUH� $XVJHVWDO�
WXQJ�GHV�*HVDPWV\VWHPV� LVW� GLHVH�8QWHUJOLHGHUXQJ
LQ�%HUHLFKH�LQ�]ZHLIDFKHU�+LQVLFKW�YRQ�%HGHXWXQJ�
$XI�GHU�HLQHQ�6HLWH�GLHQHQ�GLH�%HUHLFKH�DOV�$EJUHQ�
]XQJ� I�U� GLH� %LOGXQJ� YRQ� 7HLOSURMHNWHQ�� $XI� GHU
DQGHUHQ�6HLWH�HQWVSULFKW�GLHVH�6WUXNWXU�EHUHLWV�ZHLW�

JHKHQG� GHU� 8QWHUWHLOXQJ�
GLH�I�U�GLH�%HWULHEVRUJDQL�
VDWLRQ�GHV�6\VWHPV�JHQXW]W
ZLUG�

+LHUDUFKLVFKH
0RGHOOELOGXQJ
,P� VLPXODWLRQVJHVW�W]�

WHQ� 3ODQXQJVZHUN]HXJ
/RJL)$&7�YHUZHQGHW�GHU
$QZHQGHU� GDV� 0RGHOOH�
OHPHQW�Å-RE0DQDJHU �́�XP
%HUHLFKH� XQG� GHUHQ� .R�
RUGLQDWLRQ� DE]XELOGHQ�

'HU�-RE0DQDJHU�VWHXHUW�XQG�UHSUlVHQWLHUW�]XJOHLFK
VHLQHQ�9HUDQWZRUWXQJVEHUHLFK��(U�NDQQ�LP�0RGHOO
YHUVFKREHQ�� DXVJHJOLHGHUW�� VHSDUDW� DEJHVSHLFKHUW
RGHU� LQ� HLQ� DQGHUHV� 0RGHOO� HLQJHJOLHGHUW� ZHUGHQ�
'DGXUFK�LVW�GLH�*UXQGODJH�I�U�HLQH�%HDUEHLWXQJ�GHV
6LPXODWLRQVPRGHOOV� LQ� YHUWHLOWHQ� 3URMHNWJUXSSHQ
JHJHEHQ�� (V� LVW� $XIJDEH� GHU� LQWHJULHUWHQ� 3URMHNW�
YHUZDOWXQJ��GLH�0RGHOOWHLOH� LP�5DKPHQ� HLQHU�9HU�
VLRQVNRQWUROOH�I�U�DXWKRULVLHUWH�$QZHQGHU�EHUHLW]X�
KDOWHQ��1DFK�(QWVFKHLGXQJHQ��EHU�GLH�$XVZDKO�YRQ
9DULDQWHQ�ZLUG�GHU�6WDQG�JHVLFKHUW��VR�GD��YRQ�GLH�
VHP� DXVJHKHQG� LQ� GHQ� IROJHQGHQ� 3ODQXQJVSKDVHQ
GHWDLOOLHUWHU� VSH]LIL]LHUW
ZHUGHQ�NDQQ�
-H� QDFK�'HWDLOOLHUXQJV�

JUDG� XQG� WHFKQLVFKHU
$XVSUlJXQJ�N|QQHQ�UHDOH
(QWVSUHFKXQJHQ� GHV
-RE0DQDJHUV� EHLVSLHOV�
ZHLVH� GLH� )HUWLJXQJVOHL�
WXQJ�� GHU� :HUNVWDWWPHL�
VWHU�� HLQH� $QODJHQVWHXH�
UXQJ�� HLQH� 7UDQVSRUW�
VWHXHUXQJ�RGHU�DXFK� HLQH
0DVFKLQHQVWHXHUXQJ� VHLQ�
:lKUHQG�GHV�(QWZHUIHQV
HLQHV�QHXHQ�6\VWHPV�ZHU�
GHQ� I�U� MHGH�ZHLWHUH�8Q�
WHUJOLHGHUXQJ�LQ�7HLOEHUHL�
FKH� XQWHUJHRUGQHWH� -RE�
0DQDJHU� HLQJHVHW]W�� $XI
GLHVH�:HLVH�HUJLEW�VLFK�HLQ
KLHUDUFKLVFKHV�6\VWHP�DXV
%HUHLFKHQ�� GLH� XQWHUJH�
RUGQHWH�%HUHLFKH�NRRUGLQLHUHQ��VLHKH�DXFK�>�@��
:LH�LQ�GHU�5HDOLWlW�HUIROJW�GLH�.RRUGLQDWLRQ�DXI

GHU�%DVLV�YRQ�$XIWUlJHQ�XQG�5�FNPHOGXQJHQ��(LQ
-RE0DQDJHU�HUKlOW�YRQ�VHLQHP��EHUJHRUGQHWHQ�.R�
RUGLQDWRU� HLQHQ�$XIWUDJ�� GHQ� HU� HQWVSUHFKHQG� GHQ
)lKLJNHLWHQ�VHLQHV�%HUHLFKV�GHWDLOOLHUW�XQG�ZHLWHUJLEW�
'LH�LKP�XQWHUJHRUGQHWHQ�%HUHLFKH�LQIRUPLHUHQ�LKQ
�EHU�GHQ�6WDWXV�GHU�7HLODXIWUlJH�PLW�5�FNPHOGXQ�
JHQ��GLH�HU�]XVDPPHQID�W�XQG�VHLQHUVHLWV�DQ�VHLQHQ
.RRUGLQDWRU�VFKLFNW��'LH�,QIRUPDWLRQHQ�HLQHV�-RE�
0DQDJHUV��EHU�GLH�$XIWUDJVODJH�XQG�GLH�6LWXDWLRQ�LQ
VHLQHP�9HUDQWZRUWXQJVEHUHLFK�ELOGHQ�GLH�*UXQGOD�
JH�I�U�GLH�*HVWDOWXQJ�VHLQHU�.RRUGLQDWLRQVDXIJDEH�
'HU�$QZHQGHU� KDW� GLH�0|JOLFKNHLW�� GLH� 6WUDWHJLHQ

]XU�.RRUGLQDWLRQ� HLQHV�%HUHLFKV� DQKDQG�YRQ�SUR�
]H�NHWWHQEH]RJHQHQ� (QWVFKHLGXQJVNQRWHQ� XQG
5HJHOQ� ]X� GHILQLHUHQ�� 'DV� 3ODQXQJVZHUN]HXJ� HU�
P|JOLFKW� HV� GDGXUFK�� RKQH� 3URJUDPPLHUDXIZDQG
GLH�6WHXHUXQJ�HLQHV�%HUHLFKV�LQ�HQJHU�$QOHKQXQJ�DQ
GLH�:LUNOLFKNHLW�IHVW]XOHJHQ�XQG�]X�RSWLPLHUHQ�

0RGHOOLHUXQJ�GHV�0DWHULDO��XQG
,QIRUPDWLRQVIOXVVHV
'HU�JU|�WH�]HLWOLFKH�$XIZDQG�ZLUG�EHL�GHU�1HX�

SODQXQJ� HLQHV� 6\VWHPV� I�U� GLH� WHFKQLVFKH� $XVJH�
VWDOWXQJ� HLQHV� %HUHLFKV� GXUFK� GLH� )HVWOHJXQJ� DXI
0DVFKLQHQ��0DWHULDOIOX�WHFKQLN� XQG�$QRUGQXQJHQ
YHUZHQGHW��+LHUEHL�ZLUG�GLH�'\QDPLN�GHV�0DWHULDO�
IOXVVHV� HQWVFKHLGHQG� JHSUlJW��'HQQ� GDV�1HW]ZHUN
GHU�7HLOV\VWHPH�EHVWLPPW� LQ�9HUELQGXQJ�PLW�GHP
3URGXNWPL[�XQG�GHQ�$UEHLWVSOlQHQ�GLH�G\QDPLVFKH
&KDUDNWHULVWLN�GHV�6\VWHPV��=XVlW]OLFK�NDQQ�EHL�6\�
VWHPHQ��GLH�QLFKW�VWDUU�YHUWDNWHW�VLQG��PLW�GHU�.RRU�
GLQDWLRQ�GHU�$XIWUDJVEHDUEHLWXQJ�DXI�GLH�'\QDPLN
HLQJHZLUNW�ZHUGHQ��'HU�0DWHULDOIOX��ZLUG�GXUFK�GHQ
,QIRUPDWLRQVIOX��GHU�$XIWUlJH�JHVWHXHUW�
'HU�I�U�6LPXODWLRQVXQWHUVXFKXQJHQ�HUIRUGHUOLFKH

'HWDLOOLHUXQJVJUDG�KlQJW�YRQ�GHQ�=LHOVHW]XQJHQ�DE�
$XVVDJHQ� �EHU� GDV� (LQKDOWHQ� WHFKQLVFKHU� 5HVWULN�
WLRQHQ�ZLH�HWZD�GHU�7UDQVSRUWEHKlOWHUDQ]DKO�ODVVHQ
VLFK� QXU� EHU�FNVLFKWLJHQ�� ZHQQ� GHU� 0DWHULDOIOX�
GHWDLOOLHUW�DEJHELOGHW�ZLUG��+LQJHJHQ�JHQ�JW�I�U�ODQJ�
IULVWLJH�$EVFKlW]XQJHQ�� HWZD� GHU� GHV� -DKUHVGXUFK�
VDW]HV�HLQHU�$QODJH��GLH�$EELOGXQJ�GHV�$XIWUDJVIOXV�
VHV�
8P�GHP�3ODQHU�GLH�0RGHOOLHUXQJ�LQ�GHU�GXUFK�

I�KUHQGHQ� (EHQH� GHV� 0DWHULDOIOXVVHV� ]X� YHUHLQID�
FKHQ��ZHUGHQ� LKP�6FKDEORQHQ� ]XU�$EELOGXQJ� GHU
0DVFKLQHQ�XQG�GHU�0DWHULDOIOX�WHFKQLN�DQJHERWHQ�
6FKDEORQHQ�ZHUGHQ�EUDQFKHQVSH]LILVFK�HUVWHOOW�XQG
YRQ�GHU�3URMHNWYHUZDOWXQJ� I�U�GHQ�$QZHQGHU� EH�
UHLWJHKDOWHQ��'LH�.RQILJXUDWLRQ�GHU�0DVFKLQH�HUIROJW
DQKDQG� GHV� PDVFKLQHQHLJHQHQ� -RE0DQDJHUV�� 9HU�
NQ�SIXQJHQ�LP�0DWHULDOIOX�V\VWHP�ZHUGHQ�PLW�GHQ

hEHUJDEHVWHOOHQ� LP�/D\RXW� GHILQLHUW�� )�U� GHQ�$Q�
ZHQGHU� ZHLWJHKHQG� YHUERUJHQ� ZLUG� GLH� )XQNWLRQ
GHU� 0DVFKLQH� GXUFK� HLQH� PDVFKLQHQW\SVSH]LILVFKH
=XVDPPHQVHW]XQJ�GHU�GUHL�6XEV\VWHPW\SHQ�3XIIHU�
3UR]H�� XQG� 7UDQVSRUWHU� UHDOLVLHUW�� 'LHVH� ZHUGHQ
YRQ� LKUHP� -RE0DQDJHU�� GHU� 0DVFKLQHQVWHXHUXQJ�
NRRUGLQLHUW�
$EELOGXQJ���]HLJW�HLQ�%HLVSLHO�GHU�%HQXW]HUREHU�

IOlFKH��GLH�GHQ�$QZHQGHU�EHLP�(QWZHUIHQ�XQG�GHP
0RGHOODXIEDX� XQWHUVW�W]W�� 'LH� $QODJH� ZLUG� GXUFK
HLQH� &$'�QDKH� 'DUVWHOOXQJ� YLVXDOLVLHUW�� 3DUDOOHO
KLHU]X� HUOHLFKWHUW� GLH� RUJDQLVDWRULVFKH� 'DUVWHOOXQJ
GHV� 3URGXNWLRQVV\VWHPV� LP� KLHUDUFKLVFKHQ� %DXP
GHQ�GLUHNWHQ�=XJULII�DXI�7HLOV\VWHPH�

$EELOGXQJ����,QWHJUDWLRQ�GHU�6LPXODWLRQ

$EELOGXQJ���
0RGHOOELOGXQJ�LP�3ODQXQJVZHUN]HXJ�/RJL)$&7



�

/RJL0RQW
TU München - Lehrstuhl LSR

,P�$QVFKOX��DQ�GLH�'HWDLOSODQXQJ�VWHOOW�GLH�(QW�
ZLFNOXQJ�YRQ�6WUDWHJLHQ�GHU�$XIWUDJVVWHXHUXQJ� LP
6\VWHP�HLQH�DQVSUXFKVYROOH�$XIJDEH�GDU��'D�HV�I�U
GLH�RSWLPDOH�6WHXHUXQJ�HLQHV�6\VWHPV�NHLQ�Å.RFK�
UH]HSW �́JLEW��PX��HLQH�GHQ�=LHOJU|�HQ�DQJHPHVVHQH
6WUDWHJLH�GXUFK�([SHULPHQWH�HUDUEHLWHW�ZHUGHQ��'D�
]X�ZHUGHQ�GLH�6WHXHUXQJVUHJHOQ�GXUFK�3DUDPHWULH�
UXQJ�YDULLHUW��'LH�(QWZLFNOXQJ�YRQ�6WHXHUXQJVVWUD�
WHJLHQ� LVW� HLQH�EOHLEHQGH�$XIJDEH� DXFK� LP�%HWULHE
GHV� 6\VWHPV��'HQQ� GLH� 5DQGEHGLQJXQJHQ� DQ� GHQ
%HWULHE� VLQG� GHQ� ZHFKVHOQGHQ� $QIRUGHUXQJHQ
GXUFK� 3URGXNWPL[� XQG� 3URGXNWLRQVYROXPHQ� XQ�
WHUZRUIHQ�

'XUFKI�KUXQJ�YRQ�6LPXODWLRQVH[�
SHULPHQWHQ
'DV�(QWZHUIHQ�XQG�%HZHUWHQ�YRQ�$QODJHQWHLOHQ

VLQG�ZLHGHUNHKUHQGH�9RUJlQJH�LQ�HLQHP�PHKUVWXIL�
JHQ�3ODQXQJVSUR]H���,QQHUKDOE�HLQHU�3ODQXQJVSKDVH
HUKlOW�PDQ� DXV�GHU�$XVZHUWXQJ�GHV�6\VWHPV�+LQ�
ZHLVH�I�U�2SWLPLHUXQJVP|JOLFKNHLWHQ��ZRGXUFK�GHU
LWHUDWLYH� .UHLV� GHV� 3UREOHPO|VXQJVSUR]HVVHV� JH�
VFKORVVHQ�ZLUG��$EVFKOLH�HQG�ZHUGHQ�VLQQYROOH�9D�
ULDQWHQ�YHUJOLFKHQ��XP�HLQH
(QWVFKHLGXQJ�I�U�GDV�ZHL�
WHUH�9RUJHKHQ�]X�WUHIIHQ�
%HL� GHU� $QDO\VH� HLQHV

3URGXNWLRQVV\VWHPV� PLW�
WHOV� HLQHV� HUHLJQLVRULHQWLHU�
WHQ�6LPXODWLRQVSURJUDPPV
ZHUGHQ�]XU�(UPLWWOXQJ�GHV
G\QDPLVFKHQ� 9HUKDOWHQV
6LPXODWLRQVOlXIH� GXUFKJH�
I�KUW�� 'D]X� ZHUGHQ� HLQ�
]HOQH� (LQIOX�JU|�HQ� YDUL�
LHUW�� YRQ� GHQHQ� DQJHQRP�
PHQ�ZLUG�� GD�� VLH� YRQ� VL�
JQLILNDQWHU� %HGHXWXQJ� I�U
GLH� =LHOJU|�HQ� VLQG�� (LQ�
IOX�JU|�HQ� VLQG� H[WHUQH
5DQGEHGLQJXQJHQ�ZLH� GDV
DNWXHOOH� 3URGXNWLRQVSUR�
JUDPP� RGHU� DXFK� 'HWDLOV
GHU� $QODJH� ZLH� EHLVSLHOV�
ZHLVH� GLH�$Q]DKO� GHU�0D�
VFKLQHQ� HLQHV� 3UR]H�W\SV
RGHU�GLH�6W|UDQIlOOLJNHLW�HLQHU�0DVFKLQH�
'HU�$XIZDQG�I�U�HLQ�NRPSOH[HV�([SHULPHQW�LVW

EHGLQJW�GXUFK�GLH�9DULDWLRQ�GHU�(LQIOX�JU|�HQ��GLH
'RNXPHQWDWLRQ� GHV� 9RUJHKHQV� XQG� QLFKW� ]XOHW]W
GLH�5HFKHQ]HLWHQ�JUR���'DEHL�ZLUG�LQ�GHU�3UD[LV�GHU
6LPXODWLRQVVWXGLHQ�RIW�QRFK�GHU�(LQIOX��GHU�6WRFKD�
VWLN�DXI�GDV�6LPXODWLRQVHUJHEQLV�YHUQDFKOlVVLJW��8P
GLH�*�WH�HLQHU�$QDO\VH�HLQVFKlW]HQ�]X�N|QQHQ��LVW�HV
HUIRUGHUOLFK�� I�U� MHGH�3DUDPHWHUHLQVWHOOXQJ�PHKUHUH
6LPXODWLRQVOlXIH� PLW� XQWHUVFKLHGOLFKHQ� =XIDOOV]DK�
OHQUHLKHQ�GXUFK]XI�KUHQ�
,QQHUKDOE� GHU� 9LHO]DKO� YRQ� 6LPXODWLRQV�

([SHULPHQWHQ� ODVVHQ� VLFK� EHVWLPPWH� *UXQGW\SHQ
XQWHUVFKHLGHQ��=X�GLHVHQ�JHK|UHQ�GLH�$QDO\VH�GHU
6HQVLWLYLWlW� GHU�0DVFKLQHQDXVODVWXQJ� LQ� %H]XJ� DXI
GHQ�3URGXNWPL[��GLH�)HVWVWHOOXQJ�GHU�HUIRUGHUOLFKHQ
$Q]DKO�YRQ�7UDQVSRUWEHKlOWHUQ�XQG�GHU�9HUJOHLFK
YRQ�9DULDQWHQ�EHL�JOHLFKHQ�5DQGEHGLQJXQJHQ��bKQ�
OLFKH�=LHOVHW]XQJHQ�HUIRUGHUQ�DXFK�HLQH�YHUJOHLFKED�
UH� 9RUJHKHQVZHLVH� EHL� GHU� ([SHULPHQWGXUFKI�K�
UXQJ�

8QWHUVW�W]XQJ�GHV�$QZHQGHUV
GXUFK�$VVLVWHQ]V\VWHPH
%HL� GHU� 'XUFKI�KUXQJ� GHU� 6LPXODWLRQVH[SHUL�

PHQWH� ZHUGHQ� GLH� $QZHQGHU� GHV� 3ODQXQJVZHUN�
]HXJV� /RJL)$&7� GXUFK� GHQ� Å([SHULPHQW�
$VVLVWHQWHQ �́ XQWHUVW�W]W�� ,P�'LDORJ�PLW� GHP�$Q�

ZHQGHU� ZLUG� IHVWJHOHJW�� ZHOFKH� 0RGHOOEHUHLFKH� LQ
%H]XJ�DXI�GLH�)UDJHVWHOOXQJ�XQWHUVXFKW�ZHUGHQ�VRO�
OHQ�� 'DEHL� PDFKW� GHU� ([SHULPHQW�$VVLVWHQW� GHP
$QZHQGHU� HQWVSUHFKHQG� GHP� KLQWHUOHJWHQ� (UIDK�
UXQJVZLVVHQ�9RUVFKOlJH�� GHU�$QZHQGHU� NDQQ� DEHU
DXFK� YROOVWlQGLJ� VHLQHQ� HLJHQHQ�9RUVWHOOXQJHQ� IRO�
JHQ��'LH�$QJDEHQ�]XU�3DUDPHWHU�9DULDWLRQ�ZHUGHQ
HUJlQ]W�GXUFK�)UDJHQ�GHU�VWDWLVWLVFKHQ�$EVLFKHUXQJ
XQG�)HVWOHJXQJHQ��LQZLHIHUQ�YHUJOHLFKEDUH�(QWZ�UIH
HLQDQGHU� DOV� 9DULDQWHQ� JHJHQ�EHUJHVWHOOW� ZHUGHQ
VROOHQ�� 'HU� ([SHULPHQW�$VVLVWHQW� I�KUW� GDV� NRP�
SOHWWH� 6LPXODWLRQH[SHULPHQW� VHOEVWWlWLJ� GXUFK�� GR�
NXPHQWLHUW�GDV�9RUJHKHQ�XQG�EHUHLWHW�GLH�(UJHEQLV�
VH�DXI��'HU�$QZHQGHU�NDQQ�VLFK�ZlKUHQG�GHU�%H�
UHFKQXQJV]HLW�DQGHUHQ�$XIJDEHQ�ZLH�]XP�%HLVSLHO
GHU�(UVWHOOXQJ�HLQHU�ZHLWHUHQ�9DULDQWH�ZLGPHQ�
1DFK� %HHQGLJXQJ� GHV� 6LPXODWLRQVH[SHULPHQWV

VWHKHQ� GLH� (UJHEQLVVH� I�U� GLH� $QDO\VH� EHUHLW�� 'HU
([SHULPHQW�$VVLVWHQW� VFKOlJW� GHP� 3ODQHU� HQWVSUH�
FKHQG�GHU�=LHOVHW]XQJ�GHV�([SHULPHQWV� HLQH�$XV�
ZDKO� DQ� WH[WXHOOHQ� XQG� JUDILVFKHQ� $XVZHUWXQJHQ
YRU�XQG�EHUHLWHW�GLHVH�DXI��'DGXUFK�HUKlOW�GHU�$Q�
ZHQGHU�HLQH�+LOIH�]XP�HIIL]LHQWHQ�9RUJHKHQ�XQG�HV
ZLUG�YHUKLQGHUW��GD��ZHVHQWOLFKH�$QDO\VHQ�YHUJHVVHQ
ZHUGHQ�

hEHU� GHQ� YRP� ([SHULPHQW�$VVLVWHQWHQ� YRUJH�
VFKODJHQHQ�8PIDQJ�KLQDXV�NDQQ�GHU�$QZHQGHU�PLW
+LOIH�GHV�Å6WDWLVWLN�$VVLVWHQWHQ �́HLJHQH�$XVZHUWXQ�
JHQ�GHILQLHUHQ�XQG�DXIEHUHLWHQ� ODVVHQ��'LHVH�0|J�
OLFKNHLW�NDQQ�DXFK�JHQXW]W�ZHUGHQ��XP�ZlKUHQG�GHV
6LPXODWLRQVODXIV� (LQ]HONHQQZHUWH� ]XU� $Q]HLJH� ]X
EULQJHQ�� 6RPLW� NDQQ� GLH� /RJLN� GHV�0RGHOOV� �EHU�
SU�IW� RGHU� VSH]LHOOH� 9HUKDOWHQVZHLVHQ� YLVXDOLVLHUW
ZHUGHQ� �VLHKH� DOV� %HLVSLHO� $EELOGXQJ� ���� %HL� DOOHQ
0|JOLFKNHLWHQ�HLQHU�2QOLQH�9LVXDOLVLHUXQJ�GDUI�DEHU
QLFKW�YHUJHVVHQ�ZHUGHQ��GD�� I�U�HLQH� JDQ]KHLWOLFKH
%HZHUWXQJ�HLQHV�6\VWHPV�]XVDPPHQIDVVHQGH�$QD�
O\VHQ�YRQ�JU|�HUHU�%HGHXWXQJ�VLQG�
2EJOHLFK� GLH�$QZHQGHU� EHL� GHQ� $XIJDEHQ� GHU

6LPXODWLRQVGXUFKI�KUXQJ� XQG� GHU� G\QDPLVFKHQ
6\VWHPDQDO\VH�ZHLWJHKHQG�XQWHUVW�W]W�ZHUGHQ��VWHOOW
GLHV� NHLQHQ� $XWRPDWLVPXV� GHU� 2SWLPLHUXQJ� GDU�
'DV�G\QDPLVFKH�9HUKDOWHQ�HLQHV�6\VWHPV�LVW�]X�YLHO�
VFKLFKWLJ�XQG�NRPSOH[��DOV�GD��HV�GXUFK�HLQ�VWDUUHV
5HJHOZHUN� EHZHUWHW� ZHUGHQ� N|QQWH�� )�U� GLH� *H�
ZLFKWXQJ� GHU� 7HLOHUJHEQLVVH� XQG� GLH� GHWDLOOLHUWH
6FKZDFKVWHOOHQDQDO\VH�LVW�GLH�(UIDKUXQJ�XQG�,QWXLWL�
RQ�GHV�3ODQHUV�HUIRUGHUOLFK��XP�]X�HLQHU�JDQ]KHLWOL�
FKHQ�%HZHUWXQJ�]X�JHODQJHQ��'LH�$VVLVWHQ]V\VWHPH
XQWHUVW�W]HQ� LKQ� DOOHUGLQJV� EHL� GLHVHU� $XIJDEH�� LQ�
GHP�VLH�0HWKRGHQ��XQG�(UIDKUXQJVZLVVHQ�]XU�9HU�
I�JXQJ�VWHOOHQ�XQG�5RXWLQHDUEHLWHQ�DEQHKPHQ�

)D]LW
*UR�H� 3ODQXQJVSURMHNWH� HUIRUGHUQ� GLH� =XVDP�

PHQDUEHLW� LQ�YHUWHLOWHQ�3URMHNWJUXSSHQ��'DUDXV� UH�
VXOWLHUW� HLQ� HUKHEOLFKHU� .RRUGLQDWLRQDXIZDQG� XQG
GLH� 1RWZHQGLJNHLW�� LP� 5DKPHQ� HLQHU� VXN]HVVLYHQ
9RUJHKHQVZHLVH�7HLODXIJDEHQ�DE]XJUHQ]HQ�XQG�]X
EHDUEHLWHQ�
:HJHQ�GHU�NRPSOL]LHUWHQ�'\QDPLN�YRQ�3URGXN�

WLRQVV\VWHPHQ�LVW�I�U�HLQH�JDQ]KHLWOLFKH�$QDO\VH�GHU
(LQVDW]� YRQ� 6LPXODWLRQVZHUN]HXJHQ� HUIRUGHUOLFK�
$OOHUGLQJV�ZHFKVHOQ�PLW�GHP�/HEHQV]\NOXV�GHU�$Q�
ODJH� 4XDOLWlW� XQG� 4XDQWLWlW� GHU� YRUKDQGHQHQ� ,Q�
IRUPDWLRQHQ� XQG� GLH� ]X� EHDUEHLWHQGHQ� $XIJDEHQ�
'DPLW� HLQH�GXUFKJlQJLJH�1XW]XQJ� GHU� 6LPXODWLRQ
LP� 3URMHNW� P|JOLFK� ZLUG�� P�VVHQ� GLH� 'DWHQ� GHU
YHUWHLOWHQ� 3URMHNWJUXSSHQ� JHPHLQVDP� YHUZDOWHW
ZHUGHQ��'DU�EHU�KLQDXV�LVW�HV�HUIRUGHUOLFK��PLW�GHU
0RGHOOELOGXQJ� HLQH� VWXIHQZHLVH� 'HWDLOOLHUXQJ� GHV
0RGHOOV�XQG�HLQH�JUR�H�bKQOLFKNHLW�]X�UHDOHQ�6WHXH�
UXQJVVWUXNWXUHQ�]X�HUP|JOLFKHQ�
8P� GLH� 9HUZHQGEDUNHLW� GHV� :HUN]HXJV� GXUFK

YLHOH�$QZHQGHU�]X�HUUHLFKHQ��PX��HLQ�KRKHU�*UDG
DQ�:LHGHUHUNHQQXQJ�HUP|JOLFKW�XQG�GLH�$XIJDEHQ
GHV� ([SHULPHQWLHUHQV� XQG� $XVZHUWHQV� XQWHUVW�W]W
ZHUGHQ��+LHU]X�LVW�LQ�$VVLVWHQ]V\VWHPHQ�0HWKRGHQ�
XQG�(UIDKUXQJVZLVVHQ�]X�KLQWHUOHJHQ�
0LW� GHP� VLPXODWLRQVJHVW�W]WHQ� 3ODQXQJVZHUN�

]HXJ�/RJL)$&7�ZXUGHQ�GLH�ZHVHQWOLFKHQ�)XQNWLR�
QDOLWlWHQ�� GLH� I�U� HLQH�SURMHNWEHJOHLWHQGH�3ODQXQJV�
XQWHUVW�W]XQJ� HUIRUGHUOLFK� VLQG�� UHDOLVLHUW�� 'DGXUFK
ZLUG�HLQ�HIIL]LHQWHUHU�(LQVDW]�GHU�6LPXODWLRQ�XQG�GLH
ZHLWHUH�9HUVDFKOLFKXQJ�YRQ�(QWVFKHLGXQJVJUXQGOD�
JHQ�HUP|JOLFKW�

/LWHUDWXUKLQZHLVH�
>�@ :��$��*�QWKQHU��$��.XPSI��0��+DOOHU��Å$XV�

ZDKO�YRQ�6LPXODWLRQV�6RIWZDUH��$XI�GHQ�9HU�
ZHQGXQJV]ZHFN�NRPPW�HV�DQ�́ ��)|UGHUQ�XQG
+HEHQ������������1U�����6HLWHQ���������

>�@ :��)��'DHQ]HU��6\VWHPV�HQJLQHHULQJ��0HWKRGLN
XQG�3UD[LV��=�ULFK��9HUODJ� ,QGXVWULHOOH�2JDQL�
VDWLRQ������

>�@ $UQROG�� 'LHWHU�� 0DWHULDOIOX�OHKUH�� %UDXQ�
VFKZHLJ�:LHVEDGHQ��9LHZHJ������

>�@ $JJWHOHN\�� %HOD�� )DEULNSODQXQJ�� :HUNVHQW�
ZLFNOXQJ� XQG� %HWULHEVUDWLRQDOLVLHUXQJ�� %�� ����
0�QFKHQ��:LHQ��+DQVHU������

>�@ :�� 'DQJHOPDLHU�� Å(LQH� REMHNWRULHQWLHUWH� 0H�
WKRGH� I�U�GLH� )DEULNSODQXQJ� XQG� �VWHXHUXQJ �́
7DJXQJVEHLWUDJ�Å3ODQXQJ�YRQ�/RJLVWLNV\VWHPHQ
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