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3URWRNROOVSH]LILNDWLRQ�XQG��YHULILNDWLRQ
PLW�GHP�7UDQVIHUSURWRNROO�)UDPHZRUN

.XU]IDVVXQJ
'DV� 7UDQVIHUSURWRNROO�)UDPHZRUN� LVW� HLQH� 6DPPOXQJ� YRQ� %DX�
VWHLQHQ� ]XU� 8QWHUVW�W]XQJ� GHU� IRUPDOHQ� 6SH]LILNDWLRQ� XQG� 9HUL�
ILNDWLRQ� YRQ� 'DWHQWUDQVIHU�.RPPXQLNDWLRQVSURWRNROOHQ�� 'XUFK
.RPELQDWLRQ� YRQ� 6SH]LILNDWLRQVEDXVWHLQHQ� N|QQHQ� 'LHQVWH� XQG
3URWRNROOH� LQ� NRPIRUWDEOHU�:HLVH� PRGHOOLHUW� ZHUGHQ�� 'HU� 1DFK�
ZHLV�� GD�� HLQ�PRGHOOLHUWHV� 3URWRNROO� HLQHQ� JHZ�QVFKWHQ� 'LHQVW
PLW�GHQ�VSH]LIL]LHUWHQ�(LJHQVFKDIWHQ�HUEULQJW��ZLUG�GXUFK�.RPEL�
QDWLRQ� YRQ� 7KHRUHPHQ� GHV� )UDPHZRUNV� XQWHU� YHUJOHLFKVZHLVH
JHULQJHP� $XIZDQG� HUEUDFKW�� 'HU� %HLWUDJ� VWHOOW� GLH� $QZHQGXQJ
GHV�)UDPHZRUNV�LQ�GHQ�0LWWHOSXQNW��:LU�HUOlXWHUQ�GD]X�GLH�6SH�
]LILNDWLRQ�XQG�9HULILNDWLRQ�HLQHV�6OLGLQJ�:LQGRZ�3URWRNROOV�
'LH� LP� )UDPHZRUN� EHQXW]WH� 6SH]LILNDWLRQV�� XQG� 9HULILNDWLRQV�
WHFKQLN� EDVLHUW� DXI� /�� /DPSRUWV� 7HPSRUDO� /RJLF� RI�$FWLRQV� 7/$
E]Z�� DXI� HLQHU� VSH]LHOO� I�U� 3UR]H�V\VWHPH� JHHLJQHWHQ� 9DULDQWH
QDPHQV�F7/$��6LH�ZHUGHQ�KLHU�QXU�VRZHLW�YRUJHVWHOOW��ZLH�HV�I�U
GDV�9HUVWlQGQLV�GHU�%HLVSLHODQZHQGXQJ�QRWZHQGLJ�LVW�

� (,1/(,781*
$NWXHOOH�(QWZLFNOXQJHQ� LP�%HUHLFK�GHU�+RFKOHLVWXQJV��XQG�0XO�
WLPHGLDNRPPXQLNDWLRQ�XPIDVVHQ�KlXILJ�DQ�]HQWUDOHU�6WHOOH�DXFK
GHQ� (QWZXUI� QHXHU� 7UDQVIHUSURWRNROOH� XQG� 3URWRNROOYDULDQWHQ�
2EZRKO� LQ]ZLVFKHQ� VRJDU� VWDQGDUGLVLHUWH� IRUPDOH� %H�
VFKUHLEXQJVPLWWHO� ]XU� 9HUI�JXQJ� VWHKHQ� �]�%�� ,62�26,�� (VWHOOH
>��@�XQG�/RWRV� >��@�� ,78��6'/� >��@���ZHUGHQ� GLH�3URWRNROOH� �EOL�
FKHUZHLVH� QXU� QLFKW�IRUPDO� VSH]LIL]LHUW�� 'DU�EHUKLQDXV� HQWIDOOHQ
RIW� VHSDUDWH�DEVWUDNWH�%HVFKUHLEXQJHQ�GHU�GXUFK�GLH�3URWRNROOH
HUEUDFKWHQ� .RPPXQLNDWLRQVGLHQVWH� �QDFK� ,62�26,� VRJHQDQQWH
'LHQVWVSH]LILNDWLRQHQ��� ZHOFKH� GLH� I�U� GLH� 1XW]HU� �E]Z�� $QZHQ�
GXQJVHQWZLFNOHU��UHOHYDQWHQ�'LHQVWHLJHQVFKDIWHQ�GRNXPHQWLHUHQ
�YJO��]�%��;73�>��@���6R�EOHLEHQ�(QWZXUIVGRNXPHQWDWLRQHQ� OHLGHU
DOO]XKlXILJ� O�FNHQKDIW� XQG�PHKUGHXWLJ�� 0DQJHOV� $QVDW]SXQNWHQ
XQWHUEOHLEHQ� V\VWHPDWLVFKH� %HWUDFKWXQJHQ� ]XU� .RUUHNWKHLW� GHU
3URWRNROOH�
'LH� 1DFKWHLOH� GLHVHV� 9RUJHKHQV� VLQG� ZRKO� XQEHVWULWWHQ�� 6SlW
HUNDQQWH� (QWZXUIVIHKOHU� VRZLH� GXUFK� IHKOHQGH� SUl]LVH� 'RNX�
PHQWDWLRQHQ� YHUXUVDFKWH� 0L�YHUVWlQGQLVVH� GHU� ,PSOHPHQWLHUHU
XQG�$QZHQGXQJVHQWZLFNOHU�N|QQHQ�]X�KRKHP�0HKUDXIZDQG�XQG
VWDUNHQ� 9HU]|JHUXQJHQ� HLQHV� 3URMHNWV� I�KUHQ�� $QGHUHUVHLWV
YHUXUVDFKW� DEHU� DXFK� GHU� (LQVDW]� IRUPDOHU� 7HFKQLNHQ� HLQHQ
EHGHXWHQGHQ� $XIZDQG�� 2EZRKO� HV� :HUN]HXJV\VWHPH� I�U� GLH
UHFKQHUJHVW�W]WH�$QZHQGXQJ� GHU� 7HFKQLNHQ� JLEW� �]�%�� VSH]LHOOH

(GLWRUHQ��,QWHUSUHWHU��&RPSLOHU��9HULILNDWLRQVWRROV��YJO��>������������
������@��� EOHLEW� HLQ�QHQQHQVZHUWHU�$XIZDQG��GHU�GXUFK�GHQ� QRW�
ZHQGLJHQ� NUHDWLYHQ� (QWZXUI� IRUPDOHU� 0RGHOOH� XQG� GLH� (QWZLFN�
OXQJ�LKUHU�IRUPDOHQ�%HVFKUHLEXQJ�EHGLQJW� LVW��:LH�EHL�HLQHU�3UR�
JUDPPHQWZLFNOXQJ�WUHWHQ��EOLFKHUZHLVH�DXFK�EHL�GHU�(QWZLFNOXQJ
IRUPDOHU� 6SH]LILNDWLRQHQ� GLH� XQWHUVFKLHGOLFKVWHQ� (QWZXUIVIHKOHU
DXI��GLH�HLQH�OlQJHUH�3KDVH�GHV�'HEXJJHQV�YRQ�6SH]LILNDWLRQHQ
HUIRUGHUQ� N|QQHQ�� EHYRU� HLQ� 3URWRNROO� V\VWHPDWLVFK� DXI� VHLQH
.RUUHNWKHLW� JHSU�IW� ZHUGHQ� NDQQ� XQG� GLH� 'RNXPHQWDWLRQHQ� DQ
,PSOHPHQWLHUHU� XQG� $QZHQGXQJVHQWZLFNOHU� ZHLWHUJHJHEHQ� ZHU�
GHQ�N|QQHQ�
'DV� 7UDQVIHUSURWRNROO�)UDPHZRUN� >���� ���� ��@� XQWHUVW�W]W� GLH
]�JLJH�XQG�]LHOJHULFKWHWH�(QWZLFNOXQJ�IRUPDOHU�6SH]LILNDWLRQHQ�LQ
HLQHU� :HLVH�� GLH� GHU� 8QWHUVW�W]XQJ� YRQ� ,PSOHPHQWLHUXQJV�
SURMHNWHQ� GXUFK� %LEOLRWKHNHQ� ZLHGHUYHUZHQGEDUHU� 3URJUDPP�
EDXVWHLQH� YHUJOHLFKEDU� LVW�� (V� HQWKlOW� 6SH]LILNDWLRQVEDXVWHLQH�
(LQ�(QWZLFNOHU� ELOGHW� 6SH]LILNDWLRQHQ� DXV� GHQ� %DXVWHLQHQ� GXUFK
,QVWDQWLLHUXQJ� XQG� .RPELQDWLRQ�� (LQH� 3URWRNROOVSH]LILNDWLRQ� ZLUG
DXV� %DXVWHLQHQ� ]XVDPPHQJHVHW]W�� GLH� HLQ]HOQH� 3URWR�
NROOPHFKDQLVPHQ� PRGHOOLHUHQ� �]�%�� 6HTXHQ]QXPHULHUXQJ� YRQ
3URWRNROOGDWHQHLQKHLWHQ��:LHGHUKROXQJVDQIRUGHUXQJ��=HLW�EHUZD�
FKXQJ��� 'HU� (QWZLFNOHU� PX�� GLH� HLQ]HOQHQ� 0HFKDQLVPHQ� QLFKW
PHKU� LP� 'HWDLO� PRGHOOLHUHQ�� (U� YHUZHQGHW� GLH� YRUJHJHEHQHQ
%DXVWHLQH� XQG� NRQ]HQWULHUW� VLFK� DXI� LKUH� 3DUDPHWULVLHUXQJ� XQG
.RPELQDWLRQ�� 6ROFKHUDUW� PRGHOOLHUW� HU� VHKU� GLUHNW� GLH� ORJLVFKH
6WUXNWXU� VHLQHV�3URWRNROOV��'HU�(QWZLFNOHU� LVW�ZHLWHUKLQ�DQJHKDO�
WHQ��QHEHQ�GHU�3URWRNROOVSH]LILNDWLRQ�DXFK�HLQH�'LHQVWVSH]LILNDWL�
RQ�]X�HUVWHOOHQ��$XFK�KLHU]X�VWHOOW�GDV�)UDPHZRUN�6SH]LILNDWLRQV�
EDXVWHLQH�]XU�9HUI�JXQJ��6LH�PRGHOOLHUHQ�HLQ]HOQH�(LJHQVFKDIWHQ
GHV� YRP� 3URWRNROO� ]X� HUEULQJHQGHQ� 'LHQVWHV� �]�%�� 9HUIlO�
VFKXQJVIUHLKHLW� GHU� 1XW]GDWHQ�EHUWUDJXQJ�� /HEHQGLJNHLW� GHU
1XW]GDWHQ�EHUWUDJXQJ��5HLKHQIROJHWUHXH��9HUOXVWEHVFKUlQNXQJ��
'LH�'LHQVWVSH]LILNDWLRQ�NRPELQLHUW� GLH�JHZ�QVFKWHQ�(LJHQVFKDI�
WHQ� LQ� HLQHU� YRP�(QWZLFNOHU� JHZlKOWHQ� $XVZDKO� XQG� 3DUDPHWUL�
VLHUXQJ�
'LH� ([LVWHQ]� HLQHU� VHSDUDWHQ� 'LHQVWVSH]LILNDWLRQ� HUP|JOLFKW� GLH
3URWRNROOYHULILNDWLRQ��6LH�HQWVSULFKW�GHP�IRUPDOHQ�1DFKZHLV��GD�
GDV�PRGHOOLHUWH�3URWRNROO�HLQHQ�'LHQVW�PLW�GHQ�LQ�GHU�'LHQVWVSH�
]LILNDWLRQ� JHQDQQWHQ� (LJHQVFKDIWHQ� HUEULQJW�� XQG� LVW� HLQ� VHKU
ZLUNVDPHV�0LWWHO�]XU�(QWGHFNXQJ�YRQ�(QWZXUIVIHKOHUQ��'LH�3URWR�
NROOYHULILNDWLRQ�NDQQ�EHL�3URWRNROOPRGHOOHQ��GLH�HLQH�HQGOLFKH�XQG
YHUJOHLFKVZHLVH� JHULQJH� =XVWDQGVDQ]DKO� KDEHQ�� DXWRPDWLVFK
PLWKLOIH� YRQ�(UUHLFKEDUNHLWVDQDO\VH�EDVLHUWHQ�:HU]HXJHQ� GXUFK�
JHI�KUW�ZHUGHQ��]�%��6WDWH�6SDFH�([SORUDWLRQ� >��@��0RGHO�&KHN�
NHU� >��� ��� ��� ���� ��@��� %HL� GHQ� PHLVWHQ� SUDNWLVFK� LQWHUHVVDQWHQ
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3URWRNROOHQ�LVW�GLH�=XVWDQGVDQ]DKO�DEHU�]X�KRFK��VR�GD��HQWZH�
GHU� YHUVFKLHGHQH� 9HUHLQIDFKXQJHQ� HQWZLFNHOW� ZHUGHQ� P�VVHQ
RGHU� GLH� 9HULILNDWLRQ� GXUFK� V\PEROLVFK� ORJLVFKH� %HZHLVI�KUXQJ
JHOHLVWHW�ZHUGHQ�PX���%HLGHV�NDQQ�]X�VHKU�KRKHP�(QWZXUIVDXI�
ZDQG�I�KUHQ�
'DV� 7UDQVIHUSURWRNROO�)UDPHZRUN� NDQQ�� ZHLO� 'LHQVW�� XQG� 3UR�
WRNROOVSH]LILNDWLRQHQ� DXV� YRUJHJHEHQHQ� (OHPHQWHQ� GHV� )UDPH�
ZRUNV� JHELOGHW� VLQG�� HLQH� EHVRQGHUH� 9HULILNDWLRQVXQWHUVW�W]XQJ
ELHWHQ�� 7KHRUHPH�� GLH� ]XP� $XVGUXFN� EULQJHQ�� GD�� EHVWLPPWH
.RPELQDWLRQHQ� YRQ� 3URWRNROOPHFKDQLVPHQ� EHVWLPPWH� 'LHQVWHL�
JHQVFKDIWHQ� LPSOL]LHUHQ�� 'LH� 7KHRUHPH� VLQG� EHUHLWV� EHZLHVHQ�
'HVKDOE� YHUEOHLEW� GHP� 3URWRNROOHQWZLFNOHU� ]XU� 9HULILNDWLRQ� QXU
QRFK�GLH�$XIJDEH��I�U�MHGH�'LHQVWHLJHQVFKDIW�VHLQHU�'LHQVWVSH]L�
ILNDWLRQ�LP�)UDPHZRUN�HLQ�7KHRUHP�]X�VXFKHQ��GDV�XQWHU�JHHLJ�
QHWHU�3DUDPHWULVLHUXQJ�GLH�'LHQVWHLJHQVFKDIW�PLW�HLQHU�7HLOPHQ�
JH�GHU�3URWRNROOPHFKDQLVPHQ�YHUNQ�SIW��$XI�GLHVH�:HLVH�N|QQHQ
DXFK� NRPSOH[HUH� 7UDQVIHUSURWRNROOH� PLW� YHUJOHLFKVZHLVH� JHULQ�
JHP�$XIZDQG�YHULIL]LHUW�ZHUGHQ� >��@��'DU�EHUKLQDXV�]HLJW�GLHVH
9HULILNDWLRQ� VHKU� GHXWOLFK� GLH� ORJLVFKHQ� =XVDPPHQKlQJH� ]ZL�
VFKHQ� 3URWRNROOEHVWDQGWHLOHQ� XQG� HUEUDFKWHP� 'LHQVW� DXI� XQG
WUlJW� VR� ]XP� YHUEHVVHUWHQ� 9HUVWlQGQLV� GHV� HQWZRUIHQHQ� 3URWR�
NROOV�EHL�
,P� HLQ]HOQHQ� VLQG� LP� )UDPHZRUN� QLFKW� QXU� 6SH]LILNDWLRQVEDX�
VWHLQH� I�U� 'LHQVWH� XQG� 3URWRNROOH� HQWKDOWHQ�� (V� JLEW� QRFK� HLQH
GULWWH� .ODVVH� YRQ� 6SH]LILNDWLRQVEDXVWHLQHQ�� GLH� DEVWUDNWH� 3UR�
WRNROOPHFKDQLVPHQ� JHQDQQW� ZHUGHQ�� 'LH� 7KHRUHPH� GHV� )UD�
PHZRUNV� YHUNQ�SIHQ� 3URWRNROOPHFKDQLVPHQ� XQG� 'LHQVWHLJHQ�
VFKDIWHQ� QLFKW� GLUHNW�� 6WDWWGHVVHQ� JLEW� HV� 7KHRUHPH�� GLH� ]XP
$XVGUXFN�EULQJHQ��GD��HLQ]HOQH�DEVWUDNWH�3URWRNROOPHFKDQLVPHQ
GXUFK� EHVWLPPWH� .RPELQDWLRQHQ� YRQ� GHWDLOOLHUWHUHQ� 3URWR�
NROOPHFKDQLVPHQ�LPSOHPHQWLHUW�ZHUGHQ��VRZLH�VROFKH��GLH�.RP�
ELQDWLRQHQ� DEVWUDNWHU� 3URWRNROOPHFKDQLVPHQ� PLW� 'LHQVW�
HLJHQVFKDIWHQ� YHUNQ�SIHQ�� 'LH� =ZLVFKHQVFKLFKW� GHU� DEVWUDNWHQ
3URWRNROOPHFKDQLVPHQ� ZXUGH� HLQJHI�KUW�� ZHLO� VLFK� EHL� GLUHNWHU
9HUNQ�SIXQJ�YRQ�3URWRNROO��XQG�'LHQVWHEHQH�HLQH�VHKU�KRKH�XQG
XQ�EHUVLFKWOLFKH�$Q]DKO�YRQ�7KHRUHPHQ�HUJHEHQ�KlWWH�
%DXVWHLQH�� GDV� =XVDPPHQVHW]HQ� YRQ� %DXVWHLQHQ� ]X� 6\VWHP�
PRGHOOHQ�XQG�GLH�EHVRQGHUH�)RUP�GHU�.RPSRVLWLRQVIlKLJNHLW�GHU
%DXVWHLQH� VSLHOHQ� HLQH� ]HQWUDOH� 5ROOH� LP� )UDPHZRUN�� 'LH� YHU�
ZHQGHWH�6SH]LILNDWLRQVWHFKQLN�JHZlKUOHLVWHW��GD��GLH� UHOHYDQWHQ
(LJHQVFKDIWHQ�HLQHV�%DXVWHLQV�DXFK�LQ�HLQHP�6\VWHP�YRUKDQGHQ
VLQG��GDV�GHQ�%DXVWHLQ�HQWKlOW��XQG�LVW�GLH�*UXQGODJH�]XU�6WUXNWX�
ULHUXQJ� GHU� 3URWRNROOYHULILNDWLRQ� LQ� HLQ]HOQH� 7KHRUHP�
$QZHQGXQJHQ��'DV�)UDPHZRUN�QXW]W�GD]X�GLH�DXI�7/$��7HPSR�
UDO�/RJLF�RI�$FWLRQV�>��@��DXIEDXHQGH�6SH]LILNDWLRQVWHFKQLN�F7/$
>���� ��@�� 6SH]LILNDWLRQVEDXVWHLQH� GHV� )UDPHZRUNV� VLQG� F7/$�
0RGXOH��GLH�JHQHULVFKH�3UR]H�W\SHQ�GHILQLHUHQ��'XUFK�,QVWDQWLLH�
UXQJ�HQWVWHKHQ�3UR]HVVH��GLH�]X�3UR]H�V\VWHPHQ�]XVDPPHQJH�
VHW]W�ZHUGHQ�N|QQHQ��bKQOLFK�]XU�6WDQGDUGVSH]LILNDWLRQVVSUDFKH
/RWRV� >��@� LQWHUDJLHUHQ� GLH� 3UR]HVVH� HLQHV� F7/$�6\VWHPV� �EHU
JHPHLQVDPH� �V\QFKURQH�� $NWLRQHQ� XQG� HV� N|QQHQ� VRZRKO� 3UR�
]HVVH� PLW� &RQVWUDLQW�&KDUDNWHU� DOV� DXFK� 3UR]HVVH� PLW� ,PSOH�
PHQWLHUXQJVNRPSRQHQWHQ�&KDUDNWHU� EHVFKULHEHQ� ZHUGHQ� �YJO�
GD]X�>��@��
'LHVHU� %HLWUDJ� P|FKWH� EHZX�W� QXU� YRQ� HLQHP� SUDJPDWLVFKHQ
$QZHQGHUVWDQGSXQNW� DXV� DXI� GLH�6SH]LILNDWLRQVWHFKQLN� XQG� LKUH
6HPDQWLN�HLQJHKHQ��(U�VROO�YRUUDQJLJ�GLH�*UXQG]�JH�GHU�$QZHQ�
GXQJ� GHV� )UDPHZRUNV� EHLP� 3URWRNROOHQWZXUI� HUOlXWHUQ� XQG� DQ�
KDQG� HLQHV� %HLVSLHOV� �6OLGLQJ�:LQGRZ�3URWRNROO� QDFK� >��@�� YHU�

GHXWOLFKHQ�� ZLH� GDV� )UDPHZRUN� YRUWHLOKDIW� LQ� NRQNUHWHQ� 3URWR�
NROOHQWZLFNOXQJVSURMHNWHQ�HLQJHVHW]W�ZHUGHQ�NDQQ��,P�IROJHQGHQ
ZLUG�GHVKDOE�QXU�HLQH�VHKU�NXU]H�(LQI�KUXQJ�LQ�GLH�6SH]LILNDWLRQ�
VWHFKQLN�F7/$�JHJHEHQ��,KU�IROJW�HLQ�HEHQIDOOV�NQDSS�JHKDOWHQHU
hEHUEOLFN� �EHU� GDV� 7UDQVIHUSURWRNROO�)UDPHZRUN�� VR� GD�� PHKU
5DXP�I�U�GLH�GUHL�+DXSWDEVFKQLWWH�EOHLEW��ZHOFKH�GLH�'LHQVWVSH�
]LILNDWLRQ�� GLH� 3URWRNROOVSH]LILNDWLRQ� XQG� GLH� 3URWRNROOYHULILNDWLRQ
DP�%HLVSLHO�GHV�6OLGLQJ�:LQGRZ�3URWRNROOV�YRUVWHOOHQ�
PROCESS C (usd : Any)   6DIHW\�FRQVWUDLQW��1R�FRUUXSWLRQV
 IMPORT Symbols;           XVG���GDWD�W\SH�ÄXVHU�GDWD³
 BODY
  VARIABLES
   buf : SUBSET(key: usd);   DOO�GDWD�XQLWV�HYHU�VHQW
  INIT { buf= �;
   ACTIONS
    Rq (krq : key; d : usd) {
            7UDQVPLVVLRQ�RI�XVHU�GDWD�G�ZLWK�VHTXHQFH�QXPEHU�NUT
      buf'=buf � {(krq,d)} ;
    In (krq : key; d : usd) {
             'HOLYHU\�RI�XVHU�GDWD�G�ZLWK�VHTXHQFH�QXPEHU�NUT
      (krq="notsent" �
       ��e�usd:((krq,e) �buf) �(krq,d) �buf) �
      buf'=buf ;
  END .

$EE�����6DIHW\�3UR]H��&

� 63(=,),.$7,2167(&+1,.
$OV� %DXVWHLQH� HLQHU� ]XVDPPHQJHVHW]WHQ� F7/$�6SH]LILNDWLRQ
GLHQHQ� 3UR]HVVH�� (LQ� 3UR]H�� ZLUG� GDEHL� GXUFK� HLQ� =XVWDQGV�
�EHUJDQJVV\VWHP�PRGHOOLHUW��GDV�PLW�3URJUDPPLHUVSUDFK�DUWLJHQ
.RQVWUXNWHQ� GHILQLHUW�ZLUG�� (LQ� %HLVSLHO� OLHIHUW� GLH�'HILQLWLRQ� GHV
3UR]HVVHV�&� LQ�$EE�����'DV�.RQVWUXNW� IMPORT� UHIHUHQ]LHUW� LQ
DQGHUHQ�0RGXOHQ�GHILQLHUWH�6\PEROH� �]�%��'DWHQW\SHQ��)XQNWLR�
QHQ��.RQVWDQWHQ��� ,P�%HLVSLHO� VHLHQ� LP�0RGXO�6\PEROV� GLH� EHL�
GHQ�6\PEROH�key �DOV�:HUWHPHQJH�I�U�/DXIQXPPHUQ�XQG�usd
DOV� :HUWHPHQJH� I�U� 1XW]GDWHQ� YHUHLQEDUW�� 'DV� 6FKO�VVHOZRUW
VARIABLES� OHLWHW� GLH�'HNODUDWLRQ� GHU� =XVWDQGVYDULDEOHQ� GHV
3UR]HVVHV� HLQ�� 'HU� =XVWDQGVUDXP� GHV� 3UR]HVVHV� &� ZLUG� KLHU
GXUFK� HLQH� HLQ]LJH� 9DULDEOH� QDPHQV� buf � DXIJHVSDQQW�� buf
NDQQ�HLQH�0HQJH�YRQ�3DDUHQ�DXV�/DXIQXPPHU�XQG�1XW]GDWXP
HQWKDOWHQ��'DV�6FKO�VVHOZRUW�INIT �EH]HLFKQHW�HLQH�%HGLQJXQJ
�EHU� GHQ� 9DULDEOHQ� HLQHV� 3UR]HVVHV�� ZHOFKH� GLH� ]XOlVVLJHQ
6WDUW]XVWlQGH� GHILQLHUW�� $OOH� 9DULDEOHQEHOHJXQJHQ�� GLH� INIT
HUI�OOHQ��VLQG�P|JOLFKH�6WDUW]XVWlQGH�GHV�3UR]HVVHV��,P�%HLVSLHO
EHVDJW� INIT �� GD�� GLH� 9DULDEOH� buf � EHL� 3UR]H�VWDUW� PLW� GHU
OHHUHQ�0HQJH�EHOHJW�LVW��'DV�6FKO�VVHOZRUW�ACTIONS�OHLWHW�GLH
9HUHLQEDUXQJ� GHU� $NWLRQHQ� GHV� 3UR]HVVHV� HLQ�� -HGH� $NWLRQ
GHILQLHUW� GDEHL� HLQH� 0HQJH� P|JOLFKHU� =XVWDQGV�EHUJlQJH� GHV
3UR]HVVHV� GXUFK� HLQH� %HGLQJXQJ� �EHU� 9DULDEOHQ� �LP� %HLVSLHO
buf �� XQG� VRJHQDQQWHQ� JHVWULFKHQHQ� 9DULDEOHQ� �LP� %HLVSLHO
buf' ��� 'LH� 9DULDEOHQ� VSUHFKHQ� GHQ� 0RPHQWDQ]XVWDQG�� GLH
JHVWULFKHQHQ� 9DULDEOHQ� GHQ� )ROJH]XVWDQG� HLQHU� 7UDQVLWLRQ� DQ�
$OOH�3DDUH�DXV�0RPHQWDQ��XQG�)ROJH]XVWDQG��ZHOFKH�GLH�%HGLQ�
JXQJ�HLQHU�$NWLRQ�HUI�OOHQ��VLQG�GHU�$NWLRQ�HQWVSUHFKHQGH�7UDQVL�
WLRQHQ�� $NWLRQVGHILQLWLRQHQ� N|QQHQ� PLW� 'DWHQSDUDPHWHUQ� YHUVH�
KHQ� VHLQ�� ,P� %HLVSLHO� HQWVSUHFKHQ� DOOH� 7UDQVLWLRQHQ� GHU� $NWLRQ
Rq�� I�U� GLH� HLQH� /DXIQXPPHU� krq � XQG� HLQ� 1XW]GDWXP� d� VR
JHIXQGHQ� ZHUGHQ� N|QQHQ�� GD�� GLH� 9DULDEOH� buf � LP� )ROJH]X�
VWDQG�JHUDGH�GLH�3DDUH�DXV�GHP�0RPHQWDQ]XVWDQG�HUJlQ]W�XP
GDV�3DDU��krq �d��HQWKlOW��$XI�GLHVH�:HLVH�GHILQLHUHQ�GLH�9DULD�
EOHQ�� INIT � XQG� GLH� $NWLRQHQ� HLQHV� 3UR]HVVHV� HLQ� =X�
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VWDQGV�EHUJDQJVV\VWHP�� (LQH� =XVWDQGVIROJH� VWHOOW� HLQHQ� P|J�
OLFKHQ� $EODXI� GHV� 3UR]HVVHV� GDU�� ZHQQ� VLH� PLW� HLQHP� =XVWDQG
JHPl��INIT �EHJLQQW�XQG�ZHQQ�DOOH�=XVWDQGVlQGHUXQJHQ�HLQHU
3UR]H�DNWLRQ�HQWVSUHFKHQ�
'HU� %HLVSLHOSUR]H�� &� LVW� LP� �EULJHQ� VFKRQ� HLQ� (OHPHQW� GHV
)UDPHZRUNV�� (U� EHVFKUHLEW� GLH� (LJHQVFKDIW� GHU� 1XW]GDWHQYHU�
IlOVFKXQJVIUHLKHLW� HLQHV� 7UDQVIHUGLHQVWHV�� 'LH� $NWLRQ� Rq� PR�
GHOOLHUW� GD]X� 7UDQVIHUDQIRUGHUXQJHQ�� GLH� $NWLRQ� In � 7UDQV�
IHUDQ]HLJHQ� GHV� 'LHQVWHV�� 'LH� 9DULDEOH� buf � I�KUW� %XFK� �EHU
DXIJHWUHWHQH�$QIRUGHUXQJHQ��VR�GD��GHU�7HUP��krq �d��buf �LQ
GHU� 'HILQLWLRQ� GHU� $NWLRQ� In � MHZHLOV� DXI� DOOH� /DXIQXPPHUQ�
1XW]GDWHQ�3DDUH�]XWULIIW��GLH�ELVKHU�SHU�$QIRUGHUXQJ�Rq�DQ�GHQ
'LHQVW� �EHUJHEHQ� ZXUGHQ�� 'HU� 3UR]H�� &� EHVFKUHLEW� DXV�
VFKOLH�OLFK�6LFKHUKHLWVHLJHQVFKDIWHQ��LP�6LQQH�GHU�7UHQQXQJ�YRQ
6DIHW\�XQG�/LYHQHVV�QDFK� >�@���6RPLW� VLQG�$EOlXIH�QLFKW�DXVJH�
VFKORVVHQ�� LQ� GHQHQ� LUJHQGZDQQ� NHLQHUOHL� =XVWDQGVlQGHUXQJHQ
PHKU�DXIWUHWHQ��GHU�3UR]H��DOVR�VWRSSW�
PROCESS LIn       6HUYLFH�&RQVWUDLQW��/LYH�GHOLYHU\�RI�XVHU�GDWD
 IMPORT Symbols;
 BODY
  VARIABLES
    cRq : key ;   6HTXHQFH�QR��RI�QH[W�GDWD�XQLW�WR�EH�VHQW
    maxIn : key ; 6HTXHQFH�QR��RI�QH[W�GDWD�XQLW�WR�EH�GHOLYHUHG
  INIT { cRq=0 � maxIn=0 ;
  ACTIONS
   Rq {                7UDQVPLVVLRQ�RI�XVHU�GDWD
     cRq'=cRq+1 � maxIn'=maxIn;
   fIn (krq : key) {   )DLU�GHOLYHU\�RI�XVHU�GDWD
     krq z"notsent" � krq=maxIn � maxIn<cRq �
     maxIn'=maxIn+1 � cRq'=cRq;
   nIn ( krq : key ) { 2WKHU�GHOLYHU\�RI�XVHU�GDWD
     not(krq z"notsent" � krq=maxIn �
         maxIn<cRq) �
     maxIn' = IF (krq="notsent") THEN maxIn
                 ELSE max(maxIn,krq+1) �
     cRq'=cRq;
 WF: fIn;              :HDN�IDLUQHVV�DVVXPSWLRQ�IRU�I,Q
 END .

$EE�����/LYHQHVV�3UR]H��/,Q
'HU� LQ� $EE�� �� DXIJHI�KUWH� 3UR]H��LIn � LVW� HLQ� %HLVSLHO� I�U� GLH
%HVFKUHLEXQJ�HLQHU�/HEHQGLJNHLWVHLJHQVFKDIW� LP�)UDPHZRUN�� ,P
9HUJOHLFK� ]XP� YRUKHULJHQ� 3UR]H�� &� NRPPW� EHL� /,Q� HLQ� QHXHV
.RQVWUXNW�WF� KLQ]X��'HU�5HVW�GHILQLHUW�ZLHGHUXP�HLQ�=XVWDQGV�
WUDQVLWLRQVV\VWHP��'DV�WF�.RQVWUXNW� EULQJW� QXQ� ]XP� $XVGUXFN�
GD�� GLH� $NWLRQ� fIn � LQ� 3UR]H�DEOlXIHQ� PLQGHVWHQV� ÄZHDN�IDLU³
VFKDOWHQ� VROO�� bKQOLFK� N|QQHQ� $NWLRQHQ� DXFK� PLW� HLQHP� SF�
.RQVWUXNW� DOV� ÄVWURQJ�IDLU³� GHNODULHUW� ZHUGHQ�� (LQH� ZHDN�IDLUH
$NWLRQ�GDUI�LQ�HLQHP�$EODXI�QLFKW�XQHQGOLFK�ODQJH�XQXQWHUEURFKHQ
VFKDOWEDU� VHLQ�� RKQH� DXFK� WDWVlFKOLFK� ]XU� $XVI�KUXQJ� ]X� NRP�
PHQ�� (LQH� VWURQJ�IDLUH� $NWLRQ� PX�� DXFK� ]XU� $XVI�KUXQJ� NRP�
PHQ�� ZHQQ� GLH� 6FKDOWEDUNHLWVSKDVHQ� GXUFK� =XVWlQGH� XQWHUEUR�
FKHQ�ZHUGHQ��LQ�GHQHQ�GLH�VWURQJ�IDLUH�$NWLRQ�QLFKW�VFKDOWEDU�LVW�
:HDN�XQG� VWURQJ�IDLUH� $NWLRQHQ� ZXUGHQ� LQ� >�@� HLQJHI�KUW� XQG
ZHUGHQ�DXFK�LQ�7/$�>��@�XQG�F7/$�]XU�6SH]LILNDWLRQ�YRQ�/HEHQ�
GLJNHLWVHLJHQVFKDIWHQ�EHQXW]W��GD�VLH� LP�*HJHQVDW]�]XU�GLUHNWHQ
%HVFKUHLEXQJ� YRQ� /HEHQGLJNHLWVHLJHQVFKDIWHQ� JDUDQWLHUHQ�� GD�
GXUFK�GLH� VSH]LIL]LHUWH�/HEHQGLJNHLW� NHLQH�:LGHUVSU�FKH� ]X� GHQ
6DIHW\�$QIRUGHUXQJHQ�DXIWUHWHQ�N|QQHQ�
,P� 7UDQVIHUSURWRNROO�)UDPHZRUN� ZHUGHQ� /HEHQGLJNHLWVHLJHQ�
VFKDIWHQ� DOVR� LQGLUHNW� GXUFK� 7UDQVLWLRQVV\VWHPH� PLW� )DLUQHVV�
EHKDIWHWHQ� $NWLRQHQ� GDUJHVWHOOW�� =XU� 8QWHUVW�W]XQJ� GHU� 0RGX�
ODULWlW�LVW�HV�GDEHL�ZLFKWLJ��GD��GLH�)DLUQHVV�$QIRUGHUXQJHQ�P|J�
OLFKVW� VFKZDFK� VLQG�� +LHU]X� ZHUGHQ� $NWLRQHQ� LQ� ]ZHL� $NWLRQHQ

DXIJHWHLOW�� LQ� HLQH� )DLUQHVV�EHKDIWHWH� �]�%�� fIn � LQ� 3UR]H�� /,Q�
XQG� HLQH� QLFKW� )DLUQHVV�EHKDIWHWH� �]�%��nIn � LQ�3UR]H��/,Q��� ,Q
3UR]H��/,Q� PRGHOOLHUHQ� EHLGH� $NWLRQHQ� fIn � XQG�nIn � 'LHQVW�
DQ]HLJHQ� ]XU� $XVOLHIHUXQJ� �EHUWUDJHQHU� 1XW]GDWHQ� EHLP� (PS�
IlQJHU��DQDORJ�]XU�$NWLRQ�In � LQ�3UR]H��&���'HU�3UR]H��/,Q�VROO
GLH�(LJHQVFKDIW�]XP�$XVGUXFN�EULQJHQ��GD��GDV�MHZHLOV�QlFKVWH
LQ� GHU� 5HLKHQIROJH� IlOOLJH� 1XW]GDWXP� OHEHQGLJ� �EHUWUDJHQ� ZLUG
�$NWLRQ�fIn ���(U�VROO�P|JOLFKVW�QXU�GLHVH�(LJHQVFKDIW�]XP�$XV�
GUXFN�EULQJHQ��(U�GDUI�GHVKDOE�QLFKW�YHUELHWHQ��GD��DXFK�DQGHUH
1XW]GDWHQ� DXVJHOLHIHUW� ZHUGHQ� N|QQHQ�� XQG� WROHULHUW� GLHVHV�PLW
GHU�$NWLRQ�nIn �
,Q� F7/$� N|QQHQ� lKQOLFK� GHU� 3UR]H�NRPSRVLWLRQ� LQ� /RWRV� >��@
3UR]HVVH�]X�6\VWHPHQ�]XVDPPHQJHVHW]W�ZHUGHQ��:LH�LQ�/RWRV�
ZHUGHQ� GLH� 3UR]HVVH� �EHU� JHPHLQVDPH�� V\QFKURQ� DXV]XI�K�
UHQGH�$NWLRQHQ�YHUEXQGHQ��GHUHQ�3DUDPHWHU� GLH�hEHUJDEH� YRQ
'DWHQSDUDPHWHUQ� PRGHOOLHUHQ�� 'LH� 9DULDEOHQ� HLQHV� 3UR]HVVHV
VLQG� SULYDW�� 'HU� 6\VWHP]XVWDQG� HUJLEW� VLFK� DOV� 9HNWRU� GHU� 3UR�
]H�]XVWlQGH�� (LQ� 6\VWHPDEODXI� LVW� HLQH� )ROJH� YRQ� 6\�
VWHP]XVWlQGHQ�� 'DEHL� �EHUI�KUHQ� VRJHQDQQWH� 6\VWHPDNWLRQHQ
HLQHQ� DNWXHOOHQ� 6\VWHP]XVWDQG� LQ� HLQHQ� )ROJH]XVWDQG�� (LQH
6\VWHPDNWLRQ� LVW� GDGXUFK� GHILQLHUW�� GD�� HLQH� 7HLOPHQJH� GHU
3UR]HVVH� JOHLFK]HLWLJ� HLQH� JHNRSSHOWH� $NWLRQ� DXVI�KUW� XQG� GD�
GLH�DQGHUHQ�3UR]HVVH�LKUHQ�=XVWDQG�QLFKW�YHUlQGHUQ��G�K��HLQHQ
VRJHQDQQWHQ� 6WRWWHUVFKULWW� DXVI�KUHQ� �3VHXGRDNWLRQVQDPH
stutter ��
PROCESS SlidWindService (usd : any )
                         XVG���VHW�RI�XVHU�GDWD�WUDQVIHUHG
 PROCESSES       7KH�SURFHVVHV�RI�WKH�V\VWHP
  Id : SDUId;    $VVLJQPHQW�RI�XQDPELJXRXV�VHTXHQFH�QXPEHUV
  C : Corruptions (usd,{ (k, k) | k � usd });
                         1R�FRUUXSWLRQV�RI�WUDQVIHUHG�GDWD
  G : Gaps (0);          1R�JDSV�LQ�WUDQVIHUHG�GDWD�VWUHDP
  R : Reorderings (0);   1R�UHRUGHULQJV
  D : Duplicates (0) ;   �1R�GXSOLFDWLRQV
  P : Phantoms (usd, usd); 1R�SKDQWRPV
  Cap : Capacity (8);    6HUYLFH�FDSDFLW\�RI�HLJKW�GDWD�XQLWV
  LIn : LiveInNoAttr;    �'DWD�XQLWV�DUH�GHOLYHUHG�OLYHO\
 ACTIONS            7KH�V\VWHP�DFWLRQV
  Rq (krq : key; d : usd) {
                    7UDQVPLVVLRQ�RI�XVHU�GDWD�G�ZLWK�VHT�QR��NUT
    Id.Rq(krq) � C.Rq(krq, d) � G.stutter �
    R.stutter � D.stutter � P.stutter �
    Cap.Rq(krq) � LIn.Rq;
  fIn (krq : key; d : usd) {
                    )DLU�GHOLYHU\�RI�XVHU�GDWD�G�ZLWK�VHT�QR��NUT
    Id.In(krq) � C.In(krq, d) � G.In(krq) �
    R.In(krq) � D.In(krq) � P.In(krq, d) �
    Cap.In(krq) � LIn.fIn(krq);
  nIn (krq : key; d : usd) {
                    2WKHU�GHOLYHU\�RI�XVHU�GDWD�G�ZLWK�VHT�QR��NUT
    Id.In(krq) � C.In(krq, d) � G.In(krq) �
    R.In(krq) � D.In(krq) � P.In(krq, d) �
    Cap.In(krq) � LIn.nIn(krq);
 END .

$EE�����'LHQVWVSH]LILNDWLRQ�6OLG:LQG6HUYLFH
'LH�6SH]LILNDWLRQ�LQ�$EE���� LVW�HLQ�%HLVSLHO� I�U�HLQH�.RPSRVLWLRQ�
,P PROCESSES�7HLO�ZHUGHQ�GLH�3UR]HVVH� GHV�6\VWHPV� YHU�
HLQEDUW��6LH�ZHUGHQ�GXUFK� ,QVWDQWLLHUXQJ�DXV�3UR]H�W\SHQ�JHELO�
GHW��6R�LVW�]XP�%HLVSLHO�,G�HLQH�,QVWDQ]�GHV�7\SV�6'8,G�XQG�GHU
VFKRQ�YRQ�REHQ�EHNDQQWH�3UR]H��&��$EE�����LVW�HLQH�,QVWDQ]�GHV
3UR]H�W\SV� &RUUXSWLRQV� XQWHU� GHU� DNWXHOOHQ� 3DUDPHWULVLHUXQJ
�usd �� ^�N�N�� _� N�usd `���3UR]H�W\SYHUHLQEDUXQJHQ� HQWVSUHFKHQ
LP��EULJHQ�GHQ�3UR]H�GHILQLWLRQHQ��6LH�N|QQHQ�MHGRFK�PLW�JHQH�
ULVFKHQ�3DUDPHWHUQ� YHUVHKHQ� VHLQ�� VR� GD��'DWHQW\SHQ��2SHUD�
WLRQHQ� XQG�:HUWH� HLQHV�3UR]HVVHV� DXFK� HUVW� EHL� GHU� ,QVWDQWLLH�



3��+HUUPDQQ��+��.UXPP�����������������������������������������������������������������������������������������������������������������������������������������������������������7UDQVIHUSURWRNROO�)UDPHZRUN

UXQJ� IHVWJHOHJW�ZHUGHQ� N|QQHQ�� ,P�ACTIONS�7HLO� HLQHU�.RP�
SRVLWLRQ� ZHUGHQ� GLH� 6\VWHPDNWLRQHQ� DOV� ORJLVFKH� 81'�
9HUNQ�SIXQJ� YRQ� 3UR]H�DNWLRQHQ� XQG� 3UR]H��6WRWWHUVFKULWWHQ
YHUHLQEDUW�� 6R� EHVWHKW� GLH� 6\VWHPDNWLRQ� Rq� GDUDXV�� GD�� GLH
3UR]HVVH�,G��&��&DS�XQG�/,Q�JOHLFK]HLWLJ�MHZHLOV�LKUH�3UR]H�DNWL�
RQ�Rq�DXVI�KUHQ��ZlKUHQG�GLH�3UR]HVVH�*��5��'�XQG�3�DQ�GLHVHU
6\VWHPDNWLRQ� QLFKW� EHWHLOLJW� VLQG� XQG� QXU� HLQHQ� 6WRWWHUVFKULWW
DXVI�KUHQ�
'LH�6SH]LILNDWLRQVWHFKQLN�F7/$�EHVLW]W�HLQH�EHVRQGHUH�)RUP�GHU
.RPSRVLWLRQDOLWlW�� GLH� I�U� GLH� .RQ]HSWLRQ� GHV� )UDPHZRUNV� XQG
LQVEHVRQGHUH� I�U� GLH� 6WUXNWXULHUXQJ� GHU� 9HULILNDWLRQ� LQ� 6XEV\�
VWHP�,PSOLNDWLRQHQ� ZLFKWLJ� LVW�� 'LH� PLW� HLQHP� 3UR]H�� EH�
VFKULHEHQHQ�(LJHQVFKDIWHQ�VROOHQ� LQ� MHGHP�6\VWHP�� GDV� GLHVHQ
3UR]H�� HQWKlOW�� HEHQIDOOV� YRUKDQGHQ� VHLQ�� 'DV� ZLUG� GDGXUFK
JHZlKUOHLVWHW�� GD�� GLH� 6\VWHPELOGXQJ� HLQHU� ORJLVFKHQ� .RQ�
MXQNWLRQ� YRQ� 3UR]HVVHQ� HQWVSULFKW�� GHUHQ� :LGHUVSUXFKVIUHLKHLW
VLFKHUJHVWHOOW� LVW�� 6LH� EHVLW]W� GDPLW� �EULJHQV� 6XSHUSRVLWLRQV�
HLJHQVFKDIWHQ�� GLH� �EHU� GLH� LQ� >�@� GHILQLHUWHQ� KLQDXVJHKHQ� XQG
DXFK�/HEHQGLJNHLWVDVSHNWH�HUIDVVHQ�
'LH�.RPSRVLWLRQDOLWlW� GHU�6DIHW\�(LJHQVFKDIWHQ� LVW� DXI� VHKU� HLQ�
IDFKH� :HLVH� JHJHEHQ�� 6DIHW\�(LJHQVFKDIWHQ� VFKUlQNHQ� GLH
6WDUW]XVWlQGH� XQG� GLH� =XVWDQGV�EHUJlQJH� HLQHV� 6\VWHPV� HLQ�
'D�3UR]HVVH�QXU�SULYDWH�9DULDEOHQ�EHVLW]HQ�XQG�GHU�6\VWHP]X�
VWDQG�GLUHNW�GXUFK�GHQ�9HNWRU�GHU�9DULDEOHQ�GHU�3UR]HVVH�HLQHV
6\VWHPV� EHVFKULHEHQ� ZLUG�� JHKHQ� GLH� (LQVFKUlQNXQJHQ� ]XU
(QWZLFNOXQJ�GHU�=XVWlQGH�HLQHV�3UR]HVVHV� GLUHNW� DXFK� DXI� GDV
6\VWHP��EHU��6LH�N|QQHQ�LP�6\VWHP�QLFKW�GXUFK�DQGHUH�3UR]HV�
VH�JHVW|UW�ZHUGHQ�
+LQVLFKWOLFK� GHU� GXUFK� )DLUQHVV�$QIRUGHUXQJHQ� DQ� 3UR]H�DN�
WLRQHQ� EHVFKULHEHQHQ� /LYHQHVV�(LJHQVFKDIWHQ� LVW� GLHVH� .RP�
SRVLWLRQDOLWlW� DOOHUGLQJV� QLFKW� XQPLWWHOEDU� HUI�OOW�� (LQH� 3UR]H��
DNWLRQ� NDQQ� LP� 6\VWHP� QlPOLFK� DQ� $NWLRQHQ� DQGHUHU� 3UR]HVVH
JHNRSSHOW� VHLQ�� 'DPLW� N|QQHQ� IUHPGH� 3UR]HVVH� GDV� 6FKDOWHQ
HLQHU�3UR]H�DNWLRQ� EORFNLHUHQ��'LH�8PJHEXQJ� HLQHV� 3UR]HVVHV
NDQQ� DOVR� YHUKLQGHUQ�� GD�� GHU� 3UR]H�� DQ� VHLQH� $NWLRQHQ� JH�
VWHOOWH� )DLUQHVV�$QIRUGHUXQJHQ� HUI�OOW�� ,P� 8QWHUVFKLHG� ]X� 7/$�
GDV� GLUHNW� GLH� LQ� >�@� YRUJHVWHOOWHQ� )DLUQHVV�$QIRUGHUXQJHQ� EH�
QXW]W�� YHUZHQGHW� F7/$� GHVKDOE� QXU� VRJHQDQQWH� EHGLQJWH� )DLU�
QHVV�$QIRUGHUXQJHQ�� 6LH� IRUGHUQ� GDV� IDLUH� 6FKDOWHQ� HLQHU� 3UR�
]H�DNWLRQ� QXU� I�U� VROFKH�=XVWlQGH�� LQ� GHQHQ� VRZRKO� GLH� $NWLRQ
IHXHUQ�NDQQ�DOV�DXFK�GLH�8PJHEXQJ�GHV�3UR]HVVHV�GDV�6FKDOWHQ
GHU� $NWLRQ� ]XOl�W�� 'LH� %HVFKUlQNXQJ� DXI� GHUDUW� EHGLQJWH� )DLU�
QHVV�$QIRUGHUXQJHQ� JDUDQWLHUW� HLQHUVHLWV� GLH� JHZ�QVFKWH� .RP�
SRVLWLRQDOLWlW� YRQ� /LYHQHVV�(LJHQVFKDIWHQ�� 6LH� I�KUW� DEHU� DQGH�
UHUVHLWV� GD]X�� GD�� ]XU� )RUPXOLHUXQJ� DEVROXWHU� /LYHQHVV�
(LJHQVFKDIWHQ� HLQH� ]XVlW]OLFKH� %HGLQJXQJ� DQ� GLH� (LQEHWWXQJ
HLQHV�3UR]HVVHV�JHVWHOOW�ZHUGHQ�PX���6R�EHVDJW�GHU�REHQ�YRU�
JHVWHOOWH�3UR]H��/,Q��GD��PLW�Rq��EHUJHEHQH�'DWHQ�QDFK�HQGOL�
FKHU� =HLW� PLWWHOV� HLQHU� In �$NWLRQ� DXVJHOLHIHUW� ZHUGHQ�� IDOOV� GLH
8PJHEXQJ�YRQ�/,Q�GLH�In �$NWLRQ�QLFKW�DOO]X�RIW�EORFNLHUW��:HQQ
VLFK�LQ�HLQHP�6\VWHP�GLH�6DIHW\�(LJHQVFKDIW�EHZHLVHQ�Ol�W��GD�
GLH� IDLUH� 3UR]H�DNWLRQ� fIn � DXFK� LPPHU� GDQQ� YRQ� GHU� 8PJH�
EXQJ�KHU�HUODXEW�LVW��ZHQQ�VLH�DXIJUXQG�GHV�3UR]H�]XVWDQGV�YRQ
/,Q� VFKDOWHQ� NDQQ�� GDQQ� HQWVSULFKW� GLH� EHGLQJWH� )DLUQHVV� GHU
$NWLRQ� /,Q� LKUHU� XQEHGLQJWHQ� )DLUQHVV� XQG� GLH� HLJHQWOLFK� DXV
$QZHQGXQJVVLFKW�JHZ�QVFKWH�DEVROXWH�/LYHQHVV�LVW�JHJHEHQ�

� 75$16)(535272.2//�)5$0(:25.
'DV�7UDQVIHUSURWRNROO�)UDPHZRUN�EHVWHKW�DXV�6SH]LILNDWLRQVEDX�
VWHLQHQ� XQG� 7KHRUHPHQ� �VLHKH� $EE�� ���� $OV� 6SH]LILNDWLRQVEDX�
VWHLQH� ZHUGHQ� F7/$�3UR]H�W\SGHILQLWLRQHQ� YHUZHQGHW�� 6LH� EH�
VFKUHLEHQ� 3URWRNROOPHFKDQLVPHQ�� (LJHQVFKDIWHQ� EHQXW]WHU� 0H�
GLHQ� VRZLH� (LJHQVFKDIWHQ� HUEUDFKWHU� .RPPXQLNDWLRQVGLHQVWH
XQG�VLQG�LQ�GUHL�6FKLFKWHQ�JHJOLHGHUW�
x� 6HUYLFH�&RQVWUDLQWV� �6&V��� 'LH� 6&V� PRGHOOLHUHQ� GLH� HLQ]HO�
QHQ�(LJHQVFKDIWHQ�GHV�GXUFK�GDV�LQWHUHVVLHUHQGH�3URWRNROO�]X
HUEULQJHQGHQ� 'DWHQWUDQVIHUGLHQVWHV�� 'LH� 6SH]LILNDWLRQ� GLHVHV
=LHOGLHQVWHV�ZLUG�GXUFK�HLQ�6\VWHP�DXV�6&�,QVWDQ]HQ�JHELOGHW�
'DV� LQ�$EE�� �� YRUJHVWHOOWH� 6\VWHP�6OLG:LQG6HUYLFH� JLEW� GD]X
HLQ� %HLVSLHO�� 'LH� GRUW� YRUNRPPHQGHQ� 3UR]H�W\SHQ� �]�%��&RU�
UXSWLRQV��*DSV��5HRUGHULQJV��VLQG�%HLVSLHOH�I�U�6&V�

)UDPHZ RUN
9HUWHLOWH�)XQNWLRQHQ
HUEULQJHQ
'LHQVWHLJHQVFKDIWHQ

,PSOHPHQWLHUEDUH
0HFKDQLVPHQ�HUEULQJHQ
YHUWHLOWH�)XQNWLRQHQ

(LQ�UHDOHV�3URWRNROO�ZLUG
PLW�)$30V
PRGHOOLHUW

5HDOH�3URWRNROOH
$EE�����$XIEDX�GHV�7UDQVIHUSURWRNROO�)UDPHZRUNV

6HUYLFH�&RQVWUDLQWV
$EVWUDFW�3URWRFRO

0HFKDQLVPV��$30V�
XQG

$EVWUDFW�0HGLXP�&RQVWUDLQWV
�$0&V�

) LQLWH�$EVWUDFW�3URWRFRO
0HFKDQLVPV��)$30V�

XQG
$EVWUDFW�0HGLXP�&RQVWUDLQWV

�$0&V�

0HFKDQLVPHQ�HLQHV
JHJHEHQHQ�3URWRNROOV

x� $EVWUDFW�3URWRFRO�0HFKDQLVPV��$30V��XQG�$EVWUDFW�0HGLXP
&RQVWUDLQWV��$0&V���(LQ�6\VWHP�DXV�$30V�XQG�$0&V�GHILQLHUW
HLQ� VRJHQDQQWHV� DEVWUDNWHV� 3URWRNROO�� :LH� EHL� HLQHU� �EOLFKHQ
3URWRNROOEHVFKUHLEXQJ� OLHJW� GD]X� HLQ� 6]HQDULR� DXV� 3URWR�
NROOLQVWDQ]HQ� XQG� EHQXW]WHP� 0HGLXP� ]XJUXQGH�� $30�3UR�
]HVVH� PRGHOOLHUHQ� HLQ]HOQH� 0HFKDQLVPHQ� GHU� 3URWRNROOLQ�
VWDQ]HQ� XQG� $0&�3UR]HVVH� EHVFKUHLEHQ� LQ� GHU� $UW� YRQ� 6&V
HLQ]HOQH� (LJHQVFKDIWHQ� GHV� YRQ� GHQ� 3URWRNROOLQVWDQ]HQ� ]XU
.RPPXQLNDWLRQ� EHQXW]WHQ� 0HGLXPV�� $EVWUDNWH� 3URWRNROOPH�
FKDQLVPHQ� VLQG� $EVWUDNWLRQHQ� GHU� LQ� SUDNWLVFKHQ� 3URWRNROOHQ
WDWVlFKOLFK�YHUZHQGHWHQ�0HFKDQLVPHQ��6LH�NRQ]HQWULHUHQ�VLFK
DXI�GLH�0RGHOOLHUXQJ�GHU�ZHVHQWOLFKHQ� ,GHH�GHU�0HFKDQLVPHQ
XQG� QHKPHQ� LQVEHVRQGHUH� NHLQH� 5�FNVLFKW� DXI� GLH� HIIL]LHQWH
GLUHNWH�,PSOHPHQWLHUEDUNHLW��6R�KDEHQ�GLH�'DWHQW\SHQ�GHU�=X�
VWDQGVYDULDEOHQ�XQG�GHU�.RQWUROOSDUDPHWHU�YRQ�3URWRNROOGDWHQ�
HLQKHLWHQ�LQ�GHU�5HJHO�XQHQGOLFKH�:HUWHPHQJHQ��$OV�W\SLVFKHV
%HLVSLHO�VHL�GDV�$30�6%XIIHU.H\�JHQDQQW��GDV�HLQH�VHQGHUVHL�
WLJH� 6HTXHQ]QXPHULHUXQJ� HLQI�KUW�� 8P� GLH� (LQGHXWLJNHLW� GHU
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�EHUWUDJHQHQ�1XW]GDWHQ�]X�JHZlKUOHLVWHQ��YHUZHQGHW�HV�GD]X
HLQH�XQHQGOLFKH�0HQJH�DQ�/DXIQXPPHUQ�

x� )LQLWH�$EVWUDFW�3URWRFRO�0HFKDQLVPV� �)$30V�� XQG� $EVWUDFW
0HGLXP� &RQVWUDLQWV� �$0&V��� (LQ� 6\VWHP� DXV� )$30V� XQG
$0&V�PRGHOOLHUW� VHKU� GLUHNW� GDV� ]X� XQWHUVXFKHQGH� 7UDQVIHU�
SURWRNROO�� -HGHU� 3URWRNROOPHFKDQLVPXV� GHV� LQWHUHVVLHUHQGHQ
3URWRNROOV� E]Z�� MHGH� UHOHYDQWH�(LJHQVFKDIW� GHV� GHP�3URWRNROO
XQWHUOLHJHQGHQ�0HGLXPV�NDQQ�GXUFK�HLQH�)$30�,QVWDQ]� E]Z�
HLQH�$0&�,QVWDQ]�GDUJHVWHOOW�ZHUGHQ��VR�GD��GHU�9HUEXQG�GLH�
VHU� ,QVWDQ]HQ� HLQH� VWUXNWXULHUWH� IRUPDOH� 3URWRNROOVSH]LILNDWLRQ
ELOGHW�� 'DV� )$30�6%XIIHU.H\� EHQXW]W� LP� *HJHQVDW]� ]X� GHP
REHQ� HUZlKQWHQ� JOHLFKQDPLJHQ� $30� HLQH� HQGOLFKH� 0HQJH
ZLHGHUNHKUHQGHU�/DXIQXPPHUQ�]XU�6HTXHQ]QXPHULHUXQJ��'LH�
VHU�0HFKDQLVPXV� HQWVSULFKW� GDPLW� GLUHNW� GHU�1XPHULHUXQJ� HL�
QHV�6OLGLQJ�:LQGRZ�3URWRNROOV�

'LH�7KHRUHPH�GHV�)UDPHZRUNV�KDEHQ�GLH�)RUP�ORJLVFKHU�,PSOL�
NDWLRQHQ�]ZLVFKHQ�F7/$�6\VWHPHQ��'HU�6WUXNWXULHUXQJ�GHU�6SH�
]LILNDWLRQVEDXVWHLQH�GHV�)UDPHZRUNV�LQ�GUHL�6FKLFKWHQ�HQWVSULFKW
HLQH�=ZHLJOLHGHUXQJ�GHU�7KHRUHPH�
x� 6&�7KHRUHPH� EULQJHQ� ]XP� $XVGUXFN�� GD�� 6\VWHPH� DXV
$30V�XQG�$0&V�YHUVFKLHGHQH�'LHQVWHLJHQVFKDIWHQ��G�K��6&V�
LPSOL]LHUHQ��)�U�GLH�PHLVWHQ�6&V�H[LVWLHUHQ�PHKUHUH�7KHRUHPH�
GLH�GLH�XQWHUVFKLHGOLFKHQ�0|JOLFKNHLWHQ�]XU�(UEULQJXQJ�GHU�6&�
(LJHQVFKDIWHQ� �EHU� DEVWUDNWH� 3URWRNROOPHFKDQLVPHQ� ZLGHU�
VSLHJHOQ�

x� $30�7KHRUHPH� �EHUEU�FNHQ� GLH� $EVWUDNWLRQVHEHQHQ� GHU
)$30�$0&�6\VWHPH� XQG� $30�$0&�6\VWHPH�� (LQ� 7KHRUHP
VLFKHUW�]X��GD��HLQ�6\VWHP�DXV�EHVWLPPWHQ�)$30��XQG�$0&�
.RPSRQHQWHQ�HLQ�EHVWLPPWHV�$30�LPSOHPHQWLHUW�

'LHVH� *OLHGHUXQJ� GHV� )UDPHZRUNV� ZLUG� ZHLWHUKLQ� GXUFK� GLH
8QWHUVFKHLGXQJ� YRQ� /LYHQHVV�� XQG�6DIHW\�(LJHQVFKDIWHQ� YHUIHL�
QHUW��-HGH�GHU�EHVSURFKHQHQ�GUHL�6SH]LILNDWLRQVEDXVWHLQ�.ODVVHQ
JOLHGHUW� VLFK� LQ� ]ZHL� HQWVSUHFKHQGH� *UXSSHQ� YRQ� F7/$�
3UR]H�W\SHQ��GLH� NXU]�6DIHW\�� E]Z�� /LYHQHVV�3UR]HVVH� JHQDQQW
ZHUGHQ�� $XFK� GLH� 7KHRUHPH� ZHUGHQ� LQ� 6DIHW\�� XQG� /LYHQHVV�
7KHRUHPH�HLQJHWHLOW��'LH�$UW� HLQHV�7KHRUHPV�HQWVSULFKW� GHU�$UW
GHV�3UR]H�W\SV�GHU�UHFKWHQ�6HLWH�GHU�,PSOLNDWLRQ��'LH�7KHRUHPH
KDEHQ�IROJHQGHQ�$XIEDX�
x� 6DIHW\�7KHRUHP��3DUV���6\V���3URF�
x� /LYHQHVV�7KHRUHP��3DUV���6\V���R(QY&RQG���3URF�
=HQWUDOHU�7HLO�GHU�OLQNHQ�6HLWH�GHU�,PSOLNDWLRQ�HLQHV�7KHRUHPV�LVW
GLH� 'HILQLWLRQ� HLQHV� 6\VWHPV� 6\V�� GDV� DXV� HLQHU� 0HQJH� JH�
NRSSHOWHU�3UR]H�LQVWDQ]HQ�EHVWHKW��'DV�7KHRUHP�VROO�]XP�$XV�
GUXFN� EULQJHQ�� GD�� GLHVHV� 6\VWHP� GHQ� DXI� GHU� UHFKWHQ� 6HLWH
JHQDQQWHQ�3UR]H��3URF�LPSOHPHQWLHUW��'LH�3UR]H�LQVWDQ]HQ�YRQ
6\V�ZHUGHQ�GXUFK�3DUDPHWULVLHUXQJ�XQG� ,QVWDQWLLHUXQJ�DXV�3UR�
]H�W\SHQ� JHELOGHW�� 'DEHL� LVW� QLFKW� MHGH� EHOLHELJH� 3DUDPHWULVLH�
UXQJ�P|JOLFK��VRQGHUQ�GLH�SUlGLNDWHQORJLVFKH�)RUPHO�3DUV� GHIL�
QLHUW�HLQH�KLQUHLFKHQGH�%HGLQJXQJ�]XU�NRQVLVWHQWHQ�%HOHJXQJ�GHU
DNWXHOOHQ�3UR]H�SDUDPHWHU��%HL�/LYHQHVV�7KHRUHPHQ�NRPPW�]XU
OLQNHQ� 6HLWH� HLQH� ,QYDULDQWH� KLQ]X�� GLH� 8PJHEXQJVEHGLQJXQJ
(QY&RQG��6LH�GHILQLHUW�$QIRUGHUXQJHQ�DQ�GLH�8PJHEXQJ�YRQ�6\V
GHUDUW�� GD�� IDLUQHVVEHKDIWHWH� $NWLRQHQ� GHV� 6\VWHPV�6\V� GXUFK
GLH�8PJHEXQJ�YRQ�6\V�QLFKW�EORFNLHUW�ZHUGHQ�G�UIHQ�
,Q� GLHVHU� *OLHGHUXQJ� XQG� )RUP� HQWKlOW� GDV� 7UDQVIHUSURWRNROO�
)UDPHZRUN�]XU�=HLW�����6SH]LILNDWLRQVEDXVWHLQH��GDYRQ����6&V�
���$30V�����$0&V�����)$30V��XQG�����7KHRUHPH� �GDYRQ���
6&�7KHRUHPH�XQG�����$30�7KHRUHPH��

� ',(16763(=,),.$7,21
'DV� %HLVSLHOSURWRNROO� VROO� HLQHQ� ]XYHUOlVVLJHQ� XQG� OHEHQGLJHQ
6LPSOH[�'DWHQWUDQVIHUGLHQVW� PLW� HLQHU� IHVWHQ� .DSD]LWlW� UHDOLVLH�
UHQ��,QVEHVRQGHUH�VROOHQ�DOOH�'DWHQ�IHKOHUIUHL��EHUWUDJHQ�ZHUGHQ�
'D]X� PX�� GHU� 'LHQVW� GLH� IROJHQGHQ� I�QI� 'LHQVWHLJHQVFKDIWHQ
HUI�OOHQ�� �EHUWUDJHQH� 'DWHQ� ZHUGHQ� QLFKW� YHUIlOVFKW�
GHU�$XVJDEHGDWHQVWURP�HQWKlOW� NHLQH�GXUFK�YHUORUHQJHJDQJHQH
'DWHQ� HQWVWDQGHQHQ� /�FNHQ�� GLH� 5HLKHQIROJH� DXVJHJHEHQHU
'DWHQ� LVW� QLFKW� YHUWDXVFKW�� HV� ZHUGHQ� NHLQH� 'XSOLNDWH� EHUHLWV
DXVJHJHEHQHU� 'DWHQ� DQ� GHQ� 'LHQVWQHKPHU� DXVJHOLHIHUW�� GHU
$XVJDEHGDWHQVWURP� HQWKlOW� NHLQH� 3KDQWRPH�� G�K�� GHU� 'LHQVW
HU]HXJW� NHLQH� ]XVlW]OLFKHQ� 'DWHQ�� (LQH� ZHLWHUH� 'LHQVWHLJHQ�
VFKDIW� EHJUHQ]W� GLH� .DSD]LWlW� GHV� 'LHQVWHV�� *OHLFK]HLWLJ� G�UIHQ
QXU� HLQH� EHVWLPPWH� $Q]DKO� DQ� 'DWHQHLQKHLWHQ� ±� LQ� XQVHUHP
%HLVSLHO�DFKW�±�JOHLFK]HLWLJ�JHVHQGHW�DEHU�QRFK�QLFKW�DXVJHOLHIHUW
VHLQ��8QWHU�/HEHQGLJNHLW�YHUVWHKHQ�ZLU��GD��GHU�'LHQVW�GLH�hEHU�
WUDJXQJ� QLFKW� DEEULFKW�� ZHQQ� QRFK� QLFKW� DOOH� JHVHQGHWHQ�'DWHQ
DXVJHOLHIHUW�ZXUGHQ��'DGXUFK� LVW�VLFKHUJHVWHOOW��GD�� MHGH�'DWHQ�
HLQKHLW�LUJHQGZDQQ�DQ�GHQ�HPSIDQJHQGHQ�'LHQVWQHKPHU�DXVJH�
JHEHQ� ZLUG�� 'LHVH� 'LHQVWHLJHQVFKDIW� JDUDQWLHUW� DX�HUGHP�� GD�
GHU�VHQGHQGH�'LHQVWQHKPHU�LPPHU�ZLHGHU�LQ�GHU�/DJH�LVW��QHXH
'DWHQ� ]X� �EHUWUDJHQ�� GD� EHL� MHGHU� $XVOLHIHUXQJ� GLH� .DSD]LWlWV�
JUHQ]H� XQWHUVFKULWWHQ� ZLUG� XQG� GDQDFK� PLQGHVWHQV� HLQH� QHXH
'DWHQHLQKHLW�JHVHQGHW�ZHUGHQ�GDUI�

$NWLRQ�5T $NWLRQ�,Q

$NWLRQ�5T $NWLRQ�,Q

$EE�����6WUXNWXU�YRQ�'LHQVW��XQG�3URWRNROOVSH]LILNDWLRQ

��'LHQVWVSH]LILNDWLRQ
�6HUYLFH�&RQVWUDLQW��Q

�6HUYLFH�&RQVWUDLQW���

05T $,Q $NWLRQHQ $5T 0,Q

��3URWRNROOVSH]LILNDWLRQ

�,QVWDQ]�6 �,QVWDQ]�(

��%DVLVNDQDO�$

��%DVLVNDQDO�0

�)$30��� �)$30���

�)$30��P �)$30��R

�$0&���

�$0&���

�$0&��S

�$0&��T

8P� HLQH� IRUPDOH� 6SH]LILNDWLRQ� GLHVHV� 'LHQVWHV� ]X� HUVWHOOHQ�
HU]HXJHQ�ZLU�]XQlFKVW�&RQVWUDLQWV��GLH�MHZHLOV�QXU�HLQHU�GHU�REHQ
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JHQDQQWHQ�'LHQVWHLJHQVFKDIWHQ� HQWVSUHFKHQ� �VLHKH� REHUHQ� 7HLO
LQ�$EE�� ����:LU� ELOGHQ� GLH�&RQVWDLQWV� DXV� 6&V� GHV� )UDPHZRUN�
GHUHQ� 3DUDPHWHU� PLW� DNWXHOOHQ� :HUWHQ� LQVWDQWLLHUW� ZHUGHQ�� $Q�
VFKOLH�HQG�NRPSRQLHUHQ�ZLU�GLH�&RQVWUDLQWV�]X�GHU�'LHQVWVSH]LIL�
NDWLRQ�
'LH� LQ� $EE�� �� DXIJHI�KUWH� 6SH]LILNDWLRQ� 6OLG:LQG6HUYLFH� EH�
VFKUHLEW� GHQ� 'LHQVW�6OLG:LQG6HUYLFH� HQWKlOW� HLQHQ� 3DUDPHWHU
usd ��GHU�GLH�0HQJH�GHU�'DWHQHLQKHLWHQ�DQJLEW��GLH�PLW�+LOIH�GHV
'LHQVWHV� �EHUWUDJHQ� ZHUGHQ� N|QQHQ�� 'XUFK� (UVHW]HQ� GLHVHV
3DUDPHWHUV�GXUFK�GLH�0HQJH� ^�«���`�N|QQHQ�ZLU�]XP�%HLVSLHO
HLQHQ� E\WHZHLVHQ� 'DWHQWUDQVIHUGLHQVW� VSH]LIL]LHUHQ�� 'LH� 'LHQVW�
VSH]LILNDWLRQ�6OLG:LQG6HUYLFH�VHW]W�VLFK�DXV�GHQ�DFKW�&RQVWUDLQWV
,G��&��*��5��'��3��&DS�XQG�/,Q�]XVDPPHQ��GLH�ZLU�]XYRU�DXV�GHQ
6&V� GHV� )UDPHZRUNV� 6'8,G��&RUUXSWLRQV��*DSV�� 5HRUGHULQJV�
'XSOLFDWHV��3KDQWRPV��&DSDFLW\�E]Z��/LYH,Q1R$WWU�ELOGHQ�
,G� LVW� HLQ� VSH]LHOOHV� +LOIVFRQVWUDLQW�� GDV� MHGHU� JHVHQGHWHQ� 'D�
WHQHLQKHLW� LP� 0RGHOO� HLQH� HLQGHXWLJH� XQG� JHRUGQHWH� 6HTXHQ]�
QXPPHU� ]XZHLVW�� VR� GD�� )HKOHU� LP� hEHUWUDJXQJVYHUODXI� ORNDOL�
VLHUW� ZHUGHQ� N|QQHQ�� 'LH� DQGHUHQ� VLHEHQ� &RQVWUDLQWV� PRGHO�
OLHUHQ� GLH� VLHEHQ� REHQ� JHQDQQWHQ� 'LHQVWHLJHQVFKDIWHQ�� =XP
%HLVSLHO�VSH]LIL]LHUW�GDV� LQ�$EE����DXIJHI�KUWH�&RQVWUDLQW�&��GDV
ZLU�DXV�GHP�3UR]H�W\S�&RUUXSWLRQV�ELOGHQ��GLH�(LJHQVFKDIW��GD�
QXU�XQYHUIlOVFKW��EHUWUDJHQH�'DWHQ�DXVJHOLHIHUW�ZHUGHQ� G�UIHQ�
&RUUXSWLRQV� YHUZHQGHW� GLH� 3DUDPHWHU�usd � XQG� tc �� 'HU� 3DUD�
PHWHU�usd �HQWVSULFKW�GHP�REHQ�JHQDQQWHQ�JOREDOHQ�3DUDPHWHU
LQ�3UR]H�W\S�6OLG:LQG6HUYLFH��'XUFK�GLH�5HODWLRQ� tc � OHJHQ�ZLU
IHVW��LQ�ZHOFKHP�0D��9HUIlOVFKXQJHQ�WROHULHUEDU�VLQG��:HQQ�PDQ
tc � ]XP�%HLVSLHO�EHL�HLQHP�E\WHZHLVHQ�'DWHQWUDQVIHU�GXUFK�GLH
0HQJH� ^�N�� ���N�GLY����� _� �dNd���`� ��^�N�� ���N�GLY���� �� ��� _
�dNd���`�HUVHW]W��HUODXEW�PDQ�GLH�9HUIlOVFKXQJ�GHV�QLHGHUZHU�
WLJVWHQ� %LWV� ZlKUHQG� GHU� hEHUWUDJXQJ�� 'D� LQ� XQVHUHP� %HLVSLHO
NHLQH� 9HUIlOVFKXQJHQ� DXIWUHWHQ� G�UIHQ�� HUVHW]HQ� ZLU� tc � GXUFK
GLH� 5HODWLRQ� ^�N�N�_N�XVG`�� 'DV� &RQVWUDLQW� *� EHVFKUHLEW� GLH
'LHQVWHLJHQVFKDIW�� GD�� NHLQH� /�FNHQ� LP� $XVJDEHGDWHQVWURP
DXIWUHWHQ�N|QQHQ��'HU�3DUDPHWHU�tg �GHV�6&V�*DSV��DXV�GHP�*
HU]HXJW�ZLUG��]HLJW�GLH�PD[LPDO�WROHULHUEDUH�*U|�H�YRQ�/�FNHQ�LP
'DWHQVWURP�DQ��'D�NHLQH�/�FNHQ�HUODXEW�VLQG��VHW]HQ�ZLU�tg �DXI
GHQ� :HUW� ��� 'LH� &RQVWUDLQWV� 5�� '� XQG� 3� EHVFKUHLEHQ� GLH
'LHQVWHLJHQVFKDIWHQ�� QDFK� GHQHQ� 9HUWDXVFKXQJHQ�� 'XSOLNDWH
XQG� 3KDQWRPH� LP� $XVJDEHVWURP� DXVJHVFKORVVHQ� VLQG�� 'LH
HQGOLFKH�.DSD]LWlW�GHV�'LHQVWHV�ZLUG�GXUFK�GDV�&RQVWUDLQW�&DS
PRGHOOLHUW�� 'LH� (LJHQVFKDIW� GHU� /HEHQGLJNHLW� GHV� 'LHQVWHV� ZLUG
GXUFK�GDV�&RQVWUDLQW�/,Q�VSH]LIL]LHUW��VLHKH�$EE������GDV�DXV�GHP
/LYHQHVV�6&�/LYH,Q1R$WWU�HU]HXJW�ZLUG�
6OLG:LQG6HUYLFH� HQWKlOW� GLH� GUHL� $NWLRQHQ�Rq�� fIn � XQG�nIn �
'LH�$NWLRQ�Rq�PRGHOOLHUW�GLH�6HQGXQJ�HLQHU�'DWHQHLQKHLW�d�YRP
'LHQVWQHKPHU��'HU�'DWHQHLQKHLW�ZLUG�GLH�6HTXHQ]QXPPHU�krq
]XJHRUGQHW�� ,Q� GLHVHU� $NWLRQ� SDUWL]LSLHUHQ� GLH� $NWLRQHQ�Rq� GHU
&RQVWUDLQWV�,G��&��&DS�XQG�/,Q��'LH�DQGHUHQ�&RQVWUDLQWV�*��5��'
XQG�3� WUDJHQ�QLFKW�PLW�HLQHU�HLJHQHQ�$NWLRQ�]X�Rq�EHL��:LU�YHU�
ODQJHQ�� GD�� GLHVH� &RQVWUDLQWV� EHLP� 6FKDOWHQ� YRQ� Rq� HLQHQ
6WRWWHUVFKULWW�DXVI�KUHQ�
'LH� $XVJDEH� YRQ� �EHUWUDJHQHQ� 'DWHQHLQKHLWHQ� d� PLW� GHU� 6H�
TXHQ]QXPPHU� krq � DQ� GHQ� HPSIDQJHQGHQ� 'LHQVWQHKPHU� ZLUG
GXUFK� GLH� ]ZHL� $NWLRQHQ� fIn � XQG� nIn � EHVFKULHEHQ�� 'D� GHU
'LHQVW�OHEHQGLJ�VHLQ�VROO��P�VVHQ�ZLU�GLH�'DWHQDXVJDEH�PLW�HLQHU
)DLUQHVV�$QIRUGHUXQJ�YHUVHKHQ��:LH�LQ�.DS����GDUJHVWHOOW�ZXUGH�
]HUOHJHQ�ZLU�GLH�$NWLRQ�GD]X�LQ�HLQH�VFKZDFK�)DLUQHVV�EHKDIWHWH
$NWLRQ�fIn �XQG�LQ�HLQH�NRPSOHPHQWlUH�QLFKW�)DLUQHVV�EHKDIWHWH

$NWLRQ�nIn �� ,Q�EHLGHQ�$NWLRQHQ�SDUWL]LSLHUHQ�GLH�&RQVWUDLQWV� ,G�
&��*��5��'��3�XQG�&DS� MHZHLOV�PLW� LKUHQ�$NWLRQHQ� In ��$XV�GHP
&RQVWUDLQW� /,Q� LVW� GLH� &RQVWUDLQW�$NWLRQ� fIn � DQ� fIn � XQG� GLH
&RQVWUDLQW�$NWLRQ� nIn � DQ� nIn � JHNRSSHOW�� fIn � EHVFKUHLEW
$XVOLHIHUXQJHQ�YRQ�'DWHQ��GLH� I�U�GHQ�)RUWVFKULWW�GHU�.RPPXQL�
NDWLRQ�GHV�'LHQVWHV�]ZLQJHQG�HUIRUGHUOLFK�VLQG��'D]X�JHK|UW�]XP
%HLVSLHO�GLH�$XVJDEH�HLQHU�'DWHQHLQKHLW��GLH�]ZDU�JHVHQGHW�DEHU
ELVKHU�QRFK�QLFKW�DXVJHOLHIHUW�ZXUGH��'XUFK�nIn �ZHUGHQ�GDJH�
JHQ� $XVOLHIHUXQJHQ� EHVFKULHEHQ�� GLH� I�U� GHQ� )RUWVFKULWW� QLFKW
]ZLQJHQG�VLQG��]XP�%HLVSLHO�$XVOLHIHUXQJHQ�EHUHLWV�]XYRU�DXVJH�
OLHIHUWHU�'DWHQHLQKHLWHQ��'D�LQ�XQVHUHP�%HLVSLHO�NHLQH��EHUIO�VVL�
JHQ�'DWHQHLQKHLWHQ�DXVJHOLHIHUW�ZHUGHQ��LVW�nIn �QLHPDOV�VFKDOW�
EDU��,Q�HLQHU�YHUHLQIDFKWHQ�%HVFKUHLEXQJ�NDQQ�GLHVH�$NWLRQ�VRPLW
ZHJJHODVVHQ�ZHUGHQ�
'LH�$NWLRQ� fIn � LVW� VFKZDFK� IDLU�� GD� DXFK� GLH� LQ� LKU� HQWKDOWHQH
$NWLRQ� fIn � YRQ�&RQVWUDLQW�/,Q� VFKZDFK� IDLU� LVW� �VLHKH�$EE�� ���
:HQQ�VLH�VWlQGLJ�VFKDOWEDU�LVW��ZLUG�VLH�GHVKDOE�LUJHQGZDQQ�DXV
GHU�0HQJH�GHU�JHUDGH�VFKDOWEDUHQ�$NWLRQHQ�]XP�6FKDOWHQ�DXV�
JHZlKOW�

� 35272.2//63(=,),.$7,21(1
'DV� 6OLGLQJ�:LQGRZ�3URWRNROO� >��@� VROO� GHQ� REHQ� YRUJHVWHOOWHQ
'DWHQWUDQVIHUGLHQVW� LPSOHPHQWLHUHQ�� 'LH� 6WUXNWXU� GHU� 3URWRNROO�
VSH]LILNDWLRQ� ZLUG� LP� XQWHUHQ� 7HLO� YRQ� $EE�� �� GDUJHVWHOOW�� (V
EHVWHKW�DXV�MH�HLQHU�3URWRNROOLQVWDQ]�6�DXI�GHU�6HLWH�GHV�6HQGHUV
XQG� 5� DXI� GHU� 6HLWH� GHV� (PSIlQJHUV�� GLH� PLWHLQDQGHU� XQWHU
9HUZHQGXQJ� HLQHV� 9ROO�'XSOH[�%DVLVGLHQVWHV� NRPPXQL]LHUHQ�
'LH� =XYHUOlVVLJNHLW� GHV� %DVLVGLHQVWHV� LVW� JHULQJHU� DOV� GLHMHQLJH
GHV� LQ� .DS�� �� YRUJHVWHOOWHQ� =LHOGLHQVWHV�� (U� ZLUG� GXUFK� ]ZHL
6LPSOH[�'DWHQNDQlOH�0� XQG� $� EHVFKULHEHQ�� :LU� JHKHQ� GDYRQ
DXV��GD��EHL�GHU�hEHUWUDJXQJ��EHU�GHQ�%DVLVGLHQVW�'DWHQYHUOX�
VWH�XQG�'XSOLNDWH�DXIWUHWHQ�N|QQHQ�� MHGRFK�DOOH�DQGHUHQ�)HKOHU�
DUWHQ� DXVJHVFKORVVHQ� VLQG�� 'HU� %DVLVGLHQVW� EHVLW]W� VRPLW� GLH
IROJHQGHQ� 'LHQVWHLJHQVFKDIWHQ�� 3'8V� ZHUGHQ� QLFKW� YHUIlOVFKW�
3'8V�ZHUGHQ�LQ�NRUUHNWHU�5HLKHQIROJH�DXVJHJHEHQ��GHU�$XVJD�
EHGDWHQVWURP� HQWKlOW� QXU� ]XYRU� JHVHQGHWH� 1DFKULFKWHQ� �3KDQ�
WRPIUHLKHLW���(LQH�GHUDUWLJH�hEHUWUDJXQJVJ�WH� OLHJW� ]XP�%HLVSLHO
YRU�� ZHQQ� GLH� XQWHUOLHJHQGH� 3XQNW�]X�3XQNW�'DWHQ�EHUWUDJXQJ
]ZDU�JHJHQ�hEHUWUDJXQJVIHKOHU�JHVLFKHUW�LVW��MHGRFK�'DWHQYHUOX�
VWH�DXIJUXQG�YRQ�6SHLFKHU�EHUOlXIHQ�XQG�'XSOLNDWH�DXIJUXQG�YRQ
.RSLHUIHKOHUQ� LQ� GHQ� 9HUPLWWOXQJVNQRWHQ� DXIWUHWHQ� N|QQHQ�� )HU�
QHU�YHUODQJHQ�ZLU�YRP�%DVLVGLHQVW�GLH�IROJHQGH�/HEHQGLJNHLWVHL�
JHQVFKDIW��:HQQ�GHU�%DVLVGLHQVWQHKPHU�LPPHU�ZLHGHU�3'8V�PLW
HLQHP�EHVWLPPWHQ�$WWULEXW�VHQGHW��PX�� LUJHQGZDQQ�HLQH�GLHVHU
3'8V� DQ� VHLQHQ� .RPPXQLNDWLRQVSDUWQHU� DXVJHOLHIHUW� ZHUGHQ�
2KQH�GLHVH�/HEHQGLJNHLWVDQIRUGHUXQJ�N|QQWH�HLQH�'DWHQHLQKHLW
LPPHU� ZLHGHU� YHUORUHQJHKHQ�� ZDV� DXIJUXQG� GHU� YRP� 3URWRNROO
JDUDQWLHUWHQ� 5HLKHQIROJHWUHXH� ]X� HLQHP� 6WLOOVWDQG� GHU� .RPPX�
QLNDWLRQ�I�KUWH�
'LH� $XIJDEH� GHU� 3URWRNROOLQVWDQ]HQ� GHV� 6OLGLQJ�:LQGRZ�3UR�
WRNROOV�EHVWHKW�GDULQ�� EHL� GHU�hEHUWUDJXQJ��EHU�GLH�%DVLVNDQlOH
DXIWUHWHQGH� 'DWHQYHUOXVWH� XQG� 'XSOLNDWH� ]X� HUNHQQHQ� XQG� ]X
EHKHEHQ��$X�HUGHP�P�VVHQ� VLH� GLH�$QIRUGHUXQJHQ� DQ� GLH�.D�
SD]LWlW� XQG� GLH� /HEHQGLJNHLW� GHV� =LHOGLHQVWHV� JDUDQWLHUHQ�� 'DV
3URWRNROO�YHUZHQGHW�GD]X�HLQHQ�6DW]�DQ�3URWRNROOIXQNWLRQHQ��ZLH
VLH� EHL� GHQ� PHLVWHQ� PRGHUQHQ� 'DWHQWUDQVIHUSURWRNROOHQ� �EOLFK
VLQG��YJO�� >�����@���'DWHQYHUOXVWH�XQG�'XSOLNDWH�ZHUGHQ�PLW�+LOIH
YRQ� 6HTXHQ]QXPPHUQ� HUNDQQW�� GLH� LQ� GHU� LP� IROJHQGHQ� DOV� 6
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EH]HLFKQHWHQ� 3URWRNROOLQVWDQ]� DXI� GHU� 6HLWH� GHV� 6HQGHUV� MHGHU
YRP� =LHOGLHQVWQHKPHU� �EHUJHEHQHQ� 'DWHQHLQKHLW� ]XJHZLHVHQ
ZHUGHQ�� 'XSOLNDWH� EHUHLWV� HPSIDQJHQHU� 'DWHQ� ZHUGHQ� YRQ� GHU
3URWRNROOLQVWDQ]�5�DXI�GHU�(PSIlQJHUVHLWH� LJQRULHUW��'DWHQYHUOX�
VWH�ZHUGHQ�GXUFK�VHOHNWLYH�hEHUWUDJXQJVZLHGHUKROXQJ�EHKREHQ�
EHL�GHU�DOOH�YHUORUHQJHJDQJHQHQ�'DWHQHLQKHLWHQ�HUQHXW��EHUWUD�
JHQ� ZHUGHQ�� 8P� GHU� 6HQGHLQVWDQ]� 6� GHV� 6OLGLQJ�:LQGRZ�
3URWRNROOV�]X�HUP|JOLFKHQ��DOOH�'DWHQHLQKHLWHQ�]X�HUNHQQHQ��GLH
QRFK� HLQPDO� �EHU� GHQ� %DVLVGLHQVW� �EHUWUDJHQ� ZHUGHQ�P�VVHQ�
VHQGHW�GLH�(PSIDQJVLQVWDQ]�5� GLH�6HTXHQ]QXPPHU� GHU� ]XOHW]W
GHP�'LHQVWQHKPHU�DXVJHOLHIHUWHQ�'DWHQHLQKHLW� LQ� HLQHU�%HVWlWL�
JXQJVPLWWHLOXQJ�DQ�6��'LH�,QVWDQ]�6�ZLHGHUKROW�EHL�GLHVHP�Ä3RVL�
WLYH� $FNQRZOHGJHPHQW� ZLWK� 5HWUDQVPLVVLRQ� �3$5�³� JHQDQQWHQ
9HUIDKUHQ� QXU� 'DWHQHLQKHLWHQ�� GHUHQ� $XVOLHIHUXQJ� YRQ� 5� QRFK
QLFKW� EHVWlWLJW� ZXUGH�� 6� KlOW� GLH� .DSD]LWlWVJUHQ]H� GHV� =LHO�
GLHQVWHV� HLQ�� LQGHP� VLH� QXU� 6HQGXQJHQ� YRP� =LHOGLHQVWQHKPHU
DN]HSWLHUW�� ZHQQ� ZHQLJHU� DOV� DFKW� JHVHQGHWH� 'DWHQHLQKHLWHQ
XQEHVWlWLJW�VLQG��'LH�/HEHQGLJNHLW�GHV�=LHOGLHQVWHV�ZLUG�GDGXUFK
JDUDQWLHUW��GD��6�]XP�HLQHQ�VLFKHUVWHOOW��GD��QHXH�RGHU�]X�ZLH�
GHUKROHQGH� 'DWHQHLQKHLWHQ� WDWVlFKOLFK� �EHU� GHQ� %DVLVGLHQVW
�EHUWUDJHQ�ZHUGHQ�� =XP�DQGHUHQ� JDUDQWLHUW� 5� GLH� $XVOLHIHUXQJ
DOOHU�NRUUHNW�HPSIDQJHQHQ�'DWHQHLQKHLWHQ�DQ�GHQ�'LHQVWQHKPHU
XQG�GLH�6HQGXQJ�YRQ�%HVWlWLJXQJHQ�DQ�6��EHU�GHQ�%DVLVGLHQVW�
'LH�3URWRNROOVSH]LILNDWLRQ�6OLG:LQG3URWRFRO��VLHKH�$EE�����ELOGHQ
ZLU�� LQGHP�ZLU� 3UR]HVVH� DXV� GHP� )UDPHZRUN� LQVWDQWLLHUHQ� XQG
PLWHLQDQGHU� NRPSRQLHUHQ�� =XJXQVWHQ� GHU� hEHUVLFKWOLFKNHLW� YHU�
]LFKWHQ�ZLU�EHL�GHU�$QJDEH�GHU�3UR]HVVH� LP�7HLO�PROCESSES
ZHLWJHKHQG�DXI�GLH�$QJDEH�GHU�3UR]H�SDUDPHWHU�� ,P�7HLO�AC-
TIONS� ZHUGHQ� GLH� 6\VWHPDNWLRQHQ� PHLVW� RKQH� $NWLRQVSDUD�
PHWHU�XQG�ORNDOH�3UR]H�DNWLRQHQ�DXIJHOLVWHW�
:LH�GLH�'LHQVWEHVFKUHLEXQJ�HQWKlOW�6OLG:LQG3URWRFRO�GHQ�3DUD�
PHWHU�usd ��PLW�GHP�PDQ�GLH�0HQJH�GHU��EHUWUDJEDUHQ�1XW]GD�
WHQ�DQJLEW��=XU�EHVVHUHQ�hEHUVLFKW�I�KUHQ�ZLU�%H]HLFKQHU�I�U�GLH
3DUDPHWHUHUVHW]XQJHQ�HLQ��GLH�ZLU�LQ�GHU�ZHLWHU�XQWHQ�HUOlXWHUWHQ
'DWHL� 6:3DUDPHWHUV� GHILQLHUHQ�� ,P� GXUFK� PROCESSES� JH�
NHQQ]HLFKQHWHQ�7HLO�GHU�6SH]LILNDWLRQ��VLHKH�$EE�����ZHUGHQ�GLH
)UDPHZRUN�3UR]HVVH� DXIJHOLVWHW�� PLW� GHQHQ� ZLU� GLH� 3URWRNROOLQ�
VWDQ]HQ�XQG�GLH�%DVLVNDQlOH�PRGHOOLHUHQ��'LH�3URWRNROOLQVWDQ]�6
DXI� GHU� 6HLWH� GHV� 6HQGHUV� VSH]LIL]LHUHQ� ZLU� GXUFK� GLH� )$30V
6%.��6%8��6$FN��6&DS�XQG�6/05T��'LHVH�)$30V�PRGHOOLHUHQ
GLH� 0HFKDQLVPHQ� ]XU� 9HUZDOWXQJ� GHU� 6HTXHQ]QXPPHUQ�� GHU
1XW]GDWHQ�� GHU� %HVWlWLJXQJHQ� NRUUHNW� �EHUWUDJHQHU� 'DWHQ� XQG
GHU� 'DWHQVSHLFKHUJU|�H� VRZLH� GHQ� 3URWRNROOPHFKDQLVPXV�� GHU
GLH� OHEHQGLJH� hEHUWUDJXQJ� QRFK� XQEHVWlWLJWHU� 'DWHQHLQKHLWHQ
VLFKHUVWHOOW��:LU�EHVFKUHLEHQ�GLH�3URWRNROOLQVWDQ]�5�DXI�GHU�6HLWH
GHV�(PSIlQJHUV�GXUFK�GLH�)$30V�5%.��5%8��5*��55��5'��53�
5$FN��5/$5T� XQG�5/,Q�� 'DGXUFK� ZHUGHQ� GLH� 3URWRNROOPHFKD�
QLVPHQ� ]XU� 9HUZDOWXQJ� YRQ� 6HTXHQ]QXPPHUQ� XQG� 1XW]GDWHQ�
]XU�UHLKHQIROJHWUHXHQ�$XVOLHIHUXQJ�GHU�1XW]GDWHQ�XQG�GHU�%HVWl�
WLJXQJ� HPSIDQJHQHU�1XW]GDWHQ�PRGHOOLHUW��'LH� /HEHQGLJNHLW� GHU
,QVWDQ]�VWHOOHQ�ZLU�GXUFK�GLH�)$30V�5/$5T�XQG�5/,Q�VLFKHU��GLH
GLH�%HVWlWLJXQJ� E]Z�� $XVOLHIHUXQJ� DOOHU� HPSIDQJHQHU�'DWHQHLQ�
KHLWHQ�JDUDQWLHUHQ�
'HQ�'DWHQNDQDO�0��GHU�GLH�hEHUWUDJXQJ�YRQ�=LHOGLHQVWGDWHQ�XQG
3URWRNROOVWHXHULQIRUPDWLRQ��3URWRFRO�&RQWURO�,QIRUPDWLRQ��3&,�� LP
5DKPHQ� YRQ� 3'8V� YRQ� 6� QDFK� 5� EHVFKUHLEW�� VSH]LIL]LHUHQ� ZLU
PLW�+LOIH� GHU�3UR]HVVH�0,G��0&��05��03� XQG�0/,��0,G� LVW� ZLH
GDV�6&�,G�HLQ�VSH]LHOOHV�+LOIVFRQVWUDLQW��GDV��EHUWUDJHQHQ�3'8V
LP�0RGHOO� ,GHQWLILNDWLRQVQXPPHUQ�]XRUGQHW��'XUFK�0&��05�XQG
03�PRGHOOLHUHQ�ZLU��GD���EHUWUDJHQH�'DWHQ�QLFKW�YHUIlOVFKW�RGHU

YHUWDXVFKW� ZHUGHQ�� XQG� GD�� NHLQH� 3KDQWRPH� DXIWUHWHQ�� 0/,
JDUDQWLHUW��GD��HLQH�LPPHU�ZLHGHU�GXUFK�,QVWDQ]�6�LQ�HLQHU�3'8
JHVHQGHWH� 'LHQVWGDWHQHLQKHLW� LUJHQGZDQQ� DQ� GLH� ,QVWDQ]� 5
DXVJHOLHIHUW� ZLUG�� 'HU� 'DWHQNDQDO� $�� GHU� GLH� hEHUWUDJXQJ� YRQ
3&,� LQ� GHU� 5LFKWXQJ� YRQ� 5� QDFK� 6� PRGHOOLHUW�� ZLUG� GXUFK� GLH
3UR]HVVH�$,G��$&��$5��$3�XQG�$/,�VSH]LIL]LHUW��0LW�GHU�$XVQDK�
PH��GD��$/,�GLH�$XVOLHIHUXQJ�DOOHU�%HVWlWLJXQJVQDFKULFKWHQ�DQ�6
JDUDQWLHUW��ZHQQ�VLH�YRQ�GHU�5� LPPHU�ZLHGHU�JHVHQGHW�ZHUGHQ�
HQWVSUHFKHQ�GLH�3UR]HVVH�GHQHQ�YRQ�.DQDO�0�
PROCESS SlidWindProtocol (usd : any)
                     6SHFLILFDWLRQ�RI�WKH�6OLGLQJ�:LQGRZ�3URWRFRO
 IMPORT SWParameters(usd);
 PROCESSES      6SHFLILFDWLRQ�6OLG:LQG3URWRFRO��6\VWHP�FRPSRQHQWV
            ��������)$30V��PRGHOOLQJ�WUDQVPLWWHU�HQWLW\�6
   SBK : SBufferKey            6HTXHQFH�QXPEHU�KDQGOHU
          (swpdu, swpci, usd, swpdu, swspci,
           swskey, 1, swskk, swskn, swskm,
           swusdsize, 1, 16, 8);
   SBU : SBufferUsd( });        8VHU�GDWD�EXIIHU�KDQGOHU
   SAck : SAcknowledge( });  'DWD�DFNQRZOHGJH�PHFKDQLVP
   SCap : SCapacity( });      3UHYHQWLQJ�GDWD�XQLW�RYHUIORZ
   SLMRq : SLiveMRq( });          7UDQVPLVVLRQ�OLYHQHVV
            ��������)$30V�PRGHOOLQJ�UHFHLYHU�HQWLW\�5
   RBK : RBufferKey( });       6HTXHQFH�QXPEHU�KDQGOHU
   RBU : RBufferUsd( });        8VHU�GDWD�EXIIHU�KDQGOHU
   RG : RGaps( });             1R�JDSV�RI�GHOLYHUHG�GDWD
   RR : RReorderings( });    'HOLYHUHG�GDWD�LV�QRW�UHRUGHUHG
   RD : RDuplicates( });    1R�GXSOLFDWLRQV�LQ�GHOLYHUHG�GDWD
   RP : RPhantoms( });           1R�SKDQWRPV�GHOLYHUHG
   RAck : RAcknowledge( });  'DWD�DFNQRZOHGJH�PHFKDQLVP
   RLARq : RLiveARq( });          /LYH�DFNQRZOHGJHPHQW
   RLIn : RLiveIn( });                 /LYH�GHOLYHU\
            ��������$0&V���&RQVWUDLQWV�RI�WKH�EDVLF�VHUYLFH�FKDQQHO�0
   MS : MSDUId ;     2UGHUHG�DVVLJQPHQW�RI�VHTXHQFH�QXPEHUV
   MC : MCorruptions( });    1R�FRUUXSWLRQV�GXULQJ�WUDQVIHU
   MR : MReorderings( });    1R�UHRUGHULQJV�GXULQJ�WUDQVIHU
   MP : MPhantoms( });      1R�SKDQWRPV�JHQHUDWHG�E\��0
   MLI : MLiveIn( });     (YHQWXDO�WUDQVIHU�RI�UHSHDWHG�3'8V
            ��������$0&V���&RQVWUDLQWV�RI�WKH�EDVLF�VHUYLFH�FKDQQHO�$
   AS : ASDUId;      �2UGHUHG�DVVLJQPHQW�RI�VHTXHQFH�QXPEHUV
   AC : ACorruptions( });    1R�FRUUXSWLRQV�GXULQJ�WUDQVIHU
   AR : AReorderings( });    1R�UHRUGHULQJV�GXULQJ�WUDQVIHU
   AP : APhantoms( });       1R�SKDQWRPV�JHQHUDWHG�E\�$
   ALI : ALiveIn( });     (YHQWXDO�GHOLYHU\�RI�UHSHDWHG�3'8V
 ACTIONS           6SHFLILFDWLRQ�6OLG:LQG3URWRFRO��6\VWHP�DFWLRQV
  Rq(krq:fkey;d:usd) {   6XEPLVVLRQ�RI�XVHU�GDWD�G��VHT�QR��NUT
    SBK.Rq(krq,d) � SBU.Rq(krq,d) �
    SAck.Rq(krq) � SCap.Rq(krq) �
    SLMRq.Rq (krq, d) � };
  fIn(krq:fkey;d:usd) { }; 'HOLYHU\��XVHU�GDWD�G��VHT�QR��NUT
  nIn (krq:fkey;d:usd) { };       IDLU�GHOLYHU\���RWKHU
  fMRq ( } ) { };              6XEPLVVLRQ�RI�D�SGX�WR�0
  nMRq ( } ) { };                IDLU�VXEPLVVLRQ���RWKHU
  fMIn ( } ) { };     'HOLYHU\�RI�D�GDWD�SGX�IURP�0�WR�UHFHLYHU
  nMIn ( } ) { };                    IDLU���RWKHU
  fARq ( } ) { };           6XEPLVVLRQ�RI�DQ�DFN�SGX�WR�$
  nARq ( } ) { };                    IDLU���RWKHU
  fAIn ( } ) { };     'HOLYHU\�RI�DQ�DFN�SGX�IURP�$�WR�VHQGHU
  nAIn ( } ) { };                    IDLU���RWKHU
  MTick { MLI.MTick � };       ,QWHUQDO�DFWLRQV�UHVXOWLQJ�LQ
  ATick { ALI.ATick � };       LQ�ORVV�RI�D�SGX
  fMNoTick               ,QWHUQDO�DFWLRQV�IRU�WKH�IDLU�GHOLYHU\�RI
   (p:[info:usd;seq:key �{ A};ack:key]) { };
  fANoTick                UHSHDWHG�SGXV
    (p:[info:usd;seq:key �{ A};ack:key]) { };
 END .

$EE�����3URWRNROO�6SH]LILNDWLRQ�6OLG:LQG3URWRFRO
'HU� LQ� $EE�� �� DXIJHI�KUWH� 7HLO� ACTIONS� GHU� 6SH]LILNDWLRQ
6OLG:LQG3URWRFRO� PRGHOOLHUW� GLH� .RSSOXQJ� GHU� HLQ]HOQHQ� 3UR�
]H�DNWLRQHQ� ]X�$NWLRQHQ� GHV�*HVDPWV\VWHPV��:LU� EHVFKUHLEHQ
GLH�$NWLRQHQ�In ��MRq��MIn ��ARq�XQG�AIn � MHZHLOV�GXUFK�HLQH
IDLUH�$NWLRQ�XQG�HLQH�QLFKW�IDLUH�$NWLRQ��6R�VSH]LIL]LHUW� ]XP�%HL�
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VSLHO� GLH�$NWLRQ� fMRq� GDV�6HQGHQ�YRQ�'DWHQHLQKHLWHQ��GLH� I�U
GHQ� )RUWVFKULWW� GHV� $EODXIV� ]ZLQJHQG� QRWZHQGLJ� VLQG�� ZlKUHQG
nMRq� 6HQGXQJHQ�PRGHOOLHUW�� GLH� LP� DNWXHOOHQ� =XVWDQG� HUODXEW
XQG�DXV�(IIL]LHQ]JU�QGHQ�DXFK�Z�QVFKHQVZHUW�VLQG��GLH�/HEHQ�
GLJNHLW�GHV�3URWRNROOV� MHGRFK� �QRFK��QLFKW� WDQJLHUHQ��'LH� UlXPOL�
FKH�9HUWHLOXQJ�GHU�3URWRNROOLQVWDQ]HQ�VWHOOHQ�ZLU�GDGXUFK�VLFKHU�
GD��LQ�MHGHU�6\VWHPDNWLRQ�HQWZHGHU�DOOH�3UR]HVVH�YRQ�,QVWDQ]�6
RGHU�YRQ�,QVWDQ]�5�QXU�PLW�6WRWWHUVFKULWWHQ�SDUWL]LSLHUHQ�
'LH� 3UR]HVVH� GHV� )UDPHZRUNV� SDVVHQ� ZLU� GXUFK� GLH� 3DUDPH�
WHUEHOHJXQJHQ� DQ� GLH� VSH]LILVFKHQ� (LJHQVFKDIWHQ� GHV� 6OLGLQJ�
:LQGRZ�3URWRNROOV� DQ�� $EE�� �� VNL]]LHUW� GD]X� GLH� 6SH]LILNDWLRQ
6:3DUDPHWHUV�� GLH�6\PEROH� ]XU�%HOHJXQJ� GHU� 3DUDPHWHU� GHIL�
QLHUW�
'HU�%H]HLFKQHU�swpdu �PRGHOOLHUW�GDV�3'8�)RUPDW�GHV�6OLGLQJ�
:LQGRZ�3URWRNROOV�� (V� EHVWHKW� QXU� DXV� GHQ� GUHL� )HOGHU� info �
seq � XQG�ack ��'LH�PLW� GHU�3'8��EHUWUDJHQHQ�1XW]GDWHQ�ZHU�
GHQ�LP�)HOG�info �JHVSHLFKHUW��6LH�N|QQHQ�DOOH�:HUWH�GHU�0HQ�
JH�DOOHU�'DWHQHLQKHLWHQ�usd �DQQHKPHQ��'DV�)HOG�seq �HQWKlOW
HQWZHGHU� GLH� 6HTXHQ]QXPPHU� GHU� LQ� GHU� 3'8� �EHUWUDJHQHQ
1XW]GDWHQHLQKHLW�YRP�'DWHQW\S�key � �HLQH�QDW�UOLFKH�=DKO�RGHU
GLH�.HQQXQJ�"notsent" ��I�U�3KDQWRPH��RGHU�GDV�6RQGHU]HL�
FKHQ�A��0LW�A� NHQQ]HLFKQHQ�ZLU�3'8V��GLH�QXU�%HVWlWLJXQJVLQ�
IRUPDWLRQ� I�U� GHQ� .RPPXQLNDWLRQVSDUWQHU� DEHU� NHLQH� HLJHQHQ
'DWHQHLQKHLWHQ�HQWKDOWHQ��'LH�6HTXHQ]QXPPHU�GHU� ]XOHW]W� DXV�
JHOLHIHUWHQ�'DWHQHLQKHLW�ZLUG�LP�)HOG�ack �JHVSHLFKHUW�
'LH�6HTXHQ]QXPPHUQ� GHU� JHVHQGHWHQ� XQG� GHU� EHVWlWLJWHQ�'D�
WHQ� LQ� GHU� 3'8� ELOGHQ� LKUH� 3URWRNROOVWHXHULQIRUPDWLRQ� �3&,��� VR
GD��GHU�%H]HLFKQHU�swpci �HLQHQ�9HUEXQGW\S�PLW�GHQ�)HOGHUQ
seq � XQG�ack � HQWKlOW�� swspci � EHVFKUHLEW� GLH� 5HIHUHQ]� DXI
GLH�3&,�HLQHU�3'8��'XUFK�GLH�)XQNWLRQ�ZLUG�HLQH�3'8�DXI�HLQH
3&,�DEJHELOGHW��GHUHQ�)HOGHU�seq �XQG�ack �GLHVHOEHQ�:HUWH�ZLH
GLH�JOHLFKQDPLJHQ�)HOGHU�LQ�GHU�3'8�EHVLW]HQ�
CONSTANT MODULE SWParameters (usd : any)
 3DUDPHWHUV�RI�WKH�6SHFLILFDWLRQ�RI�WKH�6OLGLQJ�:LQGRZ�3URWRFRO
 CONSTANTS
  ��������8VHG�LQ�)$30V�DQG�$0&V
  swpdu { [info:usd;seq:fkey �{ A};ack:fkey];
              $EVWUDFW�SGX�IRUPDW
  swpci { [seq:fkey �{ A};ack:fkey];
              3URWRFRO�FRQWURO�LQIRUPDWLRQ
  swspci { [x �[info:usd;seq:fkey �{ A};ack:fkey]
           o[seq �ox.seq;ack �ox.ack ]];
              3RLQWHU�WR�WKH�SFL�RI�D�SGX
  };
  ��������8VHG�LQ�$0&V
  swtc {      5HODWLRQ��LGHQWLW\�RI�SGXV
      {(k,k)|k �[info:usd;seq:key �{ A};ack:key]};
  };
 END .

$EE�����3DUDPHWHUEHOHJXQJHQ�6:3DUDPHWHUV
:LH� LQ�.DS����EHVFKULHEHQ�ZXUGH�� VSH]LIL]LHUHQ�ZLU� GDV�6OLGLQJ�
:LQGRZ�3URWRNROO� LQ� ]ZHL� 6FKULWWHQ�� ,P� HUVWHQ� 6FKULWW� HU]HXJHQ
ZLU� GLH� HLJHQWOLFKH� 3URWRNROOVSH]LILNDWLRQ�� ,P� ]ZHLWHQ� 6FKULWW� ELO�
GHQ�ZLU�HLQH�DEVWUDNWHUH�3URWRNROOVSH]LILNDWLRQ��GLH�]ZDU�DXFK�GLH
UlXPOLFKH�9HUWHLOXQJ� GHU� ,QVWDQ]HQ�PRGHOOLHUW�� MHGRFK� 9DULDEOHQ
PLW� XQHQGOLFKHQ�:HUWHEHUHLFKHQ� HQWKlOW�� ,Q� GLHVHU� 6SH]LILNDWLRQ
DEVWUDKLHUHQ� ZLU� VRPLW� YRQ� 3URWRNROOIHKOHUQ�� GLH� GXUFK� GLH� LP
UHDOHQ� %HWULHE� QRWZHQGLJH� 0HKUIDFKQXW]XQJ� YRQ� 6HTXHQ]QXP�
PHUQ� XQG� 9HUELQGXQJVNHQQXQJHQ� HQWVWHKHQ� N|QQHQ�� 'XUFK
GLHVH� 8QWHUWHLOXQJ� N|QQHQ� ZLU� GLH� 9HULILNDWLRQ� GHV� 6OLGLQJ�
:LQGRZ�3URWRNROOV� LQ� ]ZHL� HLQIDFKHUH� 6FKULWWH� ]HUOHJHQ� �VLHKH
.DS�����

'LH� ,QVWDQ]HQ� GHU� DEVWUDNWHQ� 3URWRNROOVSH]LILNDWLRQ� PRGHOOLHUHQ
ZLU� ZLHGHU� GXUFK� GLH� )UDPHZRUN�3UR]HVVH� 6%.�� 5%.�� 6%8�
5%8�� 5*�� 55�� 5'�� 6$FN�� 5$FN�� 6&DS�� 6/05T�� 5/$5T� XQG
5/,Q�� $OOHUGLQJV� YHUZHQGHQ� ZLU� GD]X� $EVWUDFW� 3URWRFRO� 0HFKD�
QLVPV� �$30V�� GHV� )UDPHZRUNV�� GLH� LP� *HJHQVDW]� ]X� GHQ
)$30V�9DULDEOHQ�PLW� XQHQGOLFKHP�:HUWHEHUHLFK� HQWKDOWHQ�� =XU
0RGHOOLHUXQJ� GHU� %DVLVNDQlOH� 0� XQG� $� YHUZHQGHQ� ZLU� LQ� GHU
DEVWUDNWHQ�6SH]LILNDWLRQ�GLH�JOHLFKHQ�$0&V�ZLH� LQ�GHU�6SH]LND�
WLRQ�6OLG:LQG3URWRFRO�

� 9(5,),.$7,21
'XUFK�GLH�9HULILNDWLRQ�VWHOOHQ�ZLU�VLFKHU��GD��GHU�LQ�.DS����VSH]L�
IL]LHUWH� .RPPXQLNDWLRQVGLHQVW� GXUFK� GDV� LQ� .DS�� �� PRGHOOLHUWH
6OLGLQJ�:LQGRZ�3URWRNROO� HUEUDFKW� ZLUG�� $XIJUXQG� GHU� .RPSRVL�
WLRQDOLWlW�YRQ�F7/$�N|QQHQ�ZLU�VLH�LQ�PHKUHUH�HLQIDFKHUH�%HZHLV�
VFKULWWH� ]HUOHJHQ�� ,Q� MHGHP� GLHVHU� %HZHLVVFKULWWH� ZHLVHQ� ZLU
QDFK�� GD�� HLQH�'LHQVWHLJHQVFKDIW� GXUFK� HLQ� DXV� HLQLJHQ� 3URWR�
NROOPHFKDQLVPHQ� EHVWHKHQGHV� 6XEV\VWHP� GHV� 6OLGLQJ�:LQGRZ�
3URWRNROOV�UHDOLVLHUW�ZLUG��:LU�YHUZHQGHQ�I�U�MHGHQ�GLHVHU�%HZHLV�
VFKULWWH�HLQ�7KHRUHP�GHV�)UDPHZRUNV�XQG�P�VVHQ�GDEHL� OHGLJ�
OLFK� �EHUSU�IHQ�� RE� GDV� 3URWRNROOV\VWHP� DXV� HLQHU� EHVWLPPWHQ
.RPELQDWLRQ� YRQ�3URWRNROOPHFKDQLVPHQ�EHVWHKW�� GHUHQ� DNWXHOOH
3DUDPHWHU� ]XHLQDQGHU� XQG� ]X� GHQHQ� GHU� UHDOLVLHUWHQ� 'LHQVWHL�
JHQVFKDIW�NRQVLVWHQW�VLQG��'LH�9HULILNDWLRQ� LVW�VRPLW�DXI�GLH�$XV�
ZDKO� XQG� .RQVLVWHQ]�EHUSU�IXQJ� YRQ� 7KHRUHPHQ� GHV� )UDPH�
ZRUNV�]XU�FNJHI�KUW�
LET
 Pars {       ��������3DUDPHWHU�FRQGLWLRQ
  {(p,q)|p,q �[info:usd;seq:key �{ A};ack:key] �
         p.seq=q.seq} =
  {(p,q)|p.seq=q.seq �
         p,q ��[info:usd;seq:key �{ A};ack:key]} �
  {(k,k)|k �[info:usd;seq:key �{ A};ack:key]} �
  {(p,q)|q �[info:usd;seq:key �{ A};ack:key] �
         p.seq=q.seq} �
  {(k,k)|k �[info:usd;seq:key �{ A};ack:key]} �
  {(p,q)|q �[info:usd;seq:key �{ A};ack:key] �
         p.ack = q.ack} ;
 Sys {       ��������6XEV\VWHP�GHILQLWLRQ
       SLiveMRq
        ([info:usd;seq:key �{ A};ack:key], }) �
       RLiveARq ( }) � RLiveIn ( }) �
       RAcknowledge ( }) � MSDUId �
       MCorruptions ( }) � MPhantoms ( }) �
       MLiveIn ( }) � ASDUId �
       ACorruptions ( }) � APhantoms ( }) �
       ALiveIn ( }) � CCLiveInNoAttr;
 EnvCond {   ��������(QYLURQPHQW�FRQGLWLRQ
  � krq,p,kd:
    Enabled(SLiveMRq.fMRq(krq,p,kd)) �
    (krq,p,kd) �Sys.efMRq �
  � p,kd:
    Enabled(RLiveARq.fARq(p,kd)) �
    (p,kd) �Sys.efARq �
    }
 ���� d:
    Enabled(ALiveIn.fANoTick(d)) �
    d�Sys.efANoTick ;
IN          ��������7KH�WKHRUHP
    Pars � Sys � REnvCond � LiveInNoAttr

$EE�����7KHRUHP�/LYH,Q1R$WWU
'HU� 3URWRNROOEHZHLV� ZLUG� LQ� ]ZHL� 6FKULWWH� ]HUOHJW�� ,P� HUVWHQ
6FKULWW�YHULIL]LHUHQ�ZLU��GD��GHU�.RPPXQLNDWLRQVGLHQVW�GXUFK�GDV
PLW� $30V� XQG� $0&V� VSH]LIL]LHUWH� DEVWUDNWH� 3URWRNROO� HUEUDFKW
ZLUG��,P�]ZHLWHQ�6FKULWW�ZHLVHQ�ZLU�QDFK��GD��GLH�DEVWUDNWH�3UR�
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WRNROOVSH]LILNDWLRQ� GXUFK� GLH� HLJHQWOLFKH� 6OLGLQJ�:LQGRZ�
3URWRNROOVSH]LILNDWLRQ� HUI�OOW� ZLUG�� GLH� DXV� )$30V� XQG� $0&V
JHELOGHW�LVW��)�U�GHQ�HUVWHQ�6FKULWW�DUUDQJLHUHQ�ZLU�DFKW�7KHRUHPH
GHV�)UDPHZRUNV��LQ�GHQHQ�MHZHLOV�HLQ�6&�GHU�'LHQVWVSH]LILNDWLRQ
YHULIL]LHUW�ZLUG��$OV�%HLVSLHO� ]HLJHQ�ZLU� GLH�9HULILNDWLRQ� GHV� /LYH�
QHVV�6&V�/,Q�� ,Q�$EE����JHEHQ�ZLU�GDV�GD]X�YHUZHQGHWH�7KHR�
UHP�GHV�)UDPHZRUNV�DQ�� �8P�GHQ�8PIDQJ�GHU�6SH]LILNDWLRQ�]X
EHJUHQ]HQ��KDEHQ�ZLU�GLH�DNWXHOOHQ�3DUDPHWHU�GHU�3UR]HVVH�GHV
3URWRNROOVXEV\VWHPV�ZHJJHODVVHQ��
'LH� $XVVDJH� GLHVHV� 7KHRUHPV� LVW�� GD�� HLQH� ,QVWDQ]� GHV� 6&V
/LYH,Q1R$WWU�� LQ� XQVHUHP� )DOO� /,Q�� YRQ� HLQHP� 3URWRNROOV\VWHP
UHDOLVLHUW�ZLUG��GDV�GDV�6\VWHP�6\V�DOV�6XEV\VWHP�KDW��ZHQQ�GLH
%HGLQJXQJHQ� 3DUV� XQG� R(QY&RQG� JHOWHQ�� 6\V� EHVWHKW� DXV
,QVWDQ]HQ� GHU� $30V� 6/LYH05T�� 5/LYH$5T�� 5/LYH,Q� XQG
5$FNQRZOHGJH� VRZLH�DXV� ,QVWDQ]HQ�GHU�$0&V�06'8,G��0&RU�
UXSWLRQV��03KDQWRPV��0/LYH,Q�� $6'8,G�� $&RUUXSWLRQV�� $3KDQ�
WRPV� XQG� $/LYH,Q�� 'LHVHV� 6XEV\VWHP� JDUDQWLHUW�� GD�� 'DWHQ
�6/LYH05T�� XQG� %HVWlWLJXQJHQ� �5/LYH$5T�� JHQ�JHQG� KlXILJ
]ZLVFKHQ� GHQ� 3URWRNROOLQVWDQ]HQ� �EHUPLWWHOW� ZHUGHQ�� NRUUHNW
HPSIDQJHQH� 'DWHQ� DQ� GHQ� 'LHQVWQHKPHU� DXVJHOLHIHUW� ZHUGHQ
�5/LYH,Q�� XQG� QLFKW� NRUUHNW� HPSIDQJHQH�'DWHQ� XQEHVWlWLJW� EOHL�
EHQ� �5$FNQRZOHGJH��� $X�HUGHP� VLQG� GLH� %DVLVNDQlOH� OHEHQGLJ
�0/LYH,Q��$/LYH,Q��XQG� OLHIHUQ�NHLQH�YHUIlOVFKWHQ�RGHU�3KDQWRP�
6HTXHQ]QXPPHUQ� DXV� �06'8,G�� 0&RUUXSWLRQV�� 03KDQWRPV�
$6'8,G��$&RUUXSWLRQV��$3KDQWRPV��
'XUFK�(UVHW]XQJ�GHU�IRUPDOHQ�3DUDPHWHU�DOOHU�LQ�6\V�HQWKDOWHQHQ
.RPSRQHQWHQ� DXI� GLHVHOEH� :HLVH� ZLH� EHL� GHU� 6SH]LILND�
WLRQVHUVWHOOXQJ��VLHKH�.DS�����SDVVHQ�ZLU�GDV�7KHRUHP�DQ�XQVHU
%HLVSLHO� DQ�� 'D� GLH� DEVWUDNWH� 3URWRNROOVSH]LILNDWLRQ� ,QVWDQ]HQ
DOOHU�LQ�6\V�DQJHJHEHQHQ�$30V�XQG�$0&V�EHVLW]W��GHUHQ�$NWLR�
QHQ�PLWHLQDQGHU�JHPl��GHU�KLHU�QLFKW�QlKHU�DXIJHI�KUWHQ�)RUPHO
&&/LYH,Q1R$WWU�JHNRSSHOW�VLQG��LVW�6\V�VRPLW�HLQ�6XEV\VWHP�GHV
DEVWUDNWHQ� 6OLGLQJ�:LQGRZ�3URWRNROOV�� 'LH� 3DUDPHWHUHUVHW]XQJ
LVW�NRQVLVWHQW��ZHQQ�GLH�)RUPHO�3DUV�ZDKU�LVW��'DV�HUVWH�.RQMXQNW
YRQ�3DUV�LVW�HLQH�7DXWRORJLH�XQG�GHVKDOE�WULYLDOHUZHLVH�ZDKU��'LH
EHLGHQ�ZHLWHUHQ�.RQMXQNWH�VDJHQ�DXV��GD��]ZHL� LGHQWLVFKH�3UR�
WRNROOGDWHQHLQKHLWHQ�S� XQG�T� GLH�(LJHQVFKDIW� EHVLW]HQ�� GD�� LKUH
.RPSRQHQWHQ�S�VHT�XQG�T�VHT�E]Z��S�DFN�XQG�T�DFN�JOHLFK�VLQG�
'LHVH� (LJHQVFKDIWHQ� JHOWHQ� RIIHQVLFKWOLFK�� GD� VLFK� ]ZHL� LGHQWL�
VFKH�3'8V�JHUDGH�GDGXUFK�DXV]HLFKQHQ��GD��DOOH�.RPSRQHQWHQ
�LQVEHVRQGHUH�VHT�XQG�DFN��LGHQWLVFKH�:HUWH�EHVLW]HQ�
'LH� WHPSRUDOH� %HGLQJXQJ� R(QY&RQG� ZLUG� QXU� EHL� GHU� 9HULIL�
NDWLRQ� YRQ� /LYHQHVV�6&V� YHUZHQGHW�� 6LH� VWHOOW� VLFKHU�� GD�� /L�
YH,Q1R$WWU�QLFKW�QXU�GXUFK�6\V��VRQGHUQ�DXFK�GXUFK�GDV�JHVDPWH
DEVWUDNWH�6OLGLQJ�:LQGRZ�3URWRNROO� HUEUDFKW�ZLUG��6LH�PX���EUL�
JHQV� QLFKW� DXVGU�FNOLFK� EHZLHVHQ� ZHUGHQ�� GD� EHL� GHU� (QWZLFN�
OXQJ� MHGHV� /LYHQHVV�7KHRUHPV� XQWHUVXFKW� ZXUGH�� ZHOFKH� 3UR�
]H�W\SHQ� ]XU� 9HUOHW]XQJ� GHU� %HGLQJXQJ� EHLWUDJHQ� N|QQHQ�� 6R
ZXUGH� EHL� GHU� (UVWHOOXQJ� GLHVHV� 7KHRUHPV� QDFKJHZLHVHQ�� GD�
PLW�$XVQDKPH�GHV�$30V�'DWD&KDQ2SHQ5�NHLQ�$30�RGHU�$0&
GHV� )UDPHZRUNV� GLH� %HGLQJXQJ� R(QY&RQG� YHUOHW]W�� 'D� 'D�
WD&KDQ2SHQ5� QLFKW� LQ� GHU� DEVWUDNWHQ� 3URWRNROOVSH]LILNDWLRQ
HQWKDOWHQ� LVW�� JLOW� VRPLW� R(QY&RQG�� 'D� 3DUV� XQG� R(QY&RQG
JHOWHQ� XQG� 6\V� HLQ� 6XEV\VWHP� GHU� DEVWUDNWHQ� 3UR�
WRNROOVSH]LILNDWLRQ� LVW�� KDEHQ� ZLU� YHULIL]LHUW�� GD�� GDV� DEVWUDNWH
6OLGLQJ�:LQGRZ�3URWRNROO�GLH�'LHQVWHLJHQVFKDIW�/,Q�UHDOLVLHUW��$XI
GLH� JOHLFKH� :HLVH� EHZHLVHQ� ZLU� GLH� VLHEHQ� DQGHUHQ� 6&V� GHU
'LHQVWHLJHQVFKDIW�

'HQ� %HZHLV�� GD�� GLH� NRQNUHWH� 6OLGLQJ�:LQGRZ�3URWRNROOVSH]L�
ILNDWLRQ�GLH�DEVWUDNWH�HUI�OOW�� I�KUHQ�ZLU� DQDORJ��0LW�+LOIH� YRQ� ��
7KHRUHPHQ�GHV�)UDPHZRUNV�YHULIL]LHUHQ�ZLU�GLH�*�OWLJNHLW�GHU���
$30V�� 'LH� .RUUHNWKHLW� GHU� $0&V� PX�� QLFKW� H[SOL]LW� EHZLHVHQ
ZHUGHQ��GD�GDV�NRQNUHWH�XQG�GDV�DEVWUDNWH�3URWRNROO�GHQVHOEHQ
%DVLVGLHQVW� YHUZHQGHQ�� GHU� GXUFK� LGHQWLVFKH� $0&V� JHELOGHW
ZLUG�

� 6&+/866%(0(5.81*(1
'LH� *UXQG]�JH� GHV� 7UDQVIHUSURWRNROO�)UDPHZRUNV� XQG� VHLQHU
$QZHQGXQJ�]XU�0RGHOOLHUXQJ�� IRUPDOHQ�6SH]LILNDWLRQ�XQG�9HULIL�
NDWLRQ� YRQ� .RPPXQLNDWLRQVSURWRNROOHQ� ZXUGHQ� DQKDQG� GHU� H[�
HPSODULVFKHQ� %HKDQGOXQJ� HLQHV� 6OLGLQJ�:LQGRZ�3URWRNROOV� HU�
OlXWHUW�� ,Q�lKQOLFKHU�:HLVH�NRQQWHQ�DXFK�VFKRQ� XPIDQJUHLFKHUH
3URWRNROOH� �ZLH� ]�%�� ;73�� VLHKH� >��@�� PLW� EHPHUNHQVZHUW� JHULQ�
JHP�$UEHLWVDXIZDQG� XQWHUVXFKW� ZHUGHQ� XQG�ZLU� P|FKWHQ� LQWHU�
HVVLHUWHQ�/HVHUQ�GLH�1XW]XQJ�GHV�)UDPHZRUNV�QDKHOHJHQ��(V�LVW
�EHU� :::� ]XJlQJOLFK� �KWWS���OV��ZZZ�LQIRUPDWLN�XQL�
GRUWPXQG�GH�596�3�730���$X�HUGHP�ZLUG�HV�LQ�>��@�DXVI�KUOLFK
EHVFKULHEHQ�
=XU�=HLW�DUEHLWHQ�ZLU�DQ�(UZHLWHUXQJHQ�GHU�6SH]LILNDWLRQVWHFKQLN
F7/$�� GLH� ]XVlW]OLFK� ]XU� 0RGHOOLHUXQJ� HUHLJQLVGLVNUHWHU�� QLFKW�
]HLWEHZHUWHWHU� '\QDPLN� DXFK� GLH� (UIDVVXQJ� YRQ� 5HDO]HLW�
(LJHQVFKDIWHQ� XQG� ]HLWOLFK�NRQWLQXLHUOLFKHQ� 9RUJlQJHQ� OHLVWHQ
>���� ���� ��@�� :LU� P|FKWHQ� DXI� GLHVHU� %DVLV� GHQ� )UDPHZRUN�
$QVDW]� DXI� YHUWHLOWH� 5HDO]HLW�6\VWHPH� �EHUWUDJHQ� XQG� XQWHUVX�
FKHQ� GD]X� PRPHQWDQ� GDV� $QZHQGXQJVIHOG� GHU� .RQWUROOH� FKH�
PLHWHFKQLVFKHU� $QODJHQ�� 'DU�EHUKLQDXV� VLQG� GLHVH� F7/$�
(UZHLWHUXQJHQ� QDW�UOLFK� DXFK� ZLHGHU� I�U� .RPPXQLNDWLRQVSUR�
WRNROOH�LQWHUHVVDQW��ZHQQ�GLH�hEHUWUDJXQJ�YRQ�0XOWLPHGLD�'DWHQ
PRGHOOLHUW�ZHUGHQ�VROO�

/LWHUDWXU
>�@� %�� $OSHUQ� X�� )�� 6FKQHLGHU�� 'HILQLQJ� /LYHQHVV�� ,QI�� 3URF�� /HW��� ������±����
�����
>�@� 0�� %UR\� HW� DO�� 7KH� 'HVLJQ� RI� 'LVWULEXWHG� 6\VWHPV� ±� $Q� ,QWURGXFWLRQ� WR
)2&86��,QWHUQHU�%HULFKW�780�,������7HFKQLVFKH�8QLYHUVLWlW�0�QFKHQ�� ,QVW�� I�U
,QIRUPDWLN������
>�@�5��%DFN�X��5��.XUNLR�6XRQLR��'HFHQWUDOL]DWLRQ�RI�SURFHVV�QHWV�ZLWK�D�FHQWUDOL�
]HG�FRQWURO��'LVWULEXWHG�&RPSXWLQJ��������±���������
>�@�6��%XGNRZVNL��(VWHOOH�'HYHORSPHQW�7RROVHW��&RPSXWHU�1HWZRUNV� DQG� ,6'1
6\VWHPV����������±���������
>�@� (�� &ODUNH�� (�� (PHUVRQ� X�� $�� 6LVWOD�� $XWRPDWLF� 9HULILFDWLRQ� RI� )LQLWH�6WDWH
&RQFXUUHQW�6\VWHPV�8VLQJ�7HPSRUDO�/RJLF�6SHFLILFDWLRQV��$&0�7UDQV��RQ�3URJ�
/DQJ��D��6\VW�����������±����������
>�@�(��&ODUNH��2��*UXPEHUJ�X��'��/RQJ��0RGHO�&KHFNLQJ�DQG�$EVWUDFWLRQ��$&0
7UDQV��RQ�3URJ��/DQJ��D��6\VW�������������±�����������
>�@�:��'RHULQJHU� HW� DO�� $�6XUYH\� RI� /LJKW�:HLJKW� 7UDQVSRUW�3URWRFROV� IRU� +LJK�
6SHHG�1HWZRUNV��,(((�7UDQV��RQ�&RPP��������������±�����������
>�@�8��(QJEHUJ��3��*URQQLQJ�X��/��/DPSRUW��0HFKDQLFDO�9HULILFDWLRQ�RI�&RQFXUUHQW
6\VWHPV�ZLWK�7/$�� ,Q�Y��%RFKPDQQ��*��HW�DO��+UVJ���9HULILFDWLRQ��/1&6������6�
��±����6SULQJHU�9HUODJ�������
>�@�-��)HUQDQGH]�X��/��0RXQLHU��2Q�WKH�)O\�9HULILFDWLRQ�RI�%HKDYLRXUDO�(TXLYDOHQ�
FHV�DQG�3UHRUGHUV��/1&6������6�����±�����%HUOLQ�+HLGHOEHUJ��6SULQJHU�9HUODJ�
�����
>��@� 6�� *DUODQG�� -�� *XWWDJ� X�� -�� +RUQLQJ�� 'HEXJJLQJ� /DUFK� 6KDUHG� /DQJXDJH
6SHFLILFDWLRQV��,(((�7UDQV��RQ�6RIW��(QJ�������������±�����������
>��@�5��*HUWK�HW�DO��6LPSOH�2Q�WKH�IO\�$XWRPDWLF�9HULILFDWLRQ�RI�/LQHDU�7HPSRUDO
/RJLF�� ,Q�3��'HPELQVNL�X��0��6UHGQLDZD��+UVJ���3URWRFRO�6SHFLILFDWLRQ��7HVWLQJ�
DQG�9HULILFDWLRQ�;9��6���±����,),3��&KDSPDQ�	�+DOO�������



3��+HUUPDQQ��+��.UXPP����������������������������������������������������������������������������������������������������������������������������������������������������������7UDQVIHUSURWRNROO�)UDPHZRUN

>��@� 3�� +HUUPDQQ�� 3UREOHPQDKHU� NRUUHNWKHLWVVLFKHUQGHU� (QWZXUI� YRQ� +RFKOHL�
VWXQJVSURWRNROOHQ��'LVVHUWDWLRQ��8QLYHUVLWlW�'RUWPXQG��������(UVFKHLQW� LP�'HXW�
VFKHQ�8QLYHUVLWlWVYHUODJ�������
>��@� 3�� +HUUPDQQ�� *�� *UDZ� X�� +�� .UXPP�� &RPSRVLWLRQDO� 6SHFLILFDWLRQ� DQG
6WUXFWXUHG�9HULILFDWLRQ�RI�+\EULG�6\VWHPV�LQ�F7/$��(UVFKHLQW�LQ�3URF��RI��VW�,(((
,QW�� 6\PS�� RQ� 2EMHFW�RULHQWHG� 5HDO�WLPH� GLVWULEXWHG� &RPSXWLQJ� �,625&����
.\RWR��-DSDQ�������
>��@�=��+DU
(O�X��5��.XUVKDQ��6RIWZDUH�IRU�DQDO\WLFDO�GHYHORSPHQW�RI�FRPPXQLFD�
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