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7KH�(XURSHDQ�0HHWLQJV�RQ�&\EHUQH�
WLFV�DQG�6\VWHPV�5HVHDUFK�ORRN�EDFN�
RQ�PRUH�WKDQ����\HDUV�RI�KLVWRU\��
,Q�������WKH�HPFVU�RIIHUHG�LWV�ÀUVW�
IRUXP�IRU�GLVFXVVLRQ�RI�FRQYHUJLQJ�
LGHDV�DQG�QHZ�DVSHFWV�RI�GLIIHUHQW�
VFLHQWLÀF�GLVFLSOLQHV��FR�IRXQGHG�E\�
WKH�$XVWULDQ�6RFLHW\�IRU�&\EHUQHWLFV�
6WXGLHV��FKDLUHG�E\�5REHUW�7UDSSO��ZKR�
HVWDEOLVKHG�WKH�$XVWULDQ�,QVWLWXWH�IRU�
$UWLÀFLDO�,QWHOOLJHQFH�LQ�9LHQQD��WRR��
6LQFH�WKHQ�HYHU\�WZR�\HDUV�WRS�
VFLHQWLVWV�IURP�DOO�RYHU�WKH�ZRUOG�
PHW�LQ�9LHQQD�WR�SUHVHQW�WKHLU�ODWHVW�
UHVHDUFK�UHVXOWV�DQG�GLVFXVV�WKH�UDSLG�
GHYHORSPHQWV�LQ�RXU�VRFLHW\��

7KH�HPFVU�DYDQWJDUGH�LV�WKH���UG�
PHHWLQJ�LQ�9LHQQD�EXLOGLQJ�RQ�WKHVH�
OHJHQGDU\�WLPHV��%XW�ZH�IDFH�
D�FUXFLDO�WXUQ�LQ�WKH�KLVWRU\�RI�WKH�
PHHWLQJV��,Q������ZH�FDOO�IRU�OHDGLQJ�
D�WUDGLWLRQ�LQWR�WKH�IXWXUH��D�GHOLFDWH�
SURFHVV�RI�UHGHVLJQ��:H�ZDQW�WR�
HVWDEOLVK�D�PLOHVWRQH�IRU�WKH���VW�
FHQWXU\�VFLHQWLÀF�DYDQWJDUGH��VWLOO�
FRQQHFWHG�WR�WKH�URRWV�RI�WKH�SURYRFD�
WLYH�DYDQWJDUGH�LQ�WKH���V��7KH�QDPH�
DYDQWJDUGH�VKDOO�UHÁHFW�WKH�YLVLRQ�DQG�
WKH�FRUH�RI�WKH�QHZ�SURJUDPPH�DQG�
GHVLJQ�

7KXV�ZH�GHFLGH��IURP������WR�VHW�WKH�
PDLQ�VWDJH�IRU�WKH�\RXQJ�UHVHDUFKHUV��
WRR��:H�ZDQW�WR�FR�FUHDWH�WKH�ÀUVW�
SURWRW\SH�RI�D�¶VFLHQWLÀF�WDOHQW�VFRX�
WLQJ·�LQGHSHQGHQW�RI�WKH�DJH�DQG�FDUHHU�
VWDWXV�RI�WKH�FDQGLGDWH��&RQWHPSRUDU\�
6\VWHPV�6FLHQFH�VKDOO�PHHW�SKLORVR�
SK\��VFLHQFH��HQJLQHHULQJ��HFRQRP\��
DUFKLWHFWXUH��GHVLJQ��DUW�DQG�DQ\�
FRQYHUJHQFH�RI�WKHVH�GLVFLSOLQDU\�IRXQ�
GDWLRQV�ZLWK�D�V\VWHPV�SHUVSHFWLYH��

:H�DUH�DZDUH�WKDW�WKH�SUHVHQW�GD\�
DYDQWJDUGH�DOVR�FDOOV�IRU�QHZ�IRUPDWV�
RI�LQWHUSOD\��7KH��VW�SRS�XS�FRQIHUHQFH�
LQ�WKH�ÀHOG�RI�6\VWHPV�6FLHQFH�DQG�
6\VWHPV�'HVLJQ�LV�DQQRXQFHG�IURP�
0DUFK���WK�WR�$SULO��VW�������:H�
HQYLVLRQ�D�VPDOOHU�DQG�PRUH�H[FOXVLYH�
IUDPHZRUN�IRU�PHDQLQJIXO�PHHWLQJV�
DQG�FRQYHUVDWLRQV��WR�SURPRWH�WKH�
IXWXUH�VFLHQFH�OHDGHUV�LQ�D�IDVW�DGYHQ�
WXUH��HPHUJLQJ�WKH�XQH[SHFWHG�DQG�
XQWKLQNDEOH�LQWR�WKH�SUHVHQW�DQG�IXWXUH�
H[LVWHQFH��

7KH�SUHVHQW�IXWXUH�RI�D�6\VWHPV�6FLHQFH�JHQHUDWLRQ��
HPFVU�DYDQWJDUGH

6WHIDQ�%ODFKIHOOQHU�	�7HVV�0DUMD�:HUQHU
%HUWDODQII\�&HQWHU�IRU�WKH�6WXG\�RI�6\VWHPV�6FLHQFH��
(XURSHDQ�0HHWLQJV�RQ�&\EHUQHWLFV�DQG�6\VWHPV�5HVHDUFK
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:H�FDOOHG�IRU�SDUWLFLSDWLRQ�LQ�D�SOD\IXO�
FRQWHVW��$Q�LQWHUQDWLRQDO�VFLHQWLÀF�
FRPPLWWHH�RI�UHQRZQHG�H[SHUWV�LQ�WKHLU�
UHVSHFWLYH�ÀHOGV�VHOHFWHG�WKH�FRPSHWLWL�
RQ�DWWHQGHHV�DQG�WKHLU�VXEPLVVLRQV��
6WDUWLQJ�LQ�-DQXDU\�ZH�GDUHG�WKH�
H[SHULPHQW�WR�HQJDJH�WKH�LQWHUQDWLRQDO�
FRPPXQLW\�RI�\RXQJ�UHVHDUFKHUV�LQ�
RQO\�WKUHH�PRQWKV�ZLWK�D�PXOWL�FKDQQHO�
DSSURDFK��WKURXJK�VRFLDO�PHGLD�DQG�RXU�
ZHOO�HVWDEOLVKHG�ZRUOGZLGH�RUJDQL]DWL�
RQDO�QHWZRUNV��:LWK�D�����DFFHSWDQFH�
UDWH�LQ�WKLV�ERRN�HYHU\�VHOHFWHG�UHVHDU�
FKHU�LV�D�QRPLQHH�IRU�¶7KH�/XGZLJ�YRQ�
%HUWDODQII\�<RXQJ�6FLHQWLVW�$ZDUG·�
GRQDWHG�E\�WKH�PDLQ�RUJDQL]HU�RI�WKH�
HYHQW��WKH�%HUWDODQII\�&HQWHU�IRU�WKH�
6WXG\�RI�6\VWHPV�6FLHQFH��

7KH�ZLQQHU�ZDV�FKRVHQ�WKURXJK�UHDO�
WLPH�YRWLQJ�E\�WKH�DXGLHQFH�GXULQJ�WKH�
HPFVU�DYDQWJDUGH�PHHWLQJV��(YHU\RQH�
ZKR�ZDV�SHHU�UHYLHZHG�ZDV�D�SHHU�
UHYLHZHU��7KH�H[SHULPHQW�GHPDQ�
GHG�GHHS�OLVWHQLQJ�DQG�HQJDJHPHQW�
ZLWK�SHRSOH�DQG�LGHDV��WR�FR�GHYHORS�
NQRZOHGJH�UDWKHU�WKDQ�SUHVHQWLQJ�
LQGLYLGXDO�ÀQGLQJV��7RJHWKHU�ZH�ZHUH�
LQTXLULQJ�RXU�IXWXUH�YLVLRQ��WKH�QH[W�
LPSDFWIXO�DGYDQFHV�LQ�VFLHQFH�DQG�
VRFLHW\��ZKDW�ZH�PLJKW�EH�DEOH�WR�FR�
FUHDWH�IRU�IXWXUH�RULHQWHG�OLIH�FRQFHSWV�
DQG�WKULYDEOH�HFRORJLHV��D�ÁRXULVKLQJ�
SODQHW��PHDQLQJIXO�WHFKQRORJLHV��DQG�D�
IXWXUDEOH�KXPDQLW\��

1H[W�WR�WKH�FRPSHWLWLRQ�WKH�HPFVU�
DYDQWJDUGH�DOVR�LQFOXGHV�VDWHOOL�
WH�ZRUNVKRSV�IRFXVLQJ�RQ�VSHFLÀF�
WRSLFV�RUJDQL]HG�E\�LQYLWHG�JURXSV�RI�
DOUHDG\�HVWDEOLVKHG�UHVHDUFKHUV��7KH\�
RIIHU�RSSRUWXQLWLHV�WR�VKRZFDVH�DQG�
IXUWKHU�HODERUDWH�FRQWHPSRUDU\�WUHQGV�
LQ�&\EHUQHWLFV��6\VWHPV�6FLHQFH�DQG�
6\VWHPV�'HVLJQ��

:H�DUH�WKDQNIXO�WR�WKH�6LJPXQG�)UHXG�
3ULYDWH�8QLYHUVLW\�IRU�WKHLU�KHDUWLO\�
LQYLWDWLRQ�WR�KROG�WKH�PHHWLQJV�DW�WKHLU�
8QLYHUVLW\��
:H�ZHUH�DEOH�WR�GHVLJQ�D�ZKROH�QHZ�
H[SHULHQFH�WKDQNV�WR�WKH�PRGHUQ�DU�
FKLWHFWXUH�DQG�IXOO�IUHHGRP�WR�HVWDEOLVK�
DQ�H[WUDRUGLQDU\�HQDEOLQJ�VSDFH�IRU�
WKH�OLYHO\�LQWHUDFWLRQV��DORQJVLGH�ZLWK�
YDULRXV�SDUWQHUV��ZKR�FRPELQH�IXWXUH�
RULHQWHG�VRFLDO�FDXVHV�ZLWK�WKHLU�EXVL�
QHVV�RIIHUV��IURP�KRWHOV�DQG�UHVWDXUDQWV�
WR�D�FXOWXUDO�VRFLDO�SURJUDPPH��:H�
KDYH�FKRVHQ�WR�FRPSOHWH�RXU�DYDQWJDU�
GH�YLVLRQ��

:H�DUH�SURXG�WKDW�WRGD\�WKH�HPFVU�
DYDQWJDUGH�EXLOGV�D�EULGJH�EHWZHHQ�WKH�
DFKLHYHPHQWV�RI�WKH�SDVW�DQG�WKH�LQVSL�
ULQJ�LQWHUGLVFLSOLQDU\�6\VWHPV�6FLHQFH�
SRWHQWLDOV�RI�WKH�IXWXUH�LQ�SKLORVRSK\��
QDWXUDO��WHFKQLFDO�DQG�VRFLDO�VFLHQFHV��
HQJLQHHULQJ��HFRQRPLFV��DUFKLWHFWXUH��
DUW�DQG�GHVLJQ��UHFRJQL]HG�E\�LQWHUQDWL�
RQDOO\�UHQRZQHG�XQLYHUVLW\�SURIHVVRUV�
DQG�LQTXLUHG�E\�\RXQJ�UHVHDUFKHUV��DV�
ZHOO�DV�LQQRYDWRUV�DQG�SUDFWLWLRQHUV��

:H�KRSH�\RX�HQMR\�WKH�HPFVU�DYDQW�
JDUGH�ERRN�DQG�LWV�FRQWULEXWLRQV�DV�
PXFK�DV�ZH�KDYH�HQMR\HG�PHHWLQJ�DQG�
LQWHUDFWLQJ�ZLWK�WKH�VHOHFWHG�QRPLQHHV�
DQG�DOO�SDUWLFLSDQWV�

&RUUHVSRQGLQJ�DXWKRU��
VWHIDQ�EODFKIHOOQHU#EFVVV�RUJ
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$V�YLFH�SUHVLGHQW�RI�WKH�%HUWDODQII\�
&HQWHU�IRU�WKH�6WXG\�RI�6\VWHPV�
6FLHQFH��%&666���,�DP�GHOLJKWHG�WR�
SUHVHQW�WKH�%RRN�RI�$EVWUDFWV�RI�WKH�
��UG�(XURSHDQ�0HHWLQJV�RQ�&\EHU�
QHWLFV�DQG�6\VWHPV�5HVHDUFK�������
+LVWRU\�VHHPV�WR�FRQYHUJH�ZLWK�WKLV�
\HDU·V�PHHWLQJ�LQ�PDQ\�IDFHWV��2Q�WKH�
RQH�KDQG��WKH�%HUWDODQII\�&HQWHU��DV�
WKH�PDLQ�RUJDQL]HU��KDV�FDUHIXOO\�FKR�
VHQ�D�FRQWHPSRUDU\�WKHPH�WR�FRQQHFW�
WKH�PRUH�WKDQ����\HDUV�ROG�WUDGLWLRQ�RI�
WKH�(0&65�PHHWLQJV�ZLWK�WKH�SUHVHQW�
VFLHQWLÀF�VWDWH�RI�WKH�DUW��2Q�WKH�RWKHU�
KDQG��DOVR�WKH�ORFDWLRQ�RI�WKH�PHHWLQJ�
LV�KLVWRULFDOO\�PHDQLQJIXO��EHFDXVH�D�
QHDUE\�ELUWKSODFH�RI�PRGHUQ�ELRORJ\�
LQ�9LHQQD�KDG�VWURQJO\�LQÁXHQFHG�
/XGZLJ�YRQ�%HUWDODQII\��)LQDOO\��WKH�
6LJPXQG�)UHXG�3ULYDWH�8QLYHUVLW\�
�6)8���ZKLFK�ZH�WKDQN�IRU�WKH�KRVSLWD�
OLW\�DQG�JHQHURXV�VXSSRUW��SURYLGHV�\HW�
DQRWKHU�KLVWRULFDO�FRQQHFWLRQ�WKURXJK�
)UHXG�ZKR��DWWUDFWHG�E\�WKH�WKHRU\�RI�
HYROXWLRQ��KDG�VWDUWHG�RXW�DV�D�VWXGHQW�
RI�ELRORJ\�

1HDU�WKH�6)8��ZKLFK�LV�FORVH�WR�WKH�
9LHQQD�3UDWHU��WKHUH�RQFH�H[LVWHG�WKH�
%LRORJLVFKH�9HUVXFKVDQVWDOW��%9$���
IRXQGHG�LQ������E\�+DQV�/HR�3U]LEUDP�
DQG�KLV�DFDGHPLF�DVVRFLDWHV�:LOKHOP�
)LJGRU�DQG�/HRSROG�YRQ�3RUWKHLP�²�
DOO�SURIHVVRUV�DW�WKH�8QLYHUVLW\�RI�
9LHQQD��7KH\�HQYLVLRQHG�D�UHVHDUFK�
IDFLOLW\�WKDW�ZDV�DEOH�WR�H[SHULPHQWDOO\�
DGGUHVV�D�VXLWH�RI�RSHQ�TXHVWLRQV�LQ�
ELRORJ\�WKDW�ZHUH�DW�WKH�FRUH�RI�WKH�
VFLHQWLÀF�GHEDWH�RI�WKH�SHULRG��
$W�WKH�VDPH�WLPH��WKURXJK�ULJRURXV�
TXDQWLÀFDWLRQ�DQG�PDWKHPDWL]DWLRQ��
WKH�LQVWLWXWH�ZDV�PHDQW�WR�KHOS�WUDQV�
IRUP�ELRORJ\�LQWR�DQ�H[DFW�VFLHQFH��
6LQFH�WKH�XQLYHUVLWLHV�ZHUH�QRW�ZHOO�
HTXLSSHG�IRU�ODUJH�VFDOH�H[SHULPHQWDO�
ZRUN��LQ�WKH�PLQGV�RI�WKH�IRXQGHUV�
QRWKLQJ�OHVV�WKDQ�DQ�LQGHSHQGHQW�
LQVWLWXWLRQ�KDG�WR�EH�FUHDWHG��7KLV�WRRN�
SODFH�LQ�ZKDW�LV�NQRZQ�WRGD\�DV�WKH�
¶:LHQHU�0RGHUQH¶�WKDW�LQWHOOHFWXDOO\�
IUXLWIXO�DWPRVSKHUH�RI�LQWHUDFWLRQV�
DPRQJ�VFLHQFH��DUW��DQG�VRFLHW\�LQ�WXUQ�
RI�WKH�FHQWXU\�9LHQQD��,Q�������WKH�
%9$��KRXVHG�LQ�WKH�IRUPHU�$TXDULXP�
EXLOGLQJ�RI�WKH������9LHQQD�:RUOG�
([KLELWLRQ��ZDV�GRQDWHG�WR�WKH�$XVWUL�
DQ�$FDGHP\�RI�6FLHQFHV�DQG�EHFDPH�
D�PRGHO�IRU�H[SHULPHQWDO�UHVHDUFK�
LQVWLWXWLRQV�DURXQG�WKH�JOREH�
�

:HOFRPH�WR�WKH�HPFVU�DYDQWJDUGH�����
:KHQ�+LVWRU\�&RQYHUJHV�ZLWK�6\VWHPV�6FLHQFH

*HUG�%��0�OOHU
9LFH�3UHVLGHQW�RI�WKH�%HUWDODQII\�&HQWHU�IRU�WKH�6WXG\�RI�6\VWHPV�6FLHQFH
+HDG�RI�WKH�'HSDUWPHQW�RI�7KHRUHWLFDO�%LRORJ\��8QLYHUVLW\�RI�9LHQQD�

,,,



3U]LEUDP¶V�SLRQHHULQJ�ZRUN�LQÁX�
HQFHG�D�FORVH�FRQÀGDQW�RI�WKH�%9$�
ELRORJLVWV��WKH�\RXQJ�/XGZLJ�YRQ�%HU�
WDODQII\�ZKR��DPRQJVW�RWKHUV��GHEDWHG�
ZLWK�3DXO�.DPPHUHU�DQG�3DXO�:HLVV��
ERWK�ZRUNLQJ�DW�WKH�%9$��%HUWDODQII\�
�������FUHDWHG�D�WKHRUHWLFDO�ELRORJ\�
WKDW�ZDV�EDVHG�RQ�SK\VLFDO�SULQFLSOHV��
TXDQWLÀFDWLRQ��DQG�PDWKHPDWL]DWLRQ�
��SUHFLVHO\�WKRVH�SULRULWLHV�WKDW�DOVR�
XQGHUOD\�WKH�SURJUDP�RI�WKH�%9$��
7RGD\�WKH�QDPH�%HUWDODQII\�LV�DVVRFLD�
WHG�ZLWK�VRPH�IRXQGDWLRQDO�WHUPLQROR�
JLHV��FRQFHSWV��DQG�WKHRULHV�WKDW�VWUHWFK�
EH\RQG�ELRORJ\��VXFK�DV�*HQHUDO�
6\VWHPV�7KHRU\µ�DQG�´6WHDG\�6WDWHµ�
DV�ZHOO�DV�WKH�JURZWK�PRGHO�KH�
GHYHORSHG��������VWLOO�NQRZQ�DV�WKH�
¶%HUWDODQII\�*URZWK�)XQFWLRQ¶�WRGD\��
¶*HQHUDO�6\VWHPV�7KHRU\¶��������KDV�
LQÁXHQFHG�PDQ\�LQGLYLGXDO�VFLHQFHV��
UDQJLQJ�IURP�SKLORVRSK\�DQG�PHGLFL�
QH�WR�F\EHUQHWLFV��FRPSXWHU�VFLHQFH��
HFRORJ\��DQG�WKH�VRFLDO�VFLHQFHV��
%HUWDODQII\¶V�FRQFHSWXDOL]DWLRQ�RI�
¶2SHQ�6\VWHPV¶��������SUREDEO\�KDG�
WKH�PRVW�ODVWLQJ�LQWHOOHFWXDO�HIIHFW��
IDU�EH\RQG�WKH�ÀHOGV�RI�ELRORJ\�DQG�
9LHQQHVH�]RRORJ\�

7RGD\��WKH�%&666�DOVR�LV�D�SULYDWHO\�
IXQGHG��LQGHSHQGHQW�UHVHDUFK�LQVWLWXWH�
LQ�9LHQQD��7KH�FHQWHU�LV�LQWHUQDWLRQDOO\�
NQRZQ�IRU�SURPRWLQJ�WKH�KHULWDJH�RI�
V\VWHPV�VFLHQFH�DQG�IRU�KRVWLQJ�WKH�
/XGZLJ�YRQ�%HUWDODQII\�$UFKLYH��$W�
WKH�VDPH�WLPH��WKH�QH[W�VWHSV�LQ�DSSOLHG�
V\VWHPV�UHVHDUFK�DUH�SUHSDUHG��PRYLQJ�
V\VWHPV�VFLHQFH�WRZDUGV�VXVWDLQDEOH�
VROXWLRQV��,Q�WKLV�ZD\��WKH�%&666�LQW�
HQGV�WR�FRQWULEXWH�WR�VROXWLRQV�IRU�WKH�
PXOWLWXGH�RI�SUHVVLQJ�SUREOHPV�WKDW�DUH�
HPHUJLQJ�DW�WKH�LQWHUIDFH�RI�VFLHQWLÀF�
DQG�VRFLHWDO�SURFHVVHV�

:H�KRSH�WKDW�WKH�HPFVU�DYDQWJDUGH�
�����FRQWULEXWHV�WR�WKLV�YLVLRQ��ZKLFK�
ZH�DUH�YHU\�KDSS\�WR�VKDUH�ZLWK�RXU�
LQWHUQDWLRQDO�SDUWQHUV�DQG�ZLWK�WKH�
PDQ\�WDOHQWHG�V\VWHPV�VFLHQWLVWV�ZKR�
KDYH�MRLQHG�XV�LQ�WKLV�PHHWLQJ�

&RUUHVSRQGLQJ�DXWKRU��
JHUKDUG�PXHOOHU#XQLYLH�DF�DW
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Meine erste persönliche Begegnung 
mit Ludwig von Bertalanffy verdanke 
ich Viktor Frankl. Er war es, der zu 
einem Treffen eingeladen hatte, auf 
dem - zu meiner damaligen Überra-
schung - Kongruenzen im Denken 
dieser beiden Forscher diskutiert 
wurden, die ich zuvor nicht vermutet 
hätte. Die formal-naturwissenschaftlich 
orientierten Konzepte Bertalanffys 
scheinen mir nämlich von Frankls 
philosophisch-antropologischem 
Programm weit entfernt zu liegen. 
'RFK�LFK�HUIXKU��GDVV�GLH�bTXLÀQDOWLWlW�
eine für Frankl wichtige Brücke war, 
�EHU�GLH�HU�VHLQ�.RQ]HSW�GHU�6LQQÀQ-
dung mit biologischen Konstrukten 
zu verbinden versuchte. Erst viele 
Jahre später stiess ich auf Arbeiten, 
in denen von Bertalanffy schon zum 
Zeitpunkt dieses Zusammentreffens 
vor mehr als drei Jahrzehnten auch 
über die Problematik der Wirklichkeit 
wissenschaftlicher Konstruktionen 
wegweisende Aussagen getroffen hatte. 
So stellte er in seiner Arbeit „Robots, 
Men and Minds“, 1986 erschienen, 
fest: “Man is not a passive receiver of 
stimuli coming from an external world, 
but in a very concrete sense creates his 
universe. ... Perception is not a passive 
mirroring of a world outside like a 
color photograph; rather, incoming 
informations are, by a creative act, 
organized into a universe.” 

Und an anderer Stelle: “We have to 
remember what science - representati-
on of the ‘given’ in suitable conceptual 
constructs - actually means. Science, 
with the expansion of empirical 
knowledge and increasing conceptual 
UHÀQHPHQW��XQGHUJRHV�D�SURFHVV�RI�
progressive deanthropomorphization.” 

Bemerkenswert ist die Einsicht, dass 
die Modellvorstellungen über einen 
Realitätsbereich weitgehend von den 
Methoden bestimmt werden, mit 
denen dieser erforscht wurde: “If you 
manipulate a dog according to Pavlov, 
a cat according to Thorndike, or a rat 
according to Skinner, you will obtain 
the results described by these authors. 
That is, you select, out of their behavi-
oral repertoire, such responses as may 
be contolled by punishment or reward, 
you make the animales into stimulus-
response machines or robots. 
The same, of course, is true of 
humans.” Die experimentell-laborhaft 
arbeitende Psychologie verwandelt ihre 
Versuchstiere in Reiz-Reaktions-Auto-
maten und Menschen in „subhumane 
Automaten“. “However, in so doing, 
you de-rattisize rats and de-humanize 
humans. That is, you remove eve-
rything that may interest a rat in its 
natural habitat, or you bring a cat into 
a ‚“surrealistic universe” (Koestler) 
such as Thorndike‘s device. We don‘t 
know what a rat feels in a Skinner box, 
and what consequences the experiment 
has for its mental well-being.”

Ludwig von Bertalanffys Systemtheorie 
und die „Wirklichkeit“ psychologischer Konzepte

Giselher Guttmann
Former Chairman of the Senate  
Sigmund Freud Private University Vienna

1



Alltagserfahrung wird durch Konst-
rukte von zunehmender Abstraktheit 
und Komplexität ersetzt. Eine Einsicht, 
die für alle Wissenschaften gilt, die 
jedoch - wie Bertalanffy in dieser 
Arbeit aufzeigt - für die Psychologie 
von ganz besonderer Bedeutung ist. 
Zweifellos ist für jedes Fach die Frage 
der Wirklichkeit seiner Konstruktionen 
entscheidend. Doch wenn beispiels-
weise ein Zoologe die verwandtschaft-
liche Nähe verschiedener Gruppen 
HLQ]XVFKlW]HQ�XQG�HLQ�.ODVVLÀNDWL-
onssystem zu erstellen sucht, geht er 
von konkret existierenden Individuen 
aus und stehen jedenfalls die Objekte 
seines aktuellen Forschens außer Streit. 
Wie aber steht es in der Psychologie 
mit den ‚Objekten‘ ihres Forschens? 
Wie viele Geschmacksqualitäten, 
Gefühle, Triebe, Intelligenzfaktoren 
- die Aufzählung lässt sich beliebig 
fortsetzen - gibt es ‚wirklich‘ und 
mit welchen Verfahren können ihre 
Verwandtschaftsbeziehungen studiert 
oder Grenzziehungen zwischen ihnen 
begründet werden? 

Seit der Jahrhundertwende werden 
derartige Fragen - die nicht nur von 
akademischem Interesse sind, sondern 
höchst praxisrelevante Konsequenzen 
haben - im Hinblick auf die Struktur 
der menschlichen Intelligenz gestellt. 
Ist Intelligenz als eine einfache, 
homogene Begabungsdimension 
anzusehen, deren Ausprägungsgrad 
dafür entscheidend ist, dass jemand 
unterschiedlichste Probleme mehr oder 
weniger gut zu lösen vermag, oder gibt 
es mehrere, voneinander unabhängige 
Begabungskomponenten? 

Verbleiben wir bei diesem Beispiel, 
weil uns in dieser Frage tatsächlich 
seit der Jahrhundertwende eine ganz 
besonders große Zahl von widerstrei-
tenden Ansichten begegnet: So stellte 
Spearman eine g-Faktor-Theorie auf, 
die alle Unterschiede im intelligenten 
Handeln von Menschen auf eine einzi-
ge Begabungsdimension zurückführt. 
In den 30er-Jahren konnte Thurstone 
erstmals diese schon bald vielfach 
angezweifelte Behauptung empirisch 
widerlegen und nachweisen: Nicht eine 
einzige, sondern sieben Begabungsdi-
mensionen sind es, die - von einander 
unabhängig - unser intelligentes Ver-
halten bestimmen. Wer also beispiels-
weise im Faktor ‚Sprachbeherrschung‘ 
gut ausgestattet ist, wird imstande 
sein, feinste Nuancen von sprachlichen 
Formulierungen zu erkennen. Davon 
wird aber seine Ausstattung im Faktor 
‚Raumvorstellung‘ unabhängig sein, 
also der Fähigkeit, Aufgaben zu lösen, 
bei denen mit räumlichen Beziehungen 
operiert werden muss, Doch in der Fol-
gezeit trafen laufend weitere Vorschlä-
ge über die „wirkliche Anatomie der 
Intelligenz“ ein und der gegenwärtige 
Rekord für die Zahl der Begabungsfa-
cetten, die wir zu unterscheiden haben, 
liegt in Guilfords Modell bei 120. Es 
besteht also offenkundig nicht einmal 
in der bescheidenen Frage Einigkeit, 
wie viele unterschiedliche ‚Objekte‘ 
wir in diesem wichtigen Teilbereich 
der psychologischen Forschung zu 
betrachten haben. 
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Viele unterschiedliche Mikrowelten 
stehen also, mit einer Formulierung 
des konstruktiven Realismus ausge-
drückt, zur Auswahl und jeder darf 
sich für die ihm am tauglichsten 
erscheinende entscheiden, wobei jeder 
Anbieter für sein Produkt auch viele 
empirische Daten liefern wird, welche 
die Richtigkeit seiner Lösung unter 
Beweis zu stellen scheinen. Bleiben 
wir bei diesem Beispiel und betrachten 
wir die zwei genannten Begabungs-
dimensionen ‚Sprachbeherrschung‘ 
und ‚Raumvorstellung‘, die sich wohl 
auch aus der Alltagserfahrung als zwei 
unterschiedliche, ‚wirklich‘ unabhängi-
ge Begabungsdimensionen anzubieten 
scheinen. 

Denn damit sind wir bei der entschei-
denden Frage angelangt: Welche 
Wirklichkeit ist mit dieser Formulie-
rung gemeint? In unmissverständlicher 
Klarheit wurde schon zur Jahrhun-
dertwende ausgesprochen, dass unser 
Erleben ein „Bewusstseinsstrom“ ist 
und unsere Vorstellung von verschie-
denen „psychischen Funktionen“ das 
Ergebnis einer von uns vorgenom-
menen Abstraktion. So sagt etwa 
Friedrich Jodl in seinem Lehrbuch der 
Psychologie: „dass es keine Erregung 
des Bewusstseins gibt, bei welcher 
nicht sämtliche Vermögen der Sinne, 
wenn auch in verschiedenem Grade 
mitwirkten, indem nicht nur Fühlen 
und Wollen, sondern auch Vorstellen, 
Denken und Wollen einander wechsel-
VHLWLJ�YRUDXVVHW]HQ�XQG�LQ�ÁLH�HQGHU�
Reihe ineinander übergehen“. 
8QG�LP�$QVFKOXVV�DQ�VHLQH�.ODVVLÀ-
kation der Bewusstseinstätigkeiten in 
(PSÀQGXQJHQ��*HI�KOH�XQG�6WUH-
bungen macht er die bemerkenswerte 
Aussage, dass diese lediglich 

„...drei verschiedene Formen und 
Erscheinungsweisen des allgemei-
nen Vorganges primärer psychischer 
Reaktionen sind, von denen bald die 
eine bald die andere Seite von uns zum 
Zwecke wissenschaftlicher Betrach-
tung und logischer Abstraktion speziell 
herausgehoben wird“. Ohne Zögern 
deklariert er somit seine eben sorgsam 
DXIJHEDXWH�.ODVVLÀNDWLRQ�DXVGU�FN-
lich als Konstrukt. Warum ist diese 
Betrachtungsweise in Vergessenheit 
geraten? Ist es die Angst, dadurch 
in Beliebigkeit unterzugehen? Der 
Wunsch, auch in der Psychologie Ver-
bindlichkeit herstellen zu können? 

Es hat in der Psychologie tatsächlich 
ein bemerkenswertes Programm ge-
geben, dessen Ziel das Erreichen von 
Verbindlichkeit war und das gerade 
durch die Wiener Schule von Hubert 
Rohracher, einem Pionier der Erfor-
schung der hirnelektrischen Phäno-
mene, besonders konsequent verfolgt 
wurde. Er konnte nämlich schon weni-
ge Jahre nach der Erstbeschreibung des 
Elektroenzephalogramms durch Hans 
Berger (1929) wegweisende Arbeiten 
über die psychologische Bedeutung der 
hirnelektrischen Aktivitäten publizie-
ren und damit der Vision von Gustav 
Theodor Fechner näherkommen, der 
in den „Elementen der Psychophysik“ 
meinte, dass es in ferner Zukunft mög-
lich sein würde, über die biologischen 
Grundlagen des Psychischen - „Innere 
Psychophysik“ - einen Zugang zum Er-
leben zu erschließen. Diesen „objekti-
ven Blick ins Fremdpsychische“ suchte 
Rohracher, um mit Hilfe des EEGs 
eine „objektive Psychologie“ mit na-
turwissenschaftlichem Fundament und 
verbindlichen Modellvorstellungen 
begründen zu können.
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Ich habe die Faktoren ‚Sprache‘ 
und ‚Raumvorstellung‘ deshalb als 
Beispiel gewählt, weil bei uns im 
Wiener Institut in den letzten Jahren 
von Herbert Bauer und Oliver Vitouch 
einige Studien über hirnelektrische 
Aktivitäten beim Lösen von Aufgaben 
in eben diesen beiden Leistungsbe-
reichen durchgeführt wurden.  Dabei 
interessierte uns allerdings nicht das 
konventionelle EEG, sondern die kor-
tikale Gleichspannung. Unser Gehirn 
ist nämlich, einer Batterie vergleich-
bar, elektronegativ aufgeladen, wobei 
dieses Gleichspannungspotential 
(DC-Potential) ein sensibler Indikator 
für die Erregbarkeit der betreffenden 
Hirnrindenzone ist, der ihre aktuelle 
Funktionsbereitschaft anzeigt. 

Bauer hat in jahrelanger Entwicklungs-
arbeit neue Verfahren zur Registrie-
rung, Verstärkung und Darstellung 
dieser Potentiale entwickelt, mit deren 
Hilfe nun die aktuellen Erregungs-
muster des Gehirns bei verschiedenen 
kognitiven Aktivitäten beobachtet und 
Zonen von erhöhter bzw. herabge-
setzter Erregbarkeit sichtbar gemacht 
werden können. In einer dieser Arbei-
ten wurden nun Raumvorstellungs-
aufgaben vorgegeben, wobei jeweils 
von zwei Würfeln mit unterschiedlich 
EHPDOWHQ�6HLWHQÁlFKHQ�]X�HQWVFKHLGHQ�
war, ob diese nach einer geeigneten 
Rotation - welche die Versuchsperson 
in der Vorstellung vollziehen muss-
te - dieselbe Ansicht bieten würden. 
Die ‚Erregungslandkarte‘ des Gehirns 
zeigte dabei, dass im Augenblick der 
Problemlösung in genau dem für die 
Raumorientierung zuständigen Bereich 
der rechten Hemisphäre eine deutliche 
Negativierung auftrat. 

Ein ganz andere Bild bot sich hinge-
gen, wenn denselben Personen (aus-
schließlich Rechtshänder) sprachliche 
Aufgaben von der Art: 

Vogel : Nest = Mensch : Wohnung 

mit dem Auftrag vorgegeben wurden, 
ihre Richtigkeit zu beurteilen. Unter 
dieser Bedingung trat während der 
Lösung eine eng begrenzte linkshe-
PLVSKlULVFKH�$XÁDGXQJ�LQ�JHQDX�GHU�
Region auf, in welcher das Sprachzent-
rum lokalisiert ist. 

Wir haben also auf einer biologischen 
Realitätsebene Informationen gesam-
melt, die sich völlig mit den aus dem 
psychometrischen Bereich stammen-
den Modellannahmen Thurstones 
decken und können mit Staunen und 
Befriedigung eine perfekte Isomorphie 
von zwei höchst unterschiedlichen 
Realitätsebenen zur Kenntnis nehmen. 
Mit von Bertalanffys Worten: “If both 
mental and behavioral or physiological 
events can be described by the same 
models, this means isomorphism bet-
ween them.” Doch was folgt aus dieser 
Korrespondenz? Haben diese beiden 
Intelligenzdimensionen durch diesen 
Befund gleichsam einen höheren Grad 
an Wirklichkeit erhalten?
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Die Verteilung der Gleichspannungspotentiale beim Lösen von sprachlichen 
Aufgaben (linkes Bild) und beim Bearbeiten von Problemen, die Raumvorstellung 
erfordern (rechtes Bild). Die dunklen Zonen zeigen Bereiche mit hoher 
HOHNWURQHJDWLYHU�$XÁDGXQJ�DQ�

Mit Fritz Wallner gilt es, durch 
Verfremdung zu erproben  wie sich 
eine Mikrowelt unter verschiedenen 
Bedingungen bewährt. In diesem Sinne 
können wir den neuropsychologischen 
Zugang als gutes Beispiel für eine 
nutzbringende Verfremdung ansehen, 
durch welche wir uns für dasjenige 
von mehreren möglichen Modellen 
entscheiden, für welches wir zwischen 
dem Bereich der Neurobiologie und 
der Ebene des Erlebens optimale 
Korrespondenzen feststellen können. 
Dieses kann somit als das geeignetste 
angesehen werden, das die brauchbars-
ten und verlässlichsten Vorhersagen 
liefern wird, ohne in die Feststellung 
zurückfallen zu müssen, dass es ‚wirk-
lich‘ die beiden Intelligenzfaktoren 
‚Sprachbeherrschung‘ und ‚Raum-
vorstellung‘ gibt. Damit wird Belie-
bigkeit aufgehoben, ohne gleichzeitig 
die überkommene Vorstellung einer 
universell verbindlichen Wahrheit 
bemühen zu müssen. 

Ich möchte diese überaus wichtige 
Position mit Heinz von Foersters 
Relativitätspostulat illustrieren, zu 
dessen Veranschaulichung er sinnvolle 
und zulässige Annahmen über das 
Rotationszentrum unseres Planeten-
systems abzuwägen vorschlägt: Ist die 
Position von Ptolemäus ‚richtig‘, der 
meinte, dass die Erde der Mittelpunkt 
des Universums ist, um den die Sonne 
und alle Planeten kreisen oder hat 
Kopernikus recht, für den die Sonne im 
Mittelpunkt steht? Und warum sollten 
wir nicht einen anderen Mittelpunkt, 
etwa den Mars, vorschlagen? Es müss-
te ja sowohl dem Mars- wie auch dem 
Erdbewohner das Recht zugestanden 
werden, ein Modell zu entwerfen, in 
dem jeweils sein Planet zum Mittel-
punkt erklärt wird. 
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Und an diesem Denkspiel kann die 
entscheidende Einschränkung aufge-
zeigt werden, dass zwar die Wahl des 
Zentrums zunächst beliebig ist, aber 
Erde und Mars von einer Gemeinschaft 
der Mars- und Erdenbewohner nicht 
gleichzeitig zum Mittelpunkt erklärt 
werden kann. Somit ist für diese nur 
eine Modellvorstellung, nämlich die 
Annahme eines heliozentrischen Sys-
tems sinnvoll und zulässig. 

Vermutlich könnte dieser Auffassung 
für den psychologischen Bereich ein 
Großteil der gegenwärtigen Fachver-
treter durchaus zustimmen. Es gibt 
allerdings ein Problem, bei dem die 
Psychologie dieselben Schwierigkeiten 
hat, wie die Philosophie seit altersher, 
nämlich das Ich-Erleben. Dass da drau-
ßen eine Außenwelt exisitiert, die ich 
wahrnehme und erlebe, wird - in der 
naiven Einschätzung unserer Lebens-
welt wie auch in den meisten wissen-
VFKDIWOLFKHQ��5HÁH[LRQHQ���DOV�HLQH�
unbestreitbare Tatsache angesehen, die 
überhaupt nicht zur Diskussion zu stel-
len ist, sondern die Basis aller weiteren 
Überlegungen darzustellen hat. De-
cartes ‚cogito ergo sum‘ ist das solide 
Fundament dessen Unbestreitbarkeit 
von zahlreichen anderen kritischen 
Denkern betont wird, wie etwa von 
John Locke: “For nothing can be more 
evident to us, than our own Existence 
... If I doubt of all other Things, that 
very Doubt makes me perceive my 
own Existence, and will not suffer me 
to doubt on that”. 

Mit dieser für die Alltagssicht unserer 
Lebenswelt zweifellos nützlichen 
Ansicht hat sich freilich gerade die 
Psychologie eine Fülle von Problemen 
geschaffen, die uns meist unter dem 
Oberbegriff „Leib-Seele-Problem“ 
begegnen, deren Lösung man sich 
neuerdings besonders von den Neu-
rowissenschaften erhofft. Durch eine 
eingehendere Betrachtung des Gehirns 
und seiner Feinstrukturen sollte 
nämlich endlich klar werden, wie „aus 
Materie Psychisches entsteht“.

Gerade in dieser kritischen Frage, 
welche der Psychologie eine Fülle 
von Scheinproblemen beschert und 
viel Forschungsenergie gebunden hat, 
nimmt auch von Bertalanffy eine be-
merkenswerte Position ein: Er bekennt 
sich nämlich ganz unmissverständlich 
zu jener kleinen Minderheit, die diese 
Dualisierung nicht als eine fundamen-
tale Selbstverständlichkeit ansieht, 
sondern vielmehr als das Produkt eines 
Entwicklungsprozesses: “Our direct 
experience is, of course, of things 
outside in space: chairs, tables, houses, 
stars seen in the telescope and cells 
in the microscope, etc., and a percei-
ving, feeling, thinking, willing self. 
But this is not a simple and ultimate 
‘given’. The experienced universe is 
the outcome of innumerable factors 
and prcosses by which a primitive 
‘stream of experience’ is organized and 
differentiated into ‘outside worlds’ 
and ‘self’.”
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Bei der Diskusssion der Genese des 
Ich-Erlebens bezieht sich von Ber-
talanffy bemerkenswerter Weise auch 
auf Jean Piaget, einen der wenigen 
Psychologen, der in dieser Frage 
gleichfalls eine klare Position bezogen 
hat und betont: “From a state of prima-
ry adualism (to use Piaget‘s term) ... 
our experienced world is the product 
of a long evolution, cultural history, 
and individual learning of the child. As 
psychiatrists say, the “ego boundary” 
is established slowly and in complex 
(but widely known) processes; and 
may again be obliterated in psycho-
pathology”. Und an anderer Stelle: 
“From a state of primary adualism (to 
use Piaget’s term) ... eventually the 
differentiation of objects and subject, 
material things and immaterial self 
arises, as experienced by the adult 
European.”

Auch die Dualisierung unserer Welt-
sicht nicht als fundamentales Faktum 
anzusehen verursacht allerdings nicht 
nur Unbehagen. Sie ist auch nur mit 
Mühe sprachlich vermittelbar und wird 
eher Verständnislosigkeit als Zustim-
mung auslösen. 

So muss Josef Mitterer, der in seinem 
bemerkenswerten Werk „Das Jenseits 
der Philosophie wider das dualistische 
Erkenntnisprinzip“ den bemerkenswer-
ten Versuch unternahm, eine nicht-du-
alisierende Redeweise zu entwickeln, 
im Vorwortes feststellen: „... diese 
Abhandlung wurde im wesentlichen 
in den Jahren 74-78 geschrieben, die 
Reaktionen schwankten zwischen 
Verständnislosigkeit, freundlicher 
Ablehnung und einen Jux will er sich 
machen“. 

Daher kann eine übergreifende, sys-
temtheoretische Deutung erfolgen: 
“It is the beauty of systems theory that 
it is psychophysically neutral, that is, 
its concepts and models can be applied 
to both material and nonmaterial phe-
nomena.” Denn: “... a model which is 
abstract and psychophysically neutral 
is applicable both ways”.

Corresponding author: 
giselher.guttmann@sfu.ac.at
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It all started with two seminal works, 
a paper and a book, published around 
the middle of the last century: Ludwig 
von Bertalanffy’s paper “An Outline 
of General Systems Theory” in 1950 
and Norbert Wiener’s book “Cyberne-
tics or Communication and Control in 
the Animal and the Machine”. While 
von Bertalanffy was a biologist and 
Wiener a mathematician, both saw 
the importance of leaving the uni-
directional view of the world behind 
and of reasoning about interdependen-
cies between multiple elements and 
the resulting complex behaviour, from 
biological systems to technical and 
social systems.

To clarify the concept of “system”: 
A system consists of the set of 
elements and the set of relations 
between these elements. The set of 
relations between the elements is 
called “structure”. Systems usually 
have a boundary, the outside of the 
system being called “environment”. 
When relations of some elements of 
the system also reach to elements in 
the environment, then we call it “open 
system”, else “closed system”. 

The principle of cybernetics is the 
“feedback loop”, where the output 
of the system is fed back, usually 
negatively, into the system. The goal 
is either to follow a target or to keep a 
value as constant as possible.
Both problems are in principle iden-
tical, e.g. a driver of a car can follow 
the curves of a road or she/he can keep 
the distance from the right border of 
the road constant. An important aspect 
is the “stability” of the feedback loop, 
e.g. it should not take too long to 
follow the object or there should not 
occur a big “overshoot” or even an 
oscillating behaviour. Cyberneticians 
usually study by far more complex 
systems consisting of many of these 
loops, with a special interest in their 
time behaviour.

,Q������,�JDYH�P\�ÀUVW�OHFWXUH�RQ�V\V-
tems in the bio-sciences at the Univer-
sity of Vienna, at that time as lecturer. 
But I realised that I had to do more 
than that, I should give cybernetics and 
systems theory an organisational foun-
dation in Austria. Therefore, in 1969, 
together with like-minded friends, 
,�IRXQGHG�DQG�RIÀFLDOO\�UHJLVWHUHG�WKH�
„Österreichische Studiengesellschaft 
für Kybernetik (OSGK)” (Austrian 
Society for Cybernetic Studies).

Cybernetics and Systems Research
$�WRXU�G·KRUL]RQ��H[HPSOLÀHG�E\�WKHLU�ELHQQLDO�(XURSHDQ�
Meetings from 1972 to 2010

Robert Trappl
$XVWULDQ�5HVHDUFK�,QVWLWXWH�IRU�$UWLÀFLDO�,QWHOOLJHQFH��2)$,���9LHQQD
3URIHVVRU�(PHULWXV�RI�0HGLFDO�&\EHUQHWLFV�DQG�$UWLÀFLDO�,QWHOOLJHQFH�
&HQWHU�IRU�%UDLQ�5HVHDUFK��0HGLFDO�8QLYHUVLW\�RI�9LHQQD
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7KH�KDSS\�RUJDQLVHUV�DIWHU�WKH�VXFFHVVIXO�(0&65�����
3DXO�+DQLND��OHIW��DQG�5REHUW�7UDSSO��ULJKW�

In 1970 I received a phone call from 
D�PDQ�QDPHG�3DXO�+DQLND��RIÀFLDOO\�
Francis de Paula Hanika, who told 
me that he was a retired professor of 
the University of Karthoum, that he 
planned to settle in a small village in 
Styria, and that he was eager to work 
with me in the OSGK. I met a fascina-
ting man of 70 years, full of energy, the 
author of a book about new thinking 
LQ�PDQDJHPHQW��WUDQVODWHG�LQWR�ÀYH�
languages. From our vivid discus-
sions arose the idea of a conference 
on cybernetics and systems research. 
How to name it? We didn’t know how 
many participants we would have, thus 
“Meeting” seemed to be the adequate 
word for it. And from where would 
they come? Probably at least a few par-
ticipants would come from Germany 
or perhaps Czechoslovakia or Hungary, 
thus “European” would not claim too 
much. 

7KHUHIRUH��LQ������WKH�ÀUVW�´(XURSHDQ�
Meeting on Cybernetics and Systems 
Research” took place, in the Palais 
Palffy at Josephsplatz, in the center 
of Vienna. And to our surprise, 112 
scientists and practioners participated, 
most of them giving presentations, 
more than at another conference which 
was named “World Congress on 
Cybernetics”!

We had famous speakers at this 
EMCSR, among them one of the most 
interesting cybernetician who also was 
an artist, a magician, Gordon Pask, 
who became famous for his “Conver-
sation Theory”, a cybernetic frame-
work explaining how interactions lead 
to the construction of knowing, and 
Margaret Mead, who had analysed the 
familial system in the island of Somoa, 
and later became one of the icons of 
the feminist movement. 
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Together with several participants we 
ended the last day of the EMCSR in a 
small pub in the center of Vienna and 
I will never forget how Margaret fell 
asleep and rested her head on my right 
shoulder...

Since this EMCSR was such a success 
and many participants encouraged 
us to continue, we decided to make 
it a biennial endeavour, thus the 2nd 
EMCSR took place in 1974, already 
at the University of Vienna, with an 
opening in the Great Festival Hall, 
and so on. 

It is no exaggeration to say that the 
leading scientists in our areas came to 
the EMCSRs and presented their fas-
FLQDWLQJ�UHVHDUFK�ÀQGLQJV��7R�PHQWLRQ�
a few: Stafford Beer, the founder of 
management cybernetics who worked 
for Salvador Allende when he tried to 
make Chile a democratic and socially 
balanced society. 

Stafford developed an interactive 
system which enabled “simple” 
workers to understand the functioning 
of a company and how to manage it 
successfully. Valentin Braitenberg, then 
director of the Max-Planck-Institute 
for Biological Cybernetics in Tübingen 
who showed with simple hypotheti-
cal vehicles how the impression of 
purposeful actions like in living beings 
could be generated. Humberto Matu-
rana gave an opening lecture on the 
famous concept of Autopoiesis which 
he developed together with Francisco 
Varela, who gave another lecture. 
0DUYLQ�0LQVN\��D�SLRQHHU�RI�$UWLÀFLDO�
Intelligence and a great personality 
who, unfortunately, died in January 
this year, gave a lucid presentation of 
his concept of the emotion machine, 
AI having focused mainly on rationa-
lity and neglected the importance of 
emotion. 

2SHQLQJ�RI�WKH�(0&65�����
*UHDW�)HVWLYDO�+DOO�RI�WKH�8QLYHUVLW\�RI�9LHQQD
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Given my space budget for this chap-
ter, I have to stop here with describing 
all the great personalities whom I had 
the pleasure to meet and with several 
of whom I was fortunate to establish 
a lasting friendship. The end of me 
chairing the EMCSRs is trivial: My 
colleagues at the OFAI who had to 
work for the EMCSRs for many years 
since our budget did not permit hiring 
a professional organisation started 
complaining already in the early zero-
years of this century whether I really 
wanted to continue the EMCSRs. 

Thus I was happy when Wolfgang 
Hofkirchner from the BCSSS ex-
pressed his interest in continuing with 
these “Meetings”. I am therefore happy 
that I can present to you this outline of 
the history of cybernetics and systems 
research of more than 50 years, in a 
very relaxed mood.

Corresponding author: 
Robert.Trappl@ofai.at
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,W�LV�FRPPRQ�WR�DVVHUW�WKDW�RUJDQL]D�
WLRQV�H[LVW�LQ�FRPSOH[�HQYLURQPHQWV�
WKDW�DUH�VXEMHFW�WR�YDU\LQJ�UDWHV�RI�
FKDQJH�DQG�H[SORVLRQV�RI�YDULHW\���0XO�
WLSOH�WLPH�IUDPHV��PXOWLSOH�SHUVSHFWLYHV�
DQG�RWKHU�VFHQDULRV�DQG�SURMHFWLRQV�
DUH�XVHG�WR�H[SORUH�ZHDN�VLJQDOV�DQG�
SRVVLEOH�IXWXUHV��6WDIIRUG�%HHU·V�9LDEOH�
6\VWHP�0RGHO�LV�RQH�ÁH[LEOH�WHPSODWH�
WKDW�LV�XVHIXO�LQ�GHVFULELQJ��GLDJQRVLQJ�
DQG�SUHVFULELQJ�IRU�RUJDQL]DWLRQV���
2QH�RI�LWV�PRVW�KHOSIXO�DVSHFWV�LV�WKH�
FRQFHSW�RI�UHFXUVLRQ��WKDW�HDFK�YLDEOH�
V\VWHP�LV�HPEHGGHG�LQ�RWKHU�PRUH�
FRPSUHKHQVLYH�V\VWHPV�DQG��LQ�WXUQ��
LV�FRPSRVHG�RI�OHVV�FRPSUHKHQVLYH�
YLDEOH�VXEV\VWHPV��

$�9LDEOH�6\VWHP�GLDJQRVLV�XVXDOO\�
IRFXVHV�RQ�D�SDUWLFXODU�RUJDQL]DWLRQ�
DQG�H[DPLQHV�WKH�V\VWHP�RQH�VWHS�XS�
DQG�GRZQ�LQ�FRPSUHKHQVLYHQHVV�DFFRU�
GLQJ�WR�RQH�RU�PRUH�GLPHQVLRQV���7KH�
FRQVLGHUDWLRQ�RI�PXOWLSOH�GLPHQVLRQV�LV�
OHVV�FRPPRQ�²�EHFDXVH�ZRUN�LV�RIWHQ�
GRQH�IRU�FOLHQWV�ZKR�DUH�LQWHUHVWHG�
SULPDULO\�LQ�WKHLU�RZQ�RUJDQL]DWLRQV�
DQG�EHFDXVH�WKHLU�VXFFHVV�RU�IDLOXUH�LV�
PHDVXUHG�DFFRUGLQJ�WR�OLPLWHG�FULWHULD���
,W�LV�DOVR�FRQVWUDLQHG�LQ�FRPPHUFLDO�
RUJDQL]DWLRQV�E\�WKH�IDFW�WKDW�VKDUH�
KROGHU�LQWHUHVWV�GRPLQDWH�WKH�VHOHFWLRQ�
RI�GLPHQVLRQV�H[SORUHG���3XEOLF�DQG�
QRQ�SURÀW�RUJDQL]DWLRQV�DUH�RIWHQ�
OLPLWHG�E\�WKHLU�PDQGDWHV���+RZHYHU��
RUJDQL]DWLRQV�GR�H[LVW�DQG�SOD\�UROHV�LQ�
PXOWLSOH�GLPHQVLRQV��

7KH\�DUH�RU�FDQ�EH�KHOG�DFFRXQWDEOH�
IRU�WKHLU�GHFLVLRQV�DQG�DFWLRQV�LQ�DOO�
WKHVH�GLPHQVLRQV�IRU�WKHLU�HIIHFW�RQ�
WKH�ODUJHU�VRFLHWLHV�RI�ZKLFK�WKH\�DUH�
PHPEHUV�

$�SLQZKHHO�SUHVHQWV�D�JRRG�PHWDSKRU�
IRU�WKH�IDFWRUV�DIIHFWLQJ�DQ�RUJDQL]DWL�
RQ���,W�LV�RIWHQ�FRPSULVHG�E\�D�UDLQERZ�
RI�FRORUV�DQG�PD\�EH�GHSLFWHG�LQ�D�VHW�
RI�FRQFHQWULF�FLUFOHV��'HSHQGLQJ�RQ�
WKHLU�GLIIHUHQW�W\SHV�RU�UROHV�LQ�GLIIH�
UHQW�HQYLURQPHQWV��GLIIHUHQW�DVSHFWV�
PD\�EH�DWWHQGHG�WR�DV�WKH�SLQZKHHO�
VSLQV�DQG�RQH�VHW�RI�FRORUV�RU�DQRWKHU�
LV�VHHQ�

$�W\SLFDO�FRPSDQ\��IRU�H[DPSOH��PD\�
EH�SDUW�RI�D�FRUSRUDWLRQ�WKDW�LV�SDUW�RI�D�
KHGJH�IXQG�RQ�DQ�RZQHUVKLS�GLPHQVL�
RQ�EXW�WKH�VDPH�FRPSDQ\�LV�SDUW�RI�D�
FRUSRUDWLRQ�WKDW�PDNHV�D�SURGXFW�WKDW�
LV�SDUW�RI�DQ�LQGXVWU\��DQ�LQGXVWU\�VHFWRU�
DQG�PDQXIDFWXULQJ�DW�ODUJH�RQ�DQRWKHU���
7KDW�VDPH�FRPSDQ\�FRXOG�EH�SDUW�RI�
LQLWLDWLYHV�RQ�VXVWDLQDELOLW\��LPSURYH�
PHQW�RI�SUDFWLFH��KLULQJ�DQG�WUDLQLQJ�
RI�XQGHUVHUYHG�SRSXODWLRQV�DQG�RU�
H[SHULPHQWV�RQ�QRQ�KLHUDUFKLFDO�PD�
QDJHPHQW��7KH\�DUH�DOVR�HPSOR\HUV�LQ�
D�FRPPXQLW\��D�UHJLRQ�DQG�VR�RQ��SDUW�
RI�D�V\VWHP�RI�ODZV�DQG�UHJXODWLRQV�WR�
ZKLFK�WKH\�DUH�VXEMHFW�DQG�WD[�SD\LQJ�
HQWLWLHV�RI�VHYHUDO�MXULVGLFWLRQV��(DFK�
RI�WKHVH�GLPHQVLRQV�LV�UHFXUVLYH�EXW�
RQO\�RQH�XVXDOO\�KDV�FRPSUHKHQVLYH�DV�
RSSRVHG�WR�SDUWLFXODU�DXWKRULW\�

.H\QRWH

3LQZKHHO�5HFXUVLRQ�
$�9LDEOH�6\VWHP�0RGHO�$SSURDFK

$OOHQQD�/HRQDUG��3K�'�
&ZDUHO�,VDI�,QVWLWXWH
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7KH�RWKHUV�KDYH�LQFUHDVLQJO\�WDUJHWHG�
DFFRXQWDELOLW\�EDVHG�RQ�FRPSOLDQFH�
�ODZV�DQG�UHJXODWLRQV��FROODERUDWLRQ�
�FRPPXQLWLHV�RI�SUDFWLFH�RU�VXVWDLQD�
ELOLW\�LQLWLDWLYHV��RU�FRPPRQ�LQWHUHVWV�
�UHJLRQDO�RU�LQGXVWU\�PHPEHUVKLS���
7KHVH�PD\�VRPHWLPHV�RU�RYHU�WLPH�
PLJUDWH�IURP�FROODERUDWLRQ�WR�FRPSOL�
DQFH�VXFK�DV�ZKHQ�JRRG�HQYLURQPHQWDO�
SUDFWLFH�EHFRPHV�D�OHJLVODWLYH�UHTXLUH�
PHQW���$OO��OLNH�D�SLQZKHHO�LQ�WKH�ZLQG��
DUH�EORZQ�IDVWHU�RU�VORZHU�GHSHQGLQJ�
RQ�WKH�FKDQJHV�WKDW�DIIHFW�WKHP�DOW�
KRXJK�FKDQJHV�LQ�GLIIHUHQW�GLPHQVLRQV�
UDUHO\�RFFXU�DW�WKH�VDPH�UDWH�

7KH�FXUUHQF\�XVHG�LQ�HDFK�GLPHQVLRQ�
PD\�GLIIHU�DV�ZHOO�GHSHQGLQJ�RQ�ZKH�
WKHU�LW�LV�PRQH\�LWVHOI�RU�GLIIHUHQW�W\SHV�
RI�LQIRUPDWLRQ�RU�DFWLRQ�

7KH�9LDEOH�6\VWHP�0RGHO�LV�XVHIXO�
IURP�D�SROLF\�RU�D�JRYHUQDQFH�SHUVSHF�
WLYH�WR�PDS�WKH�UHOHYDQW�GLPHQVLRQV�
DQG�WKHLU�SRWHQWLDO�IRU�FRQVLVWHQF\�RU�
LQFRQVLVWHQF\�DQG�WR�FRQVLGHU�WKH�WLPH�
IUDPHV�DSSOLFDEOH�WR�HDFK���7KLV�LV�RQH�
YDULDWLRQ�RQ�WKH�WHPSODWHV�VXUURXQGLQJ�
WKH�9LDEOH�6\VWHP�0RGHO�EXW�RQH�WKDW�
LV�HVSHFLDOO\�XVHIXO�LQ�GHWHUPLQLQJ�JDSV�
DQG�LQFRQVLVWHQFLHV�DQG�DGGUHVVLQJ�
WKHP�EHIRUH�WKH\�EHFRPH�SUREOHPV�

&RUUHVSRQGLQJ�DXWKRU��
DOOHQQDBOHRQDUG#\DKRR�FRP
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,QVSLUDWLRQ�DQG�VXVWDLQDELOLW\�DUH�PRUH�
FRQQHFWHG�WKDQ�LW�VHHPV�DW�ÀUVW��:H�
DUH�LQ�WKH�FXUUHQW�VLWXDWLRQ�EHFDXVH�ZH�
KDYH�EHHQ�IRU�WRR�ORQJ�LQVSLUHG�DQG�
DWWUDFWHG�E\�DFWLYLWLHV�DQG�SRVVHVVLRQV�
WKDW�DUH�V\VWHPLFDOO\�XQVXVWDLQDEOH��6R��
WKH�QDWXUDO�IROORZ�XS�IURP�WKLV�LV�WKDW�
ZH�ZRXOG�QHHG�WR�OLPLW�RXUVHOYHV��/L�
PLWLQJ�GRHV�QRW�ZRUN�ZHOO�²�HVSHFLDOO\�
ZLWK�WKH�FXUUHQW�V\VWHP�WKDW�LV�EDVHG�
RQ�JURZWK��:H�WDON�DERXW�WUDQVLWLRQ�WR�
VXVWDLQDELOLW\��EXW�\HW�NHHS�RQ�FURVVLQJ�
WKH�SODQHWDU\�ERXQGDULHV��:H�NQRZ�
WKDW�ZH�ZRXOG�QHHG�WR�UHGXFH�RXU�
KDUPIXO�HQYLURQPHQWDO�LPSDFW�DQG�FXW�
WKH�HFRORJLFDO�DQG�FDUERQ�IRRWSULQWV�
��²������EXW�WKH�PDMRULW\�RI�KXPDQ�
NLQG�GRHV�QRW�VHHP�WR�EH�LQWHUHVWHG�LQ�
FKDQJLQJ�WKHLU�EHKDYLRUV�LQ�WKH�UDGLFDO�
ZD\V�WKDW�ZRXOG�EH�UHTXLUHG�WR�UHDFK�
WKHVH�VXVWDLQDELOLW\�WDUJHWV�

+RZHYHU��WKHUH�DUH�VRPH�SHRSOH�ZKR�
SURDFWLYHO\�DQG�YROXQWDULO\�GR�HYHQ�
PRUH�WKDQ�WKLV��7KHVH�UHJHQHUDWLYH�VXV�
WDLQDELOLW\�SLRQHHUV�OLYH�LQ�VXFK�ZD\V�
WKDW�DLP�WR�QRW�RQO\�UHGXFH�WKH�QHJD�
WLYH��EXW�HYHQ�UHDFK�IRU�D�QHW�SRVLWLYH�
LPSDFW��7KH\�SUDFWLFH�H�J��VPDOO�VFDOH�
JDUGHQLQJ�WKDW�KDUYHVWV�FDUERQ��DQG�
WKH\�EXLOG�VROXWLRQV�WKDW�VWUHQJWKHQ�
ORFDO�ELRGLYHUVLW\�DQG�HFRV\VWHPV��
7KH\�LQQRYDWH�ORFDO�FXUUHQFLHV�DQG�
EXLOG�FRPPXQLW\�UHVLOLHQFH��5HJHQHUD�
WLYH�VXVWDLQDELOLW\�SLRQHHUV�EXLOG�QHZ��
LQVSLUDWLRQDO�DQG�SRVLWLYH�PRGHOV�RI�
VXVWDLQDELOLW\��

$V�WKH�FXUUHQW�PDLQVWUHDP�XQGHUVWDQ�
GLQJ�RI�ZKDW�FRPSULVHV�D�JRRG�OLIH�
RIWHQ�YDOXHV�FKRLFHV�WKDW�VXP�XS�WR�
XQVXVWDLQDELOLW\��WKHVH�SLRQHHUV�VKRZ�
WKDW�LW�LV�SRVVLEOH�WR�KDYH�D�KLJK�TXDOLW\�
OLIH�WKDW�LV�VXVWDLQDEOH��WKH�WULFN�LV�WR�
FKDQJH�ZKDW�LV�FRQVLGHUHG�WR�EH�TXDOLW\�
LQ�RQH·V�OLIH��7KH�UHJHQHUDWLYH�VXVWDLQD�
ELOLW\�SLRQHHUV�GR�QRW�KDYH�OHVV�JRRG��
WKH\�KDYH�PXFK�PRUH�RI�GLIIHUHQW�NLQG�
RI�JRRG��,W�LV�QRW�DERXW�OLPLWLQJ��EXW�
FKDQJLQJ�WKH�V\VWHP�HQWLUHO\�²�HYHQ�
WKRXJK�DW�WKH�VDPH�WLPH��DOVR�WKH�OLPLWV�
DUH�UHVSHFWHG�

5HJHQHUDWLYH�VXVWDLQDELOLW\�LV�D�GLIIH�
UHQW�ZD\�RI�WKLQNLQJ��,W�VWDUWV�IURP�WKH�
UHDOL]DWLRQ�WKDW�KXPDQV�QRW�RQO\�FDQ��
EXW�LQ�WKH�FXUUHQW�VWDWH�RI�WKH�V\VWHP��
DOVR�PXVW�EH�D�SRVLWLYH�LQÁXHQFH�ZLWKLQ�
WKH�QDWXUDO�V\VWHP��%HKLQG�WKLV�LGHD�LV�
D�ZRUOGYLHZ�WKDW�SHUFHLYHV�WKH�OLYLQJ�
SODQHW�DV�DQ�LQWHUFRQQHFWHG��FRPSOH[�
ZHE�RI�OLIH��7KLV�ZKROH�V\VWHPV�YLHZ�
PDLQWDLQV�WKDW�QDWXUH�LV�QRW�D�VLPSOH�
UHVRXUFH�IRU�XV�WR�EHQHÀW�IURP��EXW�D�
FRQWDLQLQJ�V\VWHP�WKDW�ZH�LQWULQVLFDOO\�
DUH�D�SDUW�RI�

.H\QRWH

,QVSLUDWLRQDO�6\VWHPV�&KDQJH�1HHGHG�

.DWUL�/LLVD�3XONNLQHQ
$DOWR�8QLYHUVLW\

��



7KH�FXUUHQW�V\VWHP�LV�PRUH�RU�OHVV�LQ�
D�ORFN�LQ��ZH�VHHN�IRU�JURZWK�HYHQ�
WKRXJK�ZH�NQRZ�WKDW�ZH�DUH�LQ�DQ�HFR�
ORJLFDO�RYHUVKRRW��3DUW�RI�WKH�ORFN�LQ�LV�
WKDW�LW�LV�GLIÀFXOW�WR�LPDJLQH�D�ZD\�RI�
OLYLQJ�WKDW�LV�QRW�EDVHG�RQ�FRPSHWLWL�
YH�H[SORLWLQJ�RI�WKH�QDWXUDO�V\VWHPV��
7R�VWHHU�DZD\�IURP�WKLV��LW�LV�FUXFLDO�
WR�GHYHORS�LQVSLUDWLRQDO�PRGHOV�DQG�
VROXWLRQV�WKDW�FDQ�DWWUDFW�SHRSOH�DZD\�
IURP�WKH�KDUPIXO�ZD\V�RI�OLYLQJ��7KHVH�
PRGHOV�DFWLYDWH�ERWWRP�XS��FDVFDGH�
OLNH�V\VWHP�FKDQJHV��7KH�UHJHQHUDWLYH�
VXVWDLQDELOLW\�SLRQHHUV�VKRZ�WKDW�LW�LV�
D�JUHDW�SOHDVXUH�WR�OLYH�LQ�VXVWDLQDEOH��
QHW�SRVLWLYH�ZD\V��,W�LV�YHU\�KXPDQ�DQG�
YHU\�QDWXUDO�WR�IROORZ�ZKDW�LV�DWWUDF�
WLYH��DQG�WR�KDYH�D�QHHG�WR�EH�LQVSLUHG�
E\�SRVVLELOLWLHV�UDWKHU�WKDQ�GHSUHVVHG�
E\�OLPLWDWLRQV��

$V�VDLG��WKH�NH\�LV�LQ�WKH�FKDQJH�RI�
SHUFHSWLRQ��ZH�QHHG�WR�EH�DWWUDFWHG�WR�
UHFRQVLGHU�DQG�UHOHDUQ�DERXW�ZKHUH�ZH�
DUH��ZKR�ZH�DUH�DQG�ZK\�ZH�DUH��LQ�
UHODWLRQ�WR�WKH�QDWXUDO�V\VWHPV��7KDW�JL�
YHV�WKH�JURXQGV�DQG�EXLOGLQJ�PDWHULDOV�
IRU�D�WUXH�TXDOLW\�RI�OLIH�

&RUUHVSRQGLQJ�DXWKRU��
NDWUL�SXONNLQHQ#DDOWR�À

��



7KH�WHUP�%LRPLPLFU\�UHIHUV�WR�WKH�
SKLORVRSK\�RI�DSSO\LQJ�QDWXUH·V�JHQLXV�
WR�KXPDQ�V\VWHPV��8QGHUSLQQLQJ�WKH�
ZRUN�LV�WKH�SUHPLVH�WKDW�OLIH�FUHDWHV�
FRQGLWLRQV�FRQGXFLYH�WR�OLIH��%HQ\XV��
������DQG�WKDW�KXPDQ�DFWLYLWLHV�FRXOG�
EH�GHVLJQHG�DQG�FRQGXFWHG�LQ�KDUPRQ\�
ZLWK�WKH�ODZV�RI�QDWXUH��%LRPLPLFU\�DV�
D�SUDFWLFH�UHIHUV�WR�D�WUDQVGLVFLSOLQDU\�
GHVLJQ�SURFHVV�WKDW�FRPELQHV�V\VWHP�
WKLQNLQJ��GHVLJQ�WKLQNLQJ�DQG�ELRORJ\�
DQG�RU�HFRORJ\�DQG�FDQ�EH�DSSOLHG�WR�
DQ\�NLQG�RI�FKDOOHQJH�DFURVV�D�YDULHW\�
RI�JHQUHV��

7KH�RSSRUWXQLWLHV�IRU�WKH�DSSOLFDWLRQ�
RI�QDWXUH·V�JHQLXV�DUH�OLWHUDOO\�HQGOHVV�
EHFDXVH�WKHUH�DUH�DQ�HVWLPDWHG�����
PLOOLRQ�VSHFLHV�OLYLQJ�RQ�WKLV�SODQHW�
WKDW�KDYH�XQGHUJRQH�����ELOOLRQ�\HDUV�
RI�UHVHDUFK�DQG�HYROXWLRQ��%HQ\XV��
�������1DWXUH�KDV�EHHQ�UHÀQLQJ�WKHLU�
GHVLJQV�RYHU�HRQV��PRYLQJ�WKRVH�WKDW�
ZRUN�IRUZDUG�DQG�GLVFDUGLQJ�WKRVH�
WKDW�HLWKHU�GLG�QRW�ZRUN�RU�GLG�QRW�
FRQWULEXWH�WR�WKH�KHDOWK�RI�WKH�ZKROH��

.H\QRWH

%LRPLPLFU\�
1DWXUH�,QVSLUHG�,QQRYDWLRQ�LQ�)RUP��
3URFHVV�DQG�6\VWHP

5HJLQD�5RZODQG
7KH�6DYDQQDK�&ROOHJH�RI�$UW�DQG�'HVLJQ��86$

5HIHUHQFHV

%HQ\XV��-�0����������%LRPLPLFU\���LQQRYDWLRQ�LQVSLUHG�E\�QDWXUH��1HZ�<RUN��1<��
+DUSHU�&ROOLQJV�3XEOLVKLQJ��,QF��%LRPLPLFU\�������������%LRPLPLFU\�KDQGERRN��
%LRPLPLFU\�����5HJLQD�5RZODQG�

��



6DPSOH�L6LWH��¶/LIH�$ORQJ�D�7UHH¶�
��&ROOHHQ�0DKRQH\��%LRPLPLFU\�6SHFLDOLVW

,W�WKXV�PDNHV�FRPPRQ�VHQVH�WKDW�
KXPDQV�ZRXOG�EH�ZLVH�WR�QRW�RQO\�
OHDUQ�IURP�WKHVH�GHVLJQ�VWUDWHJLHV�DQG�
SURFHVVHV��EXW�DOVR�UHDOL]H�WKDW�WKHLU�
VSHFLHV�FDQ�RQO\�VXUYLYH�RQ�WKLV�SODQHW�
LI�WKH\�FRQWULEXWH�

D��WR�WKH�ZHOOEHLQJ�RI�DOO�OLYLQJ�EHLQJV��
E��WR�WKH�KHDOWK�RI�WKH�ELRVSKHUH�XSRQ�
ZKLFK�WKHLU�RZQ�OLYHV�GHSHQG
F��WR�WKH�GLYHUVLW\�LQ�WKH�HFRV\VWHPV�LQ�
ZKLFK�WKH\�OLYH�

�
&RUUHVSRQGLQJ�DXWKRU��
UHJLQD#UHJLQDURZODQG�FRP

��



(XURSH·V�IXWXUH�UHOLHV�RQ�WKH�QH[W�
JHQHUDWLRQ�RI�FLWL]HQV��:LOO�WKRVH�ZKR�
DUH�\RXQJ�WRGD\�EH�DEOH�WR�WDFNOH�WKH�
FKDOOHQJHV�RI�(XURSHDQ�,QWHJUDWLRQ�DQG�
GHYHORS�D�(XURSHDQ�LGHQWLW\"�6WDNH�
KROGHUV�SXW�PDQ\�KRSHV�LQWR�WKLV��EXW�
ZKDW�GR�ZH�DFWXDOO\�NQRZ�DERXW�\RXQJ�
(XURSHDQV�WRGD\"�:H�ZLOO�DQVZHU�WKLV�
TXHVWLRQ�V\VWHPDWLFDOO\�DQG�HPSLUL�
FDOO\��LQ�RUGHU�WR�FUHDWH�GHWDLOHG�LQIRU�
PDWLRQ�IRU�GHFLVLRQ�PDNHUV�RQ�YDULRXV�
OHYHOV��(XURSHDQ��QDWLRQDO��UHJLRQDO��
PXQLFLSDO������

,Q�UHVSHFW�WR�V\VWHP�WKHRU\�RXU�
UHVHDUFK�DSSURDFK�LV�LQQRYDWLYH�DQG�
SDUWLFLSDWLYH��7KLV�PHDQV�ZH�DUH�
VXSSRUWLQJ�WKH�RQHV�FRQFHUQHG�E\�WKH�
UHVHDUFK�WR�FRQGXFW�WKH�UHVHDUFK�WKHP�
VHOYHV��<RXWK�LV�LQYHVWLJDWLQJ�\RXWK��
<RXQJ�UHVHDUFKHUV�DUH�HQDEOHG�WR�GH�
FLGH�XSRQ�WKH�FRXUVH�RI�WKHLU�UHVHDUFK�
DQG�YRLFH�ZKDW�LV�LPSRUWDQW�WR�WKHP��
7KH�SURMHFW�WHDP�FRQVLVWV�RI�SHRSOH�
IURP�GLIIHUHQW�GLVFLSOLQHV��SV\FKR�
ORJLVWV��VRFLRORJLVWV��HGXFDWLRQDO�
UHVHDUFKHUV��KLVWRULDQV��GHVLJQHUV��
PHGLD�FRPPXQLFDWRUV��HWF���DQG�FLWLHV�
�%RFKXP��*UD]��/YLY��0DJGHEXUJ��
2ORPRXF��9LHQQD������

7KH�SDUWLFLSDQWV�SK\VLFDOO\�PHHW�LQ�
WKHVH�FLWLHV�LQ�RUGHU�WR�MRLQWO\�LQYHV�
WLJDWH�WKHLU�JHQHUDWLRQ�WKHUH��7KH\�
UHFHLYH�LQVWUXFWLRQV�RQ�HPSLULFDO�
PHWKRGV��KRZ�WR�FRQGXFW�LQWHUYLHZV�RU�
JURXS�GLVFXVVLRQV��WDNH�GRFXPHQWDU\�
SLFWXUHV��DQG�OHDUQ�DERXW�GHVLJQ�DQG�
FRPPXQLFDWLRQ�WHFKQLTXHV�IRU�WKH�
SXEOLF�SUHVHQWDWLRQ�RI�WKHLU�ÀQGLQJV��
)URP�FLW\�WR�FLW\��L�H��IURP�ZRUNVKRS�
WR�ZRUNVKRS��SDUWLFLSDQWV�EURDGHQ�WKHLU�
�DQG�RXU��XQGHUVWDQGLQJ�RI�WKH�GLYHUVL�
W\�DQG�FRPPXQDOLWLHV�RI�\RXQJ�SHRSOH�
OLYLQJ�LQ�(XURSH�

$�PDMRU�VWUHQJWK�RI�WKH�SURMHFW�LV�LWV�
VXVWDLQDELOLW\��:KLOH�SDUWLFLSDQWV�IURP�
GLIIHUHQW�(XURSHDQ�FLWLHV�MRLQWO\�OHDUQ�
KRZ�WR�FUHDWH�D�YDOXDEOH�LQIRUPDWLRQ�
GDWD�EDVH�RI�WKH�\RXQJ�JHQHUDWLRQ�LQ�
(XURSH��WKH\�EHFRPH�D�YDOXDEOH�(XUR�
SHDQ�UHVRXUFH�WKHPVHOYHV�

.H\QRWH

*HQHUDWLRQ�(XURSH
<RXWK�LQYHVWLJDWLQJ�\RXWK��6\VWHPV�WKLQNLQJ�
LQ�HPSLULFDO�DSSOLFDWLRQ

6WHIDQ�+DPSO
6LJPXQG�)UHXG�8QLYHUVLW\�9LHQQD

��



7KH�JRDO�RI�WKH�SURMHFW�LV�WKH�SURMHFW�
LWVHOI��:KHQ�SDUWLFLSDQWV�DUH�JLYHQ�D�
VWDJH�WR�LQYHVWLJDWH�ZKDW�\RXQJ�(XUR�
SHDQV�ZLWK�GLIIHUHQW�EDFNJURXQGV�KDYH�
LQ�FRPPRQ��WKH\�DUH�DOVR�SURYLGHG�
ZLWK�WKH�RSSRUWXQLW\�RI�ZRUNLQJ�WR�
JHWKHU�DQG�SHUVRQDOO\�H[SHULHQFLQJ�WKH�
VLJQLÀFDQFH�RI�´KDYLQJ�VRPHWKLQJ�LQ�
FRPPRQ�ZLWK�RQH�DQRWKHUµ��+HQFH�WKH�
\RXQJ�SURMHFW�SDUWLFLSDQWV�DUH�GHYHOR�
SLQJ�D�VKDUHG�(XURSHDQ�XQGHUVWDQGLQJ�
RXW�RI�WKHLU�MRLQW�SUDFWLVH��

%XW��RQ�D�EURDGHU�VFDOH��WKH�V\VWHPV�
DSSURDFK�RI�SDUWLFLSDWRU\�UHVHDUFK�LQ�
RXU�(XURSHDQ�SURMHFW�HYHQ�DIIHFWV�WKH�
HYHU\GD\�OLYHV�RI�RWKHU�SHRSOH�LQ�(X�
URSH��D��WRS�GRZQ³DV�LW�LPSURYHV�WKH�
LQIRUPDWLRQ�GDWD�EDVH�IRU�SROLFLHV�DQG�
PHDVXUHV�WKDW�EHWWHU�ÀW�WKHLU�UHDO�OLIH�
VLWXDWLRQV�LQ�GLIIHUHQW�SODFHV��E��ERWWRP�
XS³WKURXJK�WKH�(XURSHDQ�XQGHUVWDQ�
GLQJ�WKDW�GHYHORSV�RXW�RI�WKH�YHU\�SHR�
SOH�WKDW�SDUWLFLSDWH�LQ�WKH�SURMHFW��7KH�
GHHS�SHUVRQDO�LQYROYHPHQW�UHVXOWLQJ�
IURP�WKHLU�MRLQW�UHVHDUFK�SUDFWLVH�DQG�
WKH�H[SHULHQFH�RI�VHOI�HIÀFDF\�HQDEOHG�
E\�WKH�SDUWLFLSDWRU\�DSSURDFK�WXUQV�WKH�
\RXQJ�SDUWLFLSDQWV�LQWR�DFWLYH�PXOWLSOL�
FDWRUV�IRU�WKH�(XURSHDQ�LGHD�

&RUUHVSRQGLQJ�DXWKRU��
VWHIDQ�KDPSO#VIX�DF�DW

��



7KH�ZLQ�ZLQ�GHDO�LV�VXSSRVHG�WR�EH�
D�VLWXDWLRQ�ZKLFK�LV�DGYDQWDJHRXV�
IRU�HYHU\RQH��LQ�ZKLFK�WKH�RXWFRPH�
EHQHÀWV�HDFK�SDUW\��,Q�G\QDPLF�VWXGLHV�
ZLQ²ZLQ�JDPHV�DUH�FDOOHG�JDPHV�
ZLWKRXW�ORVHUV��,I�ZH�ORRN�DW�+XPDQ�
DFWLRQV�ZLWKLQ�HFRV\VWHPV�RU�DW�OLYLQJ�
DQG�EDQNLQJ�V\VWHPV�FRPSDULVRQ��WKH�
ZLQ�ZLQ�VROXWLRQ�LV�QHYHU�D�VROXWLRQ�
EXW�DOZD\V�D�SUREOHP��(FR6\VWHPV�DUH�
QRW�ZLQ�ZLQ�DVVRFLDWLRQV��ZKDWHYHU�
WKH�DFWRUV�LQ�D�QHWZRUN�WKHUH�DUH�QHYHU�
DGYDQWDJHV�IRU�VRPH�RQHV�ZLWKRXW�
GLVDGYDQWDJHV�IRU�RWKHU�RQHV��7KH�ZLQ�
ZLQ�DSSURDFK�LV�QRW�D�V\VWHPLF�RQH��
QRERG\�PXVW�EH�D�SHUPDQHQW�ZLQQHU��
1R�FRXSOH�RI�DFWRUV�FDQ�EH�LVRODWHG�
IURP�WKH�JOREDO�QHWZRUN�RI�DFWRUV�LQ�
ZKLFK�WKH\�DUH�VKDULQJ�DGYDQWDJHV�
DQG�GLVDGYDQWDJHV��:KDWHYHU�WKH�
V\VWHP�DQG�LWV�OHYHO�RI�RUJDQLVDWLRQ��LW�
LV�VWUXFWXUHG�ZLWK�DQ�HQGRSK\VLRWRSH�
WKDW�LV�KRVWHG�E\�DQ�HFRH[RWRSH�RI�
VXUYLYDO��7KH�VSDFH�WLPHV�DUH�PRGXODU��
E\�HPEHGPHQW�DQG�MX[WDSRVLWLRQ�RI�
V\VWHPV�RI�V\VWHPV��:KDWHYHU�WKH�OHYHO�
RI�RUJDQLVDWLRQ�WKH�ORFDO�PRGXOHV�DUH�
LQ�LQWHUDFWLRQ�DW�GLIIHUHQW�VFDOHV��ZLWKLQ�
DQG�EHWZHHQ�OHYHOV�RI�RUJDQLVDWLRQ��EXW�
JRYHUQHG�E\�WKH�VDPH�IUDFWDO�SRZHU�
ODZ��7KH�PRGXODULW\�RI�WKH�DFWRUV�DQG�
WKHLU�LQWHUDFWLRQV��FDXVHV�RI�DGYDQWDJHV�
RU�GLVDGYDQWDJHV��DUH�DW�WKH�RULJLQ�RI�
H[DSWDWLRQ�SURFHVVHV��

6RRQHU�RU�ODWHU�ZLQQHU�ORVHU�LQWHUDF�
WLRQV�OLNH�ZLOO�JLYH�ULVH�WR�DQ�$VVRFL�
DWLRQ�IRU�WKH�5HFLSURFDO�DQG�0XWXDO�
6KDULQJ�RI�$GYDQWDJHV�DQG�'LV$GYDQ�
WDJHV��$506$'$���LQ�ZKLFK��IRU�RQH�
WR�VXUYLYH��DOO�WKH�RWKHUV�PXVW�VXUYLYH�
ÀUVW��LQ�ZKLFK�HYHU\RQH�LV�ERWK�D�ZLQ�
QHU�DQG�ORVHU�

����EXW�D�SUREOHP�

3�5��&KLQD

7DNLQJ�LQWR�DFFRXQW�DOO�DFWRUV�WKDW�DUH�
LQ�LQWHUDFWLRQV�DQG�VKDUH�WKH�KRVWLQJ�
FDSDFLW\�RI�WKH�VDPH�HFRH[RWRSH��DW�
WKH�V\VWHP�OHYHO�\RX�FDQQRW�DOZD\V�EH�
D�ZLQQHU��VRRQHU�RU�ODWHU�\RX�ZLOO�EH�D�
ORVHU��<RXU�FDSDFLW\�WR�EH�KRVWHG�PXVW�
EH�LQ�EHWZHHQ��$QG�\RX�PXVW�EH�OXFN\�

.H\QRWH

:,1�:,1�QRW�D�VROXWLRQ��:KDW�QH[W"

3LHUUH�%ULFDJH
6LFKXDQ�8QLYHUVLW\��&KHQJGX

��



7KHUH�DUH�QHYHU�DGYDQWDJHV�ZLWKRXW�
GLVDGYDQWDJHV��*UHDWHU�WKH�DGYDQWDJHV�
IRU�PDQ��JUHDWHU�WKH�GLVDGYDQWDJHV��D�
PRUH�DQG�PRUH�GHJUDGHG�HFRH[RWRSH�
RI�VXUYLYDO�DQG�WKH�HPHUJHQFH�RI�QHZ�
ULVNV��6SHFLHV�IUHTXHQFLHV�FKDQJHV�
DUH�LQGLFDWRUV�RI�HFRH[RWRSH�FKDQJHV��
6RPH�VSHFLHV�DUH�ZLQQLQJ�ZKHUHDV�
RWKHUV�DUH�ORVLQJ��%DODQFH�LV�FKDQJLQJ�
DQG�WKH�FXUUHQW�FKDQJHV�FUHDWH�PRUH�
ORVHUV�WKDQ�ZLQQHUV��,W�LV�D�´ZKR�ZLQV�
ZLOO�EH�D�ORVHUµ�JDPH��6RRQHU�RU�ODWHU�
ZLQQHUV�EHFRPH�ORVHUV�DQG�ORVHUV�
EHFRPH�ZLQQHUV��

0DQNLQG�PXVW�WDNH�LQWR�DFFRXQW�WKH�
OHVVRQV�RI�1DWXUH��$506$'$�LV�WKH�
RQO\�ORQJ�ODVWLQJ�UHVLOLHQW�VROXWLRQ�
EHWZHHQ�0DQ�DQG�1DWXUH��:H�QHHG�WR�
FKDQJH�RXU�PLQG�ZLWK�HGXFDWLRQ�IRU�D�
KROLVWLF�ZD\�DQG�DW�DOO�OHYHOV�

&RUUHVSRQGLQJ�DXWKRU��
SLHUUH�EULFDJH#XQLY�SDX�IU

5HIHUHQFHV

%ULFDJH��3����������/HV�&DUDFWpULVWLTXHV�GHV�2UJDQLVPHV�9LYDQWV��3DX�)UDQFH��
833$��)DF��6FLHQFHV��$3,'6�
%ULFDJH��3����������$�QHZ�HYROXWLRQDU\�SDUDGLJP��WKH�$VVRFLDWLRQV�IRU�WKH�0XWXDO�
6KDULQJ�RI�$GYDQWDJHV�DQG�RI�'LVDGYDQWDJHV��,Q�7KH�&UHDWLRQ�RI�D�6XVWDLQDEOH�
6RFLHW\�GHSHQGV�RQ�,QQRYDWLYH�6\VWHPV�7KLQNLQJ�����WK�$QQLYHUVDU\�RI�.DUO�
/XGZLJ�YRQ�%HUWDODQII\��,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6\VWHPV�7KLQNLQJ�¶8QLW\�
WKURXJK�'LYHUVLW\·��9LHQQD�
%ULFDJH��3����������7KH�(YROXWLRQDU\�6KXWWOH�RI�WKH�/LYLQJ�6\VWHPV��5HV�6\VWHPL�
FD�������
%ULFDJH��3����������7KH�FHOO�RULJLQDWHG�WKURXJK�VXFFHVVLYH�RXWEUHDNV�RI�QHWZRU�
NLQJ�DQG�KRPLQJ�LQWR�$VVRFLDWLRQV�IRU�WKH�5HFLSURFDO�DQG�0XWXDO�6KDULQJ�RI�
$GYDQWDJHV�DQG�RI�'LV$GYDQWDJHV��EHWZHHQ�WKH�SDUWQHUV��5HV�6\VWHPLFD��������
%ULFDJH��3����������7KH�6RFLDO�DQG�(QYLURQPHQWDO�5HVSRQVLELOLW\�RI�0DQNLQG��
���$ERXW�0DQ�,QWHUYHQWLRQV�LQ�WKH�/LYLQJ�1HWZRUNV��(XURSHDQ�6\VWHPV�6FLHQFH�
&RQJUHVV��6\VWHPLF�$SSURDFK�RI�'LYHUVLW\��%UX[HOOHV��%HOJLTXH��,$6&<6�ZRUN�
VKRS��5HWULHYHG�IURP�KWWS���ZZZ�DUPVDGD�HX�ÀOHV�SE0DQ6(5TDVK�SGI
%ULFDJH��3����������$Q�$SSURDFK�RI�2UJDQL]DWLRQV�DQG�0DQDJHPHQW��6\VWHPLF�
(WKLFV��'HPRFUDF\�DQG�6XVWDLQDELOLW\��$VVRFLDWLRQV�IRU�WKH�5HFLSURFDO�DQG�0XWXDO�
6KDULQJ�RI�$GYDQWDJHV�DQG�'LV$GYDQWDJHV��,QWHUQDWLRQDO�-RXUQDO�RI�3XEOLF�DQG�
3ULYDWH�0DQDJHPHQW����������������
%ULFDJH��3����������$VVRFLDWLRQV�IRU�WKH�5HFLSURFDO�DQG�0XWXDO�6KDULQJ�RI�$GYDQ�
WDJHV�DQG�'LV$YDQWDJHV�$�)UXLWIXO�3UHGLFWLYH�3DUDGLJP��6\VWHPD��������������

��



��



��

/LYLQJ�V\VWHPV�ODZV�RI�EXLOGLQJ��IXQFWLRQLQJ�DQG�HPHUJHQFH



7KH�7ULSOH�+HOL[�LQQRYDWLRQ�PRGHO�
FRQFHQWUDWHV�RQ�XQLYHUVLW\�LQGXVWU\�
JRYHUQPHQW�UHODWLRQV��(W]NRZLW]�DQG�
/H\GHVGRUII���������,Q�WKDW�UHVSHFW��
7ULSOH�+HOL[�UHSUHVHQWV�D�EDVLF�PRGHO�
IRU�NQRZOHGJH�SURGXFWLRQ�DQG�LQQR�
YDWLRQ�DSSOLFDWLRQ��7KH�PRGHOV�RI�WKH�
4XDGUXSOH�+HOL[�DQG�4XLQWXSOH�+HOL[�
LQQRYDWLRQ�V\VWHPV�DUH�GHVLJQHG�WR�
DOUHDG\�FRPSUHKHQG�DQG�WR�UHIHU�WR�DQ�
H[WHQGHG�FRPSOH[LW\�LQ�NQRZOHGJH�
SURGXFWLRQ�DQG�NQRZOHGJH�DSSOLFDWLRQ�
�LQQRYDWLRQ���WKXV��WKH�DQDO\WLFDO�DU�
FKLWHFWXUH�RI�WKHVH�PRGHOV�LV�FRQFHS�
WXDOL]HG�EURDGHU��7R�XVH�PHWDSKRULF�
WHUPV��WKH�4XDGUXSOH�+HOL[�HPEHGV�
DQG�FRQWH[WXDOL]HV�WKH�7ULSOH�+HOL[��
ZKLOH�WKH�4XLQWXSOH�+HOL[�HPEHGV�DQG�
FRQWH[WXDOL]HV�WKH�4XDGUXSOH�+HOL[�
�DQG�7ULSOH�+HOL[���7KH�4XDGUXSOH�+H�
OL[�DGGV�DV�D�IRXUWK�KHOL[�WKH�´PHGLD�
EDVHG�DQG�FXOWXUH�EDVHG�SXEOLFµ��´FLYLO�
VRFLHW\µ�DQG�´DUWV��DUWLVWLF�UHVHDUFK�
DQG�DUWV�EDVHG�LQQRYDWLRQµ��&DUD\D�
QQLV�DQG�&DPSEHOO�������DQG�������
S������VHH�DOVR�'DQLOGD�HW�DO���������
DQG�%DVW��&DUD\DQQLV�DQG�&DPSEHOO��
�������7KH�4XDGUXSOH�+HOL[�DOVR�FRXOG�
EH�HPSKDVL]HG�DV�WKH�SHUVSHFWLYH�WKDW�
VSHFLÀFDOO\�EULQJV�LQ�WKH�´GLPHQVLRQ�
RI�GHPRFUDF\µ�RU�WKH�´FRQWH[W�RI�
GHPRFUDF\µ�IRU�NQRZOHGJH��NQRZOHGJH�
SURGXFWLRQ�DQG�LQQRYDWLRQ��

7KH�4XLQWXSOH�+HOL[�LQQRYDWLRQ�PRGHO�
LV�HYHQ�PRUH�FRPSUHKHQVLYH�LQ�LWV�
DQDO\WLFDO�DQG�H[SODQDWRU\�VWUHWFK�
DQG�DSSURDFK��DGGLQJ�IXUWKHUPRUH�WKH�
ÀIWK�KHOL[��DQG�SHUVSHFWLYH��RI�WKH�
´QDWXUDO�HQYLURQPHQWV�RI�VRFLHW\µ�
�&DUD\DQQLV�DQG�&DPSEHOO��������
S�������VHH�)LJXUH����

7KH�7ULSOH�+HOL[�LV�H[SOLFLW�LQ�DFN�
QRZOHGJLQJ�WKH�LPSRUWDQFH�RI�KLJKHU�
HGXFDWLRQ�IRU�LQQRYDWLRQ��+RZHYHU��
LW�FRXOG�EH�DUJXHG�WKDW�WKH�7ULSOH�
+HOL[�VHHV�NQRZOHGJH�SURGXFWLRQ�DQG�
LQQRYDWLRQ�LQ�UHODWLRQ�WR�HFRQRP\��
WKXV�WKH�7ULSOH�+HOL[�PRGHOV�ÀUVW�RI�DOO�
�SULPDULO\��WKH�HFRQRP\�DQG�HFRQRPLF�
DFWLYLW\��,Q�WKDW�VHQVH��WKH�7ULSOH�+HOL[�
IUDPHV�WKH�NQRZOHGJH�HFRQRP\��7KH�
4XDGUXSOH�+HOL[�EULQJV�LQ�WKH�DGGLWLR�
QDO�SHUVSHFWLYH�RI�VRFLHW\��NQRZOHGJH�
VRFLHW\��DQG�RI�GHPRFUDF\��NQRZOHGJH�
GHPRFUDF\���7KH�4XDGUXSOH�+HOL[�LQ�
QRYDWLRQ�V\VWHP�XQGHUVWDQGLQJ�HPSKD�
VL]HV�WKDW�VXVWDLQDEOH�GHYHORSPHQW�RI�
DQG�LQ�HFRQRP\��NQRZOHGJH�HFRQRP\��
UHTXLUHV�WKDW�WKHUH�LV�D�FR�HYROXWLRQ�RI�
NQRZOHGJH�HFRQRP\�DQG�NQRZOHGJH�
VRFLHW\�DQG�NQRZOHGJH�GHPRFUDF\��
7KH�4XDGUXSOH�+HOL[�HYHQ�HQFRXUDJHV�
WKH�SHUVSHFWLYHV�RI�NQRZOHGJH�VRFLHW\�
DQG�RI�NQRZOHGJH�GHPRFUDF\�IRU�
VXSSRUWLQJ��SURPRWLQJ�DQG�DGYDQFLQJ�
NQRZOHGJH�SURGXFWLRQ��UHVHDUFK��DQG�
NQRZOHGJH�DSSOLFDWLRQ��LQQRYDWLRQ��

.H\QRWH

4XDGUXSOH�DQG�4XLQWXSOH�+HOL[�,QQRYDWLRQ�6\VWHPV

(OLDV�*��&DUD\DQQLV
7KH�*HRUJH�:DVKLQJWRQ�8QLYHUVLW\
'DYLG�)��-��&DPSEHOO
8QLYHUVLW\�RI�$SSOLHG�$UWV�9LHQQD
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)XUWKHUPRUH��WKH�4XDGUXSOH�+HOL[�LV�
DOVR�H[SOLFLW�WKDW�QRW�RQO\�XQLYHUVLWLHV�
�KLJKHU�HGXFDWLRQ�LQVWLWXWLRQV��RI�WKH�
VFLHQFHV��EXW�DOVR�XQLYHUVLWLHV��KLJKHU�
HGXFDWLRQ�LQVWLWXWLRQV��RI�WKH�DUWV�
VKRXOG�EH�UHJDUGHG�DV�GHFLVLYH�DQG�
GHWHUPLQLQJ�LQVWLWXWLRQV�IRU�DGYDQFLQJ�
QH[W�VWDJH�LQQRYDWLRQ�V\VWHPV��WKH�
LQWHU�GLVFLSOLQDU\�DQG�WUDQV�GLVFLSOLQDU\�
FRQQHFWLQJ�RI�VFLHQFHV�DQG�DUWV�FUHDWHV�
FUXFLDO�DQG�FUHDWLYH�FRPELQDWLRQV�IRU�
SURPRWLQJ�DQG�VXSSRUWLQJ�LQQRYDWLRQ��
+HUH��LQ�IDFW��OLHV�RQH�RI�WKH�NH\V�IRU�
IXWXUH�VXFFHVV��7KH�FRQFHSW�DQG�WHUP�
RI�´VRFLDO�HFRORJ\µ�UHIHUV�WR�´VRFLHW\�
QDWXUH�LQWHUDFWLRQVµ�EHWZHHQ�´KXPDQ�
VRFLHW\µ�DQG�WKH�´PDWHULDO�ZRUOGµ��VHH��
IRU�H[DPSOH��)LVFKHU�.RZDOVNL�DQG�
+DEHUO���������7KH�(XURSHDQ�&RPPLV�
VLRQ��������LGHQWLÀHG�WKH�QHFHVVDU\�
VRFLR�HFRORJLFDO�WUDQVLWLRQ�RI�HFRQRP\�
DQG�VRFLHW\�DV�RQH�RI�WKH�JUHDW�QH[W�
SKDVH�FKDOOHQJHV��EXW�DOVR�DV�DQ�RS�
SRUWXQLW\��IRU�WKH�IXUWKHU�SURJUHVV�DQG�
DGYDQFHPHQW�RI�NQRZOHGJH�HFRQRP\�
DQG�NQRZOHGJH�VRFLHW\��

7KH�4XLQWXSOH�+HOL[�UHIHUV�WR�WKLV�
VRFLR�HFRORJLFDO�WUDQVLWLRQ�RI�VRFLHW\��
HFRQRP\�DQG�GHPRFUDF\��WKH�4XLQWXS�
OH�+HOL[�LQQRYDWLRQ�V\VWHP�LV�WKHUHIRUH�
HFRORJLFDOO\�VHQVLWLYH��4XLQWXSOH�+HOL[�
EDVHV�LWV�XQGHUVWDQGLQJ�RI�NQRZOHGJH�
SURGXFWLRQ��UHVHDUFK��DQG�NQRZOHGJH�
DSSOLFDWLRQ��LQQRYDWLRQ��RQ�VRFLDO�
HFRORJ\��(QYLURQPHQWDO�LVVXHV��VXFK�
DV�JOREDO�ZDUPLQJ��UHSUHVHQW�LVVXHV�RI�
FRQFHUQ�DQG�RI�VXUYLYDO�IRU�KXPDQLW\�
DQG�KXPDQ�FLYLOL]DWLRQ��%XW�WKH�4XLQ�
WXSOH�+HOL[�WUDQVODWHV�HQYLURQPHQWDO�
DQG�HFRORJLFDO�LVVXHV�RI�FRQFHUQ�DOVR�
LQ�SRWHQWLDO�RSSRUWXQLWLHV��E\�LGHQWLI\�
LQJ�WKHP�DV�SRVVLEOH�GULYHUV�IRU�IXWXUH�
NQRZOHGJH�SURGXFWLRQ�DQG�LQQRYDWLRQ�
�&DUD\DQQLV��%DUWK�DQG�&DPSEHOO��
�������7KLV��ÀQDOO\��GHÀQHV�DOVR�RSSRU�
WXQLWLHV�IRU�WKH�NQRZOHGJH�HFRQRP\��
´7KH�4XLQWXSOH�+HOL[�VXSSRUWV�KHUH�
WKH�IRUPDWLRQ�RI�D�ZLQ�ZLQ�VLWXDWLRQ�
EHWZHHQ�HFRORJ\��NQRZOHGJH�DQG�
LQQRYDWLRQ��FUHDWLQJ�V\QHUJLHV�EHWZHHQ�
HFRQRP\��VRFLHW\�DQG�GHPRFUDF\µ�
�&DUD\DQQLV��%DUWK�DQG�&DPSEHOO��
������S�����

&RUUHVSRQGLQJ�DXWKRU��
FDUD\H#JZX�HGX
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)LJXUH��
7KH�4XDGUXSOH�DQG�4XLQWXSOH�+HOL[�LQQRYDWLRQ�V\VWHPV
��(OLDV�*��&DUD\DQQLV�	�'DYLG�)��-��&DPSEHOO
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��)LUVW�+HOL[
$FDGHPLD���8QLYHUVWLWLHV
8QLYHUVLWLHV��KLJKHU�HGXFDWLRQ�LQVWLWX�
WLRQV��RI�WKH�VFLHQFHV�DQG�RI�WKH�DUWV�

��6HFRQG�+HOL[
,QGXVWU\���%XVLQHVV
$OVR��FUHDWLYLW\�HFRQRP\�DQG�FUHDWLYH�
LQGXVWULHV�

��7KLUG�+HOL[
6WDWH���*RYHUQPHQW

��)RXUWK�+HOL[
0HGLD�EDVHG�DQG�FXOWXUH�EDVHG�
SXEOLF���&LYLO�VRFLHW\���$UWV��DUWLVWLF�
UHVHDUFK�DQG�DUWV�EDVHG�LQQRYDWLRQ
FXOWXUH�DQG�LQQRYDWLRQ�FXOWXUH��
NQRZOHGJH�RI�FXOWXUH�DQG�FXOWXUH�RI�
NQRZOHGJH��YDOXHV�DQG�OLIH�VW\OHV��
PXOWL�FXOWXUDOLVP�DQG�FUHDWLYLW\��PHGLD��
DUWV�DQG�DUWV�XQLYHUVLWLHV��PXOWL�OHYHO�
LQQRYDWLRQ�V\VWHPV�ZLWK�XQLYHUVLWLHV�RI�
WKH�VFLHQFHV�DQG�DUWV�

��)LIWK�+HOL[
1DWXUDO�HQYLURQPHQW���1DWXUDO�
HQYLURQPHQWV�RI�VRFLHW\�DQG�
HFRQRP\�
VRFLDO�HFRORJ\��VRFLHW\�QDWXUH�
LQWHUDFWLRQV��VRFLR�HFRORJLFDO�
WUDQVLWLRQ�

$XWKRUV¶�RZQ�FRQFHSWXDOL]DWLRQ�EDVHG�RQ�(W]NRZLW]�DQG�/H\GHVGRUII��������S��
������&DUD\DQQLV�DQG�&DPSEHOO��������S�������������S������������DQG�'DQLOGD�HW�
DO���������

6RXUFH��&DUD\DQQLV��(OLDV�*����'DYLG�)��-��&DPSEHOO���������'HYHORSHG�'HPRFUD�
FLHV�YHUVXV�(PHUJLQJ�$XWRFUDFLHV��$UWV��'HPRFUDF\��DQG�,QQRYDWLRQ�LQ�4XDGUXSOH�
+HOL[�,QQRYDWLRQ�6\VWHPV��-RXUQDO�RI�,QQRYDWLRQ�DQG�(QWUHSUHQHXUVKLS�����

7KH�4XDGUXSOH�DQG�4XLQWXSOH�+HOL[�LQQRYDWLRQ�V\VWHPV
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(XURSHDQ�&RPPLVVLRQ���������7KH�:RUOG�LQ�������5LVLQJ�$VLD�DQG�6RFLR�(FROR�
JLFDO�7UDQVLWLRQ��%UXVVHOV��(XURSHDQ�&RPPLVVLRQ�
)LVFKHU�.RZDOVNL��0���	�+DEHUO��+���(GV������������6RFLRHFRORJLFDO�7UDQVLWLRQV�
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Classical communication studies have 

been focussing mainly on the transfer 

of information in social systems. How-

ever, as Thomas Kuhn said “normal 

science” seems to put everything in a 

box that is shaped in advance without 

HODVWLFLW\��6R�WKH�IROORZLQJ�ÀYH�VHF-
tions of communication processes have 

been scrutinized: disseminator, content, 

channel, audience and effect. This led 

researchers to limit their approaches 

towards the phenomena of information. 

There have been rarely studies on a 

bigger picture. 

A bigger picture would demand to go 

beyond interdisciplinary studies and 

become transdisciplinary, advance to 

a meta-level and include philosophical 

and system theoretical perspectives. 

Here, informational agents are not re-

stricted to social, human actors - rather 

they populate the broader universe - 

and communication processes are not 

the only information processes. 

There is an evolution of information 

WKDW�XQIROGV�LQ�WKUHH�ÀHOGV��DV�WKH�
triple-c model of Wolfgang Hofkirch-

ner suggests: communication is based 

on cognition of informational agents 

and promotes cooperation among them 

The philosophy of information set 

up by Kun Wu distinguishes between 

information in-itself, information for-

itself and regenerative information. It 

extends from ontology to epistemolo-

gy, and from evolutionism to axiology.

According to the viewpoint of systems 

theory, levels occur through the nesting 

of systems. Elements of systems are 

systems themselves on a lower level 

and systems are elements of other 

systems on a higher level. Social actors 

are elements of social systems, which, 

in turn, can be (collective) social actors 

in a social supra-system. 

Information Science

The complex information system model 
in communication process

Lin Bi
Xi‘an Jiaotong University
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Regarding information, the human 

communication process can be located 

as intermediary between a micro- and a 

macro-level: on the micro-level, social 

actors act, they produce cognitions 

that change their inner structure; when 

they interact they communicate their 

cognitions, which is an extension of 

their cognitive behaviour, as they try 

to understand each other’s cognitions 

for the sake of certain goals within the 

social system they are elements of; 

when social actors co-act they interlace 

by stable relations and cooperate for 

common goals within their social 

system. 

Those relations can be conceptualised 

as cognitive inner structure of the 

social system itself when considered 

as a collective social actor. By doing 

so, human communication can be 

explained more thoroughly. Its main 

function is to mediate between the 

social micro- and the macro-level. This 

is of utmost importance in our age of 

global challenges.

Corresponding author: 

bilin1001@qq.com

Spiral: A possible illustration of a system
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The MIT Media Lab launched the 
Journal of Design and Science (JoDS) 
in early 2016 with four essays that 
aims open “new connections between 
science and design”. The central the-
mes are the emergence of “participant 
designers” within “an age of entang-
lement” and the shifts inherent in this 
approach to design. The JoDS essays 
theorise an engaged design practice 
but the political economy of design 
is under-theorised and a particular 
problem with the representation of the 
ecological is evident. 

The ways in which nature is under-
stood enable or disable the design 
of sustainable ways of living. The 
dismissal of the ecological in the 
ways we think, in design theory and 
in design practice is the legacy of a 
culture that has ignored the interests of 
natural world. One way to examine the 
dismissal of the ecological in theory is 
to refer to Gregory Bateson’s theory of 
“epistemological error”. The western 
premise of radical independence is 
wrong. Humankind has conceived 
of itself as the sole proprietors of 
sentience and the rest of the world “as 
mindless and therefore as not entitled 
to moral or ethical consideration” 
(1972, 62). 

The narrowing down of our epistemo-
ORJ\�WR�UHÁHFW�RQO\�RXU�RZQ�LQWHUHVWV�
(or even the interests of our own 
species) and the instrumental processes 
we use to do this are at the root of the 
most severe environmental problems.
 
In the section titled “The End of the 
$UWLÀFLDOµ�-RLFKL�,WR�FODLPV�WKDW�´LW�
DSSHDUV�WKDW�QDWXUH�DQG�WKH�DUWLÀFLDO�
are merging”. Danny Hillis claims: 
“We humans are changing. We have 
become so intertwined with what we 
have created that we are no longer 
separate from it. We have outgrown the 
distinction between the natural and the 
DUWLÀFLDO«:H�DUH�DW�WKH�GDZQ�RI�WKH�
Age of Entanglement”. It is true that 
plastic debris is clogging up the guts of 
marine animals and there are endless 
examples of similar entanglements. 
7KH�DUWLÀFLDO�DQG�WKH�RUJDQLF�DUH�GHÀ-
nitely interacting in countless ways on 
all scales across the global ecosystem. 
%XW�WKH�´HQG�RI�WKH�DUWLÀFLDOµ�FRQFHSW�
has more to do the legacy of epistemo-
logical error and the particular type of 
political economy that emerged from 
this error than the so-called merging of 
WKH�HFRORJLFDO�DQG�WKH�DUWLÀFLDO�

Science and Design Enabling Transformation

Design and Science in an Age of Entanglement

Dr. Joanna Boehnert
University of Westminster
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Neri Oxman‘s “Krebs Cycle of Creativity” - revised

This coalescing of the natural and the 
DUWLÀFLDO�KDV�IDU�UHDFKLQJ�FRQVHTXHQ-
FHV��,I�WKH�DUWLÀFLDO�WKLQJV�WKDW�KXPDQV�
have designed and constructed are of 
the same order as natural processes 
that have made it possible for humans 
WR�ÁRXULVK�RYHU��������\HDUV�²�WKLV�
LQÁXHQFHV�WKH�ZD\V�ZH�XQGHUVWDQG�DQG�
value natural processes. 

The ecological sphere has evolved over 
millions of years to enable life-sustai-
ning conditions on this planet. In stark 
FRQWUDVW�WR�WKH�HFRORJLFDO��WKH�DUWLÀFLDO�
has not endured the test of time. 
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It has not evolved to work in tandem 
with the ecological. In many places it 
disrupts the dynamic balance ecosys-
tems need to sustain and regenerate 
themselves. The climate system is the 
most dramatic example. 

This coalescing of the natural and the 
DUWLÀFLDO�KDV�IDU�UHDFKLQJ�FRQVHTXHQ-
FHV��,I�WKH�DUWLÀFLDO�WKLQJV�WKDW�KXPDQV�
have designed and constructed are of 
the same order as natural processes 
that have made it possible for humans 
WR�ÁRXULVK�RYHU��������\HDUV�²�WKLV�
LQÁXHQFHV�WKH�ZD\V�ZH�XQGHUVWDQG�DQG�
value natural processes. The ecological 
sphere has evolved over millions of 
years to enable life-sustaining 
conditions on this planet. In stark 
FRQWUDVW�WR�WKH�HFRORJLFDO��WKH�DUWLÀFLDO�
has not endured the test of time. It has 
not evolved to work in tandem with the 
ecological. In many places it disrupts 
the dynamic balance ecosystems need 
to sustain and regenerate themselves. 
The climate system is the most drama-
tic example. 

Just because it is possible to ‘edit’ 
nature (genetic engineering, synthetic 
biology, geo-engineering) does not 
PHDQ�WKH�RUJDQLF�DQG�WKH�DUWLÀFLDO�DUH�
WKH�VDPH��RU�WKDW�WKH\�KDYH�HTXLYDOHQW�
value. 

We might redesign nature into what 
appears to the most cavalier amongst 
us as a ‘better’ place, to suit human 
QHHGV�DQG�GHVLUHV�²�EXW�ZH�FDQQRW�
SUHGLFW�ZLWK�FHUWDLQW\�WKH�FRQVHTXHQFHV�
of the most dramatic interventions. 
On the other hand, nature has experi-
PHQWHG�IRU�PLOOLRQV�RI�\HDUV�WR�UHÀQH�
WKH�HYROXWLRQDU\�PRPHQW�WKDW�ZH�ÀQG�
ourselves in now, one that we are 
TXLFNO\�GHJUDGLQJ��6LQFH�KXPDQV�KDYH�
already caused irreparable damage 
to the climate system, to biodiversity 
and to a vast array of ecosystems and 
species, now is not the time to build 
new theory that will further dismiss 
ecological concerns.

Corresponding author: 
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)XWXUH�YLVLRQ��:KDW�NLQG�RI�OLIH�GR�ZH�
ZDQW"�3HRSOH�HQYLVLRQ�D�OLIH�LQ�ZKLFK�
WKH\�FDQ�HQMR\�WKH�EHDXW\�RI�QDWXUH��
ZKHUH�DOO�KXPDQV�DUH�FRQVLGHUHG�WR�EH�
RI�IXQGDPHQWDO�HTXDO�ZRUWK�DQG�FDQ�
FRQWULEXWH�WR�VRFLHW\�LQ�WKHLU�GLVWLQFWLYH�
ZD\V��DQG�ZKHUH�ZRUNSODFHV�LQYLJRUDWH�
SHRSOH�DQG�DUH�VXSSRUWLYH�RI�GLYHUVLW\�

$OWKRXJK�LQVSLULQJ��WKLV�YLVLRQ�IRU�WKH�
IXWXUH�RI�KXPDQLW\�DQG�WKH�HQYLURQ�
PHQWDO�KHDOWK�RI�RXU�SODQHW�VHHPV�WR�EH�
WKUHDWHQHG��:LWK�WKH�HQYLURQPHQWDO�DQG�
VRFLHWDO�FKDQJHV�QRZ�WDNLQJ�SODFH�DW�
WKH�RQVHW�RI�WKH�$QWKURSRFHQH��VXFK�DV�
VHYHUH�ZHDWKHU�RU�IDLOHG�QDWLRQV��OLYLQJ�
V\VWHPV�DUH�LQÁXHQFHG�RQ�D�ODUJH�VFDOH��
7KLV�EUHDNGRZQ�RI�HFRORJLFDO�DQG�
SROLWLFDO�V\VWHPV�LV�XQSUHGLFWDEOH�DQG�
XQSUHFHGHQWHG�LQ�KXPDQ�KLVWRU\�DQG�
WKH�XQVWDEOH�V\VWHP�HQYLURQPHQW�UHOD�
WLRQVKLS�LV�SXWWLQJ�RXU�YLVLRQDU\�DLPV�
DW�ULVN��7KH�UDWH��PDJQLWXGH��DQG�VFRSH�
RI�VXFK�FKDQJHV�FRPSHO�LQGLYLGXDOV�WR�
RSHUDWH�IURP�D�FRQWH[W�WKDW�QR�ORQJHU�
SURYLGHV�WKH�VWDEOH�HQYLURQPHQWDO�
EDFNJURXQG�RI�WKH�SUHFHGLQJ�JHRORJL�
FDO�HSRFK��7KH�FRPSOH[LW\�UHVXOWLQJ�
IURP�WKHVH�FKDOOHQJHV�FDOOV�SHRSOH�
WR�UHVSRQG�WKURXJK�WKHLU�UHVSHFWLYH�
JRYHUQPHQWV��RUJDQL]DWLRQV��DQG�E\�
LQGLYLGXDO�HIIRUWV�

7KH�DXWKRU�LV�EXLOGLQJ�RQ�VRFLDO�
V\VWHPV�WKHRU\��/XKPDQQ��������DQG�
DXWRSRLHVLV��0DWXUDQD�	�9DUHOD���������
6KH�DUJXHV�WKDW�DV�WKH�KXPDQ�UDFH�UH�
FRJQL]HV�LW�LV�PRYLQJ�LQWR�WKH�$QWKUR�
SRFHQH��VRFLDO�V\VWHP�VXUYLYDO�GHSHQGV�
RQ�D�FRPSOH[�FR�FRXSOLQJ�UHODWLRQVKLS�
ZLWK�LWV�HQYLURQPHQW��&RQVHTXHQWO\��
FRQWHPSRUDU\�VRFLDO�V\VWHP�FKDQJH�
HIIRUWV�QHHG�WR�UHFRJQL]H�WKH�OHYHO�
RI�VWRFKDVWLF�V\VWHP�HQYLURQPHQW�
FRPSOH[LW\�FXUUHQWO\�LQÁXHQFLQJ�WKH�
WUDQVLWLRQ�LQWR�WKH�$QWKURSRFHQH��7R�
IDFLOLWDWH�RUGHUO\�FKDQJH�LQ�WKH�PLGVW�
RI�WXUEXOHQFH�DQG�FRPSOH[LW\��VHOI�
UHIHUHQFH�DQG�VHOI�RUJDQL]DWLRQV�DUH�
WKH�NH\�HOHPHQWV��6HOI�RUJDQL]DWLRQ�LV�
VXSSRUWHG�E\�WKH�VHOI�UHIHUHQWLDO�G\QD�
PLF�RI�LQGLYLGXDO�DQG�JURXS�LGHQWLW\�
�YDOXHV��DQG�LQGLYLGXDO�DQG�JURXS�OHYHO�
HPRWLRQV��7KXV��ZKHQHYHU�D�V\VWHP�LV�
DW�D�FURVVURDG�ZLWK�DQ�XQFOHDU�IXWXUH��
FRPSOH[�DGDSWLYH�KXPDQ�DJHQWV�QHHG�
WR�KDYH�WKH�FDSDFLW\�WR�KROG�WKH�HPRWL�
RQDO�WHQVLRQ�LQKHUHQW�LQ�VHOI�UHQHZDO��

3HUVRQDO�/HDGHUVKLS�

&RPSOH[LW\�&RQXQGUXP��$�9DOXHV�)UDPHZRUN�
IRU�(PRWLRQDO�5HÁH[LYH�/HDGHUVKLS��(5/�

0LFKDHOD�%ULVWRO�)DXOKDPPHU
6D\EURRN�8QLYHUVLW\�

��



��/-0DS�FRP

:LWK�WKH�IHDU��KRSH��VDGQHVV�DQG�DQJHU�
JHQHUDWLQJ�IHHOLQJV�LQKHUHQW�LQ�QRYHO�
DQG�XQNQRZQ�VLWXDWLRQV��'DPDVLR��
�������LQGLYLGXDOV�DUH�UHTXLUHG�WR�
H[KLELW�HPRWLRQDO�UHÁH[LYLW\�DQG�WKH�
DELOLW\�WR�VHH�HYHQWV�LQ�WKHLU�ZKROHQHVV�
�%XUNLWW���������

7KHVH�DUH�FDSDFLWLHV�LQGLYLGXDOV�GR�QRW�
OHDUQ�RU�SUDFWLFH�ZKHQ�OLYLQJ�LQ�PRUH�
SUHGLFWDEOH�DQG�VWDEOH�HQYLURQPHQWV��
+RZHYHU��WR�HQDFW�VXFK�EHKDYLRU�SHRS�
OH�QHHG�WR�EULQJ�D�QHZ�VHW�RI�YDOXHV�WR�
WKH�IRUHJURXQG��%ULVWRO��������
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7KH�DXWKRU�SUHVHQWV�D�YDOXHV�IUDPH�
ZRUN�WKDW�VXSSRUWV�HPRWLRQDO�UHÁH�
[LYH�OHDGHUVKLS��(5/���,W�LV�EXLOW�RQ�
DXWRSRLHVLV�DQG�FRPSOH[LW\�WKHRU\��
DQG�LQWHJUDWHV�UHFHQW�QHXURVFLHQWLÀF�
UHVHDUFK�RQ�HPRWLRQV��7KH�DXWKRU�ZLOO�
EOHQG�FRPSOH[��DGDSWLYH��DQG�UHVLOLHQW�
OHDGHUVKLS�PRGHOV�H[KLELWHG�LQ�JUDVV�
URRWV�FRPPXQLWLHV�DQG�WHUURULVW�JURXSV��
7KH�IUDPHZRUN�VXJJHVWV�WKDW�WR�RSHUDWH�
VXFFHVVIXOO\�ZLWKLQ�FRPSOH[�V\VWHPV��
OHDGHUV�QHHG�WR�HQWHU�D�FRPSOH[�
FR�FRXSOLQJ�UHODWLRQVKLS�ZLWK�WKHLU�
HQYLURQPHQW��

7KH�DXWKRU�DVVHUWV�WKDW�OHDGHUV�ZKR�DUH�
DFWLQJ�IURP�D�ÀYH�YDOXHV�RULHQWDWLRQ�
�HPRWLRQDO�UHÁH[LYLW\��VHUYLFH��FR�
FUHDWLRQ��LQWHJUDWLRQ��DQG�QDYLJDWLRQ��
DUH�WKH�KDUELQJHUV�DQG�FDWDO\VWV�LQ�
GHDOLQJ�ZLWK�WKH�FRPSOH[LW\�FRQXQG�
UXP�DQG�WKXV��DUH�WKH�HQDEOHUV�RI�RXU�
IXWXUH�YLVLRQ�
�

&RUUHVSRQGLQJ�DXWKRU��
PLFKDHOD�IDXOKDPPHU#SDUWQHUV��FRP

5HIHUHQFHV

%ULVWRO��6����������7KH�QDWXUH�RI�FKDQJH��9DOXHV��FXOWXUH��DQG�PHDQLQJ��6DQWD�&UX]��
&$��8QSXEOLVKHG�PDQXVFULSW�
%XUNLWW��,����������(PRWLRQDO�UHÁH[LYLW\��)HHOLQJ��HPRWLRQ�DQG�LPDJLQDWLRQ�LQ�
UHÁH[LYH�GLDORJXHV��6RFLRORJ\�������������²�����
'DPDVLR��$����������7KH�IHHOLQJ�RI�ZKDW�KDSSHQV��%RG\�DQG�HPRWLRQ�LQ�WKH�PD�
NLQJ�RI�FRQVFLRXVQHVV���VW�(G����1HZ�<RUN��1<��0DULQHU�%RRNV�
/XKPDQQ��1����������6RFLDO�6\VWHPV��6WDQIRUG��&$��6WDQIRUG�8QLYHUVLW\�3UHVV�
0DWXUDQD��+��5���	�9DUHOD��)��-����������$XWRSRLHVLV�DQG�FRJQLWLRQ��7KH�UHDOL]DWLRQ�
RI�WKH�OLYLQJ��'RUGUHFKW��+ROODQG��'��5HLGHO�
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The “ageing population of EU” is a 
EURDG�DQG�LOO�GHÀQHG�VHJPHQW�RI�WKH�
population. The issues are deteriora-
ting health conditions of the 75+ aged 
FLWL]HQV�DQG�KRZ�D�PRGHUQ�VRFLHW\�
VKRXOG�FRSH�ZLWK�WKHP��$�PRGHUQ�
VRFLHW\�GHDOV�ZLWK�WKH�LVVXHV�WKURXJK�
WD[�IXQGHG�SURJUDPV��$V�WKH�SURSRU-
tion of ageing citizens is growing in 
PRVW�(8�FRXQWULHV���UHODWLYHO\�VHHQ�
IDVWHVW�LQ�*HUPDQ\��)LQODQG�DQG�,WDO\�
��ÀQG�WUDGH�RIIV�EHWZHHQ�WKH�FRVWV�DQG�
WKH�VXEVWDQFH��UHDG��TXDOLW\��RI�WKH�
FDUH�SURJUDPV�DV�LW�DSSHDUV�WKDW�WKH�
WD[�SD\LQJ�SDUW�RI�WKH�SRSXODWLRQ�VLP-
SO\�FDQQRW�DIIRUG�WKH�SURJUDPV�IURP�
WKH�\HDU�������7KXV�ZH�QHHG�WR�ÀQG�
DQRWKHU�ZD\��:H�FRXOG�IRFXV�RQ�SUR�
DFWLYH�SUHYHQWLRQ��L�H��IRFXV�RQ�DQ�DJH�
JURXS�ZH�QRZ�FDOO�WKH�\RXQJ�HOGHUO\�
��WKH�������\HDUV�ROG���IRU�ZKLFK�ZH�
VKRXOG�GHYHORS�SURJUDPV�WR�NHHS�WKHP�
KHDOWK\��DFWLYH�DQG�LQGHSHQGHQW�
:H�XVH�wellness as the target concept 
IRU�GHYHORSLQJ�SURJUDPV�WR�WDFNOH�
IXQFWLRQDO�LPSDLUPHQW�DV�ZHOOQHVV�ZLOO�
WDFNOH�PDQ\�DVSHFWV�RI�IXQFWLRQDO�LP-
SDLUPHQW��7KH�:+2�GHÀQHV�wellness 

DV�´WKH�FRPSOHWH�PHQWDO��SK\VLFDO�DV�
well as social well-being of a person 
RU�JURXSV�RI�SHUVRQV�LQ�DFKLHYLQJ�WKH�
EHVW�VDWLVI\LQJ�RU�IXOÀOOLQJ�OLIH�DQG�QRW�
PHUHO\�WKH�DEVHQFH�RI�GLVHDVH�RU�DQ\�
IRUP�RI�LQÀUPLW\µ���

3UR�DFWLYH�SUHYHQWLRQ�LV�WKURXJK�LQWHU-
YHQWLRQV�LQ�GDLO\�URXWLQHV�RI�WKH�\RXQJ�
HOGHUO\�WKDW�ZLOO�LQWURGXFH�VXEVHWV�RI�
ZHOOQHVV�URXWLQHV��7KH�LQWHUYHQWLRQV�
DUH�GLJLWDO�ZHOOQHVV�VHUYLFHV�LPSOH-
PHQWHG�ZLWK�DSSOLFDWLRQV�IRU�PRELOH�
VPDUWSKRQHV�WKDW�KDYH�HIIHFWLYH�EDFN�
HQG�VXSSRUW�IURP�FORXG�VHUYLFHV�
7KH�LQWHUYHQWLRQV�DUH���L��WKH�\RXQJ�
HOGHUO\�GHYHORS�LQGLYLGXDO�GDLO\�
wellness routines with wellness 
VHUYLFHV�RQ�DQ�RPQLYRUH�SODWIRUP�RYHU�
PRELOH�VPDUWSKRQHV���LL��WKH�URXWLQHV�
DUH�WDLORUHG�E\�IRU�WKH�XVHUV�IURP�
�����VPDUWSKRQH�DSSOLFDWLRQV���LLL��
FORXG�VHUYLFHV�VXSSRUW�WKH�URXWLQHV�
DQG�FROOHFW�DQG�DQDO\VH�XVHU�GDWD�IRU�
IXUWKHU�DQG�FRQWLQXRXV�GHYHORSPHQW�
RI�WKH�VHUYLFHV��7KHUH�ZLOO�EH�VRPH�
SRVLWLYH��SUDFWLFDO�DQG�LPPHGLDWH�
HIIHFWV�RI�WKH�LQWHUYHQWLRQ�SURJUDP�
WKDW�FDQ�EH�PRQLWRUHG�DQG�PHDVXUHG��
DQG�VRPH�PRUH�ORQJ�WHUP��DVVHVVDEOH�
LPSDFWV��,Q�FRPPRQ�VHQVH�WHUPV�LW�LV�
clear that if hundreds of thousands of 
\RXQJ�HOGHUO\�FLWL]HQV�LQ�D�FRXQWU\�ZLOO�
KDYH�EHWWHU�KHDOWK�IRU����\HDUV�RU�PRUH��
WKHUH�ZLOO�EH�FRVW�VDYLQJV�RQ�WKH�VFDOH�
RI�%½�DQQXDOO\�

Technologies Enabling Transformation 

Digital Wellness Services
The need for holistic wellness, ecosystems 
and performative research methodology

Christer Carlsson, Pirkko Walden  
IAMSR/Abo Akademi University
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7KHUH�DUH�FKDOOHQJHV��RQH�FKDOOHQJH�LV�
WR�ZRUN�RXW�UHVHDUFK�PHWKRGRORJLHV�
WKDW�ZLOO�JHW�XV��L��HPSLULFDOO\�YHULÀ-
DEOH�UHVXOWV�RQ�WKH�LQWHUYHQWLRQ�ZLWK�
GLJLWDO�ZHOOQHVV�VHUYLFHV���LL��YDOLG��
WKHRU\�EDVHG�UHVXOWV�RQ�WKH�GHVLJQ�
RI�GLJLWDO�ZHOOQHVV�VHUYLFHV��DQG��LLL��
HPSLULFDO�YHULÀFDWLRQ�RQ�KRZ�GLJLWDO�
ZHOOQHVV�VHUYLFHV�ZLOO�KHOS�UHGXFH�
IXQFWLRQDO�LPSDLUPHQW��

Action research has been one of the 
NH\�GLUHFWLRQV�RI�VHUYLFH�GHVLJQ�IRU�D�
FRXSOH�RI�GHFDGHV�DQG�ZRXOG�WDFNOH�
SUREOHPV�ZLWK�WKH�GHYHORSPHQW�DQG�
LPSOHPHQWDWLRQ�RI�GLJLWDO�DUWHIDFWV��

7KH�GHYHORSPHQW�ZRUN�LV�RIWHQ�GHVFUL-
EHG�DV�FR�FUHDWLYH�EXW�WKH�YDOLGDWLRQ�
DQG�YHULÀFDWLRQ�UHPDLQ�VXEMHFWLYH���ZH�
cannot be sure that the resulting cons-
WUXFWV�ZLOO�ZRUN�LQ�RWKHU�FRQWH[WV�DQG�
for other purposes. 

Design science�LV�IXQGDPHQWDOO\�D�
SUREOHP�VROYLQJ�SDUDGLJP�ZLWK�URRWV�
LQ�HQJLQHHULQJ�DQG�VFLHQFH��DQG�LV�ZRU-
NLQJ�RXW�GHVLJQV�LQ�RUGHU�WR�ÀQG�ZD\V�
WR�WDFNOH�UHDO�ZRUOG�SUREOHPV��
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&XOWXUDO�DQG�VFLHQWLÀF�V\VWHPV�RI�
NQRZOHGJH�PHHW�ZKHUH�UHVHDUFK�
LV�LQYROYHG�LQ�WKH�GHVLJQ�RI�SXEOLF�
VWUDWHJLHV��VSDFHV�DQG�SROLFLHV��7KH�
VXFFHVVIXO�LPSOHPHQWDWLRQ�RI�SURJUHVV�
DQG�LQQRYDWLRQ�LV�PRUH�OLNHO\�WR�WDNH�
SODFH�ZKHQ�WKH�IXQFWLRQV��FKDUDFWHULV-
WLFV�DQG�YDOXHV�RI�FXOWXUDO�V\VWHPV�RI�
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NQRZOHGJH�PD\�EH�PRUH�DSSUHFLDWHG�RU�
HYHQ�WUDQVIRUPDWLYH�WR�WKH�ORFDO�NQRZ-
OHGJH�RU�EHKDYLRU�RI�WKH�SRSXODWLRQV�
FRQFHUQHG�LQ�D�UHVHDUFK�

6HFRQGO\��$QWKURSRORJ\�KDV�ORQJ�EHHQ�
NQRZQ�WR�EH�D�VRFLDO�VFLHQFH�ZLWK�
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OLVP�DQG�F\EHUQHWLFV��7KH�ÀUVW�H[SODLQV�
FXOWXUDO�SKHQRPHQD�E\�PHDQV�RI�ZKDW�
LV�NQRZQ�DV�LQIUDVWUXFWXUDO�LQIRUPD-
WLRQ��L�H��SDUDPHWHUV�VXFK�DV�UHVRXUFH�
GHQVLW\��SRSXODWLRQ�GHQVLW\��HFRORJL-
FDO�GDWD�DQG�WHFKQRORJLFDO�DGYDQFHV�
DPRQJVW�RWKHUV��

7KH�VHFRQG�SDUDGLJP�RI�F\EHUQHWLFV�
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ODWHU�WDNHQ�XS�E\�DQWKURSRORJLVWV�VXFK�
DV�5R\�5DSSDSRUW�

$Q�DSSURSULDWH�FRPELQDWLRQ�RI�WKLV�
DQG�IXUWKHU�NQRZOHGJH�LV�LQWHQGHG�
DV�IROORZV��(DFK�V\VWHP�RI�NQRZ-
OHGJH�FRQVLVW�RI�HOHPHQWV�ZKLFK�DUH�
FRPPXQLFDWHG�DQG�VRPH�ZKLFK�VKRXOG�
QRW�EH�TXHVWLRQHG�EHFDXVH�WKLV�SRVHV�D�
GDQJHU�WR�WKH�SHUVLVWHQFH�RI�WKH�V\VWHP��
7KHVH�XQTXHVWLRQDEOH�HOHPHQWV�DUH�WKH�
XOWLPDWH�SXUSRVHV�DQG�YDOXHV�ZKLFK�
JXLGH�WKH�EHKDYLRXU�DQG�WKLQNLQJ�RI�
SHRSOH��,I�D�SHUWXUELQJ�HOHPHQW�HQWHUV�
WKH�UDQJH�RI�WKH�XQTXHVWLRQDEOH��LW�ZLOO�
HLWKHU�EH�H[FOXGHG�RU�LW�ZLOO�FKDQJH�WKH�
V\VWHP�RI�NQRZOHGJH��(PSLULFDO�GDWD�
RI�LQIUDVWUXFWXUDO�LQIRUPDWLRQ�FRUUHODWH�
ZLWK�D�SUREDEOH�GHJUHH�RI�KLHUDUFKLHV�
ZKLFK�LQ�WXUQ�PLUURU�KLHUDUFKLHV�RI�
YDOXHV�ZLWKLQ�D�FXOWXUDO�V\VWHP��7KH�
KLJKHU�WKH�QXPEHU�DQG�GHQVLW\�RI�
SHRSOH�LQYROYHG�WKH�KLJKHU�WKH�OHYHO�
RI�DEVWUDFWLRQ�RI�YDOXHV��&KDQJH�LQ�D�
V\VWHP�RI�NQRZOHGJH�LV�PRUH�SURED-
EOH�ZKHQ�PDWHULDO�SUHVVXUH�LQÁXHQFHV�
VRFLDO�SUHVVXUH�DQG�WKXV�WUDQVIRUPV�WKH�
LQYROYHG�V\VWHPLF�KLHUDUFKLHV�E\�GH-
ÀQLQJ�VPDOOHU�VXEV\VWHPV��7KH�DLPHG�
FKDQJHV�UHVHDUFK�LQWHQGV�WR�LPSOHPHQW�
VKRXOG�WDNH�WKLV�LQWR�DFFRXQW�

Future Perspectives for Science, Research, Innovation & Society

Overcoming Misunderstandings between 

&XOWXUDO�DQG�6FLHQWLÀF�6\VWHPV�RI�.QRZOHGJH�

Daniel Dick 

Department of Anthropology, University of Vienna 
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7KH�ZD\V�RI�LQWHUDFWLRQ�DQG�FKDQJH�
RI�FXOWXUDO�V\VWHPV�DUH�EDVLFDOO\�
WKUHH�IROG��ÀUVWO\��V\VWHP�$�LQYROYHV�
V\VWHP�%�RU�YLFH�YHUVD��VHFRQGO\��
V\VWHP�$�GHVWUR\V�V\VWHP�%�RU�YLFH�
YHUVD��RU��WKLUGO\��V\VWHP�$�FRQVWLWXWHV�
V\VWHP�%�E\�RSSRVLWLRQ�RU�YLFH�YHUVD��
7KH�WKLUG�SRVVLELOLW\�HIIHFWV�FKDQJH�LQ�
WZR�ZD\V��DV�SUHVHQWHG�E\�%DWHVRQ��
V\PPHWULFDOO\�DQG�DV\PPHWULFDOO\�

7R�FRQFOXGH�ZLWK�UHVSHFW�WR�WKH�IXWXUH�
RI�VFLHQFH�DQG�KXPDQLW\��WKH�VLWXDWLRQ�
PD\�EH�VXPPHG�XS�DV�IROORZV��6LQFH�
ZH�KDYH�UHDFKHG�WKH�DUHD�RI�LQIRUPD-
WLRQ��NQRZOHGJH�KDV�EHFRPH�D�PDMRU�
VRFLHWDO�WRSLF��+RZHYHU��FXOWXUDO�
GLVDJUHHPHQWV�FRQWLQXH�WR�GLYLGH�WKH�
HDUWK�WKURXJK�IXQGDPHQWDOLVW�ZDUV�DQG�
DQ[LHW\�EHWZHHQ�UHOLJLRXV�FRPPXQL-
WLHV��DQG�FXOWXUDO�GLVDJUHHPHQW�LQFUH-
DVHV�SURYLGHG�E\�WKH�LQWHUDFWLRQV�RI�D�
JOREDOL]LQJ�ZRUOG��

,I�LQQRYDWLRQ�WKURXJK�IRUHVHHLQJ�DQG�
SDUWLFLSDWLQJ�LQ�FKDQJH�LV�GHVLUHG��ÀUVW�
ZH�QHHG�WR�VHH�WKH�QHFHVVLW\�DQG�WKH�
SRVVLELOLWLHV�WR�GR�VR��6\VWHPV�$QWK-
URSRORJ\�PD\�FRQWULEXWH�WR�FKDQJH�LQ�
FXOWXUDO�V\VWHPV�

7KLV�SDSHU�SUHVHQWV�D�PRGHO�RI�WKH�
IXQFWLRQV�RI�V\VWHPV�NQRZOHGJH�EDVHG�
RQ�D�V\VWHPV�DSSURDFK�DQG�TXDOLWDWL-
YH�FKDUDFWHULVWLFV�RI�KXPDQV�LQ�WKHLU�
YDULRXV�IRUPV�RI�OLYLQJ�DQG�WKLQNLQJ�DV�
ZHOO�DV�LWV�LPSOLFDWLRQV�IRU�IXWXUH�ZRUN�
WR�FRQWULEXWH�WR�D�EHWWHU�XQGHUVWDQGLQJ�
RI�HDFK�RWKHU��7KH�XQGHUVWDQGLQJ�RI�
HDFK�RWKHU�LV�QRW�RQO\�VHHQ�DV�FXOWXUDO�
GLVDJUHHPHQW�EXW�DOVR�SRLQWV�WR�DSSURD-
FKHV�LQ�SKLORVRSK\�RI�VFLHQFH�ZKLFK�
FRUUHODWH�V\VWHPV�RI�NQRZOHGJH�ZLWK�
SDUDGLJPV�DQG�WKHLU�HYROXWLRQ�

&RUUHVSRQGLQJ�DXWKRU��
GDQLHO�GLFN#XQLYLH�DF�DW
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*RYHUQDQFH�XQIROGV�LQ�PRGHUQ�
VRFLHWLHV�W\SLFDOO\�DV�0��SURFHVV��
PXOWL�DJHQW��PXOWL�PHFKDQLVP�DQG�
PXOWL�OHYHO���L��0XOWL�DJHQW�PHDQV�WKDW�
DXWRQRPRXV�SOD\HUV�ZLWK�KHWHURJHQH�
RXV�LQWHQWLRQV�DQG�UHVRXUFHV�
�H�J��SROLWLFDO��HFRQRPLF��DUH�LQYROYHG���
�LL��0XOWL�PHFKDQLVP�PHDQV�WKDW�
DJHQW·V�LQWHUDFWLRQV�DUH�JXLGHG�E\�
GLIIHUHQW�VRFLHWDO�PHFKDQLVP�VXFK�DV�
´PDUNHWµ��´KLHUDUFK\µ��DQG�´QHWZRUNµ��
�LLL��0XOWL�OHYHO�PHDQV�WKDW�SXEOLF�
JRYHUQDQFH�WDNHV�SODFH�DW�YDULRXV�
SROLWLFDO�OHYHOV��LQWHUQDWLRQDO��QDWLRQDO��
ORFDO���7KLV�WH[W�SUHVHQWV�D�FRQFHSWXDO�
PRGHO�ZKLFK�LQWHJUDWHV�DOO�WKUHH�´0µ�
GLPHQVLRQV��)LJXUH�����

7KH�WKHRUHWLFDO�EDFNJURXQG�RI�WKH�
PRGHO�LV�WKH�VRFLR�F\EHUQHWLF�QRWLRQ�RI�
DXWRQRPRXV��VHOI�UHIHUHQWLDO��RSHUDWLR�
QDO�FORVHG��DJHQWV�DQG�LQWHUDFWLRQ�DQG�
IHHG�EDFN�EHWZHHQ�WKHP��7KLV�LV�EDVHG�
DPRQJ�RWKHUV�RQ�WKH�ZRUN�RI�/XKPDQQ�
1��DQG�3DUVRQV�7���VRFLRORJ\���(��
+XVVHUO��SKLORVRSK\���)RHUVWHU�+��Y��
�F\EHUQHWLFV���DQG�0DWXUDQD�+���9DUHOD�
)���HYROXWLRQDU\�ELRORJ\���

7KH�SUDFWLFDO�UHOHYDQFH�RI�WKH�
0��PRGHO�ZLOO�EH�SUHVHQWHG�DQG�
GLVFXVVHG��IROORZHG�E\�LWV�DSSOLFDWLRQ�
LQ�WKH�DQDO\VLV�RI�WKH�VWDWH�RI�WKH�
%UD]LOLDQ�HOHFWULF�SRZHU�VHFWRU�JRYHU�
QDQFH�VWUXFWXUH�DQG�RSHUDWLRQ�

7KH�%UD]LOLDQ�(OHFWULF�3RZHU�6HFWRU�
�6(%��UHIHUV��LQ�WKLV�WH[W��WR�D�VHW�RI�
JHQHUDWLRQ��WUDQVPLVVLRQ�DQG�GLVWULEX�
WLRQ�FRPSDQLHV���VWDWH�RU�SULYDWH���DQG�
WKH�JRYHUQDQFH�VWUXFWXUH�HVWDEOLVKHG�
E\�WKH�ODZV�DQG�UHJXODWLRQV�VHW�E\�WKH�
%UD]LOLDQ�JRYHUQPHQW�IURP�OLEHUDOL]LQJ�
RULHQWHG�UHIRUPV�FDUULHG�RXW�LQ�WKH�ODWH�
��V��DQG�EHLQJ�UHYLVHG�VXEVWDQWLDOO\�DW�
OHDVW�WZLFH�VLQFH�WKHQ�������DQG�������

7KH�VWDUWLQJ�SRLQW�RI�WKH�VWXG\�ZDV�WKH�
UHFRJQLWLRQ�RI�WKH�FRPSOHPHQWDULW\�
EHWZHHQ�WKH�UHJXODWRU\�DFWLRQ�DQG�WKH�
VWUXFWXULQJ�RI�SXEOLF�JRYHUQDQFH�LQ�
WKH�FRQWH[W�RI�WKH����\HDU�HYROXWLRQ�
RI�WKH�6(%��7KH�JRYHUQDQFH�VROXWLRQ�
ZDV�GHÀQHG�DV�D�SULRULW\�LVVXH��EHFDXVH�
LW�LV�OHVV�GLVFXVVHG�DW�DFDGHPLF�DQG�
LQVWLWXWLRQDO�OHYHOV��

5HGHVLJQLQJ�3XEOLF�*RYHUQDQFH

7KH�0��0RGHO�DQG�LWV�DSSOLFDWLRQ�WR�WKH�SXEOLF�
JRYHUQDQFH�RI�WKH�%UD]LOLDQ�HOHFWULF�SRZHU�VHFWRU

(YD�%XFKLQJHU
$XVWULDQ�,QVWLWXWH�RI�7HFKQRORJ\�$,7
/XL]�$OEHUWR�0DFKDGR�)RUWXQDWR
2SHUDGRU�1DFLRQDO�GR�6LVWHPD�(OpWULFR�216
/XL]�3LQJXHOOL�5RVD
&233(�8)5-
$GULDQR�3URHQoD
(3�&233(�8)5-
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)LJXUH��
0��0RGHO���0XOWL�DJHQW��0XOWL�PHFKDQLVP��0XOWL�OHYHO
��%XFKLQJHU�������
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%UD]LOLDQ�(OHFWULF�6HFWRU�,QVWLWXWLRQDO�6WUXFWXUH
��216�������

DUWLIDFW���QHFHVVDU\�DQG�VXIÀFLHQW�WR�
LQIRUP�WKH�DSSURSULDWH�DUFKLWHFWXUDO�
DQG�RSHUDWLRQDO�FRQFHLYLQJ�WR�GHVLJQ�D�
JRYHUQDQFH�VROXWLRQ�

$�VHDUFK�IRU�FRQFHSWV�DQG�WRROV�VXLWD�
EOH�IRU�WKLV�SXUSRVH��DQ�DGDSWDWLRQ�RI�
WKH�0��PRGHO�ZDV�GHYHORSHG�DQG�LWV�
YDOLGLW\�ZDV�WHVWHG�DV�IRU�WKH�6(%��LQ�
WKH�WUDGLWLRQDO�UHVHDUFK�WHUPV�LQ�'HVLJQ�
6FLHQFHV��

)URP�DQ�H[WHQVLYH�OLWHUDWXUH�UHVHDUFK�
RQ�JRYHUQDQFH�VROXWLRQV�DGRSWHG�
LQ�GLIIHUHQW�FRXQWULHV��ZKHUH�SRZHU�
VHFWRUV�KDYH�EHHQ��VXEMHFW�WR�OLEHUDOL�
]LQJ�UHIRUPV��LW�ZDV�FRQFOXGHG�WKDW�WKH�
DSSURSULDWH�DSSURDFK�WR�PRGHOLQJ�WKH�
JRYHUQDQFH�SUREOHP�²�DVVXPHG�IDFH�WR�
WKH�VLWXDWLRQ�DV�D�SUREOHP�RI�D�FRPSOH[
QDWXUH���LWV�FRQFHSWXDO�UHSUHVHQWDWLRQ�
ZRXOG�EH�DQ�DGDSWLYH�FRPSOH[�V\VWHP�
�&$6���ZLWK�WKH�FUHDWLRQ�RI�D�FRUUHV�
SRQGLQJ�PRGHOLQJ��IRU�LQVWDQFH�DQ�
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7KH�ZRUN�SRLQWV�WR�WKH�VLJQLÀFDQW�
SRWHQWLDO�RQ�WKH�XVH�RI�WKH�PRGHO�
FUHDWHG�LQ�WKH�IRUPXODWLRQ�DQG�LPSOH�
PHQWDWLRQ�RI�WKH�6(%·V�SXEOLF�JRYHU�
QDQFH�V\VWHP��LOOXVWUDWLQJ�LWV�XVH�LQ�DQ�
RII�H[HUFLVH�DV�RQH�RI�WKH�JRYHUQDQFH�
PHFKDQLVPV�SUHYDLOLQJ�LQ�WKH�VHFWRU�

&RUUHVSRQGLQJ�DXWKRU��
HYD�EXFKLQJHU#DLW�DF�DW

7KH�DSSURSULDWHQHVV��UHOHYDQFH�DQG�
HIIHFWLYHQHVV�RI�WKH�DUWLIDFW�GHYHORSHG
ZDV�VWXGLHG��VHHNLQJ�WR�HYDOXDWH�SUDJ�
PDWLF�JDLQV�LQ�VXSSRUWLQJ�WKH�SURMHFW
IRU�EHWWHU�JRYHUQDQFH�VROXWLRQV�LQ�WKH�
%UD]LOLDQ�FRQWH[W��WDNLQJ�LQ�DFFRXQW��
WKH�LQGLYLGXDO�UHVHDUFKHU�DQG�KLV�ORQJ�
H[SHULHQFH�LQ�WKH�VHFWRU��WKH�DGYLVRUV��
D�IRFXV�JURXS�FRPSRVHG�RI����VHQLRU�
H[SHUWV��DQG�DQDO\VLV��GLVFXVVLRQ��
GLDJQRVLV�DQG�JXLGDQFH�ZRUNVKRSV�
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Evolution happens in complex systems 

as these contain multiple components 

which react and adapt to patterns 

which they themselves produce. Those 

patterns are the macroscopically effec-

tive conglomerates of behaviors, which 

are - like the components - grounded in 

information. It will be presented, why 

information is an organizational as well 

as a physically instantiated concept. A 

general GHÀQLWLRQ�IRU�LQIRUPDWLRQ�LV�
introduced, which comprises both the 

causal-syntactic-aspect of information 

from Communication Theory by Shan-

non (Shannon & Weaver, 1972) as well 

as the effect-meaning-aspect of infor-

mation known from Mackay, Bateson 

and Bateson‘s famous “difference 

which makes a difference” quote 

(Bateson, 1979).

*HQHUDO�GHÀQLWLRQ�RI�LQIRUPDWLRQ��
Information is instantiated by proces-

ses where part of the energy produced 

is exported, i.e. made non-available 

for a reverse reaction. A difference 

between the blocked reverse reaction 

and its environment (from where the 

“missing” energy can‘t return immedi-

ately) is produced. 

This difference can be expressed as 

information. Information is the rela-

tionship that forms between compo-

nents in such processes and it has two 

GHÀQLQJ�SURSHUWLHV�

1) ,W�LV�LQVWDQWLDWHG; its erasure affords 

more energy to be directed into exactly 

the process which can cause its erasure 

than is available for this process from 

its environment (Structural invariance).

/LNH�6KDQQRQ�VDZ�LW��$�FKRLFH�LV�WKH�
source of information. And Informati-

on is a stored choice.

2) ,W�LV�DIIHFWLQJ�VHOHFWLYH�SURFHVVHV��
constrained relationships between 

components of a system as well as 

between components and regular envi-

ronmental inputs forbid to arbitrarily 

change the way of being selectable as 

well as being itself selective. That is 

Bateson‘s difference!

Information understood more gene-

rally is a valuable concept to describe 

and analyze processes of evolution 

reaching farther than only to the 

biologic part of evolutionary processes. 

This concept allows for a multilevel 

approach. 

,W�FRXOG�KHOS�LQ�EULGJLQJ�WKH�VHHPLQJO\�
GHHS�JDS�EHWZHHQ�QDWXUH�DQG�IXQFWLRQ�
RI�QRQ�OLYLQJ�SK\VLFDO�DQG�OLYLQJ�DV�
ZHOO�DV�SXUSRVHIXO�V\VWHPV�

Technology & Society

The Evolution of Information Processing Systems
Developing the notion of information further for a systemic 
analysis of evolutionary processes

Annette Grathoff 
ICBM
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$�PRUH�JHQHUDO�GHÀQLWLRQ�RI�LQIRUPDWLRQ�DSSOLHG�WR�´HYROXWLRQDU\µ�SURFHVVHV�
LQ�DQ�XQXVXDO�H[DPSOH��5HJDUGLQJ�VWRUDJH�RI�FKRLFHV�DQG�LQÁXHQFHV�RQ��IXWXUH��
VHOHFWLYLW\��$UH�WKH�GLIIHUHQFHV�DV�KXJH�DV�LW�DFWXDOO\�VHHPV"�
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The invention of cars changed the direction of subsequent developments. 

Cars have a characteristic identity as energy consumers and waste producers in 

environments. Their design determines the need for “nutrients” and “ecological 

niches” which were not given in regular human environments from the beginning. 
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Let me inspire you to see the advan-

tage which the generalized information 

GHÀQLWLRQ�RIIHUV�IRU�H[SODLQLQJ�D�SUR-

bable course of events which supported 

the development with the (seemingly 

SOD\IXO
��H[DPSOH�VKRZQ�LQ�WKH�ÀJXUH��

%HDU�LQ�PLQG�WKH�FRUH�RI�WKH�FRQFHSW��
,QIRUPDWLRQ is something that FDQ�EH�
VWRUHG�and that�LQÁXHQFHV�VHOHFWLRQ�
SURFHVVHV.

Some of the described phenomena can 

easily be seen as events of information 

processing, like the spread of informa-

tion in social networks or the commu-

nication of advantageous experiences. 

Other concepts are not connected to 

information and information proces-

sing at once. They afford a change in 

perspective to be construed as such. 

But the fact that they all are supported 

when considering 1) & 2) perhaps 

shows that it is well worth to work on 

a generalization of the information 

GHÀQLWLRQ�IRU�WKH�V\VWHPV�VFLHQFHV�

The work presented allows addressing 

WKH�LPSRUWDQW�TXHVWLRQ��,V�WKHUH�DQ�HYR�
OXWLRQ�RI�LQIRUPDWLRQ�DQG�RI�LQIRUPDWL�
RQ�SURFHVVLQJ�V\VWHPV"�

The reason why this seems important 

is, that if the answer is “yes” the ques-

WLRQ�IROORZLQJ�ZRXOG�EH��:KLFK�IDFWRUV�
FDQ�LPSDFW�WKLV�HYROXWLRQ�DQG�KRZ"�
Both questions could be of certain 

relevance for future research and not 

least for our future development of the 

Intentional Environment we built and 

build.

&RUUHVSRQGLQJ�DXWKRU��
a.grathoff@uni-oldenburg.de

* Especially the words in quotation marks are a play with context and technical 

terms, but also this is not just for kidding. It is based on Koestler´s idea of the 

premise for creativity to be triggered by a change in perspective. According to his 

Bisociation Theory, the creation of new information can best be witnessed in jo-

kes, when events or elements out of different contexts clash together culminating 

in the punchline, where understanding is coupled to laughter (Koestler, 1964). 
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The previous work frame Ein opulen-
tes Spiel mit Design: Das Spiel mit 
Stadt und Bürgern [Opulent Game with 
Design: Game with City and Citizens] 
presented to the faculty last year, was 
based on the idea to deal with the con-
cept of a “citizen’s game” which would 
equally encompass both the network 
of interactions including cooperation 
among citizens on the one hand and 
their experience of community life 
and its collective embodiment on the 
other. The explicitly innovative aspect 
of the concept involved here is that of 
a design which is actually omnipresent 
in daily life: At every time, everyone 
is a designer - primarily of the social 
environment and thus of society itself 
(Aicher, 2015; Hirdina, 2008). 

This present exposé seeks to further 
clarify the research objective as sket-
ched out above. The announced paper 
is meant to illustrate the conceptual 
background which is necessary in 
order to create a “citizen’s game” 
that invites the players to recognize 
WKHPVHOYHV�LQ�WKH�ÀUVW�SODFH��DQG�WKHQ�
to involve them (to engage them) in 
society (Zimmermann & Wiedemann, 
2012).

The game developed is to be under-
stood as a model of strategic behaviour 
in daily life: It is organised as to four 
essential elements which are playing 
ÀHOG��UXOHV�RI�WKH�JDPH��SDUWQHUV�
FRPSHWLWRUV�RI�WKH�JDPH, and play time 
(season). 

Each element will be discussed in turn 
as visualized in terms of system theo-
retical as well as design theoretical as-
pects. The chief objective is to further 
the understanding of the structure of 
a community which is thought of as 
being isomorphic to the communica-
tive structure of the underlying social 
groups. By doing so, it is also hoped 
to develop explicit game strategies 
that improve the daily conscience of a 
social motion which is persistent and 
permanent leading thus forward to an 
improved concept of participation. 

The game’s set-up (temporary changes 
in boundary conditions included) is 
structured as following: 7KH�SOD\-
LQJ�ÀHOG is seen as a snapshot of the 
social system involved understood as 
the totality of all interactions within 
it (Zimmermann, 2015). Therefo-
UH��LPSOLFLWO\��LW�GHÀQHV�WKH�FLWL]HQV�
themselves as social designers (Aicher, 
2015; Hirdina, 2008), and by doing so, 
creates a space of free play which is 
melted into community space (Zim-
mermann, 2014). 
At the same time, it differentiates 
and re-structures the social space into 
various domains of public and private 
types (Zimmermann, 2014; Gehl, 
2010).

Science and Design Enabling Transformation

Citizen’s Game – Playing Society

Lena Hendlmeier  

Faculty of Design, University of Applied Sciences, Munich
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The UXOHV�RI�WKH�JDPH, while being a 
permanent characteristic, are subject to 
the network (Zimmermann, 2015) of 
LQWHUDFWLRQ�ZLWKLQ�ZKLFK�UHÁH[LRQ�DQG�
design are actually practised (Brown, 
2009). 

Social space is thus created as a sta-
bile mixture of various strategies and 
activities (Zimmermann, 2014; Gehl, 
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The UXOHV�RI�WKH�JDPH, while being a 
permanent characteristic, are subject to 
the network (Zimmermann, 2015) of 
LQWHUDFWLRQ�ZLWKLQ�ZKLFK�UHÁH[LRQ�DQG�
design are actually practised (Brown, 
2009). Social space is thus created as 
a stabile mixture of various strategies 
and activities (Zimmermann, 2014; 
Gehl, 2010).

The SDUWQHUV�FRPSHWLWRUV�RI�WKH�JDPH�
are the actual agents of the interaction 
network (Zimmermann, 2015): They 
motivate the actions undertaken and 
perform social motion proper (Moebi-
us & Schroer, 2010). Essentially, they 
follow the rules mapped in terms of 
game theory. Their explicit interactions 
demonstrate thus the interdisciplinary 
character of the approach (Brown, 
2009). Consequently, these interactions 
are discussed in terms of dynamical 
processes intrinsic in the modern the-
ory of systems (Zimmermann, 2014; 
Zimmermann, 2015).

The play time (season) is visualized as 
the genuine simultaneity of macro-
levels and micro-levels of the system 
LQYROYHG��LQ�IDFW��VWLOO�LQÁXHQWLDO�
beyond the system’s boundary (Zim-
mermann, 2015). This simultaneity can 
EH�XQGHUVWRRG�DV�D�UHÁH[LYH�PRGHO�RI�
the interaction of the system’s spatial 
closure as well as opening within its 
characteristic dynamics, and also as the 
Mediation between personal encoun-
ters within the mediation of private 
and public space (Zimmermann, 2015; 
Zimmermann, 2014; Gehl, 2010).
 

Corresponding author: 
lena.hendlmeier@gmail.com
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([DPSOHV�RI�ÁDWWHQLQJ�YHUWLFDO�
VWUXFWXUHV�DQG�QRQ�WUDGLWLRQDO�SRZHU�
GLVWULEXWLRQ��LOOXVWUDWH�KRZ�RXU�]HLWJHLVW�
LV�PDUNHG�E\�HPHUJHQW�ZD\V�RI�WKLQ�
NLQJ�DQG�RUJDQL]LQJ�RXU�VRFLHW\�HYHQ�
DV�ZH���DOVR�IDFH�IHDU�DQG�VFDUFLW\���
+RZHYHU��ZKDW�PLJKW�KDSSHQ�LI�ZH�
FUHDWH�D�GLIIHUHQW�VRFLHWDO�IUDPHZRUN�WR�
VWUHQJWKHQ�FROODERUDWLRQ�DQG�GHYHORS�
PRUH�VXVWDLQDEOH�KXPDQ�WR�KXPDQ�DQG�
KXPDQ�WR�SODQHW�UHODWLRQVKLSV"

,Q�ZRUNSODFHV��SURIHVVLRQDO�VSHFLDOL�
]DWLRQ��ODFN�RI�LQWHUFXOWXUDO�UHDGLQHVV��
JHRJUDSKLFDO�GLVSHUVLRQ��DQG�ÁH[LEOH�
W\SHV�RI�HPSOR\PHQW�DUH�VRPH�IDFWRUV�
WKDW�PLJKW�EH�LQ�SOD\�WR�FUHDWH�VLORV�
DQG�GLVHQJDJHPHQW��QRW�PHPEHUVKLS��
7R�DGGUHVV�WKHVH�FLUFXPVWDQFHV��VRPH�
LQGLYLGXDOV�WU\�WR�PRYH�RXWVLGH�GLVFLS�
OLQHV�WR�GZHOO�LQ�D�ODQG�RI�SRVVLELOLWLHV�
7KH�SUHVHQW�ZRUN�DLPV�WR�H[SORUH�
DQRWKHU�SRVVLEOH�PRYHPHQW�WKDW�LV�WR�
FRQQHFW�GLYHUVH�GLVFLSOLQHV�WRJHWKHU�

,I�ZH�FDQ�IRVWHU�GLDORJXH�ZLWK�GLIIHUHQW�
GLVFLSOLQHV�ZH�DUH�DOVR�GZHOOLQJ�LQ�D�
ODQG�RI�QR�GLVFLSOLQHV��0RUHRYHU��ZH�
PLJKW�EH�IRVWHULQJ�FROODERUDWLRQ�DQG�
VXVWDLQDEOH�UHODWLRQVKLSV�WKURXJK�D�
EDVLF�SULQFLSOH�RI�V\VWHPV�WKLQNLQJ��
FRQQHFWLRQ�

$�7UHDWLVH�RI�(QWLUHW\�LV�ERWK�D�VWDQFH�
DQG�D�PHWKRG��$V�D�VWDQFH��LW�LJQLWHV�
RSHQLQJ�RXUVHOYHV�WR�WKH�RWKHU��QHZ��
GLIIHUHQW��FRQWUDU\��QRQ�UHODWHG��DQG�WR�
LQVSLUH�XV�WR�EH�ZLOOLQJ�WR�FRH[LVW�DQG�
FUHDWH�WRJHWKHU��$V�D�PHWKRG��LW�FDOOV�
IRU�PXOWLSOH�SDUWQHUV�WR�YRLFH�WKHLU�FRQ�
WULEXWLRQ�LQ�RUGHU�IRU�D�V\VWHP�WR�PHHW�
LWV�HQWLUHW\��,Q�RWKHU�ZRUGV��D�7UHDWLVH�
RI�(QWLUHW\�UHTXLUHV�DQ�LQWHUQDO�DQG�H[�
WHUQDO�DFWLRQ�WRZDUGV�RWKHUV�SHUVSHFWL�
YHV��,W�LV�D�MRXUQH\�RI�ZHDYLQJ�GLIIHUHQW�
WKUHDGV�WRJHWKHU��ZLWK�WKH�LQWHQWLRQ�RI�
IXOO\�DFFHSWLQJ�RWKHU�SHUVSHFWLYHV��VR�
WKDW�D�V\VWHP�FDQ�EHFRPH�PRUH�NQRZ�
OHGJHDEOH�DERXW�LWVHOI��

3HUVRQDO�/HDGHUVKLS

$�7UHDWLVH�RI�(QWLUHW\�

0DJGD�&��.DVSDU\
,QWHUGLVFLSOLQDU\�+5

��L�H��ZZZ�OLEHUDWLQJVWUXFWXUHV�FRP��VRFLDO�PHGLD�SODWIRUPV�DGGUHVVLQJ�VRFLDO�
SUREOHPV��QHZ�ZD\V�WR�GHOLYHU�HGXFDWLRQ��WUDQVSRUWDWLRQ��HFR�YLOODJHV��HWF�

��7KLV�SDSHU�LV�ZULWWHQ�LQ�WKH�ÀUVW�SOXUDO�SHUVRQ�¶ZH¶�EHFDXVH�LW�LV�LQFOXGLQJ�WKH�
UHVHDUFKHU�LQ�WKH�WHVVLWXUD�DQG�LW�LV�QHVWHG�LQ�D�FROOHFWLRQ�RI�YRLFHV�DQG�FRQWULEX�
WLRQV�WKDW�EOHQGHG�WRJHWKHU�DQG�PDGH�WKLV�FRQWHQW�HPHUJH�

��L�H��6\ULD�FULVLV�
��



)LJXUH��
$Q�(QWLUHW\�6WDQFH

$V�DQ�DWWHPSW�WR�GHÀQH�ZKDW�DQ�
HQWLUHW\�VWDQFH�PLJKW�EH��)LJXUH���DOVR�
LOOXVWUDWHV�WKH�PHWKRG��RI�FRQQHFWLQJ�
GLIIHUHQW�ERGLHV�RI�NQRZOHGJH��7KLV�
ÀJXUH�RIIHUV�RQH�SRVVLELOLW\��WKRXJK�
PDQ\�RWKHU�FRQQHFWLRQV�FDQ�EH�FUHDWHG�
WR�IRVWHU�LWV�VLQJXODU�HIIHFW�WR�SDUWLFL�
SDQWV��7KH�LOOXVWUDWLRQ�SRUWUD\V�ZKDW�
KDSSHQV�ZKLOH�LQGLYLGXDOV�LQWHUDFW�ZLWK�
WKH�PHWKRG��EXW�GRHV�QRW�GHÀQH�SUHGLF�
WDEOH�RXWFRPHV��0RULQ���������

$V�VKRZQ�LQ�WKH�LOOXVWUDWLRQ�WKH�EDVLV�
RI�DQ�HQWLUHW\�VWDQFH�DUH��7UDQVGLVFL�
SOLQDULW\��1LFROHVFX��������'LDORJXH�
�%XEHU���������$IIHFWLRQ��6SLQR]D�LQ�
'HOHX]H���������DQG�$OWHULW\��/HYL�
QDV����������7KH�FRQFHSW�RI�/RYH�DV�
D�ZD\�RI�EHLQJ��)URPP��������H[LVWV�
DW�WKH�KHDUW�RI�WKLV�VWDQFH��ZKLOH�WKH�
WKUHH�FRQFHSWV�RI�&RPSOH[LW\��0RULQ��
������²�GLDORJLF��KRORJUDPPLF�DQG�
RUJDQL]DWLRQDO�UHFXUVLRQ�²�RSHUDWH�IRU�
DOO�FRQFHSWV�

��



)XUWKHU��WKLV�ZRUN�LV�EDVHG�RQ�WKH�
SUHPLVH�WKDW�RQH�RU�D�IHZ�SHUVSHFWLYHV�
GR�QRW�QXUWXUH�HQWLUHW\��5DWKHU��RQO\�WKH�
HQFRXQWHU�DQG�FRPPXQLRQ�ZLWK�RWKHUV�
ZLOO�LQVSLUH�D�V\VWHP��LQGLYLGXDO��WHDP�
DW�ZRUN��LQ�FRPPXQLWLHV��RU�IDPLO\��
WR�H[HUFLVH�LWV�HQWLUHW\��8OWLPDWHO\��WKH�
DFFHSWDQFH�RI�WKH�GLIIHUHQW�LV�WKH�DF�
FHSWDQFH�RI�LWVHOI���RXU�VRFLHW\�FDQ�XVH�
WKH�DYDLODEOH�NQRZOHGJH�RI�DOO�WLPHV�WR�
IRVWHU�WKH�FROODERUDWLRQ��JHQXLQH�OLIH�
ZRUN�FRQQHFWLRQ�WKDW�LV�(QWLUHW\�

7KH�XOWLPDWH�GHVLUH�IRU�ZRUNSODFHV��
LV�WR�ÀQG�ZD\V�ZKHUH�ZH�PLJKW�H[�
SHULHQFH�(QWLUHW\��%HFDXVH�ZH�LQYHVW�
VR�PXFK�RI�RXU�OLIH�HQHUJ\�WKHUH�E\�
H[SUHVVLQJ�RXU�LGHQWLW\�DQG�H[SHULHQFH�
EHORQJLQJ��RXU�ZRUNVSDFHV�SURYLGH�WKH�
XOWLPDWH�RSSRUWXQLW\�WR�SUDFWLFH�
(QWLUHW\�DV�ZD\�WR�UHDOL]H�GHHS�JODG�
QHVV�DV�XQLTXH�KXPDQ�EHLQJV�
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PDJGDNDVSDU\#RXWORRN�FRP
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3UHVV�
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%UDVLO�
1LFROHVFX��%����������0DQLIHVWR�RI�7UDQVGLVFLSOLQDULW\��$OEDQ\��6WDWH�8QLYHUVLW\�
RI�1HZ�<RUN�3UHVV�

(QWLUHW\�GLIIHUV�IURP�ZKROHQHVV�LQ�
WKDW�HQWLUHW\�UHODWHV�PRUH�WKH�LQWHUQDO�
TXDOLW\�RI�D�V\VWHP��LW�LQVSLUHV�D�VWDWH�
RI�SHUFHSWLRQ�OLNH�SRHWU\��LQYROYLQJ�
KRZ�PXFK�D�ZKROH�DFFHVVHV�LWVHOI��LW�LV�
DERXW�VXEMHFWLYH�H[WHQVLRQ�DQG�GHSWK��
(QWLUHW\�HQFRPSDVVHV�WKH�SURFHVV�RI�
D�V\VWHP�EHLQJ�DFWLYHO\�FRJQL]DQW�RI�
LWVHOI��LQFOXGLQJ�LWV�PHDQLQJV��LPSDFWV�
LW�UHFHLYHV�DQG�FDXVHV��DQG�LWV�IHDUV�DQG�
DVSLUDWLRQV��/LNHZLVH�HQWLUHW\�SURYLGHV�
WKH�DZDUHQHVV�RI�VXEMHFWLYH�FRQVWLWXWL�
RQ�DQG�ÁRZ��DV�ZHOO�DV�EHLQJ�PLQGIXO�
RI�WKH�JHQXLQH�KXPDQ�FRQGLWLRQ�DV�
DQ�LQGLYLGXDO�DQG�PHPEHU�RI�PXO�
WLSOH�JURXSV�IURP�IDPLO\�WR�VRFLHW\��
LQ�WUDQVJHQHUDWLRQDO�DQG�SODQHWDU\�
SHUVSHFWLYHV�

:LWKRXW�D�FDOO�IRU�D�WUHDWLVH��LI�ZH�GR�
QRW�FRQVLGHU�RSHQLQJ�RXUVHOYHV�WR�WKH�
UHODWLRQDO��WKH�FRQWH[W��WKH�FRQWLQXXP�
ZLWKLQ�ZKLFK�HDFK�RI�XV�OLYHV��ZH�ZLOO�
QHYHU�DFFHVV�RXU�HQWLUHW\��
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The EU system suffers from an unex-
pected political, economic and social 
crisis. Some nation states (such as 
Greece, Spain, Portugal) are facing not 
only harsh austerity measures, increase 
of taxes, lowering of wages, rise in 
poverty and unemployment rates, but 
also a loss of sovereignty and a rise 
in social inequalities and injustices, 
which endanger the integrity and social 
cohesion of the Union. Under these 
circumstances the regulatory powers of 
nation states are limited and the level 
of citizens’ trust in governmental insti-
WXWLRQV�LV�VLJQLÀFDQWO\�GHFUHDVHG�
European leaders have taken steps to 
foster trust in the European project and 
increase the participation of citizens 
in policy-making. A typical example 
is the European Commission’s “White 
Paper on European Governance” 
(2001) aiming at creating “a trans-
national ‘space’ where citizens from 
different countries can discuss what 
they perceive as being the important 
challenges for the Union”. This attempt 
intended to include citizens’ voice in 
public policy, enhance democratic 
participation and improve the relations 
between the people and the policy-
makers. 

The “European Citizens’ Initiative” 
(ECI) is a recent effort introduced by 
the European Commission with the 
intention to encourage citizens’ parti-
cipation in the democratic life of the 
Union. This initiative would give the 
RSSRUWXQLW\�WR�GLUHFWO\�LQÁXHQFH�(8�
policy by proposing laws and legis-
lation. Despite the efforts to involve 
civil society in decision-making, the 
EU governance from above seems to 
be disconnected and distanced from its 
people. 

In the current crisis, the necessity for 
a powerful civil society is more than 
imperative. The emergence of bottom-
up (voluntary) initiatives and social 
movements aims at forming a system 
that differs in quality from the system 
before. Thus, marginalised and disad-
vantaged groups of citizens create new 
communicative spaces for resistance 
and representation in order to make 
their actions visible to the community 
and question the existing governing 
structures.

Redesigning Public Governance

Governance from below in times of crisis: 
A participatory turn

Asimina Koukou
Bertalanffy Center for the Study of Systems Science
University of Vienna 
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The Express Tribune with the International New York Times, Retrieved from: 
http://tribune.com.pk/story/608689/true-democracy-experts-debate-best-
form-of-governance-for-pakistan/
© Sunara Nizami
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This work emphasises on the gover-
nance from below that has emerged in 
Greece, Spain, Germany, Romania and 
the UK during the economic crisis. In 
particular, it discusses the Greek “we 
don’t pay movement” (initially against 
the highway tolls), “without middle-
men movement” (against the market 
intermediaries) and the “anti-gold 
mining movement-Skouries move-
ment” (against ore mining for the pro-
tection of the environment) in parallel 
with the Spanish “stop desahancios 
platform” (against eviction), the British 
“NHS social movement” (against the 
privatization of health system) and 
the Romanian “Save Rosia Montana 
movement” (against the Rosia Monta-
na mining project) in order to analyse 
the rise of transnational dialogue in 
the European continent. Apart from 
that, it is explored how active citizens 
create networks via the use of Internet 
technologies, mobilise others, search 
for new ways of managing resources, 
create solidarity networks, support 
education and knowledge exchange, 
campaign for a better and sustainable 

environment, provide health faci-
lities, form identities and organise 
their actions towards a deeper form 
of democracy. Even though social 
movements consist of various groups 
WKDW�KDYH�GLIIHUHQW�FRQÁLFWLQJ�LQWHUHVWV��
they have managed to cope with their 
diversity.

Governance from below provides 
alternative and innovative ways for 
social organisation something that 
Europe needs today. The rationale 
of this work is that governance from 
below can serve as a model for the 
participatory design of the whole 
society, it can serve as an ideal examp-
le for governance from above to cope 
ZLWK�LWV�GHÀFLWV�DQG�SURPRWH�FRRSH-
ration and social relations across all 
societal levels.
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$IWHU�WKH�HQG�RI�WKH�*UHFR�7XUNLVK�ZDU�
LQ������DQG�WKH�UHFLSURFDO�SRSXODWLRQ�
H[FKDQJH�EHWZHHQ�WKH�WZR�FRXQWULHV��
VWLSXODWHG�E\�WKH�7UHDW\�RI�/DXVDQQH��
*UHHFH�FRQIURQWHG�D�PDMRU�UHIXJHH�
LQÁX[�ZKRVH�DIWHUPDWK�ZDV�GHHSO\�
HQJUDYHG�LQ�WKH�FRXQWU\·V�VRFLDO�DQG�
XUEDQ�UHDOLW\��2QH�RI�WKH�VHWWOHPHQWV�
HVWDEOLVKHG��LQ�RUGHU�WR�KRVW�WKH�SRSXOD�
WLRQ�ÁHHLQJ�IURP�WKH�FLWLHV�RI�$QDWROLD��
ZDV�1HD�.RNNLQLD��7KRXVDQGV�RI�
SRYHUW\�VWULFNHQ�UHIXJHHV�ZHUH�VHQW�LQ�
D�PXGG\�UHJLRQ�LQ�WKH�ZHVW�RI�3LUDHXV��
RXWVLGH�WKH�XUEDQ�IDEULF��LQ�D�IRUPHU�
JDUEDJH�FROOHFWLRQ�DUHD��7KHLU�XWRSLD��
ZKLFK�WKH\�VWUXJJOHG�WR�UHDFK��HVFDSLQJ�
IURP�WKH�KRVWLOH�UHDOLW\�RI�ZDU�DQG�
SHUVHFXWLRQ��ZDV�DFWXDOO\�IRXQG�RQ�WKH�
RWKHU�VLGH�RI�D�KHWHURWRSLD�RI�GHYLDWLRQ�
�)RXFDXOW���������D�VSDFH��RXWVLGH�DOO�
VSDFHV�ORFDWHG�LQ�WKH�PDUJLQV�RI�XUEDQ�
DQG�VRFLDO�QRUPDOLW\��WKDW�GLVUXSWHG�
WKH�XVXDO�RUGHU�RI�WKLQJV��7KH\�VHWWOHG�
WKHUH��LQ�VPDOO��VKDQW\�ORGJLQJV��LQ�D�
GLVWULFW�ZLWK�QR�SURSHU�ZDWHU�VXSSO\�
V\VWHP��HOHFWULFLW\��GUDLQDJH�RU�WUDQV�
SRUWDWLRQ�QHWZRUN��7KH�VHWWOHPHQW�ZDV�
IRUPHG�DV�D�JKHWWR��5HIXJHHV�ZHUH�QRW�
ZHOFRPH�E\�WKH�QDWLYHV�DQG�WKH�6WDWH·V�
REMHFWLYH�ZDV�WR�HQVXUH�WKDW�WKH�VHSD�
UDWLRQ�EHWZHHQ�WKH�WZR�ZRXOG�UHPDLQ�
LQWDFW��7KHUHDIWHU��WKH�DUHD�FRXOG�KDYH�
UDSLGO\�EHFRPH�XQLQKDELWDEOH��+RZH�
YHU��LW�GLG�QRW��7KLV�FDQ�EH�DWWULEXWHG��
WR�D�ODUJH�H[WHQW��WR�WKH�VRFLDO�OLIH�
ÁRXULVKLQJ�ZLWKLQ�LWV�VOXPP\�XUEDQ�
VXUURXQGLQJV��

,Q�1HD�.RNNLQLD��UHIXJHHV�ZHUH�VHQW�
LQ�D�GUHDGIXO�ORFDWLRQ�EXW�WKH\�ZHUH�
DOORZHG�WR�VHWWOH�WKHUH��WR�URRW��)URP�
WKDW�SRLQW�RQZDUGV��WKH\�ZHUH�QRW�
VWDWHOHVV�DQ\PRUH�DQG�WKXV�WKH\�ZHUH�
QRW�ULJKWOHVV��$UHQGW���������8QOLNH�
WKH�FDPSV�WKDW�DUH�FXUUHQWO\�GHYHORSHG�
LQ�(XURSH��WR�KRVW�WKH�UHIXJHHV�IURP�
6\ULD�DQG�$IJKDQLVWDQOLNH�WKH�RQH�LQ�
(ODLRQDV�GLVWULFW�LQ�ZHVWHUQ�$WKHQV��
RSHUDWLQJ�VLQFH�������LQ�1HD�.RNNL�
QLD�WKH�FRQWLQXRXV�HSKHPHUDOOLW\�RI�
WKH�UHIXJHH�VHWWOHPHQW��WKDW�SXUSRVHO\�
UHQGHUV�LWV�RFFXSDQWV�DV�ODVWLQJ�SDULDKV��
ZDV�DEROLVKHG��7KH�KHWHURWRSLD�RI�GHYL�
DWLRQ�DFTXLUHG�D�SHUPDQHQW�SRVLWLRQ�LQ�
WKH�XUEDQ�HQYLURQPHQW��,W�ZDV�VWLOO�D�
VSDFH�RXWVLGH�DOO�VSDFHV�QHYHUWKHOHVV�
LWV�RFFXSDQWV�REWDLQHG�QRW�RQO\�D�VKHO�
WHU��EXW�D�SODFH�LQ�WKH�ZRUOG��D�KRPH��
WKH�SULPDU\�FRQGLWLRQ�DQG�FRPPHQFH�
PHQW�RI�KXPDQ�DFWLYLW\�LWVHOI��/HYLQDV��
�����������,W�ZDV�DW�WKDW�SRLQW�WKDW�
WKHLU�VWDWH�DOWHUHG�IURP�UHIXJHHV�WR�
H[SDWULDWHV��7KHLU�WUDXPD�UHPDLQHG��
EXW�WKHLU�H[FOXVLRQ�IURP�ELRV��$JDP�
EHQ��������DQG�WKXV�IURP�VRFLDO�DQG�
SROLWLFDO�OLIH��EHJDQ�WR�IDGH��7KURXJK�
WKH�HVWDEOLVKHG�SHUPDQHQF\�RI�WKH�
VHWWOHPHQW�WKH�UHIXJHHV�ZHUH�DOORZHG�
WR�UH�HVWDEOLVK�WKHLU�EHLQJ�LQ�WKH�ZRUOG��
WKHLU�ULJKWV�WR�GZHOO��WR�ZRUN��DQG�WKXV�
LPSURYH�WKHLU�XUEDQ�HQYLURQPHQW��DV�
ZHOO�DV�WKH�ULJKW�WR�FRQFHLYH��SHUFHL�
YH�DQG�H[SHULHQFH�VRFLDO�UHDOLW\�DQG�
WKHUHIRUH��WR�SURGXFH�VSDFH��/HIqEYUH��
������

5XUDO�DQG�8UEDQ�6\VWHPV�5HVHDUFK

,QIRUPDO�VRFLDO�VSDFH�LQ�DQ�XUEDQ�KHWHURWRSLD�
7KH�VRFLDO�UHDOLW\�RI�WKH�RXWURRWHG�

.DQHOLD�.RXWVDQGUHD
$UFKLWHFW�(QJLQHHU��,QGHSHQGHQW�5HVHDUFKHU
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9LHZ�RI�WKH�FXUUHQW�FRQGLWLRQ�LQ�D�QHLJKERUKRRG�RI�1HD�.RNNLQLD��7KH�VDPSOHV�RI�
WKH�UHIXJHH�VHWWOHPHQWV�DQG�WKH�LQLWLDO�XUEDQ�OD\RXW�DUH�VWLOO�SUHVHUYHG��
��.DQHOLD�.RXWVDQGUHD
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7KH�XUEDQ�OD\RXW�RI�WKH�GLVWULFW��IRO�
ORZLQJ�WKH�+LSSRGDPLDQ�FLW\�SODQ��WKH�
EXLOGLQJV·�DUUDQJHPHQW�LQ�HDFK�EORFN��
DURXQG�D�VSDFLRXV��VKDUHG�\DUG��WKH�
QDUURZ�SHGHVWULDQ�VWUHHWV�LQWHUMHFWLQJ�
WKH�PDLQ�VWUHHW�QHWZRUN��WKH�VPDOO�VFDOH�
RI�WKH�KRXVHV�DQG�WKHLU�W\SRORJ\��IDYR�
XUHG�WKH�HPHUJHQFH�RI�DQ�LQWHUHVWLQJ�
FULVVFURVV�IUDPHZRUN�RI�SULYDWH��SXEOLF�
DQG�VHPL�SXEOLF�VSDFHV��7KH�OLYLQJ�
URRP�DSSHDUHG�RQ�WKH�VWUHHW��DQG�WKH�
VWUHHW�PRYHG�LQVLGH��LQ�WKH�OLYLQJ�URRP��
&RXUW\DUGV��VLGH�VWUHHWV��EDOFRQLHV��
VKDUHG�VWDLUFDVHV��URRIV��WKH\�ZHUH�DOO�
XVHG�DV�DUHDV�RI�VRFLDO�KDELWDWLRQ��

7KH\�ZHUH�FRUHV�RI�HQFRXQWHU��SOD\�DQG�
IHVWLYLWLHV��LQIRUPDO�WKHDWUHV��GDQFLQJ�
URRPV��IRRWEDOO�FRXUWV�DQG�SOD]DV��7KH�
WRS�GRZQ�SODQQLQJ�SURFHVV�RI�WKH�6WDWH�
SURYLGHG��RQO\��ORZ�TXDOLW\�VKHOWHUV�IRU�
WKH�UHIXJHHV��7KH�ERWWRP�XS�LQLWLDWLYH�
GHYHORSHG�WKH�LQIRUPDO�IUDPHZRUN�IRU�
VRFLDO�HQJDJHPHQW�DQG�FXOWXUDO�DGYDQ�
FH��9LD�WKH�GHYHORSPHQW�RI�VRFLDO�VSDFH�
WKH�UHIXJHHV�LQ�1HD�.RNNLQLD��EHLQJ�
YLROHQWO\�GHSULYHG�RI�WKHLU�SODFH�RI�
RULJLQ��LQVWLOOHG�WKHLU�H[SHULHQFHV�DQG�
GHVLUHV�LQ�WKDW�QHZ�VSDFH�DQG�UHÁHFWHG�
WKHLU�FXOWXUDO��FROOHFWLYH�LGHQWLW\�XSRQ�
WKH�VRFLDO�UHDOLW\�WKH\�SURGXFHG��7KXV�
WKH�GLVSODFHG�ZHUH�LPSODFHG�DQHZ�

&RUUHVSRQGLQJ�DXWKRU��
Q�NRXWVDQGUHD#JPDLO�FRP

5HIHUHQFHV
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�'DQLHO�+HOOHU�5RD]HQ�7UDQV����6WDQIRUG��&$��6WDQIRUG�8QLYHUVLW\�3UHVV�
$UHQGW�+����������¶:H��5HIXJHHV·��,Q�0��5RELQVRQ��(G����$OWRJHWKHU�(OVHZKHUH��
:ULWHUV�RQ�([LOH��SS������������1HZ�<RUN��)DEHU�DQG�)DEHU�
)RXFDXOW��0����������´2I�2WKHU�6SDFHV������µ��,Q�0��'HKDHQH�	�/��'H�&DXWHU�
�(GV����+HWHURWRSLD�DQG�WKH�&LW\��3XEOLF�VSDFH�LQ�D�SRVW�FLYLO�VRFLHW\��5RXWOHGJH�
/HIqEYUH��+����������7KH�3URGXFWLRQ�RI�6SDFH���'RQDOG�1LFKROVRQ�6PLWK�7UDQV���
:LOH\�%ODFNZHOO�
/HYLQDV��(����������7RWDOLW\�DQG�,QÀQLW\���$OSKRQVR�/LQJLV�7UDQV���7KH�+DJXH�
%RVWRQ��/RQGRQ��0DUWLQXV�1LMKRII�3XEOLVKHUV�	�'XTXHVQH�8QLYHUVLW\�3UHVV�

��



&LWLHV�DUH�VXFK�FRPSOH[�VWUXFWXUHV��DV�
LI�WKH\�ZRXOG�EH�DOLYH��(YHU\WKLQJ�LV�
LQWHUFRQQHFWHG��EXW�ZH�VWLOO�EHOLHYH�WKDW�
ZH�²�DV�SDUW�RI�FLWLHV�²�RZQ�WKH�SRZHU�
WR�SODQ�DQG�SUHGLFW�WKHP�E\�IRFXVLQJ�
MXVW�RQ�WKHLU�SDUWV�LQVWHDG�RI�HPEUDFLQJ�
WKH�ZKROH��

/LYLQJ�RUJDQLVPV�DUH�PDGH�RI�FHOOV�
DV�VPDOOHU�VWUXFWXUDO�DQG�IXQFWLRQDO�
XQLWV��6FDOLQJ�GRZQ���FHOOV�DUH�HQFRGHG�
LQ�D�'1$�VWULQJ�ZKLFK�FDUULHV�WKH�
LPSRUWDQW�LQIRUPDWLRQ��HQFRGHG�E\�
RQO\���QLWURJHQ�EDVHG�PROHFXOHV�RU�
QXFOHRWLGHV��$Q\�FKDQJH�LQ�WKHLU�RUGHU�
FDXVHV�FKDQJHV�RI�WKH�ZKROH�RUJDQLVP�
LQ�WRWDO��'LIIHUHQFH�EHWZHHQ�WZR�JHQHV�
LV�QRW�LQ�HOHPHQWV�IURP�ZKLFK�WKH\�DUH�
FUHDWHG�EXW�LQ�WKHLU�DUUDQJHPHQW��7KLV�
PHDQV�WKDW�RQO\�VWXG\LQJ�UHODWLRQVKLSV�
EHWZHHQ�SDUWV�RI�WKH�JHQH�DQG�WKHLU�
VHTXHQFLQJ�WHOOV�XV�DERXW�LWV�FKDUDF�
WHULVWLFV��WR�VWXG\�RQH�VLQJOH�QXFOHRWLG�
LVRODWHG�PDNHV�QR�VHQVH��

,I�D�FLW\�ZRXOG�EH�D�QRQ�ELRORJLFDO�EXW�
VWLOO�OLYLQJ�RUJDQLVP��LW�FRXOG�KDYH�D�
VSHFLDO�GXDO�FKDUDFWHU�IURP�WKH�KXPDQ�
SHUVSHFWLYH��$V�D�VSDFH�IRU�OLYLQJ��DV�
DQ�DPELHQW�LW�LV�H[WHUQDO�WR�SHRSOH��EXW�
DW�WKH�VDPH�WLPH�D�FLW\�ZLWKRXW�SHRSOH�
ZRXOG�QHYHU�H[LVW���SHRSOH�IRUP�DQ�
LQWHUQDO�SDUW��D�FLW\�LV�SDUW�RI�\RXUVHO�
YHV��

%\�GHVFULELQJ�WKH�FLW\�DV�H[WHUQDO��
XVLQJ�D�JULG�UHIHUHQFH�V\VWHP�DFFRU�
GLQJ�WR�VHYHUDO�FULWHULRQV�FRQFHUQLQJ�
H�J��KHWHURJHQHLW\�RI�EXLOGLQJV�XVDJH��
DFFHVVLELOLW\�E\�SXEOLF�WUDQVSRUWDWL�
RQ��JUHHQ�VSDFHV�RU�VRFLDO�LQWHUDFWLRQ�
SRLQWV��ZH�FUHDWH�D�FHUWDLQ�RYHUDOO�
IUDPH�RI�LQIRUPDWLRQ�RU�LQLWLDO�VSDWLDO�
DUUDQJHPHQWV��

$V�ZRUNLQJ�ZLWK�WKH�SUHPLVH�WKDW�
QRWKLQJ�VWDQGV�DORQH��QRW�RQO\�WKH�
VDPH�V\VWHPV�DUH�LQWHUDFWLQJ�ZLWK�HDFK�
RWKHU�KRUL]RQWDOO\��EXW�WKHUH�LV�DOVR�
LQWHUDFWLRQ�EHWZHHQ�GLIIHUHQW�DQDO\VHG�
V\VWHPV�H�J��ZKDW�LQÁXHQFH�ZRXOG�
D�FKDQJH�LQ�DFFHVVLELOLW\�FDXVH�RQ�
JUHHQ�VSDFHV��&KDQJLQJ�UHODWLRQVKLSV�
DPRQJ�HOHPHQWV�DQG�WKHLU�QHLJKERXUV��
HIIHFWV�DQG�VSUHDGV�WKURXJK�IHHGEDFN�
ORRSV�IXUWKHU��(YHQ�LI�VLWXDWLRQ�LQ�RQH�
TXDGUDQW�UHPDLQV�DSSDUHQWO\�VWDEOH��
LWV�GHVFULSWLYH�YDOXH�FDQ�VWLOO�FKDQJH�DI�
IHFWHG�E\�HYHQWV�KDSSHQLQJ�LQ�DGMDFHQW�
SDUWV��

,QWHUQDO�SDUWV�RI�WKH�FLW\�DV�DQ�RUJDQLVP�
DUH�GHDOLQJ�ZLWK�NQRZOHGJH�JHQHUD�
WHG�E\�HYHU\GD\�OLIH�SUD[LV�RI�FLW\�
SUDFWLWLRQHUV�DV�H[SODLQHG�E\�6DOYDWRUH�
,DFRQHVFL��2ULDQD�3HUVLFR��HPRWLRQV��
FRQQHFWLRQV�WR�WKH�VSDFH�WKURXJK�ZKLFK�
ZLOO�EH�VSDFH�FRYHUHG�E\�GLIIHUHQW�
DPSOLÀFDWLRQ�OD\HUV��1R�FLWL]HQ�OLYHV�
ZLWKRXW�FDXVLQJ�RU�GHDOLQJ�ZLWK�LPSDFW�
RQ�IURP�KLV�KHU�VXUURXQGLQJ��%\�GHWHF�
WLQJ�WKH�SRVVLELOLW\�RI�KDYLQJ�LPSDFW��
ZH�DUH�DOUHDG\�H[SHULHQFLQJ�LW���

7UDQVIRUPLQJ�$UFKLWHFWXUH�DQG�/LYLQJ�(QYLURQPHQWV

ÁX[XP�PLUXP

+DQD�.UL]DQRYD�
8QLYHUVLW\�RI�$SSOLHG�$UWV�9LHQQD��6RFLDO�'HVLJQ�$UWV�DV�8UEDQ�,QQRYDWLRQ

��



&UHDWLQJ�D��'�KRORJUDP��SXEOLVKHG�LQ�
WKH�LQWHUQHW��E\�GRZQORDGLQJ�LW�LQ�\RXU�
FHOO�SKRQH�FRXOG�SURYLGH�D�QHZ�ZD\�
RI�UHDGLQJ�RU�HYHQ�ZULWLQJ�WKH�XUEDQ�
VXUURXQGLQJ��&LW\�ZRXOG�EH�SUHVHQWHG�
DV�DQ�RUJDQLVP��D�QRW�\HW�NQRZQ�RU�
GLVFRYHUHG�VSHFLH��OHYLWDWLQJ�LQ�WKH�
VPDOO�SULVP�

(QYLVLRQHG�ZRXOG�EH�WKH�DELOLW\�WR�
FRPPXQLFDWH�ZLWK�VXFK�RUJDQLVPV��
KRZ�WKH\�IHHO�\RX�DQG�IHHO�WKH�UHVW��VHH�
KRZ�\RX�DUH�SDUW�RI�LW��ZKDW�FKDQJH�
FRXOG�\RX�EULQJ��

$�G\QDPLF�XQGHUVWDQGLQJ�RI�V\VWHPV�LV�
WKH�IXWXUH�DV�RQO\�FRQVWDQWO\�FKDQJLQJ�
DQG�GHYHORSLQJ�ÁXLG�FRQFHSWV�FDQ�
DQVZHU�WR�WKH�FRPSOH[LW\�RI�UHDOLW\�WKDW�
ZH�DUH�GHDOLQJ�ZLWK��6RIW�LQWHUYHQWLRQV�
VKRXOG�EH�UH�HYDOXDWHG�DQG�VHHQ�DV�DQ�
HTXDOO\�SRZHUIXO�PHGLXP�RI�FKDQJH�
RU�DV�D�WRRO�WR�NHHS�FLW\�RUJDQLVPV�LQ�
KRPHRVWDVLV�²�LQ�D�VWDWH�RI�UHODWLYHO\�
VWDEOH�FRQGLWLRQV��

&RUUHVSRQGLQJ�DXWKRU��
NUL]DQRYD�KDQD#JPDLO�FRP

5HIHUHQFHV

,DFRQHVFL��6���	�3HUVLFR��2��3����������7KH�7KLUG�,QIRVFDSH��0LFKHO�'H�&HUWHDX��
*LOOHV�&OpPHQW��0DUFR�&DVDJUDQGH�DQG�WKH�UH�FUHDWLRQ�RI�RXU�FLWLHV��
5HWULHYHG�)HEUXDU\����������IURP�KWWS���ZZZ�DUWLVRSHQVRXUFH�QHW������������
WKLUG�LQIRVFDSH�GH�FHUWHDX�FOHPHQW�FDVDJUDQGH�VPDUW�FLWLHV�
2VZDOW��3���(G������������6KULQNLQJ�&LWLHV��9RO�,��2VWÀOGHUQ��,QWHUQDWLRQDO�
5HVHDUFK�
7KH���&KDUDFWHULVWLFV�RI�/LIH��5HWULHYHG�)HEUXDU\�����������IURP�KWWS���LQIRKRVW�
QPW�HGX�aNODWKURS��FKDUDFWHULVLWFVBRIBOLIH�KWP

,PDJH��
+RORJUDP

��



,PDJH��
&LW\�JULG�WXUQV�LQWR�V\VWHP

%\�FRPELQLQJ�WKH�LQWHUQDO�DQG�WKH
H[WHUQDO�SDUW�RU�UHODWLRQV�EHWZHHQ�LQKD�
ELWDQWV�DQG�WKHLU�FLWLHV���D�FLW\�RUJDQLVP
ZLOO�FRPH�DOLYH�DV�D�K\EULG��YLVXDOLVH�
LQYLVLEOH�LPSDFWV��OLQNLQJ�WRJHWKHU�
XQOLQNHG�SDUWV�DQG�UHFRJQL]LQJ�SDWWHUQV�
WKDW�KDYH�QRW�EHHQ�VHHQ�EHIRUH�

��



7KH�FLW\�FRQFHLYHG�DV�RUJDQLVP�
EHORQJV�WR�HYHU\RQH�RU�LV�SDUW�RI�HYHU\�
RQH��LW�VKRXOG�EH�DFFHVVLEOH�DQG�JHQHUDO�
XQGHUVWDQGDEOH��&RPSOH[�V\VWHPV�DV�
FLWLHV�DUH�RIWHQ�WRR�RYHUZKHOPLQJ�E\�
WKHLU�VL]H�DQG�SOXUDOLW\��VR�ZH�JHW�GURZ�
QHG�LQ�LQIRUPDWLRQ��DVVXPLQJ�WKDW�LW�LV�
MXVW�PXFK�ELJJHU�WKDQ�XV��

��



$IWHU�WKH�WUDGLWLRQ�RI�%URRNV�LQ�EH�
KDYLRXU�EDVHG�URERWLFV��UHVHDUFK�LQWR�
HPERGLPHQW�KDV�GHYHORSHG�WKURXJK�
YLUWXDO�PRGHOV�PRUH�WKDQ�H[SHULPHQWDO�
GHYLFHV��IRFXVLQJ�RQ�K\EULG�PRGHOV�
RI�HPERGLHG�FRPSRQHQWV�DQG�YLUWXDO�
FRQWURO��0DWXUDQD�	�9DUHOD��������
ÀUVW�SURSRVHG�WKH�FRQFHSW�RI�¶VWUXF�
WXUDO�FRXSOLQJ·�DV�D�GHVFULSWLRQ�IRU�
WKH�G\QDPLF�LQIRUPDWLRQ�UHODWLRQVKLS�
EHWZHHQ�DJHQW�DQG�HQYLURQPHQW��6LQFH�
WKHQ�RWKHU�ZRUNV�VRXJKW�WR�GHÀQH�DQG�
H[SORUH�WKH�SRVVLEOH�FRQWULEXWLRQV�RI�
HPERGLPHQW�WR�URERWLFV�LQ�WKH�UHDO�
ZRUOG��+RZHYHU��OLWWOH�KDV�EHHQ�GRQH�
WR�H[SORUH�WKH�SRWHQWLDO�RI�HPERGL�
PHQW�WKURXJK�H[SHULPHQWDO�GHYLFHV��
VSHFLÀFDOO\�WKURXJK�D�FRPELQDWRULDO�
DSSURDFK�FRQFHUQHG�ZLWK�H[SDQGLQJ�
WKH�JUDPPDU�RI�HPERGLPHQW�DQG�LQ�
WHOOLJHQFH�WKURXJK�HQYLURQPHQW�DJHQW�
FRXSOLQJ��2Q�WKH�RWKHU�KDQG�WKHUH�LV�DQ�
DEXQGDQFH�RI�UHVHDUFK�RQ�HPERGLPHQW�
DQG�GLVWULEXWHG�FRPSXWDWLRQ�FRQGXFWHG�
WKURXJK�YLUWXDO�PRGHOV��

'LVWULEXWHG�FRPSXWDWLRQ�HPHUJHG�DV�
D�WKHPH�LQ�URERWLFV�VLQFH�WKH�ZRUN�RI�
%URRNV��������FRQFHUQLQJ�DOWHUQDWLYH�
PHWKRGV�IRU�RUJDQLVLQJ�VHQVLQJ�DQG�
DFWXDWLRQ�LQ�URERWV��GXEEHG�¶EHKDYLRXU�
EDVHG�URERWLFV�·�6XFK�PHWKRGV�XWLOL]H�
GLJLWDO�VHQVLQJ�DQG�DFWXDWLRQ�WR�UHFDOO�
EHKDYLRXUDO�GHFLVLRQV�RIWHQ�RUJDQL�
VHG�DV�OD\HUV�RI�FRQWURO�LQ�YDULRXVO\�
GLVWULEXWHG�PDQQHUV��DOPRVW�DOZD\V�LQ�
D�YLUWXDO�ZD\��

7KH�IROORZLQJ�SDSHU�SUHVHQWV�DQ�
DSSOLFDWLRQ�RI�GLVWULEXWHG�FRPSXWD�
WLRQ�WKURXJK�UHDFWLYH��QRQ�GLJLWDO��
SK\VLFDOO\�HPERGLHG�EHKDYLRXUV��
6XFK�UHDFWLRQV�DUH�XWLOL]HG�WR�JHQHUDWH�
PHDQLQJIXO�DFWLRQV�RQ�DQG�LQ�WKH�UHDO�
ZRUOG��7KH�ZRUN�DGGUHVVHV�5RGQH\�
%URRNV·�EHKDYLRXU�EDVHG�URERWLFV�
�������DQG�&KDQGDQD�3DXO·V�¶/DWHQW�
0RUSKRORJLFDO�&RPSXWDWLRQ·���������
ERWK�KDYLQJ�SUHYLRXVO\�HPSKDVL]HG�WKH�
FDSDELOLW\�RI�UHVSRQVH�GDWD�WR�JHQHUDWH�
FRPSXWDWLRQ�WKURXJK�DFWLRQV�UDWKHU�
WKDQ�YLUWXDO�SURFHVVHV��7KH�DSSURDFK�
RXWOLQHG�DFKLHYHV�VXFK�DLPV�SXUHO\�
E\�PHDQV�RI�¶WULYLDOO\·�HPERGLHG�PH�
FKDQLVPV��GHVLJQHG�DV�FRPSXWDWLRQDO�
HOHPHQWV�WKDW��LQ�FRPELQDWLRQ��RXWSXW�
QDYLJDWLRQDO�GHFLVLRQV�ZLWKLQ�D�VLPSOH��
VWUXFWXUHG�HQYLURQPHQW�

$Q�H[SHULPHQWDO�URERW�ZDV�EXLOW�WKDW�
OLQNV�HPERGLHG�VHQVLQJ�DQG�UHDFWLQJ�
ZLWKLQ�DQ�DGDSWLYH�VNHOHWDO�PRUSKROR�
J\��FRPSRVHG�RI�UDGLDO�DUPV�OLQNHG�WR�
HDFK�RWKHU�WKURXJK�D�SLYRW���$�VHULHV�RI�
H[SHULPHQWDO�WULDOV�DUH�UHFRXQWHG�DV�KD�
YLQJ�SURGXFHG�REVHUYDEOH�EHKDYLRXUV�
LQFOXGLQJ�FKDQJLQJ�FRQÀJXUDWLYH�FKR�
UHRJUDSKLHV�DQG�QDYLJDWLRQDO�FKRLFHV�
LQ�UHODWLRQ�WR�WKH�HQYLURQPHQW��

7HFKQRORJ\�	�6RFLHW\

$�5RERWLFV�RI�7ULYLDO�0HFKDQLVPV��
7KH�3LURXHWWLQJ�3LFNHW�)HQFH
)URP�7ULYLDO�(PERGLPHQW�WR�&RPSOH[�%HKDYLRXUV

$EGXOEDUL�.XWEL
7KH�&DQWHEXU\�6FKRRO�RI�$UFKLWHFWXUH��7KH�8QLYHUVLW\�IRU�WKH�&UHDWLYH�$UWV

��



7KH�GHFLVLRQ�FDSDFLW\�RI�WKH�URERW�LQ�
FOXGHV�WXUQLQJ�FRUQHUV��WUDFLQJ�WKH�RXW�
OLQHV�RI�EDVLF�VKDSHV��DQG�DGDSWLQJ�LWV�
IRUP�WR�D�FRQVWUDLQHG�VSDFH��IXUWKHUPR�
UH��WKH�FROOHFWLYH�DFWLRQV�RI�WKH�URERW�
LPSOLHG�D�FKDUDFWHU�RI�LQTXLVLWLYHQHVV�
DQG�FXULRVLW\�DERXW�LWV�VXUURXQGLQJV��
$Q�DQDO\VLV�RI�WKHVH�EHKDYLRXUV�LV�
XVHG�WR�DUJXH�WKDW�EDVLF�PHFKDQLFDO�
V\VWHPV�FDQ�EH�RUJDQLVHG�LQWR�FRORQLHV�
RI�FRPSXWDWLRQ�JHQHUDWLQJ�QRGHV�WR�
DFFRPSOLVK�GLUHFW�EHKDYLRXUV�

'XULQJ�WKLV�SDSHU��WKH�DXWKRU�RIIHUV�
SRVVLEOH�LQVLJKWV�E\�H[WHQVLRQ�RI�WKH�
ZRUN�LQWR�WKH�SRWHQWLDO�IRU�DQG�DSSOL�
FDWLRQ�RI�HPERGLHG�LQWHOOLJHQFH�DQG�
GLVWULEXWHG�FRPSXWDWLRQ�LQ�WKH�GHVLJQ�
RI�FRPSOH[�V\VWHPV��LQFOXGLQJ�WKRVH�RI�
DQ�DUFKLWHFWXUDO�QDWXUH���

)LOP��KWWSV���YLPHR�FRP����������

&RUUHVSRQGLQJ�DXWKRU��
DEGXOEDUL#NXWEL�FR�XN

5HIHUHQFHV

%URRNV��5��$����������&DPEULDQ�,QWHOOLJHQFH��7KH�(DUO\�+LVWRU\�RI�WKH�1HZ�$,��
/RQGRQ��(QJODQG��7KH�0,7�3UHVV�
&ODUN��$���	�&KDOPHUV�'��-����������7KH�([WHQGHG�0LQG��$1$/<6,6���������������
-DQVHQ��7����������7KH�*UHDW�3UHWHQGHU��$PVWHUGDP������3XEOLVKHUV�
0F*UHHU��7����������3DVVLYH�'\QDPLF�:DONLQJ��,QWHUQDWLRQDO�-RXUQDO�RI�5RERWLFV�
5HVHDUFK��$SULO������
3DXO�&����������0RUSKRORJ\�DQG�&RPSXWDWLRQ��3URFHHGLQJV�RI�WKH�HLJKWK�LQWHU�
QDWLRQDO�FRQIHUHQFH�RQ�WKH�VLPXODWLRQ�RI�DGDSWLYH�EHKDYLRXU��SS���������/RV�
$QJHOHV��0,7�3UHVV�
5RVHQEOXHWK��$���	�:LHQHU�1���	�%LJHORZ��-����������%HKDYLRXU��3XUSRVH�DQG�
7HOHRORJ\��3KLORVRSK\�RI�6FLHQFH���������������

��



7KH�:HVWHUQ�ZRUOG�LV�VWLOO�UHFRYHULQJ�
IURP�WKH������ÀQDQFLDO�FULVLV��7UDJL�
FDOO\��ODUJH�UHIXJHH�LQÁRZV��WRJHWKHU�
ZLWK�OLQJHULQJ�LQFRPH�LQHTXDOLW\�
HIIHFWV�IURP�WKH�ÀQDQFLDO�FULVLV�KDYH�
WULJJHUHG�D�\HW�DQRWKHU�FULVLV��WKLV�WLPH�
DURXQG�VRFLDO�FDSLWDO��3RSXOLVP�DQG�[H�
QRSKRELD�KDYH�GLYLGHG�VRFLHWLHV��RIWHQ�
DURXQG�FODVV�ERXQGDULHV�ZKLOH�PDQ\�
VWUXJJOH�WR�ÀQG�ZRUN�DQG�VWDELOLW\��
6RFLDO�FDSLWDO�GHFUHDVHV��FDXVLQJ�VR�
FLHWDO�XQUHVW��YLROHQFH�DQG�VHOI�FHQWUHG�
PLQG�VHWV�
,W�LV�WKLV�SDSHU·V�JRDO�WR�RXWOLQH�D�
FRQFHSWXDO�VWUDWHJ\�IRU�DGGUHVVLQJ�WKH�
VRFLDO�FDSLWDO�FULVLV�WDNLQJ�SODFH�HVSH�
FLDOO\�LQ�(XURSH��:H�KRSH�WR�UHVWRUH�
VRFLDO�FDSLWDO�WKURXJK�UHYLYLQJ�SHRSOHV·�
UHVSHFW�IRU�RQH�DQRWKHU��:H�XVH�PH�
WKRGV�IURP�VRFLRORJ\��SKLORVRSK\�DQG�
V\VWHPV�WKHRU\�WR�RSHUDWLRQDOL]H�VRFLDO�
VXVWDLQDELOLW\�

6RFLDO�FDSLWDO�LV�XQGHUVWRRG�LQ�WKLV�
SDSHU�DV�DQ�LQIRUPDO�VRFLDO�VDIHW\�QHW�D�
SHUVRQ�FDQ�UHO\�RQ��)LUVW��SHRSOH�KDYH�
WKHLU�SHUVRQDO�UHODWLRQVKLSV�ZLWK�FORVH�
DFTXDLQWDQFHV��VXFK�DV�IDPLO\�DQG�
IULHQGV��6HFRQG��WKHUH�DUH�QRQ�SURÀWV�
DQG�SXEOLF�HQWLWLHV�SHRSOH�UHO\�RQ�IRU�
KHOS��6RFLDO�FDSLWDO�LV�PRVWO\�FUHDWHG�
WKURXJK�FROOHFWLYH�EHOLHI��:H�DFNQRZ�
OHGJH�WKDW�VRFLDO�FDSLWDO�FDQ�DOVR�EH�
XQGHUVWRRG�DV�UHODWLRQVKLSV�EHWZHHQ�
SHRSOH�DQG�SODFHV�RU�WKLQJV��+RZHYHU��
DV�GHVFULEHG�DERYH��WKH�FXUUHQW�VRFLDO�
FDSLWDO�FULVLV�LV�PRVWO\�GULYHQ�E\�WKH�
GHWHULRUDWLRQ�RI�LQWHUSHUVRQDO�VRFLDO�
FDSLWDO��3XWQDP��������

:H�UHDVRQ�WKH�IROORZLQJ�KLHUDUFK\�
EHWZHHQ�GLIIHUHQW�OHYHOV�RI�UHODWLQJ�WR�
RWKHUV��5HVSHFW�LV�DW�WKH�EDVH�RI�WKH�KL�
HUDUFK\��LW�LV�WKH�ORZHVW�OHYHO�RI�UHODWLQJ�
WR�RWKHUV�DERYH�ZKLFK�DUH�XQGHUVWDQ�
GLQJ�DQG�RQ�WKH�WKLUG�OHYHO�HPSDWK\��
5HVSHFW�LV�D�QHFHVVDU\�SUHFRQGLWLRQ�
IRU�XQGHUVWDQGLQJ��ZKLFK�LQ�WXUQ�LV�D�
SUHFRQGLWLRQ�IRU�HPSDWK\��)ROORZLQJ�
,PPDQXHO�.DQW·V�HWKLFDO�WKHRU\��ZH�
FRQVLGHU�UHVSHFW�WR�EH�WKH�PRUDO�REOL�
JDWLRQ�DQG�PLQG�VHW�WR�WUHDW�WKH�RWKHU�
DV�DQ�HQG�WR�LWVHOI��5HVSHFWLQJ�RWKHUV�
PHDQV��IRU�H[DPSOH��SXWWLQJ�DVLGH�
SUHMXGLFH�ZKHQ�LQWHUDFWLQJ�ZLWK�RWKHU�
SHRSOH�DQG�LQ�JHQHUDO�WUHDWLQJ�WKHP�
DV�\RX�ZRXOG�WUHDW�\RXUVHOI��6WDQIRUG�
3KLORVRSKLFDO�'LFWLRQDU\���������

:H�DUJXH�WKDW�V\VWHPLF�FKDQJH�WRZDUGV�
LQFUHDVH�LQ�VRFLDO�FDSLWDO�FDQ�EH�
DFKLHYHG�YLD�GHYHORSLQJ�D�PLQG�VHW�RI�
PXWXDO�UHVSHFW��7KH�VPDOOHVW�WKLQJ�D�
SHUVRQ�FDQ�GR�IRU�DQRWKHU�LV�WR�UHVSHFW�
WKHP�DV�DQ�HTXDO��DQRWKHU�KXPDQ�
EHLQJ��7KLV�VPDOO�JHVWXUH�RI�LQWHUHVW�
DOORZV�WKH�RWKHU�SHUVRQ�DQ�RSSRUWXQLW\�
WR�H[SUHVV�WKHLU�YDOXHV�DQG�LQWHUHVWV��
7KLV�LQ�WXUQ�KHOSV�WKH�SHUVRQ�ZKR�
LQLWLDWHG�WR�XQGHUVWDQG�WKH�RWKHU�D�ELW�
EHWWHU�DQG�LQYLWHV�UHVSHFW�WRZDUGV�WKH�
LQLWLDWRU�DV�ZHOO�

3HUVRQDO�/HDGHUVKLS

9LUWXRXV�F\FOH�RI�UHVSHFW���VROYLQJ�(XURSH·V�VRFLDO�FDSLWDO�FULVLV

7HLMD�/HKPXVNRVNL
$DOWR�8QLYHUVLW\

��



:H�QRWH�WKDW�WKLV�LV�D�YLUWXRXV�F\FOH�
WKDW�JHQHUDWHV�VRFLDO�FDSLWDO��5HVSHFW�
VWUHQJWKHQV�VRFLDO�WLHV��PDNHV�SHRSOH�
PRUH�OLNHO\�WR�FRRSHUDWH�DQG�LQWHUDFW�
DQG�PLJKW�HYHQ�UHVXOW�LQ�HPSDWK\��
7KHUHIRUH��UHVSHFW�VKRXOG�EH�WKH�EDVLV�
IRU�DQ\�EHKDYLRXUDO�HQJLQHHULQJ�SROLF\�
WKDW�DLPV�WR�VROYH�WKH�SUHYDLOLQJ�VRFLDO�
FDSLWDO�FULVLV�

:H�GR�QRW�SURPRWH�HPSDWK\�DV�D�JRDO�
VLQFH�HPSDWK\�VHHPV�WR�EH�PXFK�KDU�
GHU�IRU�DGXOWV�WR�OHDUQ�WKDQ�WKH�VLPSOH�
PLQG�VHW�RI�UHVSHFW��'DYLV���������

5HVSHFW��KRZHYHU��FDQ�EH�OHDUQHG�DQG�
SURPRWHG�E\�UHVSRQVLEOH�DFWRUV�LQ�VRFL�
HW\�DW�ODUJH��,WV�UROH�LQ�VFKRRO�FXUULFXOD�
DOVR�QHHGV�WR�EH�VWUHQJWKHQHG�YLD�ORFDO�
GHPRFUDF\��UROH�SOD\�DQG�RWKHU�DSSOL�
FDEOH�GLGDFWLF�PHWKRGV��:HLVVERXUG�HW�
DO���������

&RUUHVSRQGLQJ�DXWKRU��
WHLMD�OHKPXVNRVNL#DDOWR�À

5HIHUHQFHV

'DYLV��&��0��������:KDW�LV�HPSDWK\��DQG�FDQ�HPSDWK\�EH�WDXJKW"�3K\VLFDO�7KHUD�
S\�������������²����
3XWQDP��5��'���-DQXDU\��������%RZOLQJ�$ORQH��$PHULFD¶V�'HFOLQLQJ�6RFLDO�&DSL�
WDO��-RXUQDO�RI�'HPRFUDF\�����������²���
6WDQIRUG�3KLORVRSKLFDO�'LFWLRQDU\��5HVSHFW��)LUVW�SXEOLVKHG�:HG�6HS�����
������VXEVWDQWLYH�UHYLVLRQ�7XH�)HE���������KWWS���SODWR�VWDQIRUG�HGX�HQWULHV�
UHVSHFW��.DQ$FF5HV)RU3HU
:HLVVERXUG��5��HW�DO����������7KH�FKLOGUHQ�ZH�PHDQ�WR�UDLVH��7KH�UHDO�PHVVDJHV�
DGXOWV�DUH�VHQGLQJ�DERXW�YDOXHV��$�5HSRUW�IURP�WKH�0DNLQJ�&DULQJ�&RPPRQ�3UR�
MHFW��5HWULHYHG�IURP�KWWS���VLWHV�JVH�KDUYDUG�HGX�VLWHV�GHIDXOW�ÀOHV�PDNLQJ�FDULQJ�
FRPPRQ�ÀOHV�PFFBUHSRUWB�������SGI

��7HLMD�/HKPXVNRVNL

��



'DV�.DSLWDOLVPXVWULEXQDO�JHKW�
V\VWHPDWLVFK�HLQHU�DQWKURSRORJLVFKHQ�
.RQVWDQWH�GHU�OHW]WHQ�����-DKUH�QDFK��
'HU�*HIlKUGXQJ�GHU�/HEHQVJUXQGODJHQ�
DXI�GHP�3ODQHWHQ�VRZLH�GHP�9HUKlOWQLV�
GHU�0HQVFKHQ�XQWHUHLQDQGHU�LP�|NRQR�
PLVFKHQ�6\VWHP��

'LH�$XVJDQJVIUDJH��GLH�HUJHEQLVRIIHQ�
JHVWHOOW�ZLUG�XQG�EHDQWZRUWHW�ZHUGHQ�
ZLUG��LVW�GLH�IROJHQGH��ª,VW�GHU�.DSLWD�
OLVPXV�HLQ�9HUEUHFKHQ"

8P�GLH�$QWZRUW�DXI�GLHVH�)UDJH�QLFKW�
QXU�:LVVHQVFKDIWOHU
LQQHQ�]X��EHU�
ODVVHQ��KDEHQ�ZLU�GLH�6HLWH�NDSLWDOLV�
PXVWULEXQDO�RUJ�HQWZLFNHOW��SURJUDP�
PLHUW�XQG�LQ�YLHU�6SUDFKHQ�RQOLQH�
JHVWHOOW��$XI�GHU�6HLWH�LVW�MHGHU�0HQVFK�
NRVWHQORV�DQNODJHEHUHFKWLJW�XQG�GD]X�
DXIJHIRUGHUW��YRQ�VHLQHQ�HLJHQHQ�
(UIDKUXQJHQ�XQG�(UNHQQWQLVVHQ�LP�
/HEHQ�LP�.DSLWDOLVPXV�]X�EHULFKWHQ��
)�U�VLFK�EHWUDFKWHW�EHUHLWV�HLQH�NRQ]HS�
WLRQHOOH�XQG�WHFKQLVFKH�1RYLWlW��

8P�GLH�6DFKH�EHNDQQW�]X�PDFKHQ�
XQG�GDV�NXOWXUJHVFKLFKWOLFKH�)HOG�GHV�
3UR]HVVHV�DXI]XIlFKHUQ��KDEHQ�ZLU�LP�
-XQL��-XOL�XQG�6HSWHPEHU������GUHL�
9RUYHUKDQGOXQJHQ�PLW�([SHUW
LQQHQ�
XQG�:LVVHQVFKDIWOHUQ�LQ�%HUOLQ�
1HXN|OOQ�]X�GHQ�7KHPHQNUHLVHQ�
GXUFKJHI�KUW�XQG�GRNXPHQWLHUW��

'DV�7KHDWHU�+HLPDWKDIHQ�1HXN|OOQ�
ZDU�MHZHLOV�ELV�DXI�GHQ�OHW]WHQ�3ODW]�
EHVHW]W��G�K��MHZHLOV�����DQZHVHQGH�
XQG�IUDJH��XQG�VWDWHPHQW�EHUHFKWLJH�
0HQVFKHQ�

$P�����XQG�����'H]HPEHU������
IDQG�LP�%HUOLQHU�+DXV�GHU�.XOWXUHQ�
GHU�:HOW�GLH�.RQIHUHQ]�]XU�3UR]HVV�
RUGQXQJ�GHV�.DSLWDOLVPXVWULEXQDOV�
VWDWW��'LH�3UR]HVVRUGQXQJ�UHJHOW�GDV�
IDLUH�XQG�GLDOHNWLVFKH�9HUIDKUHQ�LQ�
���3DUDJUDSKHQ����=X�GHQ�MHZHLOLJHQ�
.RRSHUDWLRQVSDUWQHUQ�XQG�EHWHLOLJ�
WHQ�:LVVHQVFKDIWOHU
LQQHQ�OHVHQ�6LH�
XQWHU�GLHVHP�7H[W�HLQH��EHUVLFKWOLFKH�
$XIVWHOOXQJ�

$P�����$SULO������HUVFKHLQW�GLH�
$QWKRORJLH�]XP�UHFKWVKLVWRULVFKHQ�
XQG�NXOWXUZLVVHQVFKDIWOLFKHQ�+LQ�
WHUJUXQG�GHV�.DSLWDOLVPXVWULEXQDOV��
+LHULQ�OHJHQ�:LVVHQVFKDIWOHU
LQQHQ��
6FKULIWVWHOOHU
LQQHQ�XQG�
.�QVWOHU
LQQHQ�DXV�(XURSD�XQG�
DOOHU�:HOW�]X�HLQHP�KHUDXVJHEHULVFK�
XPULVVHQHQ�7KHPHQIHOG�LKUHQ�HLJHQHQ�
=XJDQJ�]XP�.DSLWDOLVPXVWULEXQDO�GDU�

�

$UWV�(QDEOLQJ�7UDQVIRUPDWLRQ

'DV�.DSLWDOLVPXVWULEXQDO

+DXV�%DUWOHE\

��



,P�ZHLWHUHQ�9HUIDKUHQ�ZLUG�QXQ�MHGH�
HLQJHJDQJHQH�$QNODJH�YHUKDQGHOW��
'LH�HUVWH�*HULFKWVZRFKH��3UR]HVVHU|II�
QXQJ��ÀQGHW�VWDWW�YRQ�����0DL������
ELV�����0DL�������

+LHU�ZLUG�XQWHU�GHQ�VLHEHQ�7KHPHQ�
IHOGHUQ�GHV�7ULEXQDOV�MHGHU�HLQ]HOQH�
)DOO�HU|IIQHW�GXUFK�9HUOHVXQJ�GHU�
$QNODJHVFKULIW��HUVWHU�*HJHQUHGH�GHU�
9HUWHLGLJXQJ��XQWHU�$QZHVHQKHLW�HLQHU�
-XU\�DOV�7HLO�GHU�9HUVDPPOXQJ��VRZLH�
XQWHU�0RGHUDWLRQ�GHU�5LFKWHU
LQQHQ�

7HLOQHKPHULQQHQ�GHV�.DSLWDOLVPXV�
WULEXQDOV�VLQG�X�D��6DVNLD�6DVVHQ��$ORQ�
+DUHO��/RXLV�.OHLQ��:ROIJDQJ�1HVNR�
YLF��6UHFNR�+RUYDW��+DQV�3HWHU�0�OOHU�
�+XPEROGW�8QLYHUVLWlW���9RONHU�/|VFK��
%DWVHED�1GL\DH�X�Y�D��

(V�ZLUG�HQWZLFNHOW�XQG�GXUFKJHI�KUW�
YRP�+DXV�%DUWOHE\���=HQWUXP�I�U�
.DUULHUHYHUZHLJHUXQJ��%HUOLQ��

,Q�.RRSHUDWLRQ�PLW��
7KH�&OXE�RI�5RPH��EUXW�:LHQ��:HUN;��
)OX[)0�DJRUD����

)|UGHUXQJ��
)RQGDWLRQ�&KDUOHV�/pRSROG�0D\HU��
+HLQULFK�%|OO�6WLIWXQJ��5RVD�/X[HP�
EXUJ�6WLIWXQJ��)ULHGULFK�(EHUW�6WLIWXQJ�

&RUUHVSRQGLQJ�DXWKRU��
NDSLWDOLVPXVWULEXQDO#KDXVEDUWOHE\�RUJ

��EUXW�:LHQ

��



,Q�DFDGHPLF�RUJDQL]DWLRQV��YHUWLFDO�DQG�
KRUL]RQWDO�IHHGEDFN�ORRSV�FDQ�FRQWURO�
IXQFWLRQV��7KH�LQVWLWXWLRQ·V�VWUXFWXUH�
FUHDWHV�DQG�HQIRUFHV�WKH�YHUWLFDO�RQHV��
DQG�WKH�KRUL]RQWDO�RQHV�DUH�HPEHG�LQ�
WKH�LQVWLWXWLRQDO�VRFLDO�V\VWHPV��7KH\�
FRXOG�EH�XQGHUVWRRG�DV�WZR�NLQGV�
RI�FRQWURO�V\VWHPV��7KH�ÀUVW�V\VWHP�
�YHUWLFDO��FRQVLVWV�RI�H[SOLFLW�FRQWUROV�
PDQLIHVWHG�LQ�RUJDQL]DWLRQDO�UXOHV��
UHJXODWLRQV��DQG�VWUXFWXUHV��7KH�VHFRQG�
V\VWHP��KRUL]RQWDO��LQFOXGHV�LPSOLFLW�
FRQWUROV�GHYHORSHG�WKURXJK�JURXS�
LQWHUDFWLRQV�UHVXOWLQJ�LQ�VKDUHG�DWWL�
WXGHV�DQG�JURXS�FRKHVLRQ��7KHVH�WZR�
V\VWHPV�DUH�GRLQJ�WZR�WKLQJV��)LUVW��
WKH\�PDNH�PLQRU�DGMXVWPHQWV�LQ�WKH�
RQJRLQJ�RUJDQL]DWLRQ�SURFHVV�WR�NHHS�
LW�IXQFWLRQLQJ�ZLWKLQ�DFFHSWDEOH�OLPLWV�
�VXFK�DV�VLJQDOLQJ�EXGJHWV�H[FHVVHV���
%XW��LI�WKHVH�PLQRU�DGMXVWPHQWV�DUH�
QRW�HQRXJK�WR�NHHS�D�V\VWHP�ZRUNLQJ�
ZLWKLQ�DJUHHG�OLPLWV��WKHQ��WKHUH·V�
LQIRUPDWLRQ�WKDW�VRPHWKLQJ�LV�ZURQJ��
6RPHWKLQJ�VLPLODU�KDSSHQHG�ZLWK�WKH�
FRPPXQLFDWLRQ�V\VWHP�LQ�=DJUHE�8QL�
YHUVLW\�RI�$SSOLHG�6FLHQFH��=8$6���,Q�
WKH�SURFHVV�RI�,62�VWDQGDUG�LPSOHPHQ�
WDWLRQ��LVVXHV�UHODWHG�WR�LQWHUQDO�DQG�
H[WHUQDO�FRPPXQLFDWLRQV�HPHUJHG��
7KHUH�ZHUH�QR�FOHDUO\�GHÀQHG�FKDQQHOV�
IRU�FRPPXQLFDWLRQ�UHODWHG�WR�H[WHUQDO�
VWDNHKROGHUV��,QWHUQDO�FRPPXQLFDWLRQ�
SURFHGXUHV�ZHUH�DOVR�ZHDN��VSRUDGLF��
DQG�LQIRUPDO��

$V�WKH�ZHDNQHVV�EHFDPH�FOHDU�DQG�
YLVLEOH��WKH�DXWKRULWLHV�IRUPHG�D�WDVN�
IRUFH�WR�WDFNOH�WKHP��)RU�WKH�EHJLQQLQJ��
WKH�WDVN�IRUFH�VHQW�RSHQ�HQGHG�TXHVWL�
RQV�WR�WKH�HPSOR\HHV�DQG�VWXGHQWV�WR�
H[SORUH�WKH�VWDWH�RI�WKH�FRPPXQLFDWLRQ�
V\VWHP�DQG�WR�ORFDWH�ZKHUH�LW�QHHGHG�
LPSURYHPHQW��$IWHU�WKH�WDVN�IRUFH�
UHFHLYHG�WKH�UHVXOWV��XVLQJ�WKH�JURXQG�
WKHRU\�DSSURDFK��LW�FODULÀHG�PRUH�GH�
WDLOHG�FRPPXQLFDWLRQ�UHODWHG�ZHDNQHV�
VHV��2QH�RI�WKH�PDLQ�ÀQGLQJV�ZDV�WKDW�
WKHUH�ZDV�QR�IRUPDO�FRPPXQLFDWLRQ�
V\VWHP�LQ�SODFH�DW�WKH�RUJDQL]DWLRQ�
OHYHO��%XW�WKHQ��WKH�TXHVWLRQ�ZDV�KRZ�
WR�GHVLJQ�D�FRPPXQLFDWLRQ�V\VWHP�
DQG�ZKHUH�WR�VWDUW��7KH�WDVN�IRUFH�
GHFLGHG�WR�HYDOXDWH�GLIIHUHQW�DYDLODEOH�
V\VWHP�IUDPHZRUNV�LQ�WHUPV�RI�WKHLU�
DSSOLFDELOLW\�WR�WKH�LQVWLWXWLRQ��6LQFH�
WKH�LQVWLWXWLRQ�LV�SULPDULO\�IRFXVHG�RQ�
HQJLQHHULQJ�HGXFDWLRQ�DQG�F\EHUQH�
WLFV�SULQFLSOHV��WKH�WDVN�IRUFH�VHOHFWHG�
6WDIIRUG�%HHU·V�9LDEOH�6\VWHP�0RGHO�
�960��DV�DQ�DQDO\WLFDO�IUDPHZRUN��
,Q�WKLV�SDUWLFXODU�UHVHDUFK��XVH�RI�WKH�
960�VKRZHG�PXOWLSOH�EHQHÀWV��
)LUVW��LW�ZDV�DQ�DQDO\WLFDO�IUDPHZRUN�
WR�VXSSRUW�GHYHORSPHQW�RI�UHVHDUFK�
TXHVWLRQV��VHFRQG��LW�KHOSHG�WR�PDS�RU�
JDQL]DWLRQDO�IXQFWLRQV�DQG�KRZ�WKH\·UH�
VWUXFWXUHG�DFFRUGLQJ�WR�WKH�960��
DQG�WKLUG��LW�DQDO\]HG�FRPPXQLFDWLRQ�
FKDQQHOV�DQG�LGHQWLÀHG�FRPPXQLFDWLRQ�
´ERWWOHQHFNV�µ�

5HGHVLJQLQJ�3XEOLF�*RYHUQDQFH

8VLQJ�D�9LDEOH�6\VWHP�0RGHO�LQ�WKH�'HVLJQ�RI�
WKH�&RPPXQLFDWLRQ�6\VWHP�DW�=DJUHE�8QLYHUVLW\�
RI�$SSOLHG�6FLHQFH

6HUJHM�/XJRYLý��3UHGUDJ�9DORæLý
=DJUHE�8QLYHUVLW\�RI�$SSOLHG�6FLHQFHV��&URDWLD

��



$OVR��WKH�960�ZDV�XVHIXO�LQ�WKH�
V\VWHP·V�XQGHUVWDQGLQJ�RI�WKH�IRFXV�
DORQJ�VXE��DQG�VXSHU�V\VWHPV��DQG�
SULQFLSOHV�RI�UHFXUVLRQ��HPEHGGHG�
LQ�WKH�960��EHFDPH�XVHIXO��7KH�
960�DOVR�SURYLGHG�D�VWDEOH�SRLQW�RI�
UHIHUHQFH�LQ�WKH�LWHUDWLYH�SURFHVV�RI�D�
FRPPXQLFDWLRQ�V\VWHP�GHVLJQ��$ORQJ�
ZLWK�WKH�SURFHVV�RI�GDWD�FROOHFWLRQ�
DQG�DQDO\VLV��WKH�960�UHFHLYHG�WKH�
ÀQGLQJV�FRQWLQXRXVO\��7KH�QH[W�VWHS�RI�
WKH�SURMHFW�SODQQLQJ�UHÁHFWHG�WKH�960�
RXWSXWV��$IWHU�WKH�ÀUVW�URXQG�RI�LQWHU�
YLHZV��WKH�WHDP�PDGH�PDMRU�FKDQJHV�
WR�WKH�LQLWLDO�PDS�RI�WKH�RUJDQL]DWLRQ·V�
IXQFWLRQDO�VWUXFWXUH�XVLQJ�WKH�960��
$IWHU�WKH�ZRUNVKRS�FRQGXFWHG�ZLWK�WKH�
FRUH�SURMHFW�WHDP��GLIIHUHQW�V\VWHPV�
UHFHLYHG�QHZ�RUJDQL]DWLRQDO�IXQFWLRQV�
SURSRVHG�E\�WKH�960��

$IWHU�WKH�DJUHHPHQW�DERXW�KRZ�WR�
VWUXFWXUH�WKH�LQVWLWXWLRQ·V�IXQFWLRQV�
DFFRUGLQJ�WR�WKH�960��RQH�XQH[SHFWHG�
WKLQJ�KDSSHQHG��)XQFWLRQV�WKDW�ZHUH�
PLVVLQJ�RU�ZHUH�YHU\�ZHDN�LQ�WHUPV�
RI�LQIRUPDWLRQ�DQG�UHVRXUFHV�FDSDFLW\�
DSSDUHQWO\�VWDUWHG�WR�HPHUJH�E\�WKHP�
VHOYHV�ZLWKRXW�DQ\�SDUWLFXODU�IRUPDO��
WRS�GRZQ�LQWHUYHQWLRQ�

&RUUHVSRQGLQJ�DXWKRU��
OXJRYLF�VHUJHM#JPDLO�FRP

�)UDFWDO
��3UHGUDJ�9DORæLý

��



7KH�IROORZLQJ�DEVWUDFW�LV�EDVHG�RQ�D�
UHFHQWO\�GHIHQGHG�GRFWRUDO�WKHVLV��LQ�
SDUW�GHYHORSHG�GXULQJ�P\�SDUWLFLSDWLRQ�
LQ�WKH�(0&65�JDWKHULQJV�LQ������DQG�
������7KLV�SDSHU�DGUHVVHV�WKH�SODFH�
¶QRLVH·�RFFXSLHV�ZLWK�HYHU�ULVLQJ�SUR�
PLQHQFH�LQ�WHFKQRORJLFDO�DQG�VFLHQWLÀF�
GLVFRXUVH��:KHQ�ZH�WDON�DERXW�¶QRLVH·�
LQ�WKH�ÀQDQFLDO�PDUNHWV��LQ�PROHFXODU�
ELRORJ\�RU�PRUH�JHQHUDOO\�LQ�VWDWLV�
WLFV��LW�QR�ORQJHU�DSSHDUV�WR�KDYH�DQ\�
UHODWLRQ�ZLWK�¶XQZDQWHG�VRXQG·��EXW�
LQVWHDG�GHVLJQDWHV�DVSHFWV�RI�VWDWLVWLFDO�
YDULDELOLW\��SK\VLFDO�SHUWXUEDWLRQ�RU�
HUURU�LQ�VLJQDO�WUDQVPLVVLRQ��$V�D�UHVXOW�
RI�F\EHUQHWLFV�DQG�LQIRUPDWLRQ�WKHRU\�
¶QRLVH·�LQFUHDVLQJO\�GHQRWHV�XQSUHGLF�
WDELOLW\�DQG�XQFHUWDLQW\�LQ�LQIRUPDWLRQ�
V\VWHPV�DQG�KDV�QRZ�EHFRPH�D�WHUP�
WKDW�JHQHUDOO\�UHIHUV�WR�FRPSOH[LW\�LQ�
V\VWHPV��

,PPHGLDWHO\�UHODWHG�WR�WKLV�FRQFHSWXDO�
WUDQVIRUPDWLRQ�RI�¶QRLVH·�LV�WKH�
PRYHPHQW�WKDW�XQGHUOLHV�WKLV�FRQFHS�
WXDO�WUDQVIRUPDWLRQ�RI�¶QRLVH·�LWVHOI��
QDPHO\�WKH�IDFW�WKDW�WKH�QRWLRQ�RI�
¶QRLVH·�FKDQJHV�DV�LW�PRYHV�IURP�RQH�
WKHRUHWLFDO�FRQWH[W�WR�DQRWKHU���KLVWRUL�
FDOO\�VSHDNLQJ�WRGD\·V�XQGHUVWDQGLQJ�
RI�¶QRLVH·�FRPHV�WR�XV�IURP�WKH�PHU�
JLQJ�RI�WKH�SXUH�FDOFXOXV�RI�SUREDELOLW\�
DQG�VWDWLVWLFV��IURP�ZKHUH�WKH�LGHD�RI�
XQSUHGLFWDELOLW\�HQWHUHG�DVWURQRP\�
ZLWK�WKH�¶ODZ�RI�HUURUV·��EHIRUH�PRYLQJ�
RQWR�WKHUPRG\QDPLFV�ZKHUH�LW�VXEW�
HQGV�WKH�QRWLRQ�RI�¶HQWURS\·��

)URP�¶HQWURS\·�ZH�WKHQ�GHULYH�WKH�
FRQFHSW�RI�¶QRLVH·�LQ�LQIRUPDWLRQ�
WKHRU\�DQG�F\EHUQHWLFV��ZKLFK�KDV�QRW�
FHDVHG�WR�SUROLIHUDWH�RQZDUGV�WRZDUG�
RWKHU�ÀHOGV��IURP�PROHFXODU�ELRORJ\�
WR�FRPSOH[LW\�WKHRU\�HWF���,Q�RWKHU�
ZRUGV�WKHUH�LV�DQ�LQWHU�GLVFLSOLQDU\�
WUDQVIHU�RI�WKH�QRWLRQ�RI�¶QRLVH·�WKDW�
LPSOLHV�D�GLVWRUWLRQ�RI�WKH�FRPPRQ�
VHQVH�QRWLRQ�RI�¶QRLVH·��EXW�DOVR�D�
FRQWLQXRXV�PXWDWLRQ�RI�LWV�FRQFHSWXD�
OL]DWLRQV�

(YHQ�WKH�FRPPRQVHQVH�QRWLRQ�RI�
¶QRLVH·�LV�IDU�IURP�FRQVWDQW��KDYLQJ�
EHHQ�VKDSHG�E\�¶QRLVH�DEDWHPHQW·�
FDPSDLJQV�WKDW�VWDUWHG�ZLWK�LQGXVWULDOL�
]DWLRQ�DQG�FXOPLQDWH�LQ�WRGD\·V�QRWLRQ�
RI�¶QRLVH�SROOXWLRQ·��DQG�KDYLQJ�PRYHG�
WKURXJK�YDULRXV�IUDPHV�RI�GHEDWH��IURP�
SROLWLFDO�FRQFHSWLRQV�RI�VXEYHUVLYH�
¶QRLVH·�WR�$YDQW�*DUGH�FRQFHSWLRQV�
RI�¶QRLVH·�LQ�PXVLF�DQG�DUW��&RXOG�LW�
EH�WKDW�¶QRLVH·�LV�QRW�RQO\�ZKDW�ZH�DUH�
WDONLQJ�DERXW�ZLWK�UHJDUGV�WR�DQ�LQFUH�
DVLQJO\�YDULHG�VHW�RI�SKHQRPHQD��EXW�
DOVR�ZKDW�KDSSHQV�WR�WKH�FODULW\�RI�WKH�
QRWLRQ�RI�¶QRLVH·�LWVHOI��ZKHQ�LW�LV�WUDQV�
IHUUHG�EHWZHHQ�WKHRUHWLFDO�FRQWH[WV"

,QIRUPDWLRQ�6FLHQFH

1RLVH��$�3KLORVRSKLFDO�,QYHVWLJDWLRQ�IURP�WKH�
HSLVWHPRORJLFDO�TXHVWLRQ�WR�WKH�SUREOHP�
RI�QRUPDWLYLW\

'U��&HFLOH�0DODVSLQD�
3K'�6FKRODU��eFROH�'RFWRUDOH��3DULV�'LGHURW�8QLYHUVLWp

��



��6WHSKDQLH�:LQWHU�IHDW��5DXVFKHQ�Ä2SHUDWLRQ�5RRP���3$5$35$;,6�,¶������
ZZZ�VDORQ�K\EULG�QHW

��



7KH�REMHFWLYH�RI�WKLV�SDSHU�LV�WR�DQD�
O\VH�WKHVH�FRQFHSWXDO�WUDQVIRUPDWLRQV�
RI�¶QRLVH·��+RZHYHU��DW�VWDNH�LV�PRUH�
WKDQ�D�PHUH�JHQHUDOL]DWLRQ�RI�XQZDQWHG�
VRXQG�WR�RWKHU�IRUPV�RI�SHUWXUEDWLRQ��
,QVWHDG�¶QRLVH·�OHDGV�WRZDUG�QHZ�DQG�
GHHSHU�XQGHUVWDQGLQJV�RI�FRQWLQJHQF\��
7KHVH���QHZ�ZD\V�RI�DSSURDFKLQJ�FRQ�
WLQJHQF\�IXHO�WKH�FRQWLQXDO�PXWDWLRQ�RI�
WKH�FRQFHSWV�RI�¶QRLVH·�LQWR�QHZ�ÀHOGV�
RI�NQRZOHGJH��7KH�GLVVHPLQDWLRQ�RI�
¶QRLVH·��LQ�WXUQ��LPSOLHV�WKDW�WKHUH�PD\�
EH��D�FRPSOH[LI\LQJ�PRYHPHQW�WKDW�
GULYHV�WRZDUG�SOXUDOLVP�LQ�WKH�VFLHQFHV�
��DQG�LW�LV�QRW�FHUWDLQ�WR�ZKDW�H[WHQW�
WKLV�SOXUDOLVP�FDQ�EH�UHFXSHUDWHG�E\�
D�SDUDGLJPDWLF�XVH�RI�WKH�QRWLRQ�RI�
QRLVH��F\EHUQHWLF�RU�RWKHUZLVH��LI�WKH�
QRWLRQ�RI�¶QRLVH·�LWVHOI�LV�QR�ORQJHU�XQL�
ÀHG��:KDW�LV�FHUWDLQ�LV�WKDW�WKLV�GHYH�
ORSPHQW�WRZDUG�D�SOXUDOLW\�RI�ÀHOGV�RI�
NQRZOHGJH�LPSOLHV�D�VLJQLÀFDQW�WUDQV�
IRUPDWLRQ�RI�WKH�ÀHOG�RI�NQRZOHGJH�DV�
D�ZKROH��¶QRLVH·�WKHUHIRUH�EHFRPHV�DQ�
HSLVWHPRORJLFDO�FRQFHSW�ZKHQ�LWV�QHZ�
DQG�PXOWLSOH�XQGHUVWDQGLQJV�RI�FRQWLQ�
JHQF\�FKDOOHQJH�WKH�PRGHUQ��&DUWHVLDQ�
0HWKRG�RI�HOLPLQDWLQJ�XQFHUWDLQW\�
3HUKDSV�VXUSULVLQJO\��ZH�ZLOO�ÀQG�WKDW�
GHVSLWH�WKH�LQFUHDVLQJ�DEVWUDFWLRQ�DV�
SXUHO\�PDWKHPDWLFDO�PHDVXUHV�RI�FRQ�
WLQJHQF\��WKH�QHZ�FRQFHSWV�RI�¶QRLVH·��
QHYHUWKHOHVV�UHWDLQ�DQ�DVSHFW�RI�WKH�
FXOWXUDO�YDOXH�MXGJHPHQWV�WKH\�ÀUVW�
LPSOLHG��ZKHQ�¶QRLVH·�UHIHUUHG�WR�WKH�
DHVWKHWLF�DVSHFW�RI�XQZDQWHG�VRXQG��
-XVW�KRZ�PXFK�WKLV�FXOWXUDO�DVSHFW�
LQWHUYHQHV�LQ�WKH�REMHFWLYH�GHÀQLWLRQ�RI�
¶QRLVH·�DV�D�VFLHQWLÀF�FRQFHSW��EHFRPHV�
DSSDUHQW�ZKHQ�ZH�DVN�

2Q�ZKDW�JURXQGV�GR�ZH�MXGJH�ZKDW�
FRXQWV�DV�LQIRUPDWLRQ�DQG�ZKDW�FDQ�EH�

GLVFRXQWHG�DV�¶QRLVH·"

7KH�KHDUW�RI�WKH�DUJXPHQW�SUHVHQWHG�LV�
WKXV�WKH�JURXQG�XSRQ�ZKLFK�ZH�MXGJH�
WKH�FRPSOH[LW\�RI�H[SHULHQFH�LQ�RUGHU�
GLVWLQJXLVK�LQIRUPDWLRQ�IURP�¶QRLVH·��
7KLV�LV�KRZ�WKH�HSLVWHPRORJLFDO�
TXHVWLRQ�RI�¶QRLVH·�QHFHVVDULO\�EHFR�
PHV�DQ�HWKLFDO�SUREOHP�RI�QRUPDWLYLW\��
1RUPDWLYLW\�PXVW�QRW�EH�XQGHUVWRRG�
KHUH�DV�PHUHO\�LQGLFDWLQJ�WKH�YDOLGLW\�
DQG�IRUFH�RI�H[LVWLQJ�QRUPV�RI�WKLQ�
NLQJ��7KH�TXHVWLRQ�RI�JURXQG�LQVWHDG�
OHDGV�XV�WR�LQWHUURJDWH�WKH�YHU\�RULJLQ�
RI�WKH�QRUPV�RI�WKLQNLQJ��DFFRUGLQJ�WR�
ZKLFK�ZH�MXGJH�ZKDW�FDQ�EH�GLVFRXQ�
WHG�DV�¶QRLVH·�

&RUUHVSRQGLQJ�DXWKRU��
FHFLOH�PDODVSLQD#JPDLO�FRP

��



5HIHUHQFHV

$WODQ��+����������(QWUH�/H�&ULVWDO�HW�/D�)XPpH��6HXLO�
%HUJOXQG��%���	�/LQGYDOO�7���(GV�����������*XLGHOLQHV�IRU�&RPPXQLW\�1RLVH��
'RFXPHQW�3UHSDUHG�IRU�:+2��$UFKLYHV�RI�WKH�&HQWUH�IRU�6HVRU\�5HVHDUFK��6WRFN�
KROP�8QLYHUVLW\�DQG�.DUROLQVND�,QVWLWXWH��������
%LMVWHUYHOG��.����������7KH�'LDEROLFDO�6\PSKRQ\�RI�WKH�0HFKDQLFDO�$JH��7HFKQR�
ORJ\�DQG�6\PEROLVP�RI�6RXQG�LQ�(XURSHDQ�DQG�1RUWK�$PHULFDQ�1RLVH�$EDWHPHQW�
&DPSDLJQV������������6RFLDO�6WXGLHV�RI�6FLHQFH�����������²���
%LMVWHUYHOG��.����������&LW\�RI�'LQ��'HFLEHOV��1RLVH�DQG�1HLJKERUV�LQ�WKH�1HWKHU�
ODQGV�������������26,5,6���������²���
%UDVVLHU��5����������0XOWLWXGHV�:HE�������*HQUH�,V�2EVROHWH��*HQUH�,V�2EVROHWH��
5HWULHYHG�IURP�KWWS���PXOWLWXGHV�VDPL]GDW�QHW�*HQUH�LV�2EVROHWH
%XQ]��0����������'LH�VWLOOH�5HYROXWLRQ��%HUOLQ��6XKUNDPS�9HUODJ�*PEK��
&DQJXLOKHP��*����������7KH�1RUPDO�DQG�WKH�3DWKRORJLFDO��7UDQVODWHG�E\�&DURO\Q�
5��)DZFHWW��1HZ�(GLWLRQ��=RQH�%RRNV�
&DQJXLOKHP��*����������/H�&HUYHDX�HW�/D�3HQVpH��,Q�*�&DQJXLOKHP���VW�(G���
3KLORVRSKH��+LVWRULHQ�'HV�6FLHQFHV��SS���������3UHVVHV�8QLYHUVLWDLUHV�GH�)UDQFH�
²�38)�
&DSXUUR��5���	�%LUJHU�+����������7KH�&RQFHSW�RI�,QIRUPDWLRQ��$QQXDO�5HYLHZ�RI�
,QIRUPDWLRQ�6FLHQFH�DQG�7HFKQRORJ\���������²����
&DSXUUR��5���)OHLVVQHU��3��	�+RINLUFKQHU��:����������,V�D�8QLÀHG�7KHRU\�RI�,QIRU�
PDLWRQ�)HDVDEOH"�4XHVW�IRU�D�8QLÀHG�7KHRU\��3URFHHGLQJV�RI�WKH�6HFRQG�,QWHU�
QDWLRQDO�&RQIHUHQFH�RQ�WKH�)RXQGDWLRQV�RI�,QIRUPDWLRQ�6FLHQFH��:RUOG�)XWXUHV�
*HQHUDO�(YROXWLRQ�6WXGLHV��������²���
&ODXGH�(��6���	�:DUUHQ�:����������7KH�0DWKHPDWLFDO�7KHRU\�RI�&RPPXQLFDWLRQ��
8UEDQD��8QLYHUVLW\�RI�,OOLQRLV�3UHVV�
'HVURVLHUHV��$����������6WDWLVWLTXH��,Q�'LFWLRQQDLUH�'·KLVWRLUH�HW�3KLORVRKLH�'HV�
6FLHQFHV���WK�HG��������²����3DULV��38)��
'LD]�1DIULD��-��0����������¶:KDW�,V�,QIRUPDWLRQ"�$�0XOWLGLPHQVLRQDO�&RQFHUQ·��
7ULSOH�&����������²����
'RGLJ��&��*���	�+RINLUFKQHU�:����������)ORULGL·V�¶2SHQ�3UREOHPV�LQ�3KLORVRSK\�
RI�,QIRUPDWLRQ·��7HQ�<HDUV�/DWHU��,QIRUPDWLRQ�����������²���
)ORULGL��/����������,QIRUPDWLRQ��2[IRUG��1HZ�<RUN��2[IRUG�8QLYHUVLW\�3UHVV�
)RXFDXOW��0����������,QWURGXFWLRQ��,Q�*��&DQJXLOKHOP��7KH�1RUPDO�DQG�WKH�3D�
WKRORJLFDO��SS���²�����1HZ�<RUN��=RQH�%RRNV�
*RGGDUG��0���	�+DOOLJDQ�%���	�6SHOPDQ�1����������5HVRQDQFHV��1RLVH�DQG�&RQ�
WHPSRUDU\�0XVLF���VW�HGLWLRQ��1HZ�<RUN��%ORRPVEXU\�$FDGHPLF�
*UDQW��,��+����������3KLORVRSKLHV�RI�1DWXUH�$IWHU�6FKHOOLQJ��&RQWLQXXP�,QWHUQDWLR�
QDO�3XEOLVKLQJ�*URXS�
*RGGDUG��0���	�+DOOLJDQ��%���	�+HJDUW\��3����������5HYHUEHUDWLRQV��7KH�3KLORVR�
SK\��$HVWKHWLFV��DQG�3ROLWLFV�RI�1RLVH��/RQGRQ��8QLWHG�.LQJGRP��&RQWLQXXP�
+HJDUW\��3����������1RLVH�0XVLF��$�+LVWRU\��)LUVW�(GLWLRQ��&RQWLQXXP�,QWHUQDWLR�
QDO�3XEOLVKLQJ�*URXS�/WG�
+LHSNR��$���	�6WRSND��.����������5DXVFKHQ��6HLQH�3KlQRPHQRORJLH�XQG�6HPDQWLN�
=ZLVFKHQ�6LQQ�XQG�6W|UXQJ��.|QLJVKDXVHQ�	�1HXPDQQ�
&DOHE��.���(G���������6RXQG��/RQGRQ���&DPEULGJH��0DVV��:KLWHFKDSHO�$UW�*DOOH�
U\�
.XSLHF��-��-����������/·RULJLQH�GHV�LQGLYLGXV��3DULV��)D\DUG�

��



/D%HOOH��%����������%DFNJURXQG�1RLVH��3HUVSHFWLYHV�RQ�6RXQG�$UW���VW�HG��&RQWL�
QXXP�
0DODVSLQD��&����������7KH�1RLVH�3DUDGLJP��,Q�0��*RGGDUG��	�%��+DOOLJDQ�	�3��
+HJDUW\��(GV����5HYHUEHUDWLRQV��7KH�3KLORVRSK\��$HVWKHWLFV��DQG�3ROLWLFV�RI�1RLVH��
/RQGRQ��8QLWHG�.LQJGRP��&RQWLQXXP�
0DODVSLQD��&����������(SLVWHPLF�1RLVH��6\VWHPD��&RQQHFWLQJ�0DWWHU��/LIH��&XO�
WXUH�DQG�7HFKQRORJ\����������²���
0HUOLQ��)���������/H�+DVDUG�HW�/HV�6RXFHV�GH�/D�9DULDWLRQ�%LRORJLTXH��$QDO\VH�
&ULWLTXH�'·XQH�1RWLRQ�0XOWLSOH��3KLORVRSK\��3DULV��8QLYHUVLWH�3DULV���6RUERQQH��
0HUVFK��'����������2UGR�$E�&KDR���2UGHU�IURP�1RLVH��=�ULFK��'LDSKDQHV�9HUODJ�
0RUDQJH��0����������,QIRUPDWLRQ��,Q�'��/HFRXUW�HW�DO��(G���'LFWLRQQDLUH�
'·KLVWRLUH�HW�3KLORVRKLH�'HV�6FLHQFHV������������3XI�
1XQHV��0���(G�����������(UURU��*OLWFK��1RLVH��DQG�-DP�LQ�1HZ�0HGLD�&XOWXUHV��
&RQWLQXXP�3XEOLVKLQJ�&RUSRUDWLRQ�
3DOYD��-��0���	�6DWX�3���	�.DL�.����������3KDVH�6\QFKURQ\�DPRQJ�1HXURQDO�2V�
FLOODWLRQV�LQ�WKH�+XPDQ�&RUWH[��7KH�-RXUQDO�RI�1HXURVFLHQFH��������������²���
3DVFDO���������3HQVpHV��3DULV��%RUGDV�
5RVV��$����������7KH�5HVW�,V�1RLVH��/LVWHQLQJ�WR�WKH�7ZHQWLHWK�&HQWXU\��+DUSHU�
3HUHQQLDO�
5X\HU��5����������5D\PRQG�5X\HU����/D�&\EHUQpWLTXH�HW�/·RULJLQH�GH�
/·LQIRUPDWLRQ�
6FKHOOLQJ��)��:��-����������*UXQGOHJXQJ�GHU�SRVLWLYHQ�3KLORVRSKLH��0�QFKQHU�
9RUOHVXQJ�:6���������XQG�66�������%RWWHJD�G·(UDVPR�
6FKRSHQKDXHU����������hEHU�/lUP�8QG�*HUlXVFK��,Q�3DUHUJD�8QG�3DUDOLSRPHQD�
����²�����%HUOLQ��$��:��+D\Q��
6KDQQRQ��&����������$�0DWKHPDWLFDO�7KHRU\�RI�&RPPXQLFDWLRQ��%HOO�6\VWHP�
7HFKQLFDO�-RXUQDO�����-XO\��2FWREHU������²��������²���
6LPRQGRQ��*����������/·LQGLYLGXDWLRQ�j�/D�/XPLqUH�'HV�1RWLRQV�GH�)RUPH�HW�
'·LQIRUPDWLRQ��(GLWLRQV�-pU{PH�0LOORQ�
6LPRQGRQ��*����������'X�0RGH�'·H[LVWHQFH�'HV�2EMHWV�7HFKQLTXHV��(GLWLRQV�
$XELHU�
6PLWK��0��0���(G�����������+HDULQJ�+LVWRU\��$�5HDGHU��$WKHQV��8QLYHUVLW\�RI�
*HRUJLD�3UHVV�
6PLWK��6����������6WDWLVWLFV��3UREDELOLW\�DQG�1RLVH��,Q�'LJLWDO�6LJQDO�3URFHVVLQJ��
$�3UDFWLFDO�*XLGH�IRU�(QJLQHHUV�DQG�6FLHQWLVWV��SS���²������UG�UHYLVHG�HGLWLRQ��
$PVWHUGDP��%RVWRQ��1HZQHV�
9RHJHOLQ��6����������/LVWHQLQJ�WR�1RLVH�DQG�6LOHQFH��7RZDUG�D�3KLORVRSK\�RI�
6RXQG�$UW��1HZ�<RUN��&RQWLQQXXP��3/�
:LOVRQ��3����������3K\VLFDO�6SHFWDWRUVKLS��1RLVH�DQG�5DSH�LQ�,UUHYHUVLEOH��,Q�0��
*RGGDUG��	�%��+DOOLJDQ�	�3��+HJDUW\��(GV����5HYHUEHUDWLRQV��7KH�3KLORVRSK\��
$HVWKHWLFV��DQG�3ROLWLFV�RI�1RLVH��/RQGRQ��8QLWHG�.LQJGRP��&RQWLQXXP��
=LPPHUPDQQ��5��(����������1RWKLQJQHVV�DV�*URXQG�DQG�1RWKLQJ�EXW�*URXQG��
6FKHOOLQJ·V�3KLORVRSK\�RI�1DWXUH�5HYLVLWHG��%HUOLQ��;HQRPRL�9HUODJ�
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7KH�OLQN�WR�WKH�GLJLWDO�ZRUOG�ZH�KROG�
RQ�WR�UHYHDOV�D�YHU\�LQWHUHVWLQJ�IHDWXUH�
WKDW�ZH�VKRXOG�QRW�PLVV��:H�KDYH�
SURYHG��E\�XQYHLOLQJ�RXU�SULYDWH�OLYHV�
RQ�WKH�,QWHUQHW�WKDW�ZH�ZHUH�UHDG\�
WR�VKDUH��)URP�WLQ\�IDFWV�WR�LQWLPDWH�
LQIRUPDWLRQ�ZH�IHHG�WKH�GLJLWDO�ZRUOG�
EHFDXVH�LW·V�FDSWLYDWLQJ�DQG�ZH�ZDQW�WR�
EH�SDUW�RI�LW��2QH�FRXOG�DUJXH�WKDW�ZKDW�
LV�VKDUHG�RIWHQ�ODFNV�TXDOLW\��WKDW�PD\�
EH�WUXH��EXW�WKH�GHVLUH�WR�VKDUH�LV�WKHUH��
7KURXJK�RQOLQH�FRPPXQLWLHV�SHRSOH�
VKDUH�LQIRUPDWLRQ�DQG�NQRZOHGJH��
LQLWLDWLYHV�VXFK�DV�RSHQ�VRXUFH�DQG�
',<�PRYHPHQW�RU�FURZG�IXQGLQJ�KDYH�
SURYHQ�WKDW�ZH�FDQ�ZRUN�WRJHWKHU�WR�
DFKLHYH�JUHDW�WKLQJV�

$�KXJH�TXHVWLRQ�UHPDLQV�WKRXJK��KRZ�
WR�ÀQG�WKH�ULJKW�EDODQFH��WKH�ULJKW�
LQWHUDFWLRQ�EHWZHHQ�WKH�GLJLWDO�ZRUOG�
DQG�WKH�SK\VLFDO�RQH��7KH\�DUH�WZR�
YHU\�GLIIHUHQW�V\VWHPV��7KH�GLJLWDO�RQH�
UHTXLUHV�D�KXJH�TXDQWLW\�RI�UHVRXUFHV��
DQG�WKH�SK\VLFDO�RQH�QHHG�XV�WR�VWD\�
IRFXVHG��WR�FDUH�DQG�ORYH�

$UFKLWHFWV�XVH�VSDFH��OLJKW�DQG�PDWHUL�
DOV�WR�FUHDWH�VWRULHV�DQG�DWPRVSKHUHV��
:H�EXLOG�HQYLURQPHQWV�SURPRWLQJ�OLIH�
LQ�PDQ\�ZD\V��7KRXJK��GLJLWDO�WHFK�
QRORJLHV�KDYH�EHHQ�FRUUXSWLQJ�WKRVH�
LQWHQWLRQV��7RGD\�ZH�VHH�SHRSOH�ZDO�
NLQJ�QHUYRXVO\��WKHLU�SKRQH�RU�WDEOHW�LQ�
KDQG��ORRNLQJ�IRU�WKH�EHVW�SODFH�WR�JHW�
DFFHVV�WR�ZLUHOHVV�QHWZRUNV��

6RPHWLPHV�\RX�VHH�VRPHRQH�LQ�WKH�
PRVW�DZNZDUG�SRVLWLRQ�RU�SODFH��MXVW�
WR�SOXJ�KLV�RU�KHU�GHYLFH�LQWR�DQ�RXWOHW��
HYHQ�LI�WKLV�PHDQV�VSHQGLQJ�KRXUV�LQ�D�
EURRP�FORVHW��6SDFH�LVQ·W�XVH�IRU�LWVHOI��
EXW�IRU�LWV�DELOLW\�WR�SURYLGH�DQ�DFFHVV�
WR�WHFKQRORJ\��$W�VRPH�SRLQW��WKH�GLJL�
WDO�ZRUOG�KDV�EHFRPH�PRUH�LQWHUHVWLQJ�
WKDW�WKH�SK\VLFDO�RQH�

2XU�GLJLWDO�DYDWDUV�DUH�FRQVXPLQJ�RXU�
WLPH��:H�DUH�PLVVLQJ�WKH�KLF�HW�QXQF�
�:DOWHU�%HQMDPLQ���WKH�KHUH�DQG�QRZ�
WKDW�PDNHV�OLIH�GLJLWDOO\�LUUHSURGXFLEOH��
2EMHFWV�IDLOHG�WR�SURWHFW�XV�IURP�IDOOLQJ�
LQWR�WKH�GLJLWDO�ZRUOG�DQG�HYHQ�SURPR�
WHG�LW��EXW�DUFKLWHFWXUH�FDQ�VXFFHHG��$�
ZKLOH�DJR�PRGHUQLVW�DUFKLWHFWV�EXLOW�
JODVV�ZDOOV�WR�ORRN�DW�QDWXUH�DQG�WKHQ�
KLJK�WHFK�DUFKLWHFWXUH�PHDQW�WR�XQ�
GUHVV�EXLOGLQJV�WR�VKRZ�VWUXFWXUH�DQG�
QHWZRUNV��$UFKLWHFWXUH�LV�QRZ�DERXW�
LFRQV��V\PEROV�ZKHQ�LW�VKRXOG�IRFXV�
RQ�OLIH�DQG�VWRULHV��:H�QHHG�WR�XQGUHVV�
EXLOGLQJV�WR�VKRZ�OLIH�DQG�SHRSOH��)RU�
LQVWDQFH��-DSDQHVH�DUFKLWHFWXUH�LV�IXOO�
RI�WKLV�WUDQVSDUHQF\��KRXVHV�DUH�EXLOW�LQ�
ZKLFK�\RX�FDQ�VHH�IURP�WKH�VWUHHW�ZKDW�
KDSSHQV�LQVLGH��7KH�,QWHUQHW�DOORZV�XV�
WR�EH�DZDUH�RI�ZKDW·V�KDSSHQLQJ�DOO�
RYHU�WKH�ZRUOG��EXW�GR�ZH�NQRZ�ZKDW�
KDSSHQV�ULJKW�QH[W�WR�XV"

7UDQVIRUPLQJ�$UFKLWHFWXUH�DQG�/LYLQJ�(QYLURQPHQWV

/LIH�LQ�WKH�$JH�RI�GLJLWDO�UHSURGXFWLRQ�
7KH�XUJH�WR�VKDUH�DQG�WKH�DUFKLWHFWXUDO�FROODSVH

(OLRW�0DULQ�&XGUD]
(FROH�1DWLRQDOH�6XSpULHXUH�G·$UFKLWHFWXUH�GH�1DQWHV

��



+RXVH�1$���6RX�)XMLPRWR�$UFKLWHFWV��7RN\R��-DSDQ������
��,ZDQ�%DDQ

��



&RQVWDQW�1LHZHQKX\V��D�VLWXDWLRQLVW��
UDLVHG�D�FUXFLDO�TXHVWLRQ�LQ�KLV�DUWLFOH�
$QRWKHU�FLW\�IRU�DQRWKHU�OLIH��������
KRZ�FDQ�ZH�EXLOG�RQ�WRS�RI�WKH�HVWDE�
OLVKHG�IRUPV�DQG�EHKDYLRUV"�7KH�QHZ�
VKRXOG�QRW�WU\�WR�RYHUFRPH�WKH�ROG�WRR�
IDVW��DQG�ZH�PXVW�EH�FDUHIXO�DERXW�WKH�
VWHSV�ZH�WDNH��:H�DUH�IDFLQJ�D�PDVVLYH�
QHRPDQLD��HYHU\WKLQJ�PXVW�EH�VWDPSHG�
DV�QHZ�DQG�WKH�VRFLHW\�RQO\�GHDO�ZLWK�
YHU\�VKRUW�WHUP�LVVXHV�DV�'RXJODV�
5XVKNRII�VD\V�LW��ZH�DUH�LQ�WKH�VWDWH�RI�
3UHVHQW�6KRFN��

7KHUH�LV�VRPHWKLQJ�HYHU\RQH�VKRXOG�EH�
H[FLWHG�DERXW�ULJKW�QRZ��ZH�QHHG�WR�UH�
WKLQN�DQG�UHGHVLJQ�RXU�HQYLURQPHQWV�RI�
OLIH�DQG�WKH�V\VWHPV�EHKLQG�LW��7KRXJK�
LW�QHHGV�WR�EH�GRQH�E\�EXLOGLQJ�D�QHZ�
VRFLHW\�RQ�WRS�RI�ZKDW�LV�DOUHDG\�WKHUH��
QRW�E\�WKURZLQJ�HYHU\WKLQJ�DZD\��

:H�ZDQW�WR�DVN�RXUVHOYHV�WKH�ULJKW�
TXHVWLRQV��7KH�ZD\�LQIRUPDWLRQ�
VSUHDG�WRGD\�DV�D�QHYHU�VWRSSLQJ�ÁRZ�
SUHYHQWV�XV�IURP�WDNLQJ�WLPH�WR�WKLQN�
DQG�FKRRVH�D�SDWK�ZLVHO\��$V�5XVKNRII�
PHQWLRQV��WHFKQRORJ\�ZDV�D�GUHDP�IRU�
PDQ\�DV�LW�ZDV�VXSSRVHG�WR�SURYLGH�
XV�ZLWK�PRUH�WLPH��DV�PDFKLQHV�DQG�
FRPSXWHUV�ZRXOG�WDNH�FDUH�RI�RXU�ODERU�
DQG�ZRUN��7HFKQRORJLFDO�LPSURYHPHQW�
LV�GRXEWOHVVO\�KHUH��EXW�ZKHUH�LV�RXU�
WLPH"

7KH�IXWXUH�ZH�ZDQW�LV�WKH�RQH�LQ�ZKLFK�
ZH�KDYH�WLPH�WR�HQMR\�WKH�SUHVHQW�

&RUUHVSRQGLQJ�DXWKRU��
HPF#HOLRWPF�IU
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It’s been said that sustainability is 
boring (Braungart, 2016). But do you 
know what’s really boring? Corporate 
sustainability. Corporate sustainability 
is really boring. Talk about lack of 
vision.

But you know what’s not boring? 
Learning from nature to be responsive, 
regenerative participants in the bios-
phere. That’s not boring.

We have an immense opportunity 
to learn the deep lessons of living 
systems to guide our future vision.  We 
are literally co-creating the future of 
humanity with the other 100 million 
organisms that live around and within 
us (Maturana & Varela, 1992; Capra 
& Luisi, 2014). And our every action 
is an opportunity to participate in 
the biosphere in a regenerative way 
(Braungart & Mc Donough, 2002). 
These other organisms provide humans 
with a model of how sustainable 
development could be and how the 
private sector can be a leading force in 
“creating conditions conducive to life” 
(Benyus, 1997).

Recently, more and more organizations 
are motivated by this vision (Benyus, 
1997; Anderson, 1998; Harman, 
2013). Some corporate managers and 
innovators are applying the principles 
of living systems to their business ope-
rations to have a regenerative impact. 
These pioneers fascinate me. 

I’m particularly fascinated by the 
big multinationals that collectively 
LQÁXHQFH�HYHU\�VRFLRHFRORJLFDO�V\VWHP�
on earth.  Many corporate managers, 
in search of the next big thing for the 
market place and for their organizatio-
nal contribution to sustainability, have 
become bio-curious.

Through my research, I explore the 
conditions and outcomes of innovation 
activities in which corporate mana-
gers are learning from nature in their 
sustainability-oriented innovation ac-
tivities.  (For simplicity, I use the term 
biomimicry, but refer to a broad range 
of biologically-inspired innovation 
including industrial ecology (Frosch 
& Gallopoulos, 1989), bio-inspired 
design (Benyus, 1997), biomimetics, 
bionics (Vincent et al., 2006), cradle-
to-cradle design (Braungart & Mc 
Donough, 2002) and circular economy 
(NacArthur, 2013). This approach has 
become increasingly popular in recent 
decades as a private sector approach 
to sustainability-oriented innovation 
(Gleich et al., 2014).  My research 
analyzes the use of biomimicry in 
multinational companies and synthesi-
zes a framework of systemic corporate 
sustainability in which socioecological 
regeneration is the primary driver for 
innovation activities.

Science and Design Enabling Transformation

Biomimicry as approach to sustainability-oriented 
Innovation in Multinational Corporations

Taryn Mead 
School of Business, University of Exeter
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My research in innovation manage-
ment has created an interesting 
narrative of corporate socioecological 
participation via bio-inspired approa-
ches to product, process, organizational 
and systems-building challenges. The 
seven in-depth cases, with varying 
degrees of success, paint a relatively 
clear picture of why biomimicry works 
in some settings and not in others. 

I’m particularly keen to understand the 
outcomes of these innovation efforts 
and if they contribute to corporate 
sustainability (Mead, 2014).
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And yet, my research approach has 
been limited to qualitative data coll-
ection and analysis, and the ecologist 
in me craves more data derived from a 
quantitative epistemology and systems 
approach to better understand the 
phenomena in biophysical terms. The 
corporate sustainability agenda is ready 
for a system of ecological performance 
standards that extend beyond metaphor 
to understand how these large econo-
mic forces are actually socioecological 
forces. Although related tools such as 
ecosystem service valuation make a 
substantial contribution to incorporate 
living systems into economic measu-
res of corporate sustainability, there 
remains a gap of holistically and quan-
titatively incorporating living systems 
into ecological measures of corporate 
sustainability (Winn, 2013). 

When complemented by the principles 
of living systems, the planetary bound-
aries framework (Rockström et al., 
2009) offers the potential to reduce this 
gap in understanding (Whiteman 
et al., 2013). The research project 
of my wildest dreams would be a 
transdisciplinary approach to the 
TXDQWLÀFDWLRQ�RI�FRUSRUDWH�VRFLRHFROR-
gical participation using analysis tools 
of systems science to combine the 
principles of living systems with the 
data of planetary boundaries, perhaps 
in collaboration with an organization 
such as the Santa Fe Institute or the 
Stockholm Resilience Centre.
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In a possible future, geographically 
separated communities which share 
core cultural values (a new culture) 
form a social fabric of pan-regional 
phyles which are connected by a 
networked infrastructure of Beacons. 
These Beacons are structures which 
share a common architecture, erected 
in central spaces or social hubs in 
their local communities. As churches 
and market places were the epicenter 
of social life in former times, Bea-
FRQV�IXOÀOO�PXOWLSOH�IXQFWLRQV�LQ�WKH�
cultural entity they serve. Through 
their recognizable appearance, they 
are a symbolic representation of the 
common values shared by the phyle. 
Being physically connected, they also 
facilitate the exchange of information, 
and provide a virtual registry which 
enables communication and decision 
making processes within phyles.

Based on this utopian (or dystopian) 
vision of the future, Bridging/Bonding 
is an artistic project which - as many 
ZRUNV�RI�VFLHQFH�ÀFWLRQ���DLPV�WR�GUDZ�
attention to a current phenomenon: The 
development of “global” communi-
cation and economy has given rise to 
a growing number of global cultural 
entities (extrapolated as phyles), which 
share certain common values and/or 
occupational similarities. 

Precursors of such entities can be 
traced back to various art avantgar-
des (e.g. Dadaism) in the early 20th 
century (and possibly earlier), but also 
to the beginnings of workers unions. 
A contemporary example of such an 
entity could be the so-called hacking 
community, albeit the question whether 
or not Hackers constitute a distinguis-
hable or even global culture is widely 
disputed.

Imagining the development of these 
“new” social entities along the trajec-
tories of former and existing cultures, 
we want to explore the nature of such 
communities. How open or restricted 
is the access to shared knowledge, 
infrastructure or communal means 
of production in reality? Do groups 
providing infrastructure or knowledge 
for communities see themselves as 
political entities? What implications 
may arise when a community grows 
into a social structure which resemb-
les a phyle? And why do attempts to 
“unify” such communities globally 
rarely succeed?

Arts Enabling Transformation

Bridging/Bonding
A Networked Artefact

ludwig technique a.k.a. Johannes Payr
The Project Bridging/Bonding was commissioned 2015 by the Association 
for the promotion of The Economy for the Common Good 
An economic model for the future 
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Bridging/Bonding is an open sour-
ce and crowd-built artwork which 
consists of many distributed intercon-
nected objects. These Beacons are both 
representational artifacts (objects of 
LGHQWLÀFDWLRQ��DQG�HYROYLQJ�sources of 
information for the communities which 
utilize them. 

The (re-)production and assembly of 
the objects is intended to be a colla-
borative activity which brings people 
and groups together, both on a regional 
(Bonding) and on a global (Bridging) 
level. 
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,Q�WKH�ÀUVW�LWHUDWLRQ��FRPSXWDWLRQDO�
units in the Beacons are fed with infor-
PDWLRQ�DERXW�DIÀOLDWHG�RUJDQL]DWLRQV�
in their vicinity (e.g. maker spaces, 
co-ops, community production centers 
etc.) which is displayed as an animated 
media collage. As the project evolves, 
more objects will be built by like-
minded people in other regions and 
together share their local information 
over the network. The compiled regist-
ry containing the collective knowledge 
and capabilities of all participating 
communities will be accessible on the 
internet and directly via the Beacons. 
7KH�ÀUVW�SURWRW\SH��Beacon 0, is 
currently being developed with local 
organizations and individuals in Tyrol 
(Austria). 

Once the basic functionality is imple-
mented, assembly instructions will be 
shared with communities of friendly 
testers in other regions.
The prototyping team will provide 
support in form of workshops. With 
feedback from the “early adopters”, 
online tutorials will be created which 
provide all information necessary to 
reproduce a Beacon. At this point, the 
idea should hopefully be adopted by a 
growing number of regions, and begin 
to evolve. From there on, everything 
is open...
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7KH�LQWHUGHSHQGHQFH�RI�QDWXUDO�VRFLDO�
WHFKQRORJLFDO�V\VWHPV�LV�DGGUHVVHG�
WKURXJK�D�SURSRVHG�DUFKLWHFWXUDO�GHYH�
ORSPHQW��7KH�&\FOLVWV·�&HQWULIXJH��
7KH�SURSRVHG�V\VWHP�ZLOO�KDYH�DQ�
LPSDFW�RQ�WKH�JUHDWHU�IUDPHZRUN�
RI�/DQJNDZL��D�PDMRU�WRXULVW�GHV�
WLQDWLRQ�LQ�0DOD\VLD��,W�JHQHUDWHG�
50����ELOOLRQ�LQ�������7KH�/DQJNDZL�
'HYHORSPHQW�$XWKRULW\��/$'$��LV�WKH�
SULPDU\�GHYHORSHU�DQG�JXDUGLDQ��7KH�
/DQJNDZL�$UFKLSHODJR��ZLWK�PRUH�WKDQ�
����PLOOLRQ�\HDUV�RI�QDWXUDO�KLVWRU\�
ZDV�GHVLJQDWHG�81(6&2·V�*HRSDUN�
VLQFH�������&RQVHUYLQJ�WKH�QDWXUDO�
HFR�V\VWHP�LV�WKXV�LPSHUDWLYH��7RXULVW�
DUULYDO�ZDV�PRUH�WKDQ�����PLOOLRQ�LQ�
�����ZKHUHDV�WKH�ORFDO�SRSXODWLRQ�LV�
���������7KH�/$'$�7RXULVP�%OXH�
SULQW�����������VWLSXODWHG�WKDW�RQO\�
����RI�WKH�LVODQG�ZRXOG�EH�GHYHORSHG��
2Q�DYHUDJH��YLVLWRUV�VWD\�IRU�����GD\V�
SHU�YLVLW��'XULQJ�WKLV�VKRUW�GXUDWLRQ��
WKH�YLVLWRU�GHQVLW\�LV�����SHU�DFUH�RI�
WKH�GHYHORSHG�ODQG��$YHUDJHG�RYHU����
ZHHNV�RI�WKH�\HDU��WKH�GHQVLW\�LV�PXFK�
ORZHU��1RQHWKHOHVV��DQ�LQFUHDVLQJ�WRX�
ULVW�ÀJXUH�FKDOOHQJHV�WKH�HFR�V\VWHP·V�
FDUU\LQJ�FDSDFLW\��6LQFH�������PRWRU�
YHKLFOHV�KDYH�EHHQ�DOORZHG�RQWR�WKLV�
'XW\�)UHH�,VODQG��SRVLQJ�WKUHDW�WR�WKH�
FDUERQ�HPLVVLRQ�OHYHO��$Q�DOWHUQDWLYH�
DSSURDFK�WR�WRXULVW�PRYHPHQW�LV�H[�
SORUHG�WKURXJK�D�GHVLJQ�EDVHG�UHVHDUFK�
WKDW�SURPRWHV�WKH�XVH�RI�ELF\FOHV��L�H��
WKH�¶&RSHQKDJHQ�:KHHO·��

,W�LV�D�QRUPDO�ELF\FOH�FUHDWHG�E\�WKH�
0,7�6HQVHDEOH�&LW\�/DE��HTXLSSHG�
ZLWK�D�SDFNDJHG�KXE�WKDW�WXUQV�LW�LQWR�
DQ�HOHFWULF�YHUVLRQ��7KH�VHQVRU�KXE�
FRXOG�UHFRUG�HQYLURQPHQWDO�GDWD��URDG�
FRQGLWLRQ��HWF��7KLV�FKRLFH�RI�WUDQV�
SRUWDWLRQ�FRQVLGHUV�WKH�OHLVXUH�QDWXUH�
RI�YLVLWRUV�RQ�KROLGD\��5LGLQJ�OHVV�
EHDWHQ�WUDFNV�RIIHUV�D�IXOOHU�VHQVRU\�
H[SHULHQFH�DQG�QDWXUH�LPPHUVLRQ��
&URZG�VRXUFLQJ�RSSRUWXQLW\�DULVHV�
UHODWLQJ�WR�QDWXUH�FRQVHUYDWLRQ��WKXV�
RIIHULQJ�DQ�DOWHUQDWLYH�SKLORVRSK\�WR�
HFR�WRXULVP��,QWHUQDWLRQDO�VSRUWLQJ�DF�
WLYLWLHV�UHODWHG�WR�F\FOLQJ�RQ�WKH�LVODQG�
LV�DOVR�FRPSOLPHQWHG��7KHUH�LV�D�FORVH�
LQWHUGHSHQGHQFH�EHWZHHQ�WKH�VRFLDO�
DVSHFW�RI�WKH�WRXULVP�LQGXVWU\�DQG�WKH�
QDWXUDO�HFRORJ\�YLD�PRELOH�WHFKQROR�
JLHV��0RELOH�KHUH�UHIHUV�WR�WKH�F\FOLQJ�
WHFKQRORJ\�DQG�WKH�VHQVRU�WHFKQRORJ\��
)RXU�F\FOLQJ�SDWK�FDWHJRULHV�SDYH�WKH�
ZD\�IRU�ELNH�WUDLO�GHVLJQ�E\�RSWLPL]LQJ�
/DQJNDZL·V�JHRJUDSK\��JHRORJ\��ÁRUD�
DQG�IDXQD��(DFK�WUDLO�PD\�DOVR�LQFOXGH�
FXOWXUDO�DQG�RU�FXOLQDU\�H[SRVXUH��$OO�
WKHVH�ZLOO�PDNH�XS�WKH�LVODQG�LQIRU�
PDWLTXH��7KH�WZR�WLHU�GDWD�FROOHFWLRQ�
VWDWLRQ�FRPSULVHV�WKH�(QYLURQPHQWDO�
0RQLWRULQJ�&HQWUH��(0&��DQG�WKH�
VPDOOHU�WUDQVLW�VWDWLRQV��(YHU\�ULGHU�
QHHGV�WR�UHJLVWHU�DV�D�GDWD�FROOHFWRU��
$FFXPXODWHG�GDWD�ZLOO�EH�UHOD\HG�WR�
WKH�(0&�IRU�DQDO\VLV��7KH�GDWD�ZLOO�
EH�SXEOLFL]HG�RQ�VLWH�DQG�RQOLQH�DQG�
SURPRWHG�WR�UHODWHG�DXWKRULWLHV�DQG�WKH�
SXEOLF��

7HFKQRORJLHV�(QDEOLQJ�7UDQVIRUPDWLRQ�

(FR�FRQVFLRXV�,VODQG�,QIRUPDWLTXH�YLD�
0RELOH�7HFKQRORJLHV�IRU�/DQJNDZL

5DVKLGDK�$E��5DKPDQ�DQG�1LN�5DKLPL�1LN�5RVODQ
8QLYHUVLWL�7HNQRORJL�0$5$��8L70�
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3URSRVHG�&\FOLQJ�7UDLOV�DQG�7RXFK�SRLQWV�,QWHUZHDYLQJ�ZLWK�/$'$�6KXWWOH�1HWZRUN

7KLV�LQFUHDVHV�HQYLURQPHQWDO�LPSDFW�
DZDUHQHVV��7KH�F\FOLQJ�WRXULVWV�PD\�
VHUYH�DV�WKH�H\H�DQG�HDU�IRU�QDWXUH�SUR�
WHFWLRQ�E\�QRWLQJ�SRRU�HQYLURQPHQWDO�
SUDFWLFHV��7KH�LQWHUGHSHQGHQW�V\VWHP�
KDV�HFRQRPLF�DQG�HGXFDWLRQDO�LPSOLFD�
WLRQV��,WV�SURSRVHG�ORFDWLRQ�IURQWV�WKH�
/$'$�+HDGTXDUWHUV�DQG�LV�QHDUE\�WKH�
IHUU\�WHUPLQDO����WKH�NH\�DUULYDO�SRLQW��

0RUH�WKDQ�PHUH�MRE�RSSRUWXQLWLHV�
WKH�HFRQRPLF�VSHFWUXP�H[WHQGV�LQWR�
NQRZOHGJH�EDVHG�LQGXVWU\��&ROODERUDWL�
RQ�EHWZHHQ�8L70��/$'$��0,7��HWF��
ZLOO�LQWHJUDWH�5�	�'�ZLWK�WKH�EXVL�
QHVV�VLGH��8L70�DV�KRVW�LV�D�VWUDWHJLF�
GHFLVLRQ��(QYLURQPHQWDO�UHVHDUFK�LV�
KLJK�SULRULW\��
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$V�WKH�ELJJHVW�QHWZRUN�RI�XQLYHUVLW\�LQ�
0DOD\VLD��LWV�FRPSUHKHQVLYH�DFDGHPLF�
SURJUDPPH�LQFOXGHV�%XVLQHVV�0DQDJH�
PHQW��6SRUWV�DQG�5HFUHDWLRQDO�6FLHQ�
FHV��EHVLGHV�6FLHQFH�DQG�7HFKQRORJ\��
8L70·V�WHDFKLQJ�KRWHOV�DQG�WUDLQLQJ�
UHVRUWV�PD\�EH�UHSOLFDWHG�RQ�/DQJNDZL��

%RWDQLVW��QDWXUDOLVW�DQG�FXOLQDULDQ�DV�
QHZ�EUHHGV�RI�H[SHUW�WRXU�JXLGHV�FRXOG�
FUHDWLYHO\�EH�WUDLQHG��/DQJNDZL·V�
ULFK�ELR�GLYHUVLW\�PD\�HQDEOH�FURZG�
VRXUFLQJ�DQG�SURVRFLDO�QXUWXULQJ��7KH�
PRELOH�WHFKQRORJLHV�LV�DSSOLFDEOH�
EH\RQG�ODQG�WUDYHO��
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This article has been inspired by 
many-sided activity of MIT profes-
sors N. Oxman and M. Yoon entitled 
“Design across Scales”. It is based on 
the works of Moscow Methodology 
Circle members and develops a set of 
ideas presented in the Krebs’s Cycle of 
Creativity diagram (KCC).

Simultaneous examination of multi-
scale phenomena in a limit leads to 
the consideration of continuous and 
discrete phenomena in a combined lo-
gically consecutive row. The university 
institutional transformation process 
will be considered at the example of a 
similar row. Thus the authors suggest 
a hypothesis according to which the 
basic method of work with similar pro-
cesses will be the design understood 
widely. 

It is known that the traditional univer-
sity for centuries carried out important 
functions of culture reproduction, its 
transfer to posterior generations and 
VFLHQWLÀF�UHVHDUFK��,W�KDG�D�VWHDG\�
structure supporting the course of pro-
cesses slightly changing with the time. 

Having appeared in market conditions, 
the university gets additional functions 
and becomes specialized. In Europe 
this transformation had been imple-
mented within centuries. The main part 
RI�H[WHUQDO�ÀQDQFLQJ�RI�QHZ�XQLYHU-
sities becomes project-oriented. The 
university of a developing country tries 
to pass the above way at an accelerated 
pace. Therefore it has to get transfor-
med into a dynamic structure which 
generates convincing applications for 
grants or makes proposals to industrial 
partners. 

The activity which provided the 
existence of universities until recent 
time had a laminar character. Now it 
is becoming organized on the basis of 
projects (discrete units). 
We try to form the university transfor-
mation process using Krebs‘s Cycle of 
Creativity diagram (KCC). 

We believe that in the mentioned cir-
cumstances one of the four basic kinds 
of activity of KCC – the design widely 
understood – can be the key factor. 
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Figure 1
Process of the university institutional transformation under global 
market conditions 

This diagram allows considering the 
areas of the past, the present and the 
future in a combined logically conse-
cutive row. 

In the past the university was a rigid 
structure. In the future it will become 
a dynamic set of projects. 
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This type of activity transforms 
´DGYDQWDJHµ��´EHQHÀWµ��´XWLOLW\µ��LQWR�
“behavior”. The design can reveal its-
elf as organizing and/or using of labor 
processes in social changes and other 
types of activity. The application of 
communicative methods is characteris-
tic for design. It includes, in particular, 
communicative management and 
moderation of collective thinking-
activity processes. Let us schematize 
the process using the logic of the dia-
gram named “a step of development”, 
Figure 1.

The team performing the institutio-
nal transformation is conditionally 
represented on the diagram by the 
manager‘s position of the institutional 
governance. 

Functionally the team of actors 
includes representatives of four kinds 
of activity at the KCC diagram. They 
work in cooperation using tools corres-
ponding to their specialization.
Transformation and development 
management that is laying a claim to 
a success surely has to consider and 
provide a cycle of collective human 
activity transformations marked on 
the KCC diagram. The replacement 
of such full-blooded governance and 
management with ‘one-dimensional’ 
administration and control shall not 
bring success.
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,Q�UHFHQW�GHFDGHV�XUEDQ�V\VWHPV�KDYH�
XQGHUJRQH�UDSLG�GHYHORSPHQW��:H�
KDYH�VHHQ�D�WUDQVLWLRQ�LQ�WKH�SRSXODWLRQ�
GLVWULEXWLRQ�IURP�WKH�SRSXODWLRQ�PRVWO\�
GLVSHUVHG�LQ�UXUDO�DUHDV�WR�D�KLJKO\�
XUEDQL]HG�VRFLHW\��ZKHUH�SRSXODWLRQ�LV�
FRQFHQWUDWHG�LQVLGH�WKH�FLWLHV��7RGD\�
PRUH�WKDQ�����RI�SHRSOH�OLYH�LQ�D�FLW\�
�81��������DQG�WKLV�ÀJXUH�LV�OLNHO\�
RQO\�WR�JURZ�LQ�WKH�IXWXUH�
$W�WKH�UHJLRQDO�VFDOH�ZH�REVHUYH�
WHUULWRU\�H[SDQVLRQ�RI�WKH�XUEDQL]HG�
FHQWHUV��7KH�JURZWK�LQ�WHUULWRU\�LV�DOVR�
DFFRPSDQLHG�ZLWK�LQFUHDVLQJ�HFRQRPLF�
DFWLYLW\�DQG�SRSXODWLRQ�GHQVLÀFDWLRQ�
LQVLGH�WKH�XUEDQ�V\VWHPV��+RZHYHU��
XUEDQL]DWLRQ�SURFHVV�LV�QRW�XQLIRUP�
DFURVV�WKH�SHULPHWHU�RI�D�FLW\��RU�D�
VPDOOHU�ORFDOLW\���0XFK�RI�WKLV�GHYH�
ORSPHQW�KDV�RFFXUUHG�DV�GLVSHUVHG��
ORZ�GHQVLW\�JURZWK�RXWVLGH�RI�WKH�
PDMRU�FHQWHUV�EXW�ZLWKLQ�WKHLU�DUHD�RI�
HFRQRPLF�LQÁXHQFH��7KLV�W\SH�RI�XUEDQ�
GHYHORSPHQW�LV�W\SLFDOO\�UHIHUUHG�WR�DV�
XUEDQ�VSUDZO��)LJXUH�����:KLOH�VSUDZ�
OLQJ�GHYHORSPHQWV�DUH�QRW�QHFHVVDULO\�
LQ�WKHPVHOYHV�DOZD\V�XQGHVLUDEOH�
�UHVLGHQWV�RI�VSUDZOHG�VHWWOHPHQWV�
PD\�HQMR\�KLJKHU�OLYLQJ�VWDQGDUGV�
WKDQ�RFFXSDQWV�RI�KLJK�GHQVLW\�LQQHU�
FLW\�DUHDV��IRU�H[DPSOH���WKH\�EULQJ�D�
UDQJH�RI�LVVXHV�VXFK�DV�LQFUHDVHG�FDU�
XVH��DVVRFLDWHG�KLJKZD\�GHYHORSPHQW��
VRLO�VHDOLQJ��ODQGVFDSH�IUDJPHQWDWLRQ��
H[WHQGHG�VXSSO\�QHWZRUNV��LQHIÀFLHQW�
UHVRXUFH�XVH�DQG�RWKHUV�

$�SURFHVV�RI�UXUDO�XUEDQ�ODQG�FRQYHUVL�
RQ�LV�LQWHUFRQQHFWHG�ZLWK�D�VHW�RI�HFR�
QRPLF��SROLWLFDO�DQG�VRFLDO�IDFWRUV�DQG�
LQÁXHQFHG�E\�GHFLVLRQ�PDNLQJ�DW�WKH�
ORFDO�OHYHO��$�ODUJH�ERG\�RI�UHVHDUFK�
LV�GHGLFDWHG�WR�DQDO\VLV�DQG�SUHGLFWLRQ�
RI�XUEDQL]DWLRQ�VSUHDG�XVLQJ�GLIIHUHQW�
WHFKQLTXHV�LQFOXGLQJ�FHOOXODU�DXWRPDWD�
�&ODUNH�HW�DO����������0DUNRY�FKDLQV�
�/RSH]�HW�DO���������DQG�ORJLVWLF�
UHJUHVVLRQ��&KHQJ�	�0DVVHU���������
(DFK�RI�WKHVH�VWXGLHV�LQYROYHV�D�GH�
WDLOHG�OHYHO�RI�VSDWLDO�PRGHOLQJ�RI�WKH�
ODQG�XVH�FKDQJH�LQ�WKH�XUEDQ�V\VWHPV��
8QOLNH�DIRUHPHQWLRQHG�ZRUNV��ZH�GR�
QRW�H[DPLQH�LQ�GHWDLO�FRPSOH[�SURFHV�
VHV�ZLWKLQ�WKH�XUEDQ�V\VWHPV��ZKLFK�LQ�
ÁXHQFH�ODQG�XVH�FRQYHUVLRQ��2XU�IRFXV�
LV�RQ�WKH�GHSHQGHQFH�EHWZHHQ�VSDWLDO�
SDWWHUQV�LQ�ODQG�XVH�DQG�SRSXODWLRQ�
GLVWULEXWLRQ�
/DQG�XVH�GDWD�LV�UHSUHVHQWHG�E\�WKH�
*,6�PDSV��2XU�XQLW�RI�PHDVXUHPHQW�
LV�D�FHOO�RQ�WKH�PDS��ZKLFK�FRQWDLQV�
LQIRUPDWLRQ�RQ�WKH�W\SH�RI�ODQG�XVH�
DQG�WKH�OHYHO�RI�SRSXODWLRQ�GHQVLÀFD�
WLRQ��7KH�NH\�DVVXPSWLRQ�RI�WKH�PRGHO�
LV�WKDW�WKH�W\SHV�RI�ODQG�XVH�LQ�WKH�
QHLJKERULQJ�FHOOV�DUH�LQWHUFRQQHFWHG�
DQG�GHQVLW\�RI�WKH�SRSXODWLRQ�FDQ�EH�
GHVFULEHG��HYHQ�LI�SDUWO\��E\�ODQG�XVH�
FKDUDFWHULVWLFV�LQ�WKH�FHOO�QHLJKERU�
KRRG�

5XUDO�DQG�8UEDQ�6\VWHPV�5HVHDUFK

0HDVXULQJ�6SDWLDO�)HHGEDFNV�LQ�8UEDQ�6\VWHPV

$�6KFKLSWVRYD���5��+HZLWW���(��5RYHQVND\D���
��$GYDQFHG�6\VWHPV�$QDO\VLV�3URJUDP��,,$6$��$XVWULD
��2EVHUYDWRULR�SDUD�XQD�&XOWXUD�GHO�7HUULWRULR��6SDLQ
��/RPRQRVRY�0RVFRZ�6WDWH�8QLYHUVLW\��5XVVLD

���



)LJXUH��
0RGHOLQJ�RQ�WKH�*,6�EDVHG�PDS��3URYLQFH�RI�6HYLOOH�������

)LJXUH��
8UEDQ�VSUDZO�LQ�WKH�PHWURSROLWDQ�DUHD��H[DPSOH�RI�0RQWUHDO��
��1$6$
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7KXV��WKLV�UHVHDUFK�DLPV�WR�FRPSOH�
PHQW�H[LVWLQJ�VWXGLHV�E\�VXEVWLWXWLQJ�
KLJKO\�GHWDLOHG�PRGHOLQJ�RI�WUDQVLWLRQV�
LQ�WKH�W\SHV�RI�ODQG�XVH�ZLWK�D�ÅEODFN�
ER[´�DSSURDFK�RQ�WKH�DYDLODEOH�*,6�
GDWD��:H�GHVFULEH�VSDWLDO�IHHGEDFNV�
EHWZHHQ�SRSXODWLRQ�JURZWK�DQG�XUEDQ�
H[SDQVLRQ�E\�D�À[HG�HIIHFW�PRGHO�DQG�
VLPSO\�PHDVXUH�WKH�LQWHQVLW\�RI�DVVR�
FLDWLRQ�EHWZHHQ�WKHP��7KH�DSSURDFK�
LV�LOOXVWUDWHG�E\�D�FDVH�VWXG\�RQ�WKH�
3URYLQFH�RI�6HYLOOH��6SDLQ���ZKLFK�KDV�
H[SHULHQFHG�QRWDEOH�XUEDQ�H[SDQVLRQ�
LQ�UHFHQW�\HDUV�
*HRJUDSKLF�GDWD�IUHTXHQWO\�VKRZV�
VSDWLDO�GHSHQGHQFH��L�H���YDOXHV�DW�FORVH�
GLVWDQFHV�DUH�PRUH�VLPLODU�WKDQ�
H[SHFWHG�IRU�LQGHSHQGHQW�REVHUYDWLRQV��
:H�XVH�FHUWDLQ�ÀOWHULQJ�WHFKQLTXHV�WR�
VSDWLDO�GDWD�LQ�RUGHU�WR�PHHW�DVVXPS�
WLRQV�RI�VWDQGDUG�OLQHDU�UHJUHVVLRQ�DQG�
XVH�FRQYHQWLRQDO�VWDWLVWLFDO�PHWKRGV�
WR�WHVW�DQG�LQWHUSUHW�UHVXOWV�RI�VSDWLDO�
DQDO\VLV��

'HVSLWH�WKH�IDFW�WKDW�ZH�FDQQRW�H[SODLQ�
PRVW�RI�WKH�YDULDQFH�RI�WKH�SRSXODWLRQ�
GHQVLW\�LQVLGH�WKH�XUEDQ�DUHDV�DQG�IRU�
WKH�ZKROH�WHUULWRU\�LQ�JHQHUDO���WKH�
UHVXOWV�REWDLQHG�VXJJHVW��WKDW�WKH�ODQG�
XVH�QHLJKERUKRRG�SDUWO\�
�DURXQG�����RI�YDULDWLRQ��FDSWXUHV�
WKH�VSDWLDO�SDWWHUQ�RI�WKH�SRSXODWLRQ�
GLVWULEXWLRQ��7KLV�ÀQGLQJ�FDQ�KHOS�
REWDLQ�QHZ�LQVLJKWV�UHODWHG�WR�WKH�
SKHQRPHQRQ�RI�XUEDQ�VSUDZO��ZKLFK�
RFFXUV�DW�WKH�IULQJH�RI�XUEDQ�DUHDV�
RXWVLGH�RI�WKH�FLW\�FHQWHUV�ZLWK�KLJK�
SRSXODWLRQ�GHQVLÀFDWLRQ�
�
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´)LUVW�ZH�VKDSH�RXU�FLWLHV�DQG�WKHQ�
WKH�FLWLHV�VKDSH�XVµ��:H�OLYH�LQ�DQ�XUED�
QL]HG�ZRUOG��D�ZRUOG�IXOO�RI�DPD]LQJ�
SHRSOH��DFKLHYHPHQWV��FRQWUDGLFWLRQV�
DQG��,�ZDQW�WR�IRFXV�RQ�D�VSHFLÀF�
DFKLHYHPHQW�FXP�SUREOHP��XUEDQL]D�
WLRQ��7KH�TXHVW�RI�FLWLHV�KDV�EHHQ�WKH�
TXHVW�IRU�WKH�EHWWHUPHQW�RI�OLIH��IURP�
5RPH�DQG�*UHHFH�WR�/RQGRQ�DQG�1HZ�
<RUN��FLWLHV�KDYH�EHHQ�WKH�DGREH�RI�WKH�
KXPDQNLQGV��DJHQWV�RI�FKDQJH�DQG�WKH�
HQJLQHV�RI�HFRQRP\��

$W�WKH�MXQFWXUH��ZKHQ�WKH�ZRUOG�LV�
SUHGRPLQDQWO\�XUEDQ�EXW�VHYHUDO�GHYH�
ORSLQJ�FRXQWULHV�LQFOXGLQJ�,QGLD�VWLOO�
UHPDLQ�ODUJHO\�UXUDO��DQG�VWXGLHV�KDYH�
KLJKOLJKWHG�HLWKHU�IDOOLQJ�RU�VWDJQDQW�
OHYHO�RI�VDWLVIDFWLRQ�ZLWK�OLIH�DPRQJ�
XUEDQ�SHRSOH��WKHVH�WRJHWKHU�FDOO�IRU�D�
FORVHU�DQG�WKRURXJK�GLVFXVVLRQ�DERXW�
IXWXUH�RI�FLWLHV��WKH�QDWXUH�RI�FLWLHV�DQG�
WKH�V\PELRVLV�EHWZHHQ�PDQ��QDWXUH�DQG�
VSDFH��FLWLHV���:KLOH�WKH�GHYHORSLQJ�
ZRUOG�LV�VWUXJJOLQJ�LQ�FUHDWLQJ�OLYHDEOH�
FLWLHV��GHYHORSHG�ZRUOG�LV�VWUXJJOLQJ�
ZLWK�PDLQWDLQLQJ�WKH�VWDWXV�TXR�DQG�
FUHDWLQJ�FRKHUHQW�LGHQWLWLHV�VR�WKDW�WKHLU�
UHVLGHQWV�ÀQG�LW�LQYLWLQJ�DV�KRPH��

&LWLHV�DUH�EHFRPLQJ�PRUH�DQG�PRUH�
JOREDO��FURZGHG�DQG�ELJJHU��3HRSOH�
IURP�GLIIHUHQW�EDFNJURXQGV�DUH�SDFNHG�
WRJHWKHU��RIWHQ�DW�WKH�FRVW�RI�QDWXUH�DQG�
WKH�ODUJHU�ZHOOEHLQJ�RI�UHVLGHQWV��

7KLV�OHDGV�WR�WKH�H[SORLWDWLRQ�RI�
UHVRXUFHV�DQG�VLPXOWDQHRXVO\��GXH�WR�
LWV�UDSLG�SDFH��SUHFOXGHV�WKH�JHVWDWLRQ�
RI�VRFLDO�IDEULF�WKDW�KDV�EHHQ�ELGLQJ�
VRFLHWLHV�WRJHWKHU��,Q�WKH�TXHVW�RI�
EHFRPLQJ�LQGHSHQGHQW�IURP�QDWXUH��
ZH�DUH�SXVKLQJ�PDQ\�QDWXUDO�WLHV�LQWR�
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DQ�LQGLYLGXDO�WR�EHFRPH�SDUW�RI�D�QHZ�
JURXS��

7KH�TXHVWLRQ�ULVHV��KRZ�ZH�HQYLVDJH�
DQG�GUHDP�RXU�FLWLHV�WR�EH�LQ�WLPHV�WR�
FRPH��&RQVLGHULQJ�WKH�VKLIWLQJ�GHPR�
JUDSKLFV��FKDQJLQJ�HFRORJ\�DQG�GH�
YHORSPHQWV�LQ�WHFKQRORJ\��LW�EHFRPHV�
YHU\�FKDOOHQJLQJ�\HW�FUXFLDO�WR�IRUHVHH�
WKH��VRFLDO��FKDQJHV�LQ�WKH�FLWLHV�RI�IX�
WXUH��$UH�ZH�JRLQJ�WR�EH�ORQHOLHU�RU�FDQ�
ZH�EH�KDSSLHU�WKDQ�QRZ"�$UH�ZH�JRLQJ�
WR�EH�PRUH�LQGLYLGXDOLVWLF�\HW�VDWLVÀHG�
ZLWK�OLIH�RU�FKDQJHV�LQ�WKH�QDWXUH�ZLOO�
IRUFH�XV�WR�OLYH�TXLWH�GLIIHUHQWO\�IURP�
WRGD\��7KH�LPSDFW�RI�DGYDQFHPHQW�LQ�
WHFKQRORJLHV�VXFK�DV�VHOI�GULYLQJ�FDUV�
DQG�+\SHUORRS�RQ�WKH�ZD\V�ZH�OLYH�
DQG�LQWHUDFW�ZLWK�HDFK�RWKHU�LV�JRLQJ�WR�
EH�YHU\�VLJQLÀFDQW�EXW�DUH�ZH�SUHSDUHG�
IRU�WKDW�RU�RXU�FLWLHV�ZLOO�UHPDLQ�WKH�
VWDJQDQW�SRW�RI�KDSSLQHVV"�

7UDQVIRUPLQJ�$UFKLWHFWXUH�DQG�/LYLQJ�(QYLURQPHQWV

)XWXUH�9LVLRQ�
:KLFK�NLQG�RI��XUEDQ��OLIH�GR�ZH�ZDQW�

+LPDQVKX�6KHNKDU
8QLYHUVLW\�RI�'XLVEXUJ�(VVHQ��*HUPDQ\
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3XEOLF�6SDFH�DQG�3HUVRQDO�/LIH��&ROPDU��)UDQFH������
��+��6KHNKDU

,�DLP�WR�DQDO\VH�VRPH�RI�WKHVH�LVVXHV�
DQG�GLVFXVV�WHQWDWLYH�ZD\�IRUZDUG�
XVLQJ�WKH�FRQFHSW�RI�ZHOOEHLQJ�
DQG�LGHQWLW\��0\�GRFWRUDO�UHVHDUFK�
IRFXVHV�RQ�XQGHUVWDQGLQJ�WKH�QRWLRQ�
RI�ZHOOEHLQJ�LQ�XUEDQ�DUHDV�DQG�KRZ�
VWUHQJWKHQLQJ�WKH�LGHQWLW\�RI�D�FLW\�
FDQ�EH�FRPSOHPHQWDU\�WR�LW��,Q�WKH�
JOREDOL]HG�ZRUOG�QHR�OLEHUDO�XUEDQLVD�
WLRQ�LV�ZLGHO\�LPSORUHG�DQG�FLWLHV�DUH�
H[SORULQJ�DOWHUQDWLYH�ZD\V�WR�HQKDQFH�
WKH�ZHOOEHLQJ�RI�WKHLU�FLWL]HQV��XQGHU�
VWDQGLQJ�XUEDQ�LGHQWLW\�FDQ�SURYLGH�D�
FRPSOHPHQWDU\�DSSURDFK�WR�ZHOOEHLQJ�
IRU�FLWLHV�RI�WRGD\�DQG�WRPRUURZ��
,�DP�H[SORULQJ�EURDGHU�VSDWLDO�LGHQWL�
WLHV�DQG�KRZ�DUH�WKH\�OLNHO\�WR�FKDQJH�
LQ�WLPHV�WR�FRPH�LQ�WKLV�G\QDPLF�
ZRUOG��

7KH�YLVLRQ�IRU�IXWXUH�KDV�D�ODUJH�VSDWLDO�
FRPSRQHQW�DQG�GLIIHUHQW�VWDNHKROGHUV�
DUH�GHDOLQJ�ZLWK�LW�LQ�GLIIHUHQW�ZD\V��
IURP�*KRVW�&LWLHV�WR�6PDUW�&LWLHV��$�
EURDGHU�ORRN�DW�WKH�UROH�WKDW�FLWLHV�RI�
WRPRUURZ�DV�WKH�FHQWUH�RI�FRPSUHKHQ�
VLYH�ZHOOEHLQJ�PD\�KDYH�WR�SOD\��ZLOO�
EH�DQ�LPSRUWDQW�DGGLWLRQ�WR�WKH�GHEDWH�
RQ�WKH�IXWXUH�YLVLRQ��,�DP�D�WRZQ�SODQ�
QHU�DQG�P\�DSSURDFK�LV�PL[HG�EHWZHHQ�
XUEDQ�SODQQLQJ�DQG�XUEDQ�VRFLRORJ\�
DORQJ�ZLWK�RWKHU�VXSSRUWLQJ�VFLHQWLÀF�
GLVFLSOLQHV��,�EHOLHYH�WKDW�WKH�GLVFXV�
VLRQV�UHODWHG�WR�WKH�YLVLRQ�IRU�IXWXUH�
ZRXOG�HQKDQFH�P\�XQGHUVWDQGLQJ�RI�
WKH�FLWLHV�DQG�VRFLHWLHV�RI�WRPRUURZ�
DQG�P\�FRQWULEXWLRQ�ZRXOG�EH�D�YDOXH�
DGGLWLRQ�WR�WKH�HQWLUH�GHEDWH�

&RUUHVSRQGLQJ�DXWKRU��
KLPDQVKX�VKHNKDU#VWXG�XQL�GXH�GH
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��/DQG�XVH�FKDQJH��VXFK�DV�DIIRUHVWDWL-
RQ��UHIRUHVWDWLRQ�DQG�PXOWLXVH�RI�ODQG�
UHVRXUFHV��KDV�WKH�SRWHQWLDO�WR�FRQWUL-
EXWH�VXEVWDQWLDOO\�WR�UHGXFLQJ�(XURSH·V�
JUHHQKRXVH�JDV�HPLVVLRQV��

��&KDQJHV�LQ�WKH�W\SHV�DQG�TXDQWLWLHV�RI�
IRRG�FRQVXPHG�SHU�SHUVRQ�DQG�UHGXFHG�
IRRG�ZDVWHV�ZRXOG�KHOS�WKH�(8�PHHW�
LWV�FOLPDWH�FKDQJH�WDUJHWV�E\�������

��(8�JUHHQKRXVH�JDV�HPLVVLRQV�DUH�
KLJKO\�VHQVLWLYH�WR�WKH�IRRG�WUDGH�
EDODQFH��ERWK�ZLWKLQ�DQG�RXWVLGH�WKH�
(8��&KRLFHV�PDGH�DERXW�WKH�(8·V�
OHYHO�RI�VHOI�VXIÀFLHQF\�LQ�IRRG�DQG�
IRRG�VHFXULW\�DUH�NH\�GHWHUPLQDQWV�
RI�QHW�(8�DQG�JOREDO�JUHHQKRXVH�JDV�
HPLVVLRQV��

��7R�DVVHVV�FRPSOH[�ODQG�XVH�G\-
QDPLFV��LQFOXGLQJ�PXOWLSOH�XVHV�RI�
YDU\LQJ�LQWHQVLWLHV��FRPELQDWLRQV�RI�
HPSLULFDO�GDWD��PDSSLQJ�WRROV�DQG�LQWH-
JUDWHG�V\VWHPV�PRGHOV�DUH�QHHGHG�

��7R�DFKLHYH�JUHHQKRXVH�JDV�HPLVVLRQV�
UHGXFWLRQ�WKURXJK�ODQG�XVH�DQG�GLHWDU\�
FKDQJH��WKH�ULJKW�PL[�RI�VKRUW�DQG�
ORQJ�WHUP�SROLFLHV�LV�QHHGHG��,Q�WKH�
FDVH�RI�GLHWDU\�FKDQJHV�DQG�UHGXFHG�
IRRG�ZDVWH��VXFFHVV�PD\�GHSHQG�RQ�
V\VWHPLF�EHKDYLRXUDO�FKDQJHV�ZKLFK

ZRXOG�UHTXLUH�D�UDQJH�RI�SROLF\�OHYHUV�
UDQJLQJ�IURP�PDUNHW�UHJXODWLRQV�
WKURXJK�WR�HGXFDWLRQ�DQG�OLQNV�ZLWK�WKH�
KHDOWK�DJHQGD�

)RRG�FRQVXPSWLRQ�SDWWHUQV�DQG�SUR-
GXFWLRQ�PHWKRGV�KDYH�PDMRU�LPSOLFD-
WLRQV�IRU�ODQG�XVH�DQG�JUHHQKRXVH�JDV�
�*+*��HPLVVLRQV��&OLPDWH�FKDQJH�PL-
WLJDWLRQ�SROLFLHV�DUH�XVXDOO\�IRFXVHG�RQ�
HQHUJ\��WUDQVSRUW��EXLOGLQJV��LQIUDVWUXF-
WXUH�DQG�LQGXVWU\��+RZHYHU��FKDQJHV�
LQ�RXU�GLHW�DQG�DVVRFLDWHG�ODQG�XVH�IRU�
IRRG�SURGXFWLRQ�FRXOG�VXEVWDQWLDOO\�
DIIHFW�*+*�HPLVVLRQV��7KLV�SDSHU�
GHVFULEHV�WKH�UHODWLRQVKLSV�EHWZHHQ�
ODQG�UHVRXUFHV��ODQG�XVH�IXWXUHV�DQG�
WKH�UHODWHG�JUHHQKRXVH�JDV�HPLVVLRQV�
DQG�PLWLJDWLRQ�VWUDWHJLHV��LQ�RUGHU�WR�
LQIRUP�WKH�FOLPDWH�FKDQJH�GHEDWH�DQG�
HQFRXUDJH�UHÁHFWLRQ�RQ�VXVWDLQDEOH�
ODQG�XVH�VWUDWHJLHV�LQ�(XURSH��$�UDQJH�
RI�YDULDEOHV�VXFK�DV�GLHW��DJULFXOWXUDO�
DQG�IRUHVW�SURGXFWLYLW\�OHYHOV��GHPR-
JUDSKLFV�DQG�VRFLHWDO�GHPDQGV��DQG�WKH�
HIIHFWLYHQHVV�RI�ZDVWH�PLQLPLVDWLRQ�
DQG�UH�XVH�VWUDWHJLHV�GULYH�WKH�ODQG�XVH�
G\QDPLFV�WKDW�ZH�REVHUYH�DQG�SURMHFW��
7KHVH�YDULDEOHV�DUH�LQWHUFRQQHFWHG�
DQG�VXEMHFW�WR�FRPSOH[�G\QDPLFV�DQG�
LQWHUDFWLRQV��)LJXUH����
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Figure 1

Energy and carbon dynamics  
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7KH�SDSHU�VKRZV�WKDW�GHGLFDWHG�
LQWHJUDWHG�PRGHOV��VXFK�DV�WKH�PRGHO�
GHVFULEHG�KHUH��DUH�QHHGHG�WR�DVVHVV�
WKH�V\VWHPV�G\QDPLFV�RI�ODQG�XVH��GLHW�
DQG�IRRG�VHFXULW\�DQG�DUH�IXQGDPHQWDO�
WR�KHOSLQJ�XV�XQGHUVWDQG�WKH�G\QDPLF�
LQWHUDFWLRQV�EHWZHHQ�IRRG��ODQG�XVH��
DQG�JUHHQKRXVH�JDV�HPLVVLRQV�IURP�D�
ZLGHU�SHUVSHFWLYH��+RZHYHU��ZLWK�LQ-
FUHDVLQJ�FRPSOH[LW\�FRPHV�LQFUHDVLQJ�
XQFHUWDLQW\�DQG�RXU�RXWFRPHV�VKRXOG�
EH�WDNHQ�DV�LOOXVWUDWLYH�RI�WKLV�FRQWUR-
YHUVLDO�GHEDWH�UDWKHU�WKDQ�FRQVLGHUHG�WR�
EH�FRQFOXVLYH��
$�VKLIW�WRZDUGV�PRUH�YHJHWDULDQ�GLHWV�
WKDW�DUH�KLJKHU�LQ�SXOVHV�DQG�YHJHWD-
EOHV��DQG�ORZHU�LQ�PHDW��SDUWLFXODUO\�
IURP�UXPLQDQW�DQLPDOV��FRXOG�VXEVWDQ-
WLDOO\�KHOS�PLWLJDWH�FOLPDWH�FKDQJH��
,Q�DGGLWLRQ��DQ�LQFUHDVH�LQ�FURS�DQG�
OLYHVWRFN�\LHOGV�DQG�ODQG�PXOWLXVH��
FRXSOHG�ZLWK�D�UHGXFWLRQ�LQ�IRRG�
ZDVWHV�FRXOG�VXEVWDQWLDOO\�UHGXFH�WKH�
LPSDFWV�RI�GLHW�DQG�ODQG�XVH�RQ�FOLPDWH�
DQG�WKH�DVVRFLDWHG�QHHG�IRU�DGGLWLRQDO�
SURGXFWLYH�ODQG��HLWKHU�ZLWKLQ�RU�RXW-
VLGH�WKH�(XURSHDQ�8QLRQ��

7KH�QH[W�FKDOOHQJH�IRU�SROLF\�PDNHUV�
DQG�RWKHU�VWDNHKROGHUV�LV�WR�FRQVLGHU�
WKH�PRVW�DSSURSULDWH�DQG�HIIHFWLYH�
SXEOLF�SROLFLHV�WR�VWLPXODWH�VXVWDLQDEOH�
ODQG�XVH�WUDQVLWLRQV�DQG�EHKDYLRXUDO�
FKDQJHV�IRU�KHDOWK\�GLHWV�DQG�FOLPDWH��
7KLV�SDSHU�VKRZV�WKH�LPSRUWDQFH�RI�
ORRNLQJ�DW�WKH�JOREDO�SLFWXUH�RI�HPLV-
VLRQV�DV�ZHOO�DV�WKH�ORFDO��H�J��WKH�(X-
URSHDQ�8QLRQ���ZKHQ�GHYHORSLQJ�ODQG�
XVH�DQG�FOLPDWH�PLWLJDWLRQ�SROLFLHV�DQG�
DSSURDFKHV�

7KH�IXOO�YHUVLRQ�RI�WKLV�SDSHU�LV�DYDLOD-
EOH�DW��ZZZ�LPSHULDO�DF�XN�JUDQWKDP�
SXEOLFDWLRQV

&RUUHVSRQGLQJ�DXWKRU��
DOH[DQGUH�VWUDSDVVRQ#LPSHULDO�DF�XN
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&ORVLQJ�WKH�HPFVU�DYDQWJDUGH������
ZH�LQYLWHG�DOO�DWWHQGHHV�RI�WKH�FRPSH�
WLWLYH�DZDUG�LQ�UHFRJQLWLRQ�RI�WKH�PRVW�
SURPLVLQJ�FRQWULEXWLRQ�WR�HQJDJH�LQ�D�
GLDORJXH�WR�VWDUW�WKH�FR�FUHDWLRQ�RI�D�
IXWXUH�RULHQWHG�FRPPXQLW\��GHPRQVWUD�
WLQJ�WKH�%HUWDODQII\�SULQFLSOH�RI�8QLW\�
WKURXJK�'LYHUVLW\��

,Q�WKLV�VHVVLRQ�ZH�VKDUHG�RXU�SHUVRQDO�
H[SHULHQFHV��7KH�H[SHULPHQW�KDV�EHHQ�
YDOXHG�DV�VXFFHVVIXO�DQG�ZH�KDYH�EHHQ�
HQFRXUDJHG�WR�NHHS�WKH�VSLULW�RI�WKH�
PRUH�WKDQ����\HDUV�WUDGLWLRQ��FUHDWLQJ�
LQWHUIDFHV�WR�GLYHUVH�GLVFLSOLQHV��
%HLQJ�UHFRJQL]HG�WKURXJK�WKH�LQYLWDWL�
RQ�E\�WKH�VHOHFWLRQ�SURFHVV�ZDV�KLJKO\�
DSSUHFLDWHG�DV�ZHOO�DV�WKH�KRUL]RQWDO�
QRQ�KLHUDUFKLFDO�VWUXFWXUHV�DQG�WKH�
ÁH[LELOLW\�LQ�VHWWLQJ�XS�WKH�SRS�XS�
HYHQW�

:H�ZHUH�IXUWKHU�HQFRXUDJHG�WR�FUHDWH�
D�SODWIRUP�IRU�PHPEHUVKLS�VKDULQJ�
DWWHQGHHV�LQIRUPDWLRQ�DQG�VWDUWLQJ�WKH�
FRQYHUVDWLRQV�DQG�LQWHUDFWLRQV�DKHDG�
RI�WLPH��H[SDQGLQJ�WKH�XVH�RI�IDVW�DQG�
KLJKO\�LQWHUDFWLYH�VRFLDO�PHGLD�OLNH�
7ZLWWHU�SULRU�DQG�GXULQJ�WKH�HYHQW�

6KRZFDVLQJ�WKH�UHOHYDQFH�RI�DFDGHPLD�
WR�WDFNOH�WKH�FXUUHQW�JOREDO�FKDOOHQJHV�
ZH�ZLOO�WKXV�FR�HODERUDWH�D�OLVW�RI�
SUREOHPV�V\VWHPV�VFLHQFH�LV�DEOH�WR�
VROYH�DQG�RUJDQLVH�FOXVWHUV�DURXQG�
WKHVH�FKDOOHQJHV��OLQNLQJ�UHVHDUFK�
ÀHOGV�WKURXJK�LQTXLULHV��-RLQW�FKDO�
OHQJHV�FDQ�EH�LGHQWLÀHG��GLUHFWLQJ�WKH�
HYHQW��DQG�WKHUHIRU�WDFNOHG�PRUH�LQ�
GHSWK�SULRU�DQG�GXULQJ�WKH�PHHWLQJ��
7KH�DZDUG�WKHQ�FRXOG�EH�UHGHVLJQHG�
LQWR�D�JURXS�DZDUG�UDWKHU�WKDQ�LQGLYL�
GXDO�UHFRJQLWLRQ��

7KHVH�UHTXHVWV�KLJKOLJKWHG�WKH�QHZ�
FXOWXUH�RI�\RXQJ�UHVHDUFKHUV��WKHLU�
GHVLUH�WR�FRQWULEXWH�WR�VROXWLRQV�LQ�D�
WHDP�HIIRUW��

&RQWHVW�&ORVLQJ

)XWXUH9LVLRQ"��
:KLFK�WUDMHFWRULHV�GR�ZH�HQYLVLRQ"�
+RZ�WR�GHYHORS�WKH�XSUDLVLQJ�DYDQWJDUGH��

6WHIDQ�%ODFKIHOOQHU
%HUWDODQII\�&HQWHU�IRU�WKH�6WXG\�RI�6\VWHPV�6FLHQFH
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7KH�PHHWLQJ�LWVHOI�VKRXOG�EH�IXUWKHU�
VWUHQJWKHQHG�WKURXJK�PRUH�WLPH�LQ�
WKH�ZRUNVKRSV�WR�H[SORUH��D�FRQVFLRXV�
VSDFH�IRU�FRQYHUVDWLRQV�DQG�WKLQNLQJ��
H�J��*OREDO�&DIpV�ZLWK�WULJJHULQJ�
TXHVWLRQV��SURYLGLQJ�JXLGHOLQHV�IRU�
WKH�DXGLHQFH�KRZ�WR�SUHVHQW�TXHVWL�
RQV�LQ�VXSSRUW�RI�WKH�SUHVHQWHU��3DSHU�
VHVVLRQV�DQG�SUREOHP�VROYLQJ�VKRXOG�
EH�EDODQFHG��7KH�NH\QRWHV��ZKLFK�DUH�
DOUHDG\�LQWHUDFWLYH��VKRXOG�EH�RSHQHG�
WR�\RXQJ�UHVHDUFKHUV�WRR�DQG�KROG�WKH�
VSDFH�RI�V\VWHPV�VFLHQFH�WKHRU\�LQ�WKH�
SXUHVW�VHQVH��1HZ�IRUPDWV�OLNH�D�3HFKD�
.XFKD�1LJKW�RU�VSHHG�GDWLQJ�IRU�SUR�
MHFW�GHYHORSPHQW�KDYH�EHHQ�SURSRVHG�
WR�H[SORUH��

$V�D�SDUDGLJP�FKDQJHU�WKH�%HUWDODQII\�
&HQWHU�IRU�WKH�6WXG\�RI�6\VWHPV�
6FLHQFH��%&666��DQQRXQFHG�WKHLU�
XSFRPLQJ�/XGZLJ�YRQ�%HUWDODQII\�
VFKRODUVKLS�SURJUDPPH�VWDUWLQJ�LQ�
�����DQG�LWV�VWUDWHJ\�WR�GHYHORS�WKH�
&KDQJH�WKH�*DPH�,QQRYDWLRQ�/DE�
#�%&666�LQWR�D�ZHE�RI�LQWHUQDWLRQDO�
,QQRYDWLRQ�/DEV�ZLWK�RXU�SUHVHQW�DQG�
IXWXUH�SDUWQHU�RUJDQL]DWLRQV�WR�VXSSRUW�
WKH�QHWZRUN�RI�\RXQJ�UHVHDUFKHUV�DQG�
WKHLU�SUHVHQW�HYROYLQJ�VFLHQFH�DQG�
UHVHDUFK�FXOWXUH��WKHLU�GHVLUH��
FDSDELOLWLHV�DQG�)XWXUH�9LVLRQ�WR�ZRUN�
WRZDUGV�VRFLHWDO�LPSDFWIXO�LQTXLULHV��
WUDQVIRUPDWLYH�SURMHFWV�DQG�LQQRYDWLYH�
VROXWLRQV�

:H�LQYLWH�\RX�WRR��WR�PHVV�ZLWK�XV�ZLWK�
WKH�UXOHV�RI�WKH�H[LVWLQJ�SDUDGLJP��EH�
RQH�RI�WKRVH�LQQRYDWRUV�ZKR�OHDG�WR�
VLJQLÀFDQW�FKDQJH�

&RUUHVSRQGLQJ�DXWKRU��
VWHIDQ�EODFKIHOOQHU#EFVVV�RUJ

��%&666
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&RQWHVW�&ORVLQJ
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7KH�6\PSRVLXP·V�DLP�LV�WR�VWLPXODWH�
DQ�HQHUJHWLF�H[FKDQJH�RI�V\VWHPV�
DSSURDFK�SHUVSHFWLYHV�LQ�WKH�DUHD�RI�
3URIHVVLRQDO�6\VWHPLFV�DSSOLHG�HIIHF�
WLYHO\�LQ�RUJDQL]DWLRQV�DQG�HQWHUSULVHV�
DFURVV�D�ZLGH�VSHFWUXP�RI�ERWK�VHUYLFH�
DQG�SURGXFWLRQ�LQGXVWU\�VHFWRUV��7KH�
WUDGLWLRQDO�RUJDQL]DWLRQ�LV�GHVLJQHG�
DORQJ�D�KLHUDUFKLFDO�VWUXFWXUH�LQ�ZKLFK�
DFWLYLWLHV�DUH�RUJDQL]HG�DORQJ�FRPPRQ�
DUHDV�RI�UHVSRQVLELOLW\���.H\�SURFHVVHV�
DUH�GHÀQHG�DQG�FRQWUROOHG�ZLWKLQ�VWULFW�
IXQFWLRQDO�ERXQGDULHV��ZLWK�PLQLPXP�
DWWHQWLRQ�JLYHQ�WR�V\VWHPLF�LQWHUDFWLRQ���
%XVLQHVV�GHFLVLRQV�DUH�GHULYHG�WKURXJK�
DQDO\WLFDO�PHWKRGV�ZKLFK�LQYROYH�WKH�
GHWHUPLQDWLRQ�RI�WKH�PHDQLQJ�RI�ZKDW�
LV�VWXGLHG�LQ�WKH�FRQWH[W�RI�D�UHGXFWLR�
QLVW�DSSURDFK��UHGXFLQJ�WKH�ZKROH�LQWR�
LWV�FRQVWLWXHQW�HOHPHQWV��XQGHUVWDQGLQJ�
HDFK�HOHPHQW�VHSDUDWHO\�DQG�DJJUHJD�
WLQJ�XQGHUVWDQGLQJ�RI�WKH�LQGLYLGXDO�
HOHPHQWV�LQWR�DQ�XQGHUVWDQGLQJ�RI�WKH�
ZKROH��*LYHQ�WKH�G\QDPLF�FRPSOH[LW\�
RI�WKH�WRGD\·V�EXVLQHVV�HQYLURQPHQW�
DQG�WKH�FRQWLQXDO�H[FKDQJH�RI�LWV�
FRQVWLWXHQW�HOHPHQWV��DSSOLFDWLRQ�RI�WKH�
UHGXFWLRQLVW�PHWKRG�W\SLFDOO\�UHVXOWV�
LQ�WKH�ORVV�RI�WKH�HVVHQWLDO�SURSHUWLHV�
RI�ERWK�WKH�V\VWHP�VWXGLHG�DV�ZHOO�DV�
RI�LWV�SDUWV��+HQFH��EXVLQHVV�GHFLVLRQV�
ODFN�FRKHVLRQ��DQG�PDQDJHPHQW��WKH�
DELOLW\�WR�DOLJQ�DFWLYLWLHV�WR�HIIHFWLYHO\�
DFKLHYH�WKH�FRPSDQ\·V�ORQJ�WHUP�VWUD�
WHJLF�REMHFWLYHV��

6\VWHPV�WKLQNLQJ�LV�IXQGDPHQWDOO\�GLI�
IHUHQW�IURP�WKH�UHGXFWLRQLVW�PHWKRG�LQ�
WKDW�LW�IRFXVHV�RQ�WKH�XQGHUVWDQGLQJ�RI�
KRZ�DQG�ZK\�YDULRXV�HOHPHQWV�DIIHFW�
RQH�DQRWKHU�ZLWKLQ�D�GHÀQHG�XQLÀHG�
ZKROH��$�V\VWHPLF�DSSURDFK�FRQFHQ�
WUDWHV�RQ�WKH�XQGHUVWDQGLQJ�RI�WKH�
LQWHUDFWLRQV�RI�WKH�FRQVWLWXHQW�HOHPHQWV�
RI�D�V\VWHP�WKDW�SURGXFH�D�EHKDYLRXU�
UDWKHU�WKDQ�WKH�VHJUHJDWHG�SDUWV�RI�WKH�
V\VWHP��VWXGLHG�LQ�LVRODWLRQ���7KH�QHHG�
IRU�D�V\VWHPLF�DSSURDFK�KDV�QHYHU�EHHQ�
PRUH�LPSHUDWLYH��JLYHQ�WKH�UHDOLWLHV�RI�
WKH�QHZ�HFRQRPLF�FOLPDWH�LPSHOOHG�E\�
WKH�FXUUHQW�FUHGLW�FULVLV�DQG�WKH�QHHG�
IRU�RUJDQL]DWLRQV�WR�FKDOOHQJH�H[LVWLQJ�
SDUDGLJPV��FRUH�YDOXHV�DQG�EXVLQHVV�
DVVXPSWLRQV�DJDLQVW�WKH�G\QDPLF�
FRPSOH[LW\�RI�D�YRODWLOH�HFRQRPLF�
HQYLURQPHQW��3URIHVVLRQDO�6\VWHPLFV�
LV�WKH�SUDFWLFDO�DSSOLFDWLRQ�RI�V\VWHPV�
WKLQNLQJ�WR�HYHU\GD\�VLWXDWLRQV���,W�
LV�D�PHDQV�WKURXJK�ZKLFK�WR�KDQGOH�
FRPSOH[LW\�LQ�D�PDQQHU�ZKLFK�KDV�
DFKLHYDEOH��PHDVXUDEOH�DQG�UHDOLVWLF�
UHVXOWV��3URIHVVLRQDO�6\VWHPLFV�EULGJHV�
WKH�JDS�EHWZHHQ�WKHRU\�DQG�SUDFWLFH�
DQG�SURPRWHV�WKH�XVH�RI�HIIHFWLYH�
V\VWHPLF�0HWKRGRORJLHV�DQG�0XOWL�
0HWKRGRORJLHV�LQ�PDQDJLQJ�WRGD\·V�
G\QDPLF�RUJDQL]DWLRQDO�FRPSOH[LW\�
�

&RUUHVSRQGLQJ�DXWKRU��
DVVLQLN#XQLSL�JU

:RUNVKRS

3URIHVVLRQDO�6\VWHPLFV�RQ�OLQH��OLYH�IURP�D�GLVWDQFH

1LNLWDV�$VVLPDNRSRXORV
'LPLWULRV�9DUVRV
:RUNVKRS�/HDGHUV
'HSDUWPHQW�RI�,QIRUPDWLFV��8QLYHUVLW\�RI�3LUDHXV��*UHHFH
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7KH�JURZLQJ�FRPSOH[LW\�RI�RUJD�
QL]DWLRQV�DQG�WKH�YRODWLOLW\�RI�WKHLU�
HQYLURQPHQW�UHTXLUH�QHZ�PDQDJHPHQW�
DSSURDFKHV�VXFK�DV�WKH�VR�FDOOHG�
6RFLRWHFKQLFDO�6\VWHPV��7KH�V\VWHPV�
DSSURDFK�SURYLGHV�DOWHUQDWLYHV�WR�FRQ�
YHQWLRQDO�RUJDQL]DWLRQDO�VWUXFWXUHV�DQG�
SURFHVVHV�OHDGLQJ�WR�QHZ�SHUVSHFWLYHV�
RI�RUJDQL]DWLRQDO�LVVXHV�

0RGHOLQJ�DV�D�SUREOHP�VROYLQJ�PH�
WKRG��KDV�DOZD\V�EHHQ�DQ�HVVHQWLDO�WRRO�
IRU�ERWK�2UJDQL]DWLRQDO�'HVLJQ�DQG�IRU�
'HYHORSPHQW�,QIRUPDWLRQ�6\VWHPV�DQG�
JUDSKLFDO�PRGHOLQJ�LV�FRQVLGHUHG�WR�EH�
D�SDUWLFXODUO\�XVHIXO�WRRO�LQ�GHYHORSLQJ�
WHFKQLTXHV�ZKHQ�FRPPXQLFDWLQJ�ZLWK�
ERWK�XVHUV�DQG�GHYHORSHUV�

7KH�'HVLJQ�DQG�&RQWURO�6\VWHPLF�0H�
WKRGRORJ\��'&6<0��LV�WKH�EDVLV�IRU�D�
QHZ�0RGHOLQJ�$SSURDFK�LQ�WKH�DUHD�RI�
2UJDQL]DWLRQDO�3ODQQLQJ��ZKLFK�WDNHV�
LQWR�DFFRXQW�6\VWHPLF�DQG�&\EHUQHWLF�
DVSHFWV�UHTXLUHG�LQ�6\VWHPLF�0RGHOLQJ�
DQG�2UJDQL]DWLRQDO�'HVLJQ�
�

&RUUHVSRQGLQJ�DXWKRU��
DULVDQWRQLDGLV#JPDLO�FRP

7UDQVIRUPDWLRQ�	�6\VWHPV�'HVLJQ

$�V\VWHPV�PRGHOLQJ�DSSURDFK�EDVHG�RQ�'&6<0�

5DOOLV�$QWRQLDGLV��3DQDJLRWLV�3DSDLRDQQRX��1LNLWDV�$VVLPDNRSRXORV�
'HSDUWPHQW�RI�,QIRUPDWLFV��8QLYHUVLW\�RI�3LUDHXV��*UHHFH

���



7UDQVIRUPDWLRQ�	�6\VWHPV�'HVLJQ

6\VWHP�RI�6\VWHPV�
(WKLFDO�GLOHPPDV�LQ�WKH�HUD�RI�LQIRUPDWLRQ�WHFKQRORJ\

1LNRODRV�3DSD]RJORX
8QLYHUVLW\�RI�3LUDHXV��*UHHFH

1RZDGD\V��ZH�DUH�LQ�WKH�EULQN�RI�WKH�
WKLUG�ZDYH�RI�,QIRUPDWLRQ�7HFKQRORJ\�
FRPSHWLWLRQ�ZLWK�NH\�FKDUDFWHULVWLF�WKH�
LPSURYHPHQW�RI�WKH�SURGXFW�LWVHOI��7KH�
LQWHUQHW�RI�WKLQJV�LV�GHYHORSLQJ�DQG�
WKHLU�FORXG�GDWD�LV�VWRUHG�DQG�DQDO\]HG�
WR�LPSURYH�SURGXFW�IXQFWLRQDOLW\�DQG�
SHUIRUPDQFH��$Q�H[DPSOH�RI�D�6\VWHP�
RI�6\VWHPV�FRQFHUQLQJ�YHKLFOHV�ZLOO�
FODULI\�WKH�WKLUG�ZDYH·V�FKDUDFWHULVWLFV�

2Q�WKH�FRQWUDU\��WKH�VDIHW\�RI�WKLV�QHZ�
WHFKQRORJ\�LV�TXHVWLRQDEOH��7KH�JUHD�
WHVW�EHQHÀWV�DQG�GUDZEDFNV�IURP�%LJ�
'DWD�ZLOO�EH�RQ�D�SRSXODWLRQ�WKDW�KDV�
QRW�\HW�EHHQ�ERUQ��%HUPDQ���������

1RERG\�ZLOO�EH�DEOH�WR�IHHO�VDIH�
EHFDXVH�LQWHUQHW�DFFRXQWV�DUH�DFFHV�
VLEOH�E\�SHRSOH�ZLWK�KLJK�FRPSXWLQJ�
NQRZOHGJH�DQG�WKH�1HZ�'HDO�RQ�GDWD�
LV�WKH�UHEDODQFLQJ�RI�GDWD�LQ�IDYRU�
RI�HDFK�LQGLYLGXDO�SHUVRQ��%HULQDWR��
�������+HQFH��LPDJLQH�DQRWKHU�6\VWHP�
RI�6\VWHPV�LQ�ZKLFK�HDFK�DQG�HYHU\�
SHUVRQ�ZLOO�EH�WKH�´SURGXFWµ��D�ZRUOG�
RI�IRRO�SHRSOH�DQG�WKH�GLVWDQFH�ZH�
KDYH�WR�FRYHU��WR�OLYH�LQ�VXFK�D�ZRUOG�

&RUUHVSRQGLQJ�DXWKRU��
SDSD]RJORXQLFN#KRWPDLO�FRP

5HIHUHQFHV

%HULQDWR��6��������:LWK�%LJ�'DWD�&RPHV�%LJ�5HVSRQVLELOLW\��+DUYDUG�%XVLQHVV�
5HYLHZ��������������
%HUPDQ��-��������3ULQFLSOHV�RI�'DWD��(OVHYLHU�,QF���1HZ�<RUN�

���



6RIWZDUH�HFRV\VWHPV�DQG�,7�HFRV\V�
WHPV�DUH�PRGHUQ�WHUPV�XVHG�WR�GHVFULEH�
FRPSOH[�QHWZRUNV�RI�,7�DSSOLFDWLRQV��
7KH�LGHD�FRPHV�IURP�WKH�SHUVSHFWLYH�
WKDW�,7�V\VWHPV�DUH�PDGH�E\�SHRSOH��
VHUYH�SHRSOH�LQ�WKH�FRQWH[W�RI�VRFLR�
WHFKQLFDO�V\VWHPV�DQG��ÀQDOO\��WKH\�
DIIHFW�WKH�OLYHV�RI�PRUH�SHRSOH��$OO�WKDW�
VWXII�OLYH�DQG�HYROYH�WRJHWKHU��HDFK�KD�
YLQJ�LWV�RZQ�SURSHUWLHV�DQG�G\QDPLFV��
$OO�WRJHWKHU�IRUP�D�NLQG�RI�HFRV\V�
WHP�ZKLFK�H[SRVHV�LWV�RZQ�HPHUJHQW�
EHKDYLRU��

,W�LV�D�SHUIHFW�ÀHOG�WR�DSSO\�V\VWHPLF�
DSSURDFK�LQ�RUGHU�WR�FUHDWH�D�KROLVWLF�
DSSURDFK��WR�UHYHDO�WKH�XQGHUO\LQJ�
G\QDPLF�VWUXFWXUH��WR�FRSH�ZLWK�
FRPSOH[LW\�DQG�WR�H[WUDFW�RUGHU�RXW�
RI�WKH�PHVV��7KH�ÀQDO�REMHFWLYH�LV�WR�
EULGJH�WKH�JDS�EHWZHHQ�EXVLQHVV�DQG�
,7�KHOSLQJ�WKH�RUJDQL]DWLRQ�WR�VHUYH�LWV�
SXUSRVH�

&RUUHVSRQGLQJ�DXWKRU��
DULVDQWRQLDGLV#JPDLO�FRP

7UDQVIRUPDWLRQ�	�6\VWHPV�'HVLJQ

$SSO\LQJ�V\VWHPLF�PHWKRGRORJLHV�WR�´,7�HFRV\VWHPVµ�LQ�
RUGHU�WR�KDUPRQL]H�EXVLQHVV�RSHUDWLRQV�DQG�LQIRUPDWLRQ�
V\VWHPV�ZLWKLQ�WKH�RUJDQL]DWLRQ�

5DOOLV�$QWRQLDGLV��3DQDJLRWLV�3DSDLRDQQRX��1LNLWDV�$VVLPDNRSRXORV�
'HSDUWPHQW�RI�,QIRUPDWLFV��8QLYHUVLW\�RI�3LUDHXV��*UHHFH

$FFRUGLQJ�WR�5��6FKDQN�KXPDQ�PH�
PRU\�LV�RUJDQL]HG�DURXQG�JRDOV�DQG�
PHPRU\�RSHUDWLQJ�SDFNDJHV�WKDW�DUH�
HTXLYDOHQW�WR�SURFHVVHV�ZKLFK�PD\�LQ�
YROYH�H[SHFWDWLRQ�IDLOXUH��&RQYHQWLRQDO�
VRIW��ZDUH�PRGHOV�VRPHWLPHV�LQYROYH�
JRDOV�EXW�SULPDULO\�WKH\�LQYROYH�HQWL�
WLHV�DQG�DWWULEXWHV�RI�HQWLWLHV��,W�LV�QRW�
LPSRVVLEOH�WR�PRGHO�WKH�LPSRUWDQFH�RI�
FKDQJHV�LQ�HQWHUSULVH�FLUFXPVWDQFHV�DV�
PDQL��IHVWHG�LQ�FKDQJLQJ�GDWD�RU�FRQ�
WHQW�DWWULEXWHV��XVLQJ�HQWLW\�PRGHOOLQJ��

,W�LV�KRZHYHU�PRUH�ODERU�LQWHQVLYH�
DQG�HUURU�SURQH�DQG�VLJQLÀFDQWO\�PRUH�
GLIÀFXOW�WR�PDLQWDLQ�VXFK�V\VWHPV��)RU�
WKLV�UHDVRQ�ZH�GHYHORSHG�2YHUOD\��D�
PRUH�DSSURSULDWH�PRGHO�RI�SURFHVVHV�
FRQQHFWHG�E\�FDXVH�DQG�HIIHFW�
�

&RUUHVSRQGLQJ�DXWKRU��
'/\UDV#XO\VVHV�V\VWHPV�FRP

&RJQLWLYH�&RQVLGHUDWLRQV�LQ�WKH�'HVLJQ�
RI�D�0DULWLPH�6RIWZDUH�$SSOLFDWLRQ

'LPLWULV�/\UDV
8O\VVHV�6\VWHPV��/RQGRQ

���



7KH�EXVLQHVV�SODQ�FDQ�EH�D�SURMHFWLRQ�
RI�WKH�IXWXUH�RI�D�EXVLQHVV��
,Q�WKLV�SURMHFW�ZH�KDYH�DSSURDFKHG�WKH�
EXVLQHVV�SODQ�RI�D�SKDUPDFHXWLFDO�FRP�
SDQ\��3RZHU�+HDOWK�+HOODV��WKURXJK�WKH�
VWUXFWXUH�RI�WKH�%XVLQHVV�0RGHO�&DQ�
YDV��:LWK�WKH�KHOS�RI�9HQVLP�6RIWZDUH��
ZH�KDYH�PRGHO�WKH�SODQ�LQ�D�G\QDPLF�
V\VWHP�WR�EH�DEOH�WR�VLPXOWDQHRXVO\�
FRQWURO�WKH�YDULDEOHV�RI�WKH�EXVLQHVV��,Q�
DGGLWLRQ�ZH�KDYH�LPSOHPHQWHG�)RULR�
VLPXODWLRQ�SODWIRUP�WR�WKH�V\VWHP�
G\QDPLF�PRGHO�WKDW�ZH�FUHDWHG��

7KH�JRDO�LV�WR�KDYH�D�V\VWHPLF�EXVLQHVV�
WRRO�LQ�RXU�KDQGV��WR�KHOS�XV�JR�IXUWKHU��
,PDJLQH�D�QHZ�DSSURDFK�RI�DOO�EXVLQHVV�
SURFHGXUHV��7KURXJK�D�VLPSOH�GHYLFH��
ZH�ZLOO�EH�DEOH�WR�FRQWURO�DOO�EXVLQHVV�
ÀHOGV��WR�VLPXODWH�WHVW�RWKHU�SRVVLEOH�
RSWLRQV�DQG�WR�G\QDPLFDOO\�UHSURGXFH�
DOO�EXVLQHVV�ZLVH�GDWD�LQ�D�´*R�OLYHµ�
HQYLURQPHQW��$V�D�UHVXOW��DOO�EXVLQHVV�
IXWXUH�GHFLVLRQ�PDNLQJ�ZLOO�EH�PRUH�
HIÀFLHQW�WDUJHW�RULHQWHG��DV�IDU�DV�WLPH�
DQG�TXDOLW\�LVFRQFHUQHG���

&RUUHVSRQGLQJ�DXWKRU��
DVVLQLN#XQLSL�JU

7UDQVIRUPDWLRQ�	�6\VWHPV�'HVLJQ

6\VWHP�'\QDPLFV�IRU�D�3KDUPDFHXWLFDO�&RPSDQ\�
ZLWK�WKH�XVH�RI�%XVLQHVV�0RGHO�&DQYDV��6\VWHPLF�
0HWKRGRORJLHV�DQG�WKHLU�UHOHYDQW�VRIWZDUH��
'&6<0��9HQVLP�DQG�)RULR

1LNLWDV�$VVLPDNRSRXORV��1LNLWDV�%HOPDU�0DKPRXGL
'HSDUWPHQW�RI�,QIRUPDWLFV��8QLYHUVLW\�RI�3LUDHXV��*UHHFH

���



7KH�JRDO�RI�*635�23(;�SURMHFW�LV�
WR�FUHDWH�WKH�IUDPHZRUN�IRU�EULQJLQJ�
DERXW�VWUDWHJLF�FXOWXUH�FKDQJH�LQ�WKH�
RSHUDWLRQV�RI�WKH�*635�

3URMHFW�LV�VWLOO�RQ�JRLQJ��&XOWXUDO�
&KDQJH��$FFRXQWDELOLW\�DQG�
SURFHVV�3HUIRUPDQFH�DUH�FRQVLGHUHG�
DV�6\VWHPLF�(QDEOHUV��$�WKUHH�WLHU�
PRGHO�DSSURDFK�LV�XWLOL]HG�IRFXVLQJ�
RQ�QHZ�FDSDELOLWLHV�GHYHORSPHQW��
3URFHVV�([FHOOHQFH�LV�VHW�DV�D�EDVLV�
�QHZ�HPSOR\HH�FHQWULF�YDOXH�FKDLQ�GH�
YHORSPHQW���&XOWXUDO�&KDQJH��$WWLWXGH�
	�/HDGHUVKLS�GHYHORSPHQW��LV�VHW�DV�D�
VHFRQG�WLHU��&RUH�7LHU���$FFRXQWDELOLW\�
LV�VHW�DV�D�WKLUG�WLHU������HYDOXDWLRQ�RQ�
6\VWHPLF�6WUDWHJLF�2XWFRPHV���

$GGHG�YDOXH�GLDJQRVLV�LV�GULYHQ�E\�
(PSOR\HH�6DWLVIDFWLRQ�6XUYH\V��5RRW�
&DXVH�DQDO\VLV��DQG�%UDLQVWRUPLQJ�
ZRUNVKRSV��2S([�LQFXEDWRU�FHOOV�KDYH�
EHHQ�FUHDWHG�DQG�DUH�GHYHORSLQJ�LQQR�
YDWLYH�¶KRUL]RQWDO�FKDQJH·�LQLWLDWLYHV�
�3HHU�WR�SHHU�&HQWHUV�RI�([FHOOHQFH���
)XWXUH�DFWLYLWLHV�DUH�XQGHU�GHYHORS�
PHQW�WR�LQFUHDVH�HPSOR\HHV·�HQJDJH�
PHQW�	�FLWL]HQV·�SDUWLFLSDWLRQ�LQ�NH\�
LPSURYHPHQW�DUHDV�

&RUUHVSRQGLQJ�DXWKRU��
D�NRWVDNLV#LFORXG�FRP

7UDQVIRUPDWLRQ�	�6\VWHPV�'HVLJQ

6WUDWHJLF�&XOWXUDO�&KDQJH��
$�5HDO�:RUOG�$SSOLFDWLRQ�H[DPSOH�LQ�WKH�SXEOLF�VHFWRU�

$ULVWRPHQLV�.RWVDNLV��-RKQ�7KDQRSRXORV
8QLYHUVLW\�RI�3LUDHXV��*UHHFH
6S\URV�.DOOLPDQLV
+5�'HYHORSPHQW�	�6RFLDO�0DUNHWLQJ�
,RDQQLV�/HQWDV
+5�'HYHORSPHQW�

���



,Q�WKH�SUHVHQW�VWXG\�WKH�LPSRUWDQFH�RI�
V\VWHPLF�DSSURDFK�RI�SURFHVV�FRKHVLRQ�
LQ�RUGHU�WR�DFKLHYH�WKH�LQWHQGHG�JRDO�
LV�GHPRQVWUDWHG�XVLQJ�WKH�ÀHOG�RI�
3KDUPDFHXWLFDO�3URGXFWV�SURGXFWLRQ�

'XULQJ�SURGXFWLRQ�3KDUPDFHXWLFDO�
3URGXFWV�DQG�DFWLYH�SKDUPDFHXWLFDO�
LQJUHGLHQWV��$3,V��FDQ�EH�FRQWDPL�
QDWHG�$GGLWLRQDOO\��LQ�PDQ\�FDVHV��
WKH�VDPH�HTXLSPHQW�PD\�EH�XVHG�IRU�
SURFHVVLQJ�GLIIHUHQW�SURGXFWV�7R�DYRLG�
FRQWDPLQDWLRQ�RI�WKH�IROORZLQJ�SKDU�
PDFHXWLFDO�SURGXFW��DGHTXDWH�FOHDQLQJ�
SURFHGXUHV�DUH�HVVHQWLDO�

&OHDQLQJ�9DOLGDWLRQ�LV�GRFXPHQWHG�
HYLGHQFH�WKDW�DQ�DSSURYHG�FOHDQLQJ�
SURFHVV�ZLOO�SURYLGH�HTXLSPHQW�WKDW�LV�
VXLWDEOH�IRU�SURFHVVLQJ�RI�SKDUPDFHX�
WLFDO�SURGXFWV�RU�DFWLYH�SKDUPDFHXWLFDO�
LQJUHGLHQWV��$3,V���'LIIHUHQW�PDQXIDF�
WXULQJ�SURFHVVHV�VKRXOG�EH�VWUHDPOLQHG�
XVLQJ�V\VWHPLF�DSSURDFK�LQ�RUGHU�WR�
HQVXUH�WKDW�FOHDQLQJ�YDOLGDWLRQ�LV�DFFX�
UDWH�DQG�LW�LV�IXOÀOOLQJ�LWV�DLP�WR�HQVXUH�
WKDW�FOHDQLQJ�SURFHVV�LV�SHUIRUPHG�
HIÀFLHQWO\�DQG�HIIHFWLYHO\�

&RUUHVSRQGLQJ�DXWKRU��
DVVLQLN#XQLSL�JU

7UDQVIRUPDWLRQ�	�6\VWHPV�'HVLJQ

$�6\VWHPLF�DSSURDFK�WR�*RRG�0DQXIDFWXULQJ�3UDFWLFH�
�*03��,QVSHFWLRQV��3DUW�,��&OHDQLQJ�9DOLGDWLRQ�
LQ�3KDUPDFHXWLFDO�0DQXIDFWXULQJ�6LWHV

1LNLWDV�$��$VVLPDNRSRXORV��'LPLWULRV�6��9DUVRV��
6WHUJLDQL�$��*LDQQDNRX
'HSDUWPHQW�RI�,QIRUPDWLFV��8QLYHUVLW\�RI�3LUDHXV��*UHHFH

���



7KLV�ZRUN�ZLOO�DGGUHVV�WKH�SDWWHUQ�RI�
EHKDYLRU�WKDW�OHDG�WR�EXOO\LQJ�IURP�D�
V\VWHPV�SHUVSHFWLYH�LQ�RUGHU�WR�JDLQ�D�
FOHDU�LQVLJKW�UHODWLYH�WR�WKH�XQGHUO\LQJ�
V\VWHP�VWUXFWXUH�IURP�ZKLFK�WKLV�SKH�
QRPHQD�HPHUJH��7KH�YDULRXV�SDWWHUQV�
FDQ�EH�DSSURDFKHG�IURP�D�YDULHW\�RI�
YLHZSRLQWV�WKDW�DUH�GHSHQGHQW�RQ�WKH�
SOXUDOLVWLF�GLIIHUHQFHV�LQ�SHRSOH·V�SHU�
FHSWLRQ�RI�UHDOLW\��WKH�YDULHG�EHOLHYHV��
DWWLWXGHV�DQG�YDOXHV�ZKLFK�GULYH�WKHLU�
FRPSOH[�PRWLYDWLRQV��DQG�LVVXHV�DVVR�
FLDWHG�ZLWK�FXOWXUH��SROLWLFV�DQG�SRZHU�
VWUXFWXUHV��

L�H��VRFLHW\�LQ�JHQHUDO�RU�PRUH�VSHFL�
ÀFDOO\�IDPLO\��ZRUNSODFH��WHDFKHUV��
VWXGHQWV��HWF��7KH�SULPDU\�REMHFWLYH�RI�
WKLV�ZRUN�LV�WR�GHYHORS�D�IUDPHZRUN�
XVLQJ�6\VWHP�'\QDPLFV��WR�PRGHO�WKH�
G\QDPLF�EHKDYLRU�RI�EXOO\LQJ�IURP�WKH�
YLHZ�SRLQW�RI�D�VWXGHQW�

&RUUHVSRQGLQJ�DXWKRU��
DVVLQLN#XQLSL�JU

7UDQVIRUPDWLRQ�	�6\VWHPV�'HVLJQ

$�+LJK�VFKRRO�VWXGHQW·V�SHUVSHFWLYH�WRZDUGV�
XQGHUVWDQGLQJ�WKH�G\QDPLFV�RI�EXOO\LQJ��
XVLQJ�DUFKHW\SHV�

1LNLWDV�$��$VVLPDNRSRXORV
'HSDUWPHQW�RI�,QIRUPDWLFV��8QLYHUVLW\�RI�3LUDHXV��*UHHFH
0DULD�(��*LDQQDNDNL
(OOLQRJHUPDQLNL�$JRJL��3DOOLQL��*UHHFH

���



,Q�WKH�SUHVHQW�VWXG\��WKH�LPSOHPHQ�
WDWLRQ�RI�D�VWUXFWXUHG�EHQFK�OHDUQLQJ�
VFKHPH�EDVHG�RQ�SURIHVVLRQDO�V\VWHPLF�
FRQFHSWV��LV�VXJJHVWHG��LQ�RUGHU�WR�
VXSSRUW�(XURSHDQ�0HGLFLQDO�3URGXFWV·�
$XWKRULWLHV��(03$��LQ�DFKLHYLQJ�
WKH�JRDOV�DQG�REMHFWLYHV�VHW�RXW�LQ�
(XURSHDQ�DQG�1DWLRQDO�SKDUPDFHXWLFDO�
SROLF\�DQG�VWUDWHJ\�DQG�WR�HQKDQFH�
WKHLU�HQWUHSUHQHXULDO�FDSDELOLWLHV�
7KURXJK�WKLV�DSSURDFK��DOO�UHODWLYH�
(XURSHDQ�V\VWHPV�DQG�SURFHVVHV�FRXOG�
EH�GHVLJQHG�WR�HQVXUH�WKDW�WKH�(03$�
DUH�RQ�WUDFN�UHODWLYH�WR�WKHLU�DELOLW\�WR�
DFKLHYH�WKHLU�REMHFWLYHV�DQG�WDUJHWV��
DQG�WR�SURYLGH�D�EDVLV�IRU�FRQWLQXDO�
LPSURYHPHQW��WKURXJK�WKH�VKDULQJ�RI�
EHVW�SUDFWLFHV�

7R�WKLV�HQG��WKH�GHSOR\PHQW�RU�EHQFK�
OHDUQLQJ�VFKHPH�ZLOO�DOORZ�WKH�(03$�
WR�EHWWHU�PDQDJH�WKH�FRPSOH[LW\�
DVVRFLDWHG�ZLWK�WKHLU�FRUH�SURFHVVHV�
ZLWKLQ�WKHLU�SROLF\�ERXQGDU\�DQG�ZLOO�
FRQWULEXWH�WR�WKH�GHYHORSPHQW�RI�D�
ZRUOG�FODVV�PHGLFLQHV�UHJXODWRU\�
V\VWHP�IRU�PHGLFLQDO�SURGXFWV�EDVHG�
RQ�D�QHWZRUN�RI�(03$�RSHUDWLQJ�WR�
EHVW�SUDFWLFH�VWDQGDUGV�

&RUUHVSRQGLQJ�DXWKRU��
DVVLQLN#XQLSL�JU

7UDQVIRUPDWLRQ�	�6\VWHPV�'HVLJQ

'HYHORSLQJ�D�V\VWHPV�DSSURDFK�IRU�WKH�HQKDQFHPHQW�
RI�HQWUHSUHQHXULDO�FDSDELOLWLHV�RI�(XURSHDQ�0HGLFLQDO�
$JHQFLHV�WKURXJK�VWUXFWXUHG�EHQFK�OHDUQLQJ�VFKHPHV�
6LWHV

1LNLWDV�$��$VVLPDNRSRXORV��'LPLWULRV�6��9DUVRV��
6WHUJLDQL�$��*LDQQDNRX
'HSDUWPHQW�RI�,QIRUPDWLFV��8QLYHUVLW\�RI�3LUDHXV��*UHHFH

���



740�YDOXH�KDV�PDUNHG�WKH�EHJLQ�
QLQJ�RI�D�PRYHPHQW�WKDW�FRQVLGHUV�LW�
PRUH�DV�D�SKLORVRSK\�LQ�WKH�ÀHOG�RI�
PDQDJHPHQW���'XH�WR�WKH�HFRQRPLF�
FULVLV��*UHHFH�LV�IDFLQJ��XQFHUWDLQW\�
FKDUDFWHUL]HV�WKH�HQYLURQPHQW�WKDW�
FRPSDQLHV��HVSHFLDOO\�60(V�RSHUDWH����
7KH�VWXG\·V�DLP�LV�WR�UHFRJQL]H�WKH�UROH�
RI�740�WR�*UHHN�60(V���,W�VXSSRUWV�
60(�HQWUHSUHQHXUV�LQ�LGHQWLI\LQJ�
DQG�UHFRJQL]LQJ�WKH�TXDOLW\�HOHPHQWV�
QHHGHG�LQ�EHFRPLQJ�D�TXDOLW\�VWUXFWX�
UHG�FRPSDQ\��,W�UHFRJQL]HV�LI�TXDOLW\�
HOHPHQWV�DGRSWHG��OLNH�4XDOLW\�7RROV��
4XDOLW\�&XOWXUH��4XDOLW\�3URFHVVHV�DQG�
2UJ��3HUIRUPDQFH��LPSOHPHQW�740�
SUDFWLFHV�HIIHFWLYHO\��UHYHDOLQJ�DOVR�
DQ\�LQWHU�UHODWLRQVKLSV�DPRQJ�WKHP�LQ�
FRPSRVLQJ�D�´XQLWµ�WKDW�ZLOO�´WUDYHOµ�
60(V�DW�D�KLJKHU�OHYHO�V��RI�TXDOLW\��

&RQFOXVLRQV�VXSSRUW�WKH�EHOLHI�WKDW�
*UHHN�60(V�FRQWLQXH�WKHLU�TXDOLW\�
MRXUQH\�JLYLQJ�JUHDWHU�HPSKDVLV�RQ�
LWV�FXOWXUDO�GLPHQVLRQV�WKRXJK�QHHG�WR�
LQYHVW�LQ�GHYHORSLQJ�PRUH�WKHLU�TXDOLW\�
WRROV�DQG�WHFKQLTXHV�VXSSRUWLQJ�IXUWKHU�
WKH�DFKLHYHPHQW�RI�WKHLU�/�7�VWUDWHJLF�
JRDOV�

&RUUHVSRQGLQJ�DXWKRU��
JVDLQLV#DFJ�HGX

7UDQVIRUPDWLRQ�	�6\VWHPV�'HVLJQ

7RWDO�4XDOLW\�0DQDJHPHQW��740��SUDFWLFHV�IURP�
*UHHN�60(V�XQGHU�DQ�HFRQRPLF�FULVLV�HQYLURQPHQW�

*HRUJH�6DLQLV�
7KH�$PHULFDQ�&ROOHJH�RI�*UHHFH
*HRUJH�+DULWRV
8QLYHUVLW\�RI�+HUWIRUGVKLUH
7KDQRV�.ULHPDGLV
8QLYHUVLW\�RI�3HOHSRQQHVH
0R\UD�)RZOHU
8QLYHUVLW\�RI�+HUWIRUGVKLUH
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7KH�LPSOHPHQWDWLRQ�RI�DQ�HIIHFWLYH�
DQG�HIÀFLHQW�(QHUJ\�0DQDJHPHQW�LV�
HVVHQWLDO�LQ�D�:DUHKRXVH�'LVWUXEXWLRQ�
&HQWHU��'&��GXH�WR�OLPLWHG�UHVRXUFHV��
ULVLQJ�HQHUJ\�FRVWV�DV�ZHOO�DV�LQFUHD�
VHG�HQYLURPHQWDO�UHTXLUHPHQWV��8VLQJ�
WKH�'&6<0�PHWKRGRORJ\�DQG�WKH�
960�WRROV�ZH�ZLOO�DQDO\]H�WKH�FXUUHQW�
VLWXDWLRQ�RI�WKH�HQHUJ\�FRQVXPSWLRQ��LQ�
WKH�:DUHKRXVH�&HQWHU��ZH�ZLOO�VKRZ�
WKH�FRPPXQLFDWLRQ�ÁRZ�EHWZHHQ�
WKH�(QHUJ\�GHSDUWPHQW�DQG�WKH�RWKHU�
GHSDUWPHQWV�LQ�WKH�:DUHKRXVH��

0RUHRYHU��LW�ZLOO�EH�DQDO\VHG�WKH�UHODWL�
RQVKLS�EHWZHHQ�WKH�(QHUJ\�GHSDUWPHQW�
DQG�H[WHUQDO�VXSSOLHUV��VXE�FRQWUDFWRUV�
DV�ZHOO�DV�H[WHUQDO�SDUWQHUV��$FFRUGLQJ�
WR�WKH�UHVXOWV�RI�WKH�'&6<0�0HWKRGR�
ORJ\�DQG�WKH�960�0RGHO�ZH�DUH�JRLQJ�
WR�GHVLJQ�DQ�HIÀFLHQW�(QHUJ\�0DQDJH�
PHQW�6\VWHP��(06�����

&RUUHVSRQGLQJ�DXWKRU��
JHRND����#KRWPDLO�FRP

7UDQVIRUPDWLRQ�	�6\VWHPV�'HVLJQ

'HVLJQ�DQG�LPSOHPHQWDWLRQ�RI�DQ�HIÀFLHQW�(QHUJ\�
0DQDJHPHQW�6\VWHP�LQ�D�/RJLVWLF�'LVWULEXWLRQ�&HQWHU�

*HRUJLRV�.DUDPSDWRV
&6$3�3URIHVVLRQDO�3URJUDP�8QLYHUVLW\�RI�3LUDHXV
'LSO��(OHFWULFDO�(QJLQHHU�	�&RPSXWHU�7HFKQRORJ\��0%$��(85(0�

&RUSRUDWH�*RYHUQDQFH�0RGHOV��&*0��
DUH�FODVVLÀHG�E\�OLWHUDWXUH��ZLWK�WKH�
YDULDEOH�EHLQJ�WKH�VHSDUDWLRQ�EHWZHHQ�
RZQHUVKLS�DQG�FRQWURO��$FFRUGLQJO\��
UHFHQW�H[SHULHQFH�DOORZV�IRU�GLVWLQFW�
W\SRORJLHV�RI�&*0V�WR�EH�GHULYHG��
7KLV�FDWHJRUL]DWLRQ�LV�GHSLFWHG�DW�D�
0DQDJHPHQW�&RQWURO�6\VWHP��0&6��
ZKLFK�LV�DSSOLHG�ZLWKLQ�WKH�FRQWH[W�RI�
EXVLQHVVHV�LQ�RUGHU�WR�DFKLHYH�RUJDQL�
]DWLRQDO�REMHFWLYHV��

&RQVHTXHQWO\��DQ�2UJDQL]DWLRQDO�
&LWL]HQVKLS�%HKDYLRXU��2&%���HPHU�
JHV��7KH�ÀQDOO\�H[KLELWHG�HPSOR\HH�
EHKDYLRXU�LV�FRQWUROOHG�²�YLD�EHKDYL�
RXUDO�DXGLWLQJ�YHUVXV�WKH�SUHYLRXVO\�
GHVFULEHG�2&%�LQ�RUGHU�WR�DVVHVV�WKH�
SHUIRUPDQFH�RI�WKH�RUJDQL]DWLRQDO�
V\VWHP�DV�D�ZKROH��

&RUUHVSRQGLQJ�DXWKRU��
DQLVBWVHSHUNDV#KRWPDLO�JU

(IIHFWV�RI�&RUSRUDWH�*RYHUQDQFH�0RGHOV�DQG�
0DQDJHPHQW�&RQWURO�6\VWHPV�XSRQ�2UJDQL]DWLRQDO�
3HUIRUPDQFH��$�7KHRUHWLFDO�)UDPHZRUN�

7KHRIDQLV�(��7VHSHUNDV�
8QLYHUVLW\�RI�3LUDHXV�
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Policies that aim at quality and 

performance improvement by setting 

quantitative targets and assessing the 

corresponding outcomes have become 

the well-accepted and institutionalised 

management tool in almost all domains 

of human endeavour throughout the 

modern world since a few decades. 

These policies differ from their earlier 

versions mainly by the fact that the hu-

man subject is left alone in the evalua-

tion process, since outcome-assessment 

is either carried out automatically or is 

based on declaration. The absence of a 

human inspector/evaluator with whom 

one can interact and from whom can 

obtain qualitative feedback gives the 

whole mechanism the aura of an auto-

nomous evaluation set-up. From this 

perspective such methods can be con-

sidered as social implementations of 

automatic control, which operates on 

basis of the cybernetic feedback prin-

ciple and is renowned in the technical 

domain for its success in achieving 

targets. However, in human systems 

this method is usually accompanied by 

problems that have no technological 

counterpart. These problems seem to 

be correlated with the adverse interac-

tions between the external evaluation 

mechanism and the internal evaluation 

system of human beings. 

Although subjects who are exposed to 

such methods of evaluation mostly per-

ceive it as a very annoying experience, 

the establishment of these policies is 

helplessly accepted as an inevitable 

and irreversible process. 

The purpose of this workshop is to 

scrutinise outcome-assessment-based 
policies with regards to their impact on 

human subjects, particularly focu-

sing on some critical aspects of their 

SV\FKRORJ\�OLNH�PRWLYDWLRQ��FRQÀ-

dence, autonomous thinking, creati-

vity, and ability to withstand failure 

and criticism. The intended concrete 
outcome RI�WKH�ZRUNVKRS�LV�WKH�ÀUVW�
draft of a cognitive experiment that can 

assess at least some of the physiolo-

gical, psychological and behavioural 

components of these impacts. The 

theoretical and technical details of the 

experiment are expected to emerge out 

of the interdisciplinary brainstorming 

sessions during the workshop. We hope 

WKLV�GUDIW�WR�FRQVWLWXWH�WKH�ÀUVW�VWHS�
towards a project where the experiment 

will be implemented possibly by a 

multinational team including some of 

the participants of the workshop.

Workshop

A kick-start workshop
Assessing the Impacts of Performance Assessment 

Yagmur Denizhan
Workshop Leader
Electrical-Electronics Engineering Department, Bogazici University
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The workshop consists of three 90-mi-

nute sessions, which are tentatively 

planned as follows:

1st day 

Introductory presentation and two 

focus presentations followed by free 

brainstorming session

2nd day

Collective session focusing on the 

development of a cognitive experiment

3rd day

5HÀQHPHQW�RI�WKH�GUDIW�RI�WKH�FRJQLWL-
ve experiment and improvement of its 

feasibility

Ä$�PDQ�FDQ¶W�Á\�DQ\PRUH¶�E\�7HWVX\D�,VKLGD

,QIRUPDWLRQ��7HFKQRORJ\��,QQRYDWLRQ�	�6RFLHW\

We invite not only researchers and 

students from different disciplines 

(including, but not limited to, compu-

ter engineering, systems engineering, 

control engineering, cognitive science, 

psychology and sociology) to contri-

bute to the discussions and experiment 

development, but everybody who has 

personally been subject to outcome-

assessment-based policies. 

Corresponding author: 

denizhan@boun.edu.tr
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The dominating approach in the sci-

HQWLÀF�OLWHUDWXUH�RQ�PRWLYDWLRQ�UHJDUGV�
motivation as a process of associating 

certain actions with contingencies of 

extrinsic rewards, and regulating one’s 

behaviour accordingly. Admittedly, 

this approach has an implicit assump-

tion with behaviourist connotations: 

Manipulating the extrinsic parameters 

with reinforcement and punishment, 

it is possible to observe, measure, and 

control motivation.

The prevalence of extrinsic reward 

PHFKDQLVPV�LQ�VFLHQWLÀF�H[SHULPHQWV�
is not surprising, since they promise 

‘objective’ measurement. 

Yet, some exceptional research implies 

that extrinsic rewards, which do not 

support autonomy, can undermine the 

intrinsic motivation and can even have 

long-term developmental consequen-

ces. I would like to contribute to the 

experiment design in this workshop 

by proposing ways of assessing 

intrinsic motivation and the effects of 

‘objective’ performance measurement 

on it.

 

Corresponding author: 

kbraren@gmail.com

,QIRUPDWLRQ��7HFKQRORJ\��,QQRYDWLRQ�	�6RFLHW\

Behaviourist Manipulations on Intrinsic Joy

Kübra Eren
*UDGXDWH�6WXGHQW��&RJQLWLYH�6FLHQFH��%RJD]LFL�8QLYHUVLW\
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The cult of well-ordered individuals 

ZLWKLQ�ZHOO�GHÀQHG�KLHUDUFKLHV�PDLQO\�
rely on the assumption that the per-

formance of an individual on a given 

task is not subject to change in time. 

/HDUQLQJ�LV�À[HG�DQG�VWUXFWXUHG��DQG�
the outcome is immediate. Without this 

assumption, quantitative measurement 

of performance is not meaningful, 

since it lacks reliability.

Competition, which is situated as 

the driving factor for development 

objectives, is conceived to dwell upon 

the short-term outcomes of a structured 

performance (typically as score points 

LQ�VRPH�SUHGHÀQHG�PHWULF���DVVXPLQJ�
WKH\�ZLOO�VHUYH�DV�WUXH�LGHQWLÀHUV�RI�WKH�
competence of individuals on a given 

matter.

Nevertheless, the learning and pro-

duction processes may take indirect 

routes to reach at valuable outcomes, 

only with time. In fact, mastering any 

trade is unexceptionally in long term, 

and short-term indicators are seldom 

observable. I would like to propose 

elaborating on the discrepancy, disso-

nance or even contradiction between 

the short-term and middle-to-long-term 

evaluation of performance

Corresponding author: 

balikakli@gmail.com

,QIRUPDWLRQ��7HFKQRORJ\��,QQRYDWLRQ�	�6RFLHW\

In the Long-Run

Serdar Metin
3K'�&DQGLGDWH��'HSDUWPHQW�RI�&RPSXWHU�(QJLQHHULQJ��%RJD]LFL�8QLYHUVLW\
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´6\VWHPV�RI�6\VWHPVµ�LV�D�UHVHDUFK�
DUHD�LQ�ZKLFK�ORRVHO\�FRXSOHG�KHWHUR�
JHQHRXV�V\VWHPV�DQG�WKHLU�HPHUJHQW�
EHKDYLRXU�DUH�VWXGLHG��7KH�FRQFHSW�LV�
DSSOLHG�LQ�VHYHUDO�ÀHOGV�OLNH�WKH�
PLOLWDU\�VHFWRU��V\VWHPV�HQJLQHHULQJ��
RU�RUJDQLVDWLRQDO�OHDUQLQJ�

7KH�DLP�RI�WKH�ZRUNVKRS�LV�WR�FULWLFDOO\�
GLVFXVV�WKH�WKHRUHWLFDO�IRXQGDWLRQV�RI�
WKH�FRQFHSW�DQG�WR�DQDO\VH�LPSOLFDWLRQV�
LW�PLJKW�KDYH�IRU�GLIIHUHQW�ÀHOGV�RI�
DSSOLFDWLRQ�

&RUUHVSRQGLQJ�DXWKRU��
ZROIJDQJ�KRINLUFKQHU#EFVVV�RUJ

:RUNVKRS

6\VWHPV�RI�6\VWHPV
'RHV�WKH�FRQFHSW�FRQWULEXWH�WR�V\VWHPV�WKLQNLQJ�DQG�
XQGHUVWDQGLQJ"

:ROIJDQJ�+RINLUFKQHU
+DQV�-|UJ�.UHRZVNL�
5DLQHU�(��=LPPHUPDQQ
:RUNVKRS�/HDGHUV
%&666�5HVHDUFK�*URXS�/6�$UEHLWVNUHLV�,6,6�6SHFLDO�,QWHUHVW�*URXS�
(PHUJHQW�6\VWHPV��,QIRUPDWLRQ�DQG�6RFLHW\

)URQW�RI�D�GHSDUWPHQW�VWRUH�LQ�2VDND
��&KULVWLDQ�6WDU\
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-RKQ�+��+ROODQG�FRQVLGHUHG�LQ�KLV�
ERRN�(PHUJHQFH�IURP������KLHUDU�
FKLFDO�RUJDQLVDWLRQ�RI�V\VWHPV�WKDW�DUH�
FRXSOHG�IURP�OHYHO�WR�OHYHO�WKURXJK�
VWULFWO\�GHWHUPLQLVWLF�PHFKDQLVPV�
DV�DEOH�WR�SURGXFH�HPHUJHQW�HIIHFWV��
$OEHUW�/iV]Oy�%DUDEiVL·V�QHWZRUN�
DQDO\VLV�WULHV�WR�FDSWXUH�KLHUDUFKLHV�
DV�VSHFLDO�FDVH�RI�PRGXODULW\�E\�
ZKLFK�JURXSV�RI�OLQNHG�QRGHV�UHDOLVH�
D�IXQFWLRQ�RQ�WKHLU�RZQ��$OVR�KHUH��DV�
DQ\�QRGH�WR�ZKDWHYHU�RWKHU�QRGH��WKH�
PRGXOHV�DUH�OLQNHG�LQ�D�GHWHUPLQLVWLF�
ZD\�

+RZHYHU��LW�LV�LPSRUWDQW�WR�GHYLVH�DQ�
RQWRORJ\�RI�V\VWHPV�RI�V\VWHPV�VXFK�
WKDW�WKH\�DUH�UHODWHG�LQ�D�OHVV�WKDQ�VWULFW�
GHWHUPLQDF\��EHFDXVH�RWKHUZLVH�HPHU�
JHQW�HIIHFWV�DUH�QRW�SRVVLEOH��

/XGZLJ�YRQ�%HUWDODQII\·V�*HQHUDO�
6\VWHP�7KHRU\�ZDV�DQ�DSSURDFK�WKDW�
SDYHG�WKH�ZD\�IRU�VXFK�DQ�RQWRORJ\��
7KH�UROH�PRGHO�LV�WKH�OHYHOV�ZLWKLQ�RQH�
V\VWHP�²�WKH�H[HFXWLRQ�RI�D�FDXVDO�SR�
ZHU�IURP�WKH�RUJDQLVLQJ�UHODWLRQV�GRZQ�
WR�WKH�HOHPHQWV�RI�WKH�V\VWHP��6LQFH�
HOHPHQWV�WKHPVHOYHV�DUH�V\VWHPV�WRR��
WKH�PRGHO�LV�JHQHUDOLVHG�WR�WKH�QHVWHG�
QHVV�RI�V\VWHPV�DORQJ�D�KLHUDUFK\�RI�
OHYHOV�RI�UHDOLW\�LQ�WKH�VHQVH�RI�$UWKXU�
.RHVWOHU��%HWZHHQ�WZR�OHYHOV��WKHUH�LV�
HPHUJHQFH�

&RUUHVSRQGLQJ�DXWKRU��
ZROIJDQJ�KRINLUFKQHU#EFVVV�RUJ

,QIRUPDWLRQ��7HFKQRORJ\��,QQRYDWLRQ�	�6RFLHW\

6\VWHPV�RI�6\VWHPV�YV��QHVWHG�V\VWHPV
$�FRPSDULVRQ

:ROIJDQJ�+RINLUFKQHU�
9LHQQD�8QLYHUVLW\�RI�7HFKQRORJ\��%&666
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&\EHU�3K\VLFDO�6\VWHPV�DUH�QHWZRUNV�
OLQNLQJ�SK\VLFDO�HQWLWLHV�DQG�FRPSXWD�
WLRQDO�HOHPHQWV�WR�PRGHO�WKHLU�LQWHUDF�
WLRQ��7KH�WRSLF�LV�FRQVLGHUHG�DV�D�NH\�
DUHD�RI�UHVHDUFK�IRU�WHQ�\HDUV�QRZ��,W�LV�
FORVHO\�UHODWHG�WR�WKH�,QWHUQHW�RI�7KLQJV�
DQG�,QGXVWU\������7KH�JRDO�LV�WR�PRGHO�
LQWHURSHUDWLQJ�SK\VLFDO�DQG�FRPSXWD�
WLRQDO�XQLWV�LQ�VXFK�D�ZD\�WKDW�WKH\�DUH�
DGDSWDEOH�WR�FKDQJLQJ�UHTXLUHPHQWV�
WKDW�WKH\�DFW�GHFHQWUDOL]HG�DQG�DXWR�
QRPRXVO\��WKDW�WKH\�FRPPXQLFDWH�DQG�
FRRSHUDWH�SURSHUO\��DQG�WKDW�WKH\�IXQF�
WLRQ�HIÀFLHQWO\�DQG�UHOLDEO\��:KLOH�WKH�
DLPV�DUH�VRPHZKDW�FOHDU��WKH�PHWKRGV�
DQG�WRROV�WR�DFKLHYH�WKHP�DUH�QRW�\HW�
IDU�GHYHORSHG�RU�FRPPRQO\�DFFHSWHG��

7KHUHIRUH��RQH�PD\�ORRN�IRU�KHOS��,Q�
WKLV�UHVSHFW��LW�PD\�EH�RI�LQWHUHVW�WKDW�
F\EHU�SK\VLFDO�V\VWHPV�DUH�REYLRXV�
O\�V\VWHPV�RI�V\VWHPV��7KH�UHVHDUFK�
GLVFLSOLQH�RI�6\VWHPV�RI�6\VWHPV�KDV�
UHDFKHG�D�FHUWDLQ�VWDJH�RI�GHYHORSPHQW�
DQG�RIIHUV�D�ERG\�RI�LQVLJKWV�VR�WKDW�LW�
PD\�SURYLGH�VRPH�KHOSIXO�PHDQV�WR�D�
EHWWHU�XQGHUVWDQGLQJ�RI�F\EHU�SK\VLFDO�
V\VWHPV��%XW�DV�V\VWHPV�RI�V\VWHPV�DUH�
PDLQO\�VWXGLHG�LQ�WKH�PLOLWDU\�VHFWRU��
RQH�PD\�EH�EDUNLQJ�XS�WKH�ZURQJ�WUHH�

&RUUHVSRQGLQJ�DXWKRU��
NUHR#LQIRUPDWLN�XQL�EUHPHQ�GH

,QIRUPDWLRQ��7HFKQRORJ\��,QQRYDWLRQ�	�6RFLHW\

&DQ�RQH�LPSURYH�WKH�XQGHUVWDQGLQJ�RI�F\EHU�SK\VLFDO�
V\VWHPV�DV�V\VWHPV�RI�V\VWHPV"

+DQV�-|UJ�.UHRZVNL
8QLYHUVLW\�RI�%UHPHQ
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7KH�VWUXFWXUDO�LVRPRUSKLVP�EHWZHHQ�
LQWHUDFWLYH�QHWZRUNV�DQG�PDWKHPDWLFDO�
JUDSKV�RQ�WKH�RQH�KDQG��DQG�FDWHJRULHV�
DQG�JUDSKV�RQ�WKH�RWKHU�DUH�GLVFXVVHG��

5HIHUULQJ�EDFN�WR�WKH�GHÀQLWLRQ�RI�V\V�
WHPV�DV�JLYHQ�LQ�P\������ERRN�RQ�WKH�
WRSLF��LW�FDQ�EH�LOOXVWUDWHG�WKDW�WKHUH�LV�
D�JHQHULF�DQDORJ\�EHWZHHQ�V\VWHPV�RI�
V\VWHPV�DQG�FDWHJRULHV�RI�FDWHJRULHV��
7KH�LPPHGLDWH�FRQVHTXHQFHV�DUH�DOVR�
GLVFXVVHG�

&RUUHVSRQGLQJ�DXWKRU��
SG�����#PDLO�OU]�PXHQFKHQ�GH

,QIRUPDWLRQ��7HFKQRORJ\��,QQRYDWLRQ�	�6RFLHW\

6\VWHPV�RI�6\VWHPV�DV�UHSUHVHQWHG�E\�FDWHJRULHV

5DLQHU�(��=LPPHUPDQQ
8QLYHUVLW\�RI�$SSOLHG�6FLHQFHV�0XQLFK

&DWHJRULHV
��5DLQHU�=LPPHUPDQQ
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7KH�FRPSXWHUL]DWLRQ�RI�WKH�HFRQRP\�
KDV�VKLIWHG�WKH�ODQGVFDSH�LQ�WHUPV�RI�
WKH�UHODWLRQV�RI�KXPDQ�SHUVRQV�DQG�
GLJLWDO�PDFKLQHU\��V\VWHPDWLFDOO\�PR�
YLQJ�D�ODUJH�PDMRULW\�RI�SHRSOH�WRZDUG�
HFRQRPLFDOO\�HVVHQWLDO�EXW�PDUJLQDO�
UROHV��,Q�WKLV�QHZ�GLYLVLRQ�RI�ODERU��
ZKLFK�,�FDOO�´KHWHURPDWLRQ�µ�PXFK�
RI�WKH�ZRUN�XQGHUWDNHQ�E\�KXPDQV�LV�
KLGGHQ��XQFRPSHQVDWHG�RU�SRRUO\�FRP�
SHQVDWHG��DQG�QDWXUDOL]HG�DV�SDUW�RI�
ZKDW�LW�PHDQV�WR�EH�D�´XVHUµ�RI�GLJLWDO�
WHFKQRORJ\��

$V�D�QHZ�ORJLF�RI�FDSLWDO�DFFXPXODWL�
RQ��KHWHURPDWLRQ�UHSUHVHQWV�WKH�PRVW�
UHFHQW�SKDVH�LQ�WKH�FR�HYROXWLRQ�RI�
FRPSXWLQJ�DQG�FDSLWDOLVP��HDFK�ZLWK�
LWV�RZQ�G\QDPLFV�RI�FKDQJH��,Q�WKLV�
WDON��,�ZLOO�GLVFXVV�WKUHH�UHODWHG�LVVXHV��
�L��WKH�PHFKDQLVPV�WKDW�GULYH�WKHVH�
FKDQJHV�DW�WKH�PLFUR��DQG�PDFUR�OH�
YHOV���LL��WKH�VRFLR�HFRQRPLF�SURFHVVHV�
RI�YDOXH�H[WUDFWLRQ��DQG��LLL��WKH�RXWFR�
PHV�RI�WKHVH�SURFHVVHV�IRU�LQGLYLGXDOV�
DQG�VRFLHWLHV�

&RUUHVSRQGLQJ�DXWKRU��
KHNELD#LQGLDQD�HGX

,QIRUPDWLRQ��7HFKQRORJ\��,QQRYDWLRQ�	�6RFLHW\

&RPSXWLQJ�DQG�&DSLWDOLVP�
'\QDPLFV�RI�6\VWHPLF�&KDQJH

ƭDPLG�ƫNELD
'LUHFWRU�RI�WKH�&HQWUH�IRU�5HVHDUFK�RQ�0HGLDWHG�,QWHUDFWLRQ��
,QGLDQD�8QLYHUVLW\�
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,¶G�OLNH�WR�IRFXV�RQ�WKH�VWDWXV�RI�WKH�
V\VWHP�RI�V\VWHPV�DWWLWXGH�LQ�WHUPV�RI�
LWV�UHODWLRQ�WR�WKHRU\�DQG�SUDFWLFH��7KH�
FRQFHSW�RI�V\VWHP�RI�V\VWHPV�SUHVXS�
SRVHV�FRQVLGHULQJ�ERWK�WKH�V\VWHPV�DQG�
D�KLJKHU�V\VWHP�WKDW�LQFRUSRUDWHV�WKHP��
7KH\�QHHGQ¶W�EH�LQ�FRQÁLFW��QHYHUWKH�
OHVV�ZH�FRQVLGHU�WZR�SHUVSHFWLYHV�RU�
OHYHOV�DW�WKH�VDPH�WLPH��:KDW�DSSURDFK�
LV�DSSURSULDWH�IRU�VXFK�D�VLWXDWLRQ"�
,¶G�OLNH�WR�FRQWUDVW�WKH�HYHU\GD\�SUDFWL�
FDO�SHUVSHFWLYH�ZLWK�WKH�WKHRUHWLFDO�
RQH�WR�VHH�KRZ�ZH�JUDVS�WKH�ZRUOG�LQ�
HDFK�RI�WKHP��$IWHU�WKDW�,�ZLOO�ÀQG�WKH�
SRVLWLRQ�IRU�WKH�V\VWHPV�RI�V\VWHPV��

7KH�SUDFWLFDO�SHUVSHFWLYH�KDV�LWV�
DFFHSWHG�VWDWXV��SHRSOH�GR�VRPHWKLQJ�
LQ�RUGHU�WR�JHW�VRPHWKLQJ�HOVH��VHH�WKH�
ZRUOG�WKURXJK�WKHLU�SUDFWLFDO�SHUVSHF�
WLYH���,Q�WKH�WKHRUHWLFDO�SHUVSHFWLYH�ZH�
GRQ¶W�OLYH�LQ�LQGLYLGXDO�V\VWHPV�DQ\�
PRUH��ZH�DUH�QRW�JRYHUQHG�E\�SUDFWLFDO�
LQWHUHVWV��EXW�WUDQVFHQG�WKHP�WRZDUGV�
D�KLJKHU�SHUVSHFWLYH��7KH�WKHRUHWLFDO�
SHUVSHFWLYH�LV�DFWXDOO\�QRW�D�SHUVSHFWL�
YH��EXW�SXUH�REVHUYDWLRQ�WKDW�H[SDQGV�
WKH�KRUL]RQ�

&RUUHVSRQGLQJ�DXWKRU��
WRPDV�VLJPXQG#JPDLO�FRP

,QIRUPDWLRQ��7HFKQRORJ\��,QQRYDWLRQ�	�6RFLHW\

6\VWHPV�RI�6\VWHPV·�DWWLWXGH

7RPiä�6LJPXQG
8QLYHUVLW\�RI�(FRQRPLFV��3UDJXH
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,Q�D�GLJLWL]HG�VRFLHW\�VRFLR�WHFKQLFDO�
V\VWHPV�LQFUHDVLQJO\�IRUP�FULWLFDO�LQI�
UDVWUXFWXUHV�WKDW�HQDEOH�YLDEOH�DFWLYLW\�
WKURXJK�WUDQVIHUULQJ�LQIRUPDWLRQ�EHW�
ZHHQ�ORFDWLRQV�RU�DFWRUV��:KHQ�WDNLQJ�
D�6\VWHP�RI�6\VWHPV��6R6��SHUVSHFWLYH�
DQG�DSSO\LQJ�6\VWHPV�7KLQNLQJ�WR�XQ�
GHUVWDQG��HQJLQHHU��DQDO\]H��DQG�JRYHUQ�
VRFLR�WHFKQLFDO�V\VWHPV��ZH�FRQVLGHU�
WKHP�DV�D�IHGHUDWLRQ�RI�LQWHUGHSHQ�
GHQW�V\VWHPV�DQG�FRXOG�GHVLJQ�WKHP�
LQ�D�PRUH�HIIHFWLYH�DQG�HIÀFLHQW�ZD\��
7HFKQLTXHV��VXFK�DV�6\VWHPLJUDP�
PLQJ��DOORZ�VWXG\LQJ�ERWK��HVVHQWLDO�
SURSHUWLHV�RI�HDFK��FRQVWLWXHQW��V\VWHP��
VXFK�DV�DGDSWDELOLW\��DQG�UHVXOWLQJ�6R6�
UHIHUULQJ�WR�HPHUJHQFH�FDSDELOLWLHV��

7KHUHE\��UHYHDOLQJ�V\VWHPLF�LQWHU�
UHODWLRQVKLSV�VHHPV�WR�EH�FUXFLDO�IRU�
XQGHUVWDQGLQJ�VRFLR�WHFKQLFDO�6R6�
GHVLJQ��%DVHG�RQ�V\VWHPLF�ÀQGLQJV�HQ�
JLQHHULQJ�PRGHOV�SURPRWLQJ�VWUXFWXUHG�
GHYHORSPHQW�RI�VRFLR�WHFKQLFDO�6R6�
FRXOG�EH�UHYLVLWHG�DQG�HQULFKHG�ZLWK�
FRQWH[W�LQIRUPDWLRQ��,Q�WKLV�ZD\��VWD�
NHKROGHUV�FDQ�WDFNOH�LQWHUGHSHQGHQFLHV�
DQG�LQWHUFRQQHFWLRQV�DPRQJ�WKH��FRQ�
VWLWXHQW��V\VWHPV�RI�VRFLR�WHFKQLFDO�
6\VWHPV�RI�6\VWHPV�H[SOLFLWO\��,Q�WKH�
SUHVHQWDWLRQ�D�EDFNERQH�LQIUDVWUXFWXUH�
RI�RXU�VRFLHW\��VRFLR�FRJQLWLYH�OHDUQLQJ�
VXSSRUW�V\VWHPV��LV�GLVFXVVHG�IURP�D�
V\VWHPLF�6R6�SHUVSHFWLYH�

&RUUHVSRQGLQJ�DXWKRU��
FKULVWLDQ�VWDU\#MNX�DW

,QIRUPDWLRQ��7HFKQRORJ\��,QQRYDWLRQ�	�6RFLHW\

$SSO\LQJ�V\VWHPV�WKLQNLQJ�IRU�WKH�GHVLJQ�
RI�VRFLR�WHFKQLFDO�6\VWHPV�RI�6\VWHPV

&KULVWLDQ�6WDU\
8QLYHUVLW\�RI�/LQ]
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You are wondering what this picture 
is about and what it has to do with the 
main issue of our workshop - coping 
with complexity of demographic 
issues?

A lot! - this picture is about people : 
people watching systems which are 
everywhere - plenty of dynamic inter-
dependent spheres, bounded by their 
own rationality, connected through 
DFFHODUDWLQJ�ÁRZ�RI�LQIRUPDWLRQ�DQG�
keeping us far away from equilibria.

We believe that people like those on 
the picture can step out of the systems 
in order to observe them and to learn 
from them to keep pace with the chan-
ging world around.

The intention of our workshop is to de-
monstrate the results that evolve from 
observation of systems - methodolo-
gies and tools we call “systemic” and 
use to cope with dynamic complexity – 
with focus on demographic issues like 
aging and migration. 

The methodologies, which are going 
to be presented, have their origin in 
different areas of science: biology, 
chemistry, physics, mathematics, 
information science and studing of 
human brain - but system perspective 
ties them all together.

We are going to observe, how 
‘interconnected thinking’ learned 
from nature can support development 
of intelligent regional and urban 
environments (Sensitivity Model 
after F. Vester).

We will have an opportunity to see, 
how human nervous system delivers 
pattern of viability that can be applica-
ted to design effective structures 
for integration of migrating population 
(Viable System Model by Stafford 
Beer). 

Our experts will show, how modeling 
of feedback between aging, migration 
and transportation helps to cope with 
complexity of urban systems (System 
Dynamics).

Workshop

Using System Methodologies and Tools to support 

coping with complex demographic issues with 

a special focus on population aging and migration. 

Applications, Potentialities and Synergies

Maria Lenzi

Workshop Leader

Consulting, Modelling & Simulation
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New approaches in research of net-
work resilience and opinion dynamics 
will be introduced, which tie together 
qualitative and quantitative methods 
like soft system mapping and agent-
based-modeling (Advanced System 
Analysis).

And we are going to observe hybridi-
sation of various methods including 
social network analysis to support 
risk assessment in a migration scenario 
(Strategic Foresight Knowledge 
Development Framework).

The following discussion will try to 
identify potentialities and limitations 
of demonstrated applications and faci-
litate synergies between different me-
thods and between praxis and research. 
“Only variety absorbs variety” - our 
workshop is about creating variety 
to keep pace with complexity of the 
human world. 

Our future vision is a European-wide 
network of enthusiastic people, wan-
ting to further develop, combine and 
use different system methodologies 
for coping with complexity of societal 
issues.

You are welcome!

Let‘s start! 

Corresponding author: 
lenzi_maria@mail.ru

© https://pixabay.com/de/menschen-menschengruppe-ansammlung-567566/
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The hybridisation of these methods 
with Social Network Analysis methods 
and tools delivered a scenario based 
risk analysis concept and has been 
the basis for the developed Strategic 
Foresight Knowledge Development 
Framework (2011-2015) - including a 
Knowledge Performance Monitoring 
System and the logic of a Knowledge 
Logistics Framework, called Know-
ledge Development Mechanism for 
Horizon Scanning Centre.

In a case study dealing with the ana-
lysis of migration this concept is used 
in order to identify key risk indicators 
for migration contributing to a risk 
management process. 

The methodology includes the gene-
ration of scenarios which can also be 
XVHG�IRU�WKH�LGHQWLÀFDWLRQ�RI�UHTXLUHG�
capabilities of an organisation and 
may have an impact on its strategy. 
In the actual emcsr Satellite Workshop 
we are presenting and discussing the 
Framework in relation to the use case 
‘Migration’, supported by co-presenter 
and expert for migration: Mr. Armin 
VOGL (Colonel) of Austrian Ministry 
of Internal Affairs, Border and Migrati-
on Police Department.

Corresponding author: 
johannes.goellner@bmlvs.gv.at
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Hybridisation of Social Network Analysis in Context with 

RWKHU�0RGHOV�DQG��ƱHWKRGV�RI�WKH�6WUDWHJLF�)RUHVLJKW�
.QRZOHGJH�'HYHORSPHQW�)UDPHZRUN�²�&DVH�VWXG\�
‘Migration Analysis‘

Johannes Goellner

Head of the Section Knowledge Management

Department of Central Documentation and Information Service

© https://pixabay.com/de/bücher-bibliothek-wissen-tunnel-21849/ 
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Why do we ignore interdependencies, 
effects, and feedback cycles? We have 
created omnipresent interconnection, 
high speed communication, global 
WUDQVSRUW��WUDGH��ÀQDQFLDOV��RUJDQLVD-
tions, urban systems. But still our way 
of thinking is based on linear thinking 
instead of an interconnected approach.

Frederic Vester, pioneer in “Intercon-
nected Thinking”, developed parallel 
WR�ERRNV��H[KLELWLRQV��ÀOPV��FRPSXWHU�
based tools like the planning and ma-
nagement instrument of the “Sensitivi-
ty Model®Prof.Vester”. Having been 
part of his team for many years, we ap-
plied its interactive and recursive wor-
king steps in many concrete regional or 
urban developments, in organisational 
and educational projects. 

After the description of the system, de-
ÀQLWLRQ�RI�YDULDEOHV�DQG�HIIHFWV��YLVXD-
lization of interconnections, analysis of 
feedback and scenarios, the Sensitivity 
Model proposes “eight biocybernetic 
rules” as an orientation model, guiding 
the user to keep the interconnected 
perspective in order to design future 
proof developments.

Corresponding author: 
gabriele.harrer@bluewin.ch
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Interconnected Thinking 

New ways of thinking for future proof management 

and planning approaches

Gabriele Harrer-Puchner

Independent Consultant & Expert in Sensitivity Analysis

Freelance, Malik Management Zentrum St. Gallen AG
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326,:,'�²�7KH�3XUSRVH�RI�D�6\VWHP�,V�:KDW�,W�'RHV
The VSM as part of a solution to cope with migration 

and demographic change

Mark Lambertz

Institute for Acceleration

The Viable System Model from 
Stafford Beer (Management and Cy-
bernetics, 1959) could be seen as the 
metaplan for an information network, 
which supports coping with complex 
issues.

The model offers a unique visualizati-
on of structure and processes within a 
viable system. Especially for visually 
oriented people the schematics of the 
VSM are a very good tool to under-
stand the dynamics and interconnec-
tions of complex organizations which 
have to deal with complex environ-
ments. 

It makes it clear, why every viable sys-
tem needs the collective intelligence 
of all members of the system and what 
responsibility actually means. 

The session will not only introduce 
the Viable System Model, but also 
extrapolate pragmatic strategic advices 
on how to handle related issues like 
integration of migrating people.

Corresponding author: 
mark@marklambertz.de
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Using System Dynamics to cope with demographic issues 

in spatial and transport planning

Dr. Paul C. Pfaffenbichler 

Institute of Transportation, Vienna University of Technology

The Institute of Transportation, TU 
Wien, has a long tradition using Sys-
tem Dynamics to analyse mobility and 
complex spatial systems. Applications 
range from simple qualitative models 
using Causal-Loop-Diagrams to com-
plex quantitative models using Stock-
Flow-Modelling techniques. The main 
models are the integrated land use and 
transport interaction model MARS 
and the long distance travel model 
LUNA. MARS simulates the interac-
tion between transport and location 
choices of households and companies 
in case study areas on urban, regional 
or national level. 

MARS is able to assess the effects of 
policy instruments and to identify best 
performing strategies. LUNA addres-
ses long distance holiday and business 
trips. LUNA models the population in 
18 age groups in 5 year time steps, 10 
different household types and 3 income 
groups. LUNA was explicitly designed 
to assess effects of population ageing 
and migration. LUNA can act as add 
on to MARS to include air travel into 
environmental assessment.

Corresponding author: 
paul.pfaffenbichler@tuwien.ac.at
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Network resilience and systemic risk

Methodological approaches to address network resilience

Matthias Wildemeersch, Nikita Strelkovsky

Sebastian Poledna, Matt Leduc 

Advanced Systems Analysis (ASA) Program – International Institute 

for Applied Systems Analysis (IIASA), Laxenburg, Austria

In the context of social systems, diffu-
sion processes are used to model opi-
nion dynamics in large-scale networks. 
We focus on a scenario where a set of 
agents has constant opinion, so-called 
stubborn agents, and show their impact 
RQ�WKH�ÀQDO�RSLQLRQ�IRUPDWLRQ��,Q�WKH�
context of natural-social systems, seve-
ral examples will be presented to give 
an overview of the range of tools used 
in the analysis of network resilience. 
For instance, the resilience of national 

and regional economies will be explo-
red by analyzing the impact of extre-
me, low-probability and high-impact 
scenarios of external shocks. The beha-
vior of the considered interconnected 
systems is too complex to be modeled 
by traditional tools, and therefore, 
several examples with qualitative (e.g., 
soft systems mapping) and quantitative 
(e.g., agent-based modeling) methods 
and approaches will be presented.

Corresponding author: 
rovenska@iiasa.ac.at
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Starting from 4 points of view, we 

aim to question the functioning of the 

organizations about their change in the 

future.

The observation shows that they are 

increasingly places where appear 

sufferings. This sufferings of members 

of the organizations are symptoms of 

their ineffective functioning which 

FUHDWHV�YHU\�GLIÀFXOW�VLWXDWLRQV�WR�PD-
nage. This requires a new look at the 

way to work with them.

In addition, our workshop aims to crea-

te a co-construction of new strategies 

at a time when the world organization 

is evolving towards new forms. This 

new forms hope to better meet the 

needs and aspirations of the new gene-

rations as well as the urgent constraints 

of the environment.

The paradigm of the 21st and 22nd 

century remain to be built. 

Let‘s go to navigate to Utopia!

Corresponding author: 

a.piecq@gmail.com

Workshop

How to project the organizations in the future 
thanks the utopia?

Andrée Piecq
Workshop Leader
6FLHQWLÀF�'LUHFWRU�RI�*�,�5�2�6��+RQRXU�3UHVLGHQW�RI�6	2
*HQHUDO�6HFUHWDU\�RI�(86
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Generally the burnout is studied by 

considering the symptoms of physical 

and mental suffering. The systemic 

analysis of the organizations show that 

in certain conditions, the burnout is a 

symptom of dysfunction of the organi-

]DWLRQ��7KH�SXUSRVH�RI�WKLV�UHÁHFWLRQ�
is to examine it in the perspective of 

logic levels (macro-meso-micro) used 

in the “Giroscope” model. 

The micro level studies the behavioral 

symptoms of member of the organiza-

tions. 

The meso level: the behavior of mem-

bers leads to make assumptions about 

the organization. The macro level: 

hypothesis about the structure of our 

society. The diagnostic of organiza-

tions where the burnout emerge is: ‘in-

operative’ organizations. The strategy 

to change the structure of our society.

Corresponding author: 

a.piecq@gmail.com

2UJDQL]DWLRQV�LQ�WKH�)XWXUH

And if the burnout was a symptom of our societies?

Andrée Piecq
6FLHQWLÀF�GLUHFWRU�RI�*�,�5�2�6���+RQRXU�3UHVLGHQW�RI�6	2
*HQHUDO�6HFUHWDU\�RI�(86

Organizational resilience: a resource for the future

Guy Koninckx
1DPDVWLV���+XPDQ�5HVRXUFHV�	�&KDQJH�0DQDJHPHQW
&RQVXOWDQW�*�,�5�2�6���,QLWLDWRU�RI�&�,�5�(�5�2�

��5HVLOLHQFH�RU�UDWKHU�UHVLOLHQFLHV�DUH�
resolutely to consider as a resource.

��5HVLOLHQFH�FDQ�EH�IRXQG�DW�GLIIHUHQW�
levels within the organization: the 

micro, meso and macro levels.

��5HVLOLHQFH�DSSHDUV�DV�D�UHVRXUFH�
based on multiple contexts, not only 

stabilization but also evolution and 

bifurcation contexts.

��8QNQRZQ��XQH[SORUHG��PLVXQGHU-
stood, resilience emerges as a resource 

to cope with turbulences and crisis 

situations.

��5HVLOLHQF\�LV�D�UHVRXUFH�WR�FRQIURQW�
contexts were equilibrium becomes to 

cope with a rupture.

��,V�UHVLOLHQFH�DQ�XQH[SHFWHG�VKDUH�FD-
SLWDO�RU�QRW�XVHG�HIÀFLHQWO\�XQWLO�QRZ"
��'RHV�GHYHORSPHQW�RI�UHVLOLHQFH�QRW�
contribute to a paradigm shift for the 

IXWXUH�RI�RXU�RUJDQL]DWLRQ"

Corresponding author: 

guy.koninckx@skynet.be
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The hypothesis that defends this con-

tribution is to propose to enlighten the 

manager roles in his relationship with 

his team, based on the philosophy of C. 

6��3HLUFH��0RUH�VSHFLÀFDOO\��WKH�DLP�LV�
jto provide a team approach through a 

semiotic and triadic analysis. 

This analysis claims to allow the 

observer-actor in situation to orient 

oneself in his choices, his observations, 

analysis of situations, actions to be 

undertaken,the management’s tools to 

deploy, and to ease the interpretation of 

common management theories.

Corresponding author: 

cepehello@gmail.com

2UJDQL]DWLRQV�LQ�WKH�)XWXUH

With C. S. Peirce, a pragmatic approach to situations 
experienced in teams

Claude Lambert
,7�&RQVXOWDQW��3UHVLGHQW�RI�6	2��9LFH�3UHVLGHQW�RI�(86��
7UDLQHU�DW�*�,�5�2�6�

Impact of globalization in the socio-cultural sphere: 
Towards a new paradigm?

Mariella Zara
0DVWHU�LQ�3V\FKRORJ\��6WXGHQW�2UJDQL]DWLRQV�'LVFXVVDQW�
WR�WKH�,QGHSHQGHQW�,QVWLWXWH�RI�6\VWHPLF�2UJDQL]DWLRQV��*�,�5�2�6�

The difference between the globaliza-

tion of the past and today: is visibility 

DQG�VSHHG��'HÀQH�DORQJ���GLPHQVLRQV�
HFRQRPLF�DQG�ÀQDQFLDO��LW�LQFOXGHV�
the social and cultural sphere. The 

structure of the socio-cultural service 

are confronted with the family failures, 

social insecurity, job loss... At the 

systemic level they are a symptom of 

a malaise of security internal family. 

How can emergency services still meet 

WKHLU�SXUSRVH"�,W�LV�DV�LI�WKHLU�ERUGHUV�
are closed and they become centri-

petal services: non-operating system. 

How reach a new purpose, change its 

structure, change its system state not 

RSHUDWLQJ�WR�ÀQDOO\��UH��ÀQG�QHZ�UXOHV��
values, and beliefs and become opera-

WLQJ�V\VWHPV"�7KH�V\VWHPV�PXVW�PDNH�
a logical jump, a mutation to change 

the structure. If no deviation is possible 

no different structure may emerge.

7KLV�PXWDWLRQ�ZLOO�EH�XWRSLD�RU�UHDOLW\"

Corresponding author: 

zaramariella@gmail.com
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2XU�VXSSRUW�WR�HPFVUaDYDQWJDUGH������
LV�WKH�KRVWLQJ�RI�D�VDWHOOLWH�ZRUNVKRS�LQ�
0HOERXUQH��$XVWUDOLD��7R�UHÁHFW�DQ�DQ�
WLSRGHDQ�IRFXV��WKH�VDWHOOLWH�ZRUNVKRS�
LV�WLWOHG�¶)XWXUH7KRXJKW��:KDW�OLIH�GR�
ZH�ZLVK·��UHVSRQGLQJ�WR�WKH�PDLQ�HYHQW�
WKHPH�DQG�DGRSWLQJ�D�PRGHVWO\�GLIIH�
UHQW�SUHPLVH��,QVWHDG�RI�WDNLQJ�ZKDW�
ZH�GR�NQRZ�DQG�ORRNLQJ�IRUZDUG�WR�D�
)XWXUH9LVLRQ�WR�VHOHFW�EHWZHHQ�NQRZQ�
IXWXUHV��RXU�DSSURDFK�LV�WR�ORFDWH�RXU�
FRQYHUVDWLRQ�LQ�)XWXUH7KRXJKW��$QG��
LQ�ORRNLQJ�EDFNZDUGV��HQYLVDJH�WKH�OLIH�
DIÀUPLQJ�FKRLFHV�WKDW�KXPDQLW\��LQ�
������VHOHFWHG�

7KLV�DSSURDFK�DSSURDFK�LV�EDVHG�LQ�
WKH�SUHPLVH�DQG�SUDFWLFH�RI�DSLWKRORJ\��
$SLWKRORJ\�LV�WKH�V\VWHPV�ÀHOG�WKDW�
SURYLGHV�WKH�FRXQWHUSDUW�WR�WKH�ÀHOG�RI�
SDWKRORJ\��9DUH\���������$V�SDWKRORJ\�
LV�GHÀQHG�DV�WKH�V\VWHPLF�DQDO\VLV�RI�
WKH�FDXVHV�RI�GLVHDVH�DQG�G\VIXQFWLRQ��
VR�DSLWKRORJ\�LV�WKH�V\VWHPLF�DQDO\VLV�
RI�WKH�FDXVHV�RI�JHQHUDWLYH�KHDOWK�DQG�
ZHOOEHLQJ��,WV�FRQWHQW�LV�HTXDO�LQ�VFDOH�
WR�WKH�ÀHOG�RI�SDWKRORJ\��RQO\�LWV�YLHZ�
FRPPHQFHV�IURP�DQ�HQWLUHO\�GLIIHUHQW�
KRUL]RQ�RI�LQTXLU\�

7R�PDNH�WKLV�FRQWULEXWLRQ�WKH�VDWHOOLWH�
ZRUNVKRS�KDV�DGRSWHG�DQ�H[LVWLQJ�
JHQHUDWLYH�LQTXLU\�PRGDOLW\�FDOOHG�
DQ�DSLWKRORJXH��7R�XQGHUVWDQG�WKLV�
PRGDOLW\�LV�HDV\��,Q�SUHVHQWDWLRQ�WKHUH�
LV�D�RQH�ZD\�H[FKDQJH�RI�LQIRUPDWLRQ�
HQDEOLQJ�FRQYHUVDWLRQ��3DVN���������
,Q�GLVFXVVLRQ�WKHUH�LV�D�QHFHVVLW\�WR�
XQGHUVWDQG�RWKHUV�IRU�PXWXDO�FRP�
PXQLFDWLRQ�DQG�GHEDWH��%iQiWK\�DQG�
-HQOLQN���������,Q�GLDORJXH�WKHUH�LV�D�
VKDUHG�DSSUHFLDWLRQ�RI�GLIIHUHQW�FRQWUL�
EXWLRQV�LQ�D�PXWXDO�GLVFRXUVH��%RKP��
�������,Q�PHWDORJXH�ZH�SURFHHG�LQ�D�
VKDUHG�LQTXLU\�LQWR�QHZ�XQGHUVWDQGLQJ�
DV�H[SOLFLW�OHDUQLQJ�RFFDVLRQV��%DWHVRQ��
�������$Q�DSLWKRORJXH�LV�D�¶JHQHUDWLYH�
PHWDORJXH·�DQG�EHJLQV�ZKHUH�NQRZLQJ�
HQGV��,W�XVHV�JHQHUDWLYH�G\QDPLFV�
DQG�DEGXFWLYH�FRQVWUDLQW�FRQGLWLRQV�
WR�GHYHORS�QHZ�PHDQLQJ�DV�D�IRUP�RI�
KXPDQLW\�LQTXLU\��9DUH\��������

:RUNVKRS

6\VWHPV�'HFDWKDORJXH
$�VDWHOOLWH�ZRUNVKRS�XVLQJ�D�JHQHUDWLYH�V\VWHPV�GLDORJXH�
IRU�KXPDQLW\�OHDUQLQJ�

:LOO�9DUH\
:RUNVKRS�/HDGHU
$SLWKRORJ\�&HQWHU�IRU�+XPDQLW\�/HDUQLQJ
-RVKXD�)OR\G
:RUNVKRS�/HDGHU
7KH�8QGHUVWDQGDVFRSH
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7UDQVIRUPDWLRQ�	�6\VWHPV�'HVLJQ�

¶%XUNH�DQG�:LOOV�0RQXPHQW¶�E\�&KDUOHV�6XPPHUV������
��:LOO�9DUH\
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:KLOH�WKHUH�DUH�GLIIHUHQW�IRUPV�RI�DSL�
WKRORJXH��RQ�WKLV�RFFDVLRQ�RXU�VDWHOOLWH�
DLPHG�WR�FXUDWH�D�¶GHFDWKDORJXH·��
$�GHFDWKDORJXH�LV�D�JHQHUDWLYH�PHWD�
ORJXH�ZLWK�WHQ�LQGLYLGXDOV��UHSUHVHQ�
WLQJ�WHQ�SHUVSHFWLYHV��IURP�WHQ�GLVFLSOL�
QHV��FRQWULEXWLQJ�LQWR�RQH�LQTXLU\��
,QVWHDG�RI�WKH�GHOLYHU\�RI�FRQWHQW�DQG�
GLIIHUHQFH��HDFK�SDUWLFLSDQW�FRQWULEXWHV�
WR�WKH�FRQWDLQHU�LQ�UHÁHFWLYH�HQULFK�
PHQW��:KHQ�DOO�GLVFLSOLQDU\�SHU�
VSHFWLYHV�DUH�VSRNHQ�WR��WKH�GLDORJXH�
SRWHQWLDOO\�PRYHV�LQWR�DQG�WRZDUGV�
D�SDQ�GLVFLSOLQDU\�DQG�D�SHUVSHFWLYDO�
LQTXLU\��7KLV�VDWHOOLWH�HYHQW�EULQJV�
WRJHWKHU�V\VWHPV�DYDQWJDUGH�LQQRYD�
WRUV�WR�FRQWULEXWH�WKH�EHQHÀWV�RI�WKHLU�
LQVLJKWIXOQHVV�DFURVV�GLVFLSOLQDU\�
GRPDLQV�DQG�WR�JDLQ�LQVLJKWV�IURP�WKHLU�
FRQWULEXWLYH�LPDJLQDWLRQV��

7R�HQDEOH�WKLV�ZH�JUDWHIXOO\�DFNQRZ�
OHGJH�WKH�VXSSRUW�RI�&(5(6�(QYLURQ�
PHQW�3DUN�IRU�SURYLGLQJ�RXU�VDWHOOLWH·V�
FRQGXFLYH�YHQXH�
:KDW�DUH�WKH�EHQHÀWV�KRSHG�IRU"�7KH�
SULPDU\�EHQHÀW�LV�WKDW�WKH�SDUWLFLSDWLQJ�
LQQRYDWRUV��EHLQJ�OHDGHUV�LQ�WKHLU�ÀHOGV�
SRWHQWLDOO\�RSHUDWLQJ�EH\RQG�XVXDO�
FRQWH[WV��ZLOO�ÀQG�WKH�RSSRUWXQLW\�WR�
DSSUHFLDWH�RWKHU�SHUVSHFWLYHV�RI�EHQHÀW�
WR�HQULFK�WKHLU�RZQ�ZRUN��7KH�VHFRQGD�
U\�EHQHÀW�LV�WR�LPDJLQH�DQG�SRWHQWLDOO\�
H[SHULHQFH�D�V\VWHPV�GLVFLSOLQH�WKDW�
LV�GHVLJQ�JHQHUDWLYH��IRXQGDWLRQDOO\�
FROODERUDWLYH��HSLVWHPRORJLFDOO\�
RSHQ��IXWXUH�UHÁHFWLYH��DQG�KXPDQLW\�
FRQWULEXWLYH�

:H�LQYLWH�\RX�LQWR�WKLV�H[SORUDWLRQ�LQ�
)XWXUH7KRXJKW�

&RUUHVSRQGLQJ�DXWKRU��
ZLOO#DSLWKRORJLD�FRP
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-RVK�ZRUNV�LQ�WKH�DUHD�RI�VXVWDLQDEOH�
IXWXUHV��EULQJLQJ�V\VWHPV�SHUVSHFWLYHV�
WR�WKH�UHODWLRQVKLS�EHWZHHQ�HQHUJ\�DQG�
VRFLHW\��+LV�RULJLQDO�GLVFLSOLQDU\�EDFN�
JURXQG�LV�LQ�PHFKDQLFDO�HQJLQHHULQJ��
ZRUNLQJ�LQ�PHWDOOXUJLFDO�WHFKQRORJ\�
GHYHORSPHQW�DQG�FRPPHUFLDOLVDWLRQ��

+H�KROGV�D�0DVWHU�RI�6FLHQFH�LQ�
6WUDWHJLF�)RUHVLJKW�DQG�D�%DFKHORU�RI�
(QJLQHHULQJ��0HFKDQLFDO��+RQRUV���+H�
LV�'LUHFWRU�DW�WKH�8QGHUVWDQGDVFRSH�
DQG�)RXQGLQJ�3DUWQHU�ZLWK�WKH�&HQWUH�
IRU�$XVWUDOLDQ�)RUHVLJKW�

7UDQVIRUPDWLRQ�	�6\VWHPV�'HVLJQ�

(QHUJ\�7UDQVLWLRQ�DQG�WKH�,QWHUGHSHQGHQFH�
RI�6XSSO\�DQG�'HPDQG

-RVKXD�)OR\G�
'LUHFWRU��7KH�8QGHUVWDQGDVFRSH

'U��:LOO�9DUH\�LV�DQ�HWKLFLVW�LQ�WKH�ÀHOG�
RI�DSLWKRORJ\�WKHRU\�DQG�SUDFWLFH��
$SLWKRORJ\�LV�WKH�V\VWHPV�GLVFLSOLQH�
WKDW�H[DPLQHV�WKH�JHQHUDWLYH�G\QD�
PLFV�RI�KHDOWK�DQG�ZHOOQHVV�LQ�OLYLQJ�
V\VWHPV��

:LOO·V�VSHFLDOLVW�ÀHOG�RI�H[SHUWLVH�LV�
LQ�WKH�DQDO\VLV�DQG�PRGHOOLQJ�RI�WKH�
JHQHUDWLYH�SRWHQWLDOV�RI�HFRORJLHV�RI�
WKRXJKW�DW�KXPDQLW\�VFDOHV�RI�LQTXLU\��
+H�LV�D�V\VWHPV�UHVHDUFKHU��WKH�IRXQGHU�
RI�WKH�&HQWUH�IRU�+XPDQLW\�/HDUQLQJ��
DQG�D�)HOORZ�RI�WKH�$XVWUDOLDQ�,QVWLWXWH�
RI�0DQDJHPHQW�

7KH�$SLWKRORJ\�RI�+XPDQLW\�6XVWDLQDELOLW\

:LOO�9DUH\��
$SLWKRORJ\�&HQWHU�IRU�+XPDQLW\�/HDUQLQJ

���



-DPHV�LV�D�VRFLDO�FKDQJH�IDFLOLWDWRU��
HGXFDWRU��DQG�DGYRFDWH���+H·V�LQWHUHV�
WHG�LQ�WKH�JURXS�G\QDPLFV�RI�VRFLDO�
FKDQJH�DQG�KRZ�WR�EXLOG�FROODERUDWLYH�
FRPPXQLWLHV�DQG�RUJDQL]DWLRQV�WKDW�
ZLOO�VXVWDLQ�VRFLDO�FKDQJH�PRYHPHQWV���

+H�ZRUNV�DV�D�IDFLOLWDWRU�DQG�HGXFDWRU�
ZLWK�WKH�8QGHUVWDQGDVFRSH�WR�IRVWHU�
XQGHUVWDQGLQJ�RI�WKH�VWUXFWXUHV��V\V�
WHPV�DQG�VWRULHV�WKDW�ZLOO�VXVWDLQ�OLIH�
RQ�HDUWK��

7UDQVIRUPDWLRQ�	�6\VWHPV�'HVLJQ�

0RGHO�RI�WKH�)LYH�6WDJHV�RI�*ULHI�DQG�WKH�6RFLDO�
&KDQJH�&\FOH

-DPHV�7RQVRQ�

(PLO\�ZRUNV�LQ�GHVLJQ�RI�VXVWDLQDEOH�
SODFHV�DQG�OLIHVW\OHV��+HU�EDFNJURXQG�
LV�KLVWRU\�DQG�JHRJUDSK\��6KH�KROGV�D�
0DVWHU�RI�(QYLURQPHQW�DQG�6XVWDLQD�
ELOLW\�IURP�0RQDVK�8QLYHUVLW\�DQG�D�
%DFKHORU�RI�$UWV��

6KH�LV�'LUHFWRU�DW�6XVWDLQDEOH�(YHU\�
GD\�'HVLJQ�6WXGLR�DQG�FXUUHQWO\�FRP�
SOHWLQJ�D�3K'�LQ�GHVLJQ�ZLWK�D�IRFXV�RQ�
IRRG�DQG�HYHU\GD\�OLIH�

'HYHORSPHQW�RI�/RFDO�,QIUDVWUXFWXUH�DQG�6HUYLFHV�IRU�
6XVWDLQDEOH�&RPPXQLWLHV

(PLO\�%DOODQW\QH�%URGLH

5RE�KDV�KHOG�JOREDO�H[HFXWLYH�SR�
VLWLRQV�PDQDJLQJ�WHDPV�LQ�(XURSH��
$VLD�DQG�1RUWK�$PHULFD��$V�SHU�WKH�
DQWKURSRORJ\�WHUP�´LQVLGH�RXWVLGHUµ�
5RE�KDV�EHHQ�RQ�WKH�LQVLGH�REVHUYLQJ�
EHKDYLRU��VWUXFWXUHV��FXOWXUH��EXW�ZLWK�
DQ�RXWVLGHU·V�SHUVSHFWLYH��

+LV�H[HFXWLYH�H[SHULHQFH�DQG�DFDGHPLF�
WUDLQLQJ�SURYLGHV�5RE�ZLWK�D�XQLTXH�
SODWIRUP�WR�SURYLGH�RUJDQL]DWLRQDO�
REVHUYDWLRQV�

:KHQ�:LOO�6WDUWXSV�:LQ�DQG�:KHQ�:LOO�7KH\�/RVH�
LQ�WKH�,QQRYDWLRQ�%DWWOH"

5RELQVRQ�5RH�

���



&DUROLQH�LV�D�FRQVXOWDQW�ZRUNLQJ�LQ�
SULYDWH�SUDFWLFH��6KH�VSHFLDOL]HV�LQ�
RUJDQL]DWLRQDO�UROH�DQDO\VLV��H[HFXWL�
YH�FRDFKLQJ��LQGLYLGXDOV�DQG�WHDPV���
FXOWXUDO�FKDQJH��VWUDWHJ\�DQG�DFWLRQ�
UHVHDUFK�OHDUQLQJ��

3ULRU�WR�OLIH�DV�D�FRQVXOWDQW�VKH�ZRUNHG�
DV�D�VHQLRU�PDQDJHU�DQG�LQQRYDWLYH�
OHDGHU�LQ�WKH�FUHDWLYH�LQGXVWULHV�LQ�
$XVWUDOLD�IRU�DOPRVW����\HDUV���6KH�KDV�
D�0$SS6F�2UJDQL]DWLRQ�'\QDPLFV�DQG�
D�%$��+RQV��)LQH�$UWV�

7UDQVIRUPDWLRQ�	�6\VWHPV�'HVLJQ�

,QWHUDFWLRQV�DQG�,QWHUGHSHQGHQW�$FWLRQV�
LQ�+XPDQ�6\VWHPV

&DUROLQH�)DUPHU�

.DWKU\Q�LV�D�PXOWL�GLVFLSOLQDU\�,QQRYD�
WRU��6WUDWHJLVW��)XWXULVW��7HDP�/HDGHU��
7HFKQRORJLVW��&RPPXQLW\�%XLOGHU�
DQG�6\VWHPV�'HVLJQ�7KLQNHU�LQ�WKH�
GHYHORSLQJ�ÀHOG�RI�WKULYDEOH�V\VWHPV�
G\QDPLFV��
,Q�SUDFWLFH��KHU�ZRUN�H[SORUHV�OHDGLQJ�
HGJH�WHFKQRORJLHV�IRU�FROODERUDWLYH�
FRPPXQLWLHV��LQFOXGLQJ�SURFHVV�	�
VRIWZDUH�HQYLURQPHQWV��

6KH�KDV�FRDFKHG�WHDPV��EXLOW�WRROV�
	�SODWIRUPV�IRU�LQQRYDWLRQ�KXEV��
FR�GHVLJQ�	�UDSLG�SURWRW\SLQJ��DFWLRQ�
OHDUQLQJ�FRPPXQLWLHV��SDUWLFLSDWRU\�GH�
FLVLRQ�PDNLQJ�	�GHPRFUDF\��ORRPLR���
HQDEOLQJ�QRQ�KLHUDUFKLFDO�FR�RSHUD�
WLYHV��FURZG�IXQGLQJ��FR�EXGJHWLQJ���
QHWZRUN�PDSSLQJ�DQG�NQRZOHGJH�
PDQDJHPHQW��+HU�EDFNJURXQG�VSDQV�
HGXFDWLRQ��WHFKQRORJ\��EXVLQHVV��GH�
VLJQ��SV\FKRORJ\�	�VRFLDO�VFLHQFHV�

7KULYDEOH�6\VWHPV�'\QDPLFV�	�WKH�'HVLJQ�7R�7KULYH�
0HWKRG

.DWKU\Q�$QDQGD�

5RQ�LV�D�KLJKO\�UHJDUGHG�IDFLOLWDWRU�
ZKR�KDV�D�SURYHQ�DELOLW\�WR�XQORFN�
QHZ�SHUVSHFWLYHV�LQ�OHDGHUVKLS��+H�
WDNHV�UHDO�ZRUOG�JOREDO�FRQGLWLRQV�DQG�
GHVLJQV�JDPLÀHG�H[SHULHQWLDO�HYHQWV�

ZLWK�WKH�LQWHQWLRQ�RI�FRJQLWLYH�DQG�
HPRWLRQDO�HQKDQFHPHQW�RI�SDUWLFLSDQWV��
7KH�V\VWHPV�LQ�V\VWHPV�DSSURDFK�LV�D�
SULQFLSOH�GHVLJQ�WHPSODWH�XVHG�LQ�WKLV�
ZRUN�

6\VWHPV�LQ�6\VWHPV��D�)RUPDO�$[LRORJLFDO�$SSURDFK�
WR�*OREDO�'HVLJQ

5RQ�/DXULH�
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1RWH��$V� WKH�GLDJUDPV� WKHPVHOYHV� DUH� RQO\� WR�EH� D� ¶PRVDLF·�� LW¶V�
QRW� QHFHVVDU\� IRU� HYHU\� ZRUG� RQ� WKHP� WR� EH� UHDGDEOH�� RU� ÀOO� D�
ZKROH�SDJH��%HLQJ�RQO\�WR�JLYH�DQ�LGHD�RI�WKH�GLYHUVLW\�RI�WKH�JURXS�

���



Dating back as far as to a conference 
at the Humboldt university in Berlin in 
2010 (Zimmermann, 2012a), the basic 
idea of this ongoing research project 
(which is actually a part of the larger 
project “language and space” at the 
Munich institute for design science1) is 
to re-construct the explicit interaction 
between the ruling discourse of a given 
social space on the one hand, and the 
topological structure of this same soci-
al space on the other hand. In particu-
lar, if concentrating on social spaces of 
urban type - with a view to the fact that 
nowadays the majority of humans on 
this planet settles in cities rather than 
on the countryside - each settlement 
of this type follows an urban logic 
which is equivalent to a topology of 
communication (Zimmermann, 2003; 
Zimmermann, 2013; Zimmermann & 
Soci & Colacchio, 2001). This idea 
follows the tradition of research work 
done by Richard Sennett some time 
ago2.  His line of argument was mainly 
based on the re-construction of ancient 
Greek polis structures. And this is a 
line, we continue here in more detail 
(Cf. Zimmermann, 2013). Because 
this conception has emerged from 
recent discussions on complex systems 
(Zimmermann, 2004; Zimmermann, 
2009; Zimmermann, 2012; Zimmer-
mann & Díaz Nafría, 2012, Zimmer-
mann & Mazzini, 2013), our approach 
is also deeply related to the theory of 
networks. 

Within the framework of the more 
formal analysis dealing with the 
representation of systems in terms of 
mathematical categories, a topological 
criterion has then been derived as to 
the stable states of a social system 
(Zimmermann, 2014; Zimmermann, 
2015). At the same time however, it 
was found that it is necessary to add 
a primarily hermeneutic rather than 
formal discussion to the mathematical 
apparatus involved, for eventually 
being able to appreciate the totality of 
social interactions that characterize the 
VSHFLÀFDOO\�FXOWXUDO�IHDWXUHV�RI�VRFLDO�
space. The central aspect of this is the 
actual staging of social behaviour (or 
its production rather) which is an im-
portant feature of bigger (metropolitan) 
cities from the beginning on (Zim-
mermann, 1986). Obviously, because 
social interaction is communication in 
WKH�ÀUVW�SODFH��WKH�YDULRXV�PRGHV�RI�
behaviour also depend on the techno-
logical development of the media that 
serve the transport of information and 
meaning (Zimmermann 2006; Zimmer-
mann & Hofkirchner 2009; Zimmer-
mann & Díaz Nafría, 2012a).
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In other words: Formal aspects of in-
terpretation interact with hermeneutic 
aspects of interpretation that depend on 
the more emotional rather than rational 
attitude of humans with a view to their 
OLYLQJ�TXDUWHUV��EXW�DOVR�RQ�WKH�ÀHOG�
of technological possibilities that is 
explicitly available to the people.
As to the staging of behaviour, it is 
important to notice the immediate 
relationship to the institution of theatre 
visualized as a technique of self-re-
presentation within the anonymity of 
any metropolitan city. Hence, theatre 
in this sense is always social theatre 
(and also political as to that). As such, 
it can be understood as an instrument 
(as a discursive technique) in order to 
GHÀQH�WKH�LQWHUHVWV�DQG�LQWHQWLRQV�RI�
the multitude of different social groups 
that usually structure an urban living 
quarter.

��KWWS���FGQ��WQZFGQ�FRP�ZS�FRQWHQW�EORJV�GLU���ÀOHV���������VRFLDO�QHWZRUN
-links.jpg
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If the formal analysis of urban spaces 
visualized as emergent complex sys-
tems uncovers the existence of a stable 
region in the behavioural space of 
social interactions3, then it is straight-
forward (and very much in the sense 
of Sennett’s) to assume that a suitable 
design of the communication itself 
could be helpful in order to concentrate 
the social processes involved within 
the framework of the aforementioned 
stable region. This has to be done in an 
intrinsically dynamical way, and it has 
to be done by those agents themselves 
that are actually involved by living in 
the respective quarter: the concrete ci-
tizens. And it is the theatrical technique 
of staging one’s own self-representati-
on that would be helpful here.       
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1 Cf. www.designscience.de 

2 We follow in particular Richard Sennett: The Spaces of Democracy. In: Robert 
E. Beauregard, Sophie Body-Gendrot (eds.), The Urban Moment. Sage, Thousand 
Oaks, London, New Delhi, 1999, 273-285. 

3 We talk here about the abstract space of possible interactions: A concurrent re-
JLRQ�RI�WKLV�VSDFH��GHÀQHG�LQ�WHUPV�RI�WKH�PLQLPDO�UHJLRQ�ZLWKLQ�ZKLFK�DOO�DJHQWV�
can follow their own interests and objectives by performing their interactions such 
that the interests and objectives of all the others are minimally restricted) is called 
stable, if a spontaneous perturbation (by e.g. introducing new types of interaction) 
is damped out quickly within this region.
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The intrinsic polarity of (urban) social 
space is discussed in the sense of 
Richard Sennett. Some characteristic 
aspects of communication within social 
VSDFHV�DUH�FROOHFWHG�OHDGLQJ�WR�WKH�GHÀ-
nition of a region which is structurally 
stable in the sense that it represents 
what is usually called “stoichiometric 
subspace” of that space which is rele-
vant for social group interactions.

The “stirring principle” according to 
Heraclitos is recalled, referring explicit 
strategies in everyday communication 
to the concept of staging behaviour by 
means of one of the two components of 
tension: theatre.
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Informal social space in an urban heterotopia
The social reality of the outrooted

Kanelia Koutsandrea
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Fleeing from a hostile reality a refugee 
aspires to obtain not only a shelter but 
the opportunity to reacquire a place in 
the world. However the heterotopia of 
the refugee settlement, via its perpe-
tual ephemerality, purposely renders 
refugees lasting pariahs, preventing 
them from reaching the utopia of a new 
implacement. It is when this space, in 
the margins of urban and social nor-
mality ceases to operate as a top-down 
organized theatre of humanitarian aid 
that its occupants are allowed to actu-
ally dwell; to regain their being in the 
world as social and political entities. 

Then they may conceive, perceive 
and experience social reality and thus 
produce space. It is via the production 
of social space that the refugees can 
preserve their cultural imprint and heal 
the severe collective trauma of dis-
placement. Such was the case with the 
residents of Nea Kokkinia, in western 
Piraeus, a settlement established in 
�����LQ�RUGHU�WR�KRVW�UHIXJHHV�ÁHHLQJ�
from the cities of Anatolia, after the 
end of the Greco-Turkish war.
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The game developed is to be under-
stood as a model of strategic behaviour 
in daily life: It is organised as to four 
essential elements which are playing 
ÀHOG��UXOHV�RI�WKH�JDPH��SDUWQHUV�
competitors of the game, and play 
time (season). Each element will be 
discussed in turn as visualized in terms 
of system theoretical as well as design 
theoretical aspects. The chief objec-
tive is to further the understanding of 
the structure of a community which 
is thought of as being isomorphic to 
the communicative structure of the 
underlying social groups. By doing 
so, it is also hoped to develop explicit 
game strategies that improve the daily 
conscience of a social motion which is 
persistent and permanent leading thus 
forward to an improved concept of 
participation.

The paper is meant to illustrate the 
conceptual background which is 
necessary in order to create a “citizen’s 
game” that invites the players to reco-
JQL]H�WKHPVHOYHV�LQ�WKH�ÀUVW�SODFH��DQG�
then to involve them (to engage them) 
in society. (Zimmermann & Wiede-
mann, 2012) The explicitly innovative 
aspect of the concept involved here is 
that: At every time, everyone is a desi-
gner - primarily of the social environ-
ment and thus of society itself. (Aicher 
2015; Hirdina 2008)
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When we are approaching to 1000 mil-
lion cars worldwide; when human life 
LV�VLJQLÀFDQWO\�XQGHUPLQHG�E\�WUDIÀF�
accidents and pollution; when urban 
life is radically determined by automo-
bile dynamics… we should give some 
steps backwards and ask ourselves how 
we arrived to this point and how can 
we go beyond. If we observe, on the 
one hand, the alliance of automobile 
and oil companies undermining the de-
velopment of public transport systems; 
on the other, the top-down approach 
to plan and manage transportation 
infrastructures and systems, we get to 
see that citizens were put quite aside 
the decision-making involved. 

In the current scenario of developing 
smart cities, we cannot do much wit-
hout addressing smart citizenship. This 
is the case of a research framework, 
set up by a Latin American university 
network and their corresponding neigh-
bourhoods, aimed to promote social 
engagement, transdisciplinary research 
and systems science around a bicycle 
loan and monitoring system.
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HPFVU������%LRJUDSKLHV

:HOFRPH�6SHDNHUV

6WHIDQ�%ODFKIHOOQHU
0DQDJLQJ�'LUHFWRU�RI�WKH�%HUWDODQII\�&HQWHU�IRU�WKH�6WXG\�RI�6\VWHPV�
6FLHQFH��&RQIHUHQFH�0DQDJHU�IRU�WKH�(XURSHDQ�0HHWLQJV�RQ�&\EHUQHWLFV�
DQG�6\VWHPV�5HVHDUFK��HPFVU���9LFH�3UHVLGHQW�RI�WKH�,QWHUQDWLRQDO�
6RFLHW\�IRU�WKH�6\VWHPV�6FLHQFHV��,666���)RUPHU�9LFH�3UHVLGHQW�RI�WKH�
,QWHUQDWLRQDO�)HGHUDWLRQ�IRU�6\VWHPV�5HVHDUFK��,)65�
&KDLU�RI�WKH�6SHFLDO�,QWHJUDWLRQ�*URXS�RQ�6RFLR�(FRORJLFDO�6\VWHPV�DQG�
'HVLJQ�LQ�WKH�,QWHUQDWLRQDO�6RFLHW\�IRU�WKH�6\VWHPV�6FLHQFHV��,666�
)RXQGLQJ�HGLWRU�RI�WKH�RSHQ�DFFHVV�MRXUQDO�´6\VWHPD��&RQQHFWLQJ�0DWWHU��
/LIH��&XOWXUH��DQG�7HFKQRORJ\µ��8QLYHUVLW\�/HFWXUHU�LQ�,QWHUQDWLRQDO�6WXG\�
DQG�3URIHVVLRQDO�0DQDJHPHQW�7UDLQLQJ�3URJUDPV�LQ�$XVWULD��*HUPDQ\��
&KLQD�DQG�WKH�86$��$SSRLQWHG�6SHFLDO�$GYLVHU�RI�WKH�(XURSHDQ�
&RPPLVVLRQ�0RELOLW\�DQG�7UDQVSRUW
&RQWDFW��VWHIDQ�EODFKIHOOQHU#EFVVV�RUJ

'U��3KLO��*LVHOKHU�*XWWPDQQ
5HWLUHG�3URIHVVRU��6LJPXQG�)UHXG�8QLYHUVLW\�9LHQQD��6)8�
3URIHVVRU�(PHULWXV��8QLYHUVLW\�RI�9LHQQD��0HPEHU�RI�7KH�$XVWULDQ�
$FDGHP\�RI�6FLHQFHV��2H$:���'LUHFWRU�RI�WKH�/XGZLJ�%ROW]PDQQ�
,QVWLWXWH�IRU�$ZDUHQHVV�3V\FKRORJ\�	�7UDQVFXOWXUDO�3V\FKRWKHUDS\
3UHVLGHQW�RI�WKH�$XVWULDQ�6RFLHW\�IRU�6FLHQWLÀF�+\SQRVLV
&RQWDFW��JLVHOKHU�JXWWPDQQ#VIX�DF�DW

*HUG�%��0�OOHU
9LFH�3UHVLGHQW�RI�WKH�%HUWDODQII\�&HQWHU�IRU�WKH�6WXG\�RI�6\VWHPV�6FLHQFH�
+HDG�RI�WKH�'HSDUWPHQW�RI�7KHRUHWLFDO�%LRORJ\��8QLYHUVLW\�RI�9LHQQD�
&RQWDFW��JHUKDUG�PXHOOHU#XQLYLH�DF�DW

5REHUW�7UDSSO
+HDG�RI�WKH�$XVWULDQ�5HVHDUFK�,QVWLWXWH�IRU�$UWLÀFLDO�,QWHOOLJHQFH��9LHQQD
3URIHVVRU�(PHULWXV�RI�0HGLFDO�&\EHUQHWLFV�DQG�$UWLÀFLDO�,QWHOOLJHQFH�
&HQWHU�IRU�%UDLQ�5HVHDUFK��0HGLFDO�8QLYHUVLW\�RI�9LHQQD��3K'��3V\FKRORJ\�
0%$�*HQHUDO�0DQDJHPHQW��%DFKHORU�RI�(QJLQHHULQJ��(OHFWULFDO�
(QJLQHHULQJ��'LSORPD�6RFLRORJ\��,QVWLWXWH�IRU�$GYDQFHG�6WXGLHV��9LHQQD��
3DVW�3URIHVVRU�	�+HDG�RI�WKH�'HSDUWPHQW�RI�0HGLFDO�&\EHUQHWLFV�	�
$UWLÀFLDO�,QWHOOLJHQFH�8QLYHUVLW\�RI�9LHQQD
&RQWDFW��UREHUW�WUDSSO#RIDL�DW



.H\QRWH�6SHDNHUV

3LHUUH�%ULFDJH
5HWLUHG��$VVRFLDWH�3URIHVVRU��8QLYHUVLW\�RI�3DX��)UDQFH��%LRORJ\�	�+HDOWK�
DQG�6RFLDO�6FLHQFHV�(QJLQHHULQJ��$VVRFLDWH�6HFUHWDU\�*HQHUDO�RI�WKH�
)UHQFK�$VVRFLDWLRQ�RI�6\VWHPLFV�DQG�&\EHUQHWLFV��$VVRFLDWLRQ�)UDQoDLVH�
GH�6FLHQFHV�GHV�6\VWqPHV�&\EHUQpWLTXHV��FRJQLWLIV�HW�7HFKQLTXHV�
$SSRLQWHG�$FDGHPLFLDQ�RI�WKH�,QWHUQDWLRQDO�$FDGHP\�IRU�6\VWHPV�
DQG�&\EHUQHWLF�6FLHQFHV�9LHQQD���������,$6&<6�([HFXWLYH�&RPPLWWHH
6HFUHWDU\�*HQHUDO�&KHQJGX�������
&RQWDFW��SLHUUH�EULFDJH#XQLY�SDX�IU

3'�'U��3KLO��'DYLG�)��-��&DPSEHOO
4XDOLW\�(QKDQFHPHQW�([SHUW�	�4XDOLW\�5HVHDUFKHU��$UWV��5HVHDUFK�
,QQRYDWLRQ��6RFLHW\��$�5�,�6����8QLYHUVLW\�RI�$SSOLHG�$UWV�9LHQQD
/HFWXUHU�LQ�3ROLWLFDO�6FLHQFH��8QLYHUVLW\�RI�9LHQQD��5HVHDUFK�)HOORZ�
�6HQLRU�6FLHQWLVW���,QVWLWXWH�RI�6FLHQFH�&RPPXQLFDWLRQ�	�+LJKHU�
(GXFDWLRQ�5HVHDUFK��:,+2���)DFXOW\�IRU�,QWHUGLVFLSOLQDU\�6WXGLHV��LII�
$OSHQ�$GULD�8QLYHUVLW\�RI�.ODJHQIXUW
&RQWDFW��GDYLG�FDPSEHOO#XQL�DN�DF�DW

'U��(OLDV�*��&DUD\DQQLV
)XOO�3URIHVVRU�RI�6FLHQFH��7HFKQRORJ\��,QQRYDWLRQ�	�(QWUHSUHQHXUVKLS�
&R�)RXQGHU�	�&R�'LUHFWRU�RI�WKH�*OREDO�	�(QWUHSUHQHXULDO�)LQDQFH�
5HVHDUFK�,QVWLWXWH��*()5,���'LUHFWRU�RI�5HVHDUFK�RQ�6FLHQFH��7HFKQRORJ
,QQRYDWLRQ�	�(QWUHSUHQHXUVKLS��(XURSHDQ�8QLRQ�5HVHDUFK�&HQWHU��(85&��
6FKRRO�RI�%XVLQHVV��*HRUJH�:DVKLQJWRQ�8QLYHUVLW\
&RQWDFW��FDUD\H#JZX�HGX

6WHIDQ�+DPSO
9LFH�5HFWRU�IRU�WHDFKLQJ�DW�6LJPXQG�)UHXG�8QLYHUVLW\�9LHQQD��6)8��
9LFH�'HDQ�RI�WKH�3V\FKRORJ\�)DFXOW\��6)8���6HQLRU�6RFLDO�5HVHDUFKHU
&XOWXUDO�	�0HGLD�3V\FKRORJ\��4XDOLWDWLYH�5HVHDUFK�0HWKRGRORJ\
&RQWDFW��VWHIDQ�KDPSO#VIX�DF�DW



$OOHQQD�/HRQDUG�
'LUHFWRU�RI�WKH�&ZDUHO�,VDI�,QVWLWXWH��'LUHFWRU�RI�7HDP�6\QWHJULW\�
,QWHUQDWLRQDO��9LFH�&KDLU�RI�(FRORJRV��3DVW�3UHVLGHQW�RI�WKH�,QWHUQDWLRQDO�
6RFLHW\�IRU�6\VWHPV�6FLHQFH�	�7KH�$PHULFDQ�6RFLHW\�IRU�&\EHUQHWLFV
&RQVXOWDQW�	�5HVHDUFKHU�LQ�6WDIIRUG�%HHU·V�9LDEOH�6\VWHP�0RGH�
	�7HDP�6\QWHJULW\�*URXS�3URFHVV
&RQWDFW��DOOHQQDBOHRQDUG#\DKRR�FRP

.DWUL�/LLVD�3XONNLQHQ
0DVWHU�RI�6FLHQFH��$UFKLWHFWXU��5HVHDUFKHU��'RFWRUDO�&DQGLGDWH
(8(���(QHUJL]LQJ�8UEDQ�(FRV\VWHPV�5HVHDUFK�*URXS��<7.���/DQG�8VH�
3ODQQLQJ�DQG�8UEDQ�6WXGLHV�*URXS��'HSDUWPHQW�RI�%XLOW�(QYLURQPHQW�
6FKRRO�RI�(QJLQHHULQJࣅ��$DOWR�8QLYHUVLW\��)LQODQG
&RQWDFW��NDWUL�SXONNLQHQ#DDOWR�À

5HJLQD�5RZODQG
3K'��7UDQVGLVFLSOLQDU\�6FKRODU�3UDFWLWLRQHU
5HVHDUFK�LQ�WKH�QH[XV�RI�'HVLJQ��%XVLQHVV��	�7HFKQRORJ\
0DLQ�ZRUNLQJ�ÀHOG��/LYLQJ�6\VWHPV�LQVSLUHG�,QQRYDWLRQ�
7HDFKHU�RI�WKH�%LRPLPLFU\�3UDFWLFH�DW�WKH�6DYDQQDK�&ROOHJH�RI�$UW�
DQG�'HVLJQ�DQG�VHYHUDO�XQLYHUVLWLHV�LQ�(XURSH�DQG�LQ�$UJHQWLQD
&RQWDFW��UHJLQD#UHJLQDURZODQG�FRP



&RQWHVW�3DUWLFLSDQWV

'U��3DYHO�%DUDQRY
3URIHVVRU�DW�/RIIH�3K\VLFDO�7HFKQLFDO�,QVWLWXWH
+HDG�RI�WKH�0LFURZDYH�6SHFWURVFRS\�RI�&U\VWDOV�ODERUDWRU\��5XVVLD
1DWLRQDO�5HVHDUFK�1XFOHDU�8QLYHUVLW\�0(3K,��0RVFRZ�,QVWLWXWH�RI�3K\VLFV�
DQG�7HFKQRORJ\��,QWHUQDWLRQDO�5HVHDUFK�,QVWLWXWH�RI�0DQDJHPHQW�6FLHQFHV�
&RQWDFW��EDUDQRY�S#JPDLO�FRP

/LQ�%L
3K'�6FKRODU��,QWHUQDWLRQDO�5HDVHDUFK�&HQWHU�RI�3KLORVRSK\�RI�,QIRUPDWLRQ
;L¶DQ�-LDRWRQJ�8QLYHUVLW\��&KLQD
&RQWDFW��ELOLQ����#TT�FRP

'U��-RDQQD�%RHKQHUW
5HVHDUFK�)HOORZ�LQ�'HVLJQ�DW�WKH�8QLYHUVLW\�RI�:HVWPLQVWHU
'LUHFWRU�RI�(FR/DEV��/RQGRQ
&RQWDFW��MMERHKQHUW#JPDLO�FRP

0LFKDHOD�%ULVWRO�)DXOKDPPHU�
3K'�6FKRODU�LQ�2UJDQL]DWLRQDO�6\VWHPV��6D\EURRN�8QLYHUVLW\��2DNODQG��&$
0DQDJLQJ�'LUHFWRU�RI�$XVWULDQ�FRQVXOWLQJ�FRPSDQ\�3DUWQHUV�
7�JURXS�IDFLOLWDWRU�DW�6WDQIRUG�8QLYHUVLW\��6FKRODU�3UDFWLWLRQHU�
LQ�,QWHUSHUVRQDO�'\QDPLFV�	�6\VWHPV�6FLHQFH
&RQWDFW��PLFKDHOD�IDXOKDPPHU#SDUWQHUV��FRP

(YD�%XFKLQJHU
$XVWULDQ�,QVWLWXWH�RI�7HFKQRORJ\�$,7
6KH�VSHFLDOL]HV�LQ�6\VWHPV�7KHRU\�	�,QQRYDWLRQ�3ROLF\��KHU�WDVNV�
LQFOXGH�5HVHDUFK��7HDFKLQJ��5HVHDUFK�0DQDJHPHQW�	�3ROLF\�&RQVXOWLQJ
3XEOLF�3URFXUHPHQW�RI�,QQRYDWLRQ�RQ�1DWLRQDO�	�(XURSHDQ�OHYHOV
&RQWDFW��(YD�%XFKLQJHU#DLW�DF�DW�

&KULVWHU�&DUOVVRQ
'LUHFWRU�RI�WKH�,QVWLWXWH�IRU�$GYDQFHG�0DQDJHPHQW�6\VWHPV�5HVHDUFK
3URIHVVRU�RI�0DQDJHPHQW�6FLHQFH��$ER�$NDGHPL�8QLYHUVLW\��7XUNX��)LQODQG
&RQWDFW��FKULVWHU�FDUOVVRQ#DER�À



'DQLHO�'LFN
0DVWHU�GHJUHH�LQ�&XOWXUDO�	�6RFLDO�$QWKURSRORJ\��'HSDUWPHQW�RI�
$QWKURSRORJ\��8QLYHUVLW\�RI�9LHQQD��&R�)RXQGHU�RI�WKH�9LHQQD�
$FDGHP\�RI�&RQVFLRXVQHVV�6WXGLHV��5HVHDUFK�LQ�5HOLJLRQ��3KLORVRSK\�
RI�6FLHQFH�,GHRORJ\��5LWXDO�6WXGLHV��&XOWXUDO�(YROXWLRQ
&XOWXUDO�(FRORJ\��&RQVFLRXVQHVV�6WXGLHV
&RQWDFW��GDQLHO�GLFN#XQLYLH�DF�DW

/XL]�$OEHUWR�0DFKDGR�)RUWXQDWR�
3URIHVVRU�DW�WKH�'HSDUWPHQW�RI�(OHFWULF�(QJLQHHULQJ�RI�&HQWUR�)HGHUDO�
GH�(GXFDomR�7HFQROyJLFD�&HOVR�6XNRY�LQ�5LR�GH�-DQHLUR��&()(7�5-�
(OHFWULF�(QJLQHHU�	�IRUPHU�'LUHFWRU��2SHUDGRU�1DFLRQDO�GR�6LVWHPD�
(OpWULFR��$GYLVRU�WR�WKH�%UD]LOLDQ�(OHFWULF�3RZHU�6\VWHP�2SHUDWRU��&(2�
&RQWDFW��IRUWXQDWR#RQV�RUJ�EU

'U��UHU�QDW��$QQHWWH�*UDWKRII
,QVWLWXWH�IRU�&KHPLVWU\�DQG�%LRORJ\�RI�WKH�0DULQH�(QYLURQPHQW��,&%0�
&DUO�YRQ�2VVLHW]N\�8QLYHUVLWlW�2OGHQEXUJ
&RQWDFW��D�JUDWKRII#XQL�ROGHQEXUJ�GH

/HQD�+HQGOPHLHU
%DFKHORU�LQ�'HVLJQ��*HUULW�5LHWYHOG�$FDGHP\��$PVWHUGDP
$UW�7KHUDS\�6WXGLHV��+.6�2WWHUVEHUJ��8$6��	�+.7�1�UWLQJHQ��8$6��
&XUUHQWO\�VKH�LV�ÀQLVKLQJ�KHU�0DVWHU�LQ�$GYDQFHG�'HVLJQ��+RFKVFKXOH�
0�QFKHQ��8$6��ZLWK�D�IRFXV�RQ�6RFLDO�6WUXFWXUHV�DQG�'HVLJQ�
&RQWDFW��OHQD�KHQGOPHLHU#JPDLO�FRP

5LFKDUG�-��+HZLWW
2EVHUYDWRULR�SDUD�XQD�&XOWXUD�GHO�7HUULWRULR��2&7���0DGULG��6SDLQ
/RPRQRVRY�0RVFRZ�6WDWH�8QLYHUVLW\��5XVVLD
&RQWDFW��ULFKDUG�KHZLWW#XDK�HV

0DJGD�.DVSDU\
,QWHUGLVFLSOLQDU\�+5��0DVWHU�RI�$UWV�LQ�2UJDQL]DWLRQDO�/HDGHUVKLS
%$��%XVLQHVV�$GPLQLVWUDWLRQ��0$�LQ�6RFLDO�3V\FKRORJ\��5HVHDUFK�LQ�*URXS�
3URFHVV�LQ�7HDP�0DQDJHPHQW�XVLQJ�6\VWHPV�7KLQNLQJ�DQG�&RPSOH[�
7KRXJKW��0DUJDUHW�0HDG�6WXGHQW�$ZDUG�E\�WKH�,QWHUQDWLRQDO�6RFLHW\�
IRU�6\VWHPV�6FLHQFHV��,666���+5�&HUWLÀFDWH�E\�8QLYHUVLW\�RI�:DVKLQJWRQ
5HVHDUFK�LQ�,QWHUGLVFLSOLQDU\�+5�	�,QWHUGLVFLSOLQDU\�:RUNSODFHV
&RQWDFW��PDJGDNDVSDU\#RXWORRN�FRP



$VLPLQD�.RXNRX
3K'�6FKRODU��'HSDUWPHQW�RI�&RPPXQLFDWLRQ��8QLYHUVLW\�RI�9LHQQD
5HFLSLHQW�RI�WKH�Ä/XGZLJ�YRQ�%HUWDODQII\�3KG�6FKRODUVKLS¶�E\�WKH�
%HUWDODQII\�&HQWHU�IRU�WKH�6WXG\�RI�6\VWHPV�6FLHQFH��%&666�
&RQWDFW��$VLPLQD�NRXNRX#EFVVV�RUJ

.DQHOLD�.RXWVDQGUHD
$UFKLWHFW�(QJLQHHU��,QGHSHQGHQW�5HVHDUFKHU��$WKHQV
$UFKLWHFWXUH�6WXGLHV��8QLYHUVLW\�RI�3DWUDV��$UFKLWHFWXUDO�	�8UEDQ�'HVLJQ�
0DVWHU�FRXUVHV��8QLYHUVLW\�RI�(GLQEXUJK��$UFKLWHFWXUDO�'HVLJQ��6SDFH�
&XOWXUH�6WXGLHV��1DWLRQDO�7HFKQLFDO�8QLYHUVLW\�RI�$WKHQV
&RQWDFW��Q�NRXWVDQGUHD#JPDLO�FRP

+DQD�.UL]DQRYD
6WXGHQW��6RFLDO�'HVLJQ�$UWV�DV�8UEDQ�,QQRYDWLRQ
8QLYHUVLW\�RI�$SSOLHG�$UWV�9LHQQD
&RQWDFW��NUL]DQRYD�KDQD#JPDLO�FRP

$EGXOEDUL�.XWEL
%$�$UFKLWHFWXUH��&DQWHUEXU\�6FKRRO�RI�$UFKLWHFWXUH��&6$�
8QLYHUVLW\�IRU�WKH�&UHDWLYH�$UWV��8&$���3RVWJUDGXDWH�5HVHDUFK�LQ�
$JHQF\��(PERGLPHQW�	�%HKDYLRXU��ZLWKLQ�WKH�IUDPHZRUN�RI�WKH�
0$�SURJUDP�KH�GHYHORSV�EDVLF�WDFWLOH�DSSURDFKHV�WR�$XWRPDWLRQ�
	�,QWHOOLJHQW�%HKDYLRXU�LQ�'HYLFHV�DQG�6SDWLDO�(QYLURQPHQWV
&RQWDFW��DEGXOEDUL#NXWEL�FR�XN

7HLMD�/HKPXVNRVNL
0DVWHU·V�VWXGHQW��&UHDWLYH�6XVWDLQDELOLW\�LQ�8UEDQ�3ODQQLQJ
$DOWR�8QLYHUVLW\��)LQODQG��%DFNJURXQG�LQ�*HRLQIRUPDWLFV�
*URZLQJ�LQWHUHVW�LQ�6RFLDO�6XVWDLQDELOLW\�	�6RFLDO�&KDQJH�
&RQWDFW��WHLMD�OHKPXVNRVNL#DDOWR�À

$QVHOP�/HQ]
0HPEHU�RI�¶+DXV�%DUWOHE\¶�DQG�¶'DV�.DSLWDOLVPXVWULEXQDO¶�
&RQWDFW��NDSLWDOLVPXVWULEXQDO#KDXVEDUWOHE\�RUJ

6HUJHM�/XJRYLý
6HQLRU�/HFWXUHU��=DJUHE�8QLYHUVLW\�RI�$SSOLHG�6FLHQFHV��&URDWLD
0DVWHU�RI�6FLHQFH��3OHNKDQRY�5XVVLDQ�8QLYHUVLW\�RI�(FRQRPLFV
0%$��/RQGRQ�&ROOHJH�8&.��5HVHDUFK�LQ�,QIRUPDWLRQ�%HKDYLRU�
	�,QWHOOLJHQW�6RFLR�7HFKQLFDO�6\VWHPV
&RQWDFW��OXJRYLF�VHUJHM#JPDLO�FRP



&HFLOH�0DODVSLQD
3K'�6FKRODU��eFROH�'RFWRUDOH��3DULV�'LGHURW�8QLYHUVLWp��/DERUDWRLUH�6FLHQFH�
3KLORVRSKLH�+LVWRLUH��63+(5(���3DULV�'LGHURW�8QLYHUVLWp��7KH�1DWLRQDO�
&HQWHU�IRU�6FLHQWLÀF�5HVHDUFK��&156���9LVLWLQJ�/HFWXUHU��5R\DO�&ROOHJH�
RI�$UW��/RQGRQ��0HPEHU�RI�WKH�(GLWRULDO�%RDUG�RI�&RS\�3UHVV�
0HPEHU�RI�WKH�,QVWLWXWH�IRU�'HVLJQ�6FLHQFH��0XQLFK
&RQWDFW��FHFLOH�PDODVSLQD#JPDLO�FRP

'U��9LDFKHVODY�0DUDFKD
$VVRFLDWH�3URIHVVRU�DW�1DWLRQDO�5HVHDUFK�1XFOHDU�8QLYHUVLW\
1DWLRQDO�5HVHDUFK�1XFOHDU�8QLYHUVLW\�0(3K,��5XVVLDQ�3UHVLGHQWLDO�
$FDGHP\�RI�1DWLRQDO�(FRQRP\�DQG�3XEOLF�$GPLQLVWUDWLRQ�
&RQWDFW��PDUDWFKD#\DQGH[�UX

(OLRW�0DULQ�&XGUD]
6WXGHQW��(FROH�1DWLRQDOH�6XSpULHXUH�G·$UFKLWHFWXUH�GH�1DQWHV
$SSOLHG�$UWV�6WXGLHV��3DULV��0DVWHU�GHJUHH�LQ�$UFKLWHFWXUH
��\HDU�'HVVDX�,QVWLWXWH�RI�$UFKLWHFWXUH��*HUPDQ\��ZKHUH�KH�VWDUWHG�
ZRUNLQJ�RQ�&RPSXWDWLRQDO�$UFKLWHFWXUH�	�&RGLQJ��IXUWKHU�ZRUNLQJ�
ÀHOGV�DUH�*OREDO�'HVLJQ��*UDSKLF�'HVLJQ��3URGXFW�'HVLJQ��$UFKLWHFWXUH
&RQWDFW��HPF#HOLRWPF�IU

.RÀ�0EXN�
'RFWRUDO�5HVHDUFKHU��&HQWUH�IRU�(QYLURQPHQWDO�3ROLF\��&(3���,PSHULDO�
&ROOHJH�/RQGRQ��8.�)RUHLJQ�	�&RPPRQZHDOWK�2IÀFH��8.�'HSDUWPHQW�RI�
(QHUJ\�	�&OLPDWH�&KDQJH��'(&&���%DFKHORU�RI�6FLHQFH��%LRORJ\��8QLYHUVLW\�
RI�0DVVDFKXVHWWV��0DVWHU�RI�6FLHQFH��5HQHZDEOH�(QHUJ\��8QLYHUVLW\�RI�
5HDGLQJ��8.��3K'��(QYLURQPHQWDO�5HVHDUFK��,PSHULDO�&ROOHJH��/RQGRQ
&RQWDFW��N�PEXN��#LPSHULDO�DF�XN

7DU\Q�0HDG
3K'�6FKRODU��0DQDJHPHQW�6WXGLHV��6FKRRO�RI�%XVLQHVV��8QLYHUVLW\�RI�([HWHU
5HVHDUFK�LQ�WKH�SURFHVV�DQG�RXWFRPHV�RI�%LRORJLFDOO\�LQVSLUHG�LQQRYDWLRQ�
LQ�0XOWLQDWLRQDO�&RPSDQLHV�DQG�WKHLU�&RQWULEXWLRQV�WR�6XVWDLQDEOH�
'HYHORSPHQW��0DULH�&XULH�(DUO\�&DUHHU�5HVHDUFKHU�LQ�%LRPLPLFU\�
$SSURDFKHV�DV�D�)RUP�RI�0DQDJHPHQW�,QQRYDWLRQ
&RQWDFW��W�O�PHDG#H[HWHU�DF�XN
�

/XL]�3LQJXHOOL�5RVD
'RFWRU�LQ�3K\VLFV��(PHULWXV�	�7LWXODU�7HDFKHU�RI�WKH�)HGHUDO�8QLYHUVLW\�
RI�5LR�GH�-DQHLUR��)RUPHU�3UHVLGHQW�RI�(OHWUREUiV��,QVWLWXWLRQDO�'LUHFWRU�RI�
&233(�	�([HFXWLYH�6HFUHWDU\�RI�WKH�%UD]LOLDQ�)RUXP�RI�&OLPDWLF�&KDQJHV
&RQWDFW��OSU#DGF�FRSSH�XIUM�EU



$GULDQR�3URHQoD�
$VVRFLDWH�3URIHVVRU��'HSDUWPHQW�RI�,QGXVWULDO�(QJLQHHULQJ��3RO\WHFKQLF�
6FKRRO�RI�WKH�)HGHUDO�8QLYHUVLW\�RI�5LR�GH�-DQHLUR��3URGXFWLRQ�(QJLQHHU�
ZLWK�D�VSHFLDOL]DWLRQ�LQ�,QGXVWULDO�$XWRPDWLRQ��(FROH�1DWLRQDOH�G¶,QJHQLHXUV�
GH�7DUEHV���)UDQFH���0DVWHU�RI�6FLHQFH��3K'��3URGXFWLRQ�(QJLQHHULQJ�
�&233(�8)5-���)RFXV�RQ�%XVLQHVV�6WUDWHJ\�	�2UJDQL]DWLRQV��2SHUDWLRQV�
6WUDWHJ\�DQG�WKH�6WUDWHJLF�0DQDJHPHQW�RI�7HFKQRORJ\�	�,QQRYDWLRQ
&RQWDFW��DGULSUR#XRO�FRP�EU

5DVKLGDK�$E��5DKPDQ
$VVRFLDWH�3URIHVVRU�RI�$UFKLWHFWXUH��8QLYHUVLWL�7HNQRORJL�0$5$��8L70��
6KDK�$ODP��0DOD\VLD��%$�$UFKLWHFWXUH��8QLYHUVLW\�RI�/RXLVLDQD�DW�/DID\HWWH��
86$��0DVWHU�RI�6FLHQFH��%XLOW�(QYLURQPHQW��7KH�%DUWOHWW��/RQGRQ��8&/�
&RQWDFW��UDVKLGDK���#VDODP�XLWP�HGX�P\

'U��'PLWU\�5HXW
3URIHVVRU�LQ�1�(��%DXPDQ�0RVFRZ�6WDWH�7HFKQLFDO�8QLYHUVLW\
1DWLRQDO�5HVHDUFK�1XFOHDU�8QLYHUVLW\�0(3K,
0HPEHU�RI�WKH�8QLWHG�.LQJGRP�6\VWHPV�6RFLHW\
&RQWDFW��GPUHXW#JPDLO�FRP

1LN�5DKLPL�1LN�5RVODQ
0DVWHU��$UFKLWHFWXUH��%$�6FLHQFH��$UFKLWHFWXUH��
8QLYHUVLWL�7HNQRORJL�0$5$��8L70��6KDK�$ODP�
&RQWDFW��DUDNXQLN#JPDLO�FRP

(OHQD�5RYHQVND\D
'LUHFWRU�RI�WKH�$GYDQFHG�6\VWHPV�$QDO\VLV�3URJUDP��$6$�
,QWHUQDWLRQDO�,QVWLWXWH�IRU�$SSOLHG�6\VWHPV�$QDO\VLV��,,$6$�
5HVHDUFK�6FKRODU�DW�WKH�)DFXOW\�RI�&RPSXWDWLRQDO�0DWKHPDWLFV�
	�&\EHUQHWLFV��/RPRQRVRY�0RVFRZ�6WDWH�8QLYHUVLW\��5XVVLD�
5HVHDUFK�LQ�(FRQRPLF²(QYLURQPHQWDO�0RGHOOLQJ�DQG�2SWLPL]DWLRQ
&RQWDFW��URYHQVND#LLDVD�DF�DW

$QQD�6KFKLSWVRYD
5HVHDUFK�6FKRODU��$GYDQFHG�6\VWHPV�$QDO\VLV�3URJUDP��$6$�
,QWHUQDWLRQDO�,QVWLWXWH�IRU�$SSOLHG�6\VWHPV�$QDO\VLV��,,$6$�
3K'��0DWKHPDWLFV��3HWUR]DYRGVN�6WDWH�8QLYHUVLW\��5XVVLD
0DVWHU�RI�6FLHQFH��$SSOLHG�0DWKHPDWLFV�	�,QIRUPDWLFV��3HWUR]DYRGVN�
6WDWH�8QLYHUVLW\��5XVVLD��5HVHDUFK�LQ�*DPH�7KHRU\��3UREDELOLW\�7KHRU\�
6WDWLVWLFV�ZLWK�WKHLU�$SSOLFDWLRQV�LQ�0DWKHPDWLFDO�0RGHOOLQJ
&RQWDFW��VKFKLSWV#LLDVD�DF�DW



+LPDQVKX�6KHNKDU
'RFWRUDO�5HVHDUFKHU��$GYDQFHG�5HVHDUFK�LQ�8UEDQ�6\VWHPV�3URJUDP�
8QLYHUVLW\�RI�'XLVEXUJ�(VVHQ��*HUPDQ\
&RQWDFW��KLPDQVKX�VKHNKDU#VWXG�XQL�GXH�GH

'U��$OH[DQGUH�6WUDSDVVRQ
+RQRUDU\�5HVHDUFKHU��&HQWUH�IRU�(QYLURQPHQWDO�3ROLF\��,PSHULDO�&ROOHJH�
/RQGRQ��8.�'HSDUWPHQW�RI�(QHUJ\�	�&OLPDWH�&KDQJH��'(&&�
8.�)RUHLJQ�	�&RPPRQZHDOWK�2IÀFH��)&2���3K'�LQ�(QHUJ\�DQG�
(QYLURQPHQW�IURP�,PSHULDO��$JULFXOWXUDO�(QJLQHHU��0DVWHU�RI�6FLHQFH
(QHUJ\��8QLYHUVLW\�RI�6mR�3DXOR��:RUNLQJ�ÀHOGV��,QWHUQDWLRQDO�'HYHORSPHQW�
*OREDO�'\QDPLFV�RI�(QHUJ\��&DUERQ�DQG�/DQG�8VH��6\VWHPV�6FLHQFHV
&RQWDFW��DOH[DQGUH�VWUDSDVVRQ#LPSHULDO�DF�XN

OXGZLJ�WHFKQLTXH�D�N�D��-RKDQQHV�3D\U
,QGHSHQGHQW�$UWLVW��,QQVEUXFN��$XVWULD
&RQWDFW��OXGZLJ#DUJ�DUW�RUJ

3UHGUDJ�9DORæLý
3URIHVVRU��8QLYHUVLW\�RI�$SSOLHG�6FLHQFHV�
7HDFKLQJ�VXEMHFWV�DUH�6LJQDO�7KHRU\�	�3URFHVVLQJ��
,QIRUPDWLRQ�7KHRU\�	�&RGLQJ��'LJLWDO�6LJQDO�3URFHVVLQJ
&RQWDFW��SYDOR]LF#WY]�KU

'�6F��3LUNNR�:DOGHQ
,QVWLWXWH�IRU�$GYDQFHG�0DQDJHPHQW�6\VWHPV�5HVHDUFK�
'HSDUWPHQW�RI�,QIRUPDWLRQ�7HFKQRORJLHV�
$ER�$NDGHPL�8QLYHUVLW\��7XUNX��)LQODQG
&RQWDFW��SLUNNR�ZDOGHQ#DER�À

'U�-HUHP\�:RRGV�
&R�'LUHFWRU�RI�WKH�&HQWUH�IRU�(QHUJ\�3ROLF\�DQG�7HFKQRORJ\��,&(37��
,PSHULDO�&ROOHJH�/RQGRQ��6HQLRU�/HFWXUHU��%LRHQHUJ\��3K'��.LQJ·V�&ROOHJH�
/RQGRQ���8.�)RUHLJQ�	�&RPPRQZHDOWK�2IÀFH��)&2���8.�'HSDUWPHQW�RI�
(QHUJ\�	�&OLPDWH�&KDQJH��'(&&���ZRUNLQJ�ÀHOG��7KH�,QWHUSOD\�EHWZHHQ�
'HYHORSPHQW��/DQG�8VH�	�WKH�6XVWDLQDEOH�8VH�RI�1DWXUDO�5HVRXUFHV
&RQWDFW��MHUHP\�ZRRGV#LPSHULDO�DF�XN



:RUNVKRS�/HDGHUV�	�3DUWLFLSDQWV�

352)(66,21$/�6<67(0,&6�21�/,1(��/,9(�)520�$�',67$1&(
:RUNVKRS�/HDGHUV��'U��1LNLWDV�$VVLPDNRSRXORV��'LPLWULRV�9DUVRV
'HSDUWPHQW�RI�,QIRUPDWLFV��8QLYHUVLW\�RI�3LUDHXV��*UHHFH

5DOOLV�$QWRQLDGLV�
3K'�&DQGLGDWH��'HSDUWPHQW�RI�,QIRUPDWLFV��8QLYHUVLW\�RI�3LUDHXV
0DVWHU�RI�6FLHQFH��,QIRUPDWLRQ��6\VWHPV�6FLHQFH��$SSOLHG�0DWKHPDWLFV�
&DUOHWRQ�8QLYHUVLW\��2WWDZD��&DQDGD��6\VWHPLF�H�%XVLQHVV�$QDO\VW�
3URIHVVLRQDO��&6(%$3���0HPEHU�RI�WKH�+HOOHQLF�6RFLHW\�IRU�6\VWHPLF�
6WXGLHV��+666���$VVLVWDQW�	�(GLWRU���,QWHUQDWLRQDO�-RXUQDO�RI�$SSOLHG�
6\VWHPLF�6WXGLHV��,-$66�
&RQWDFW��DULVDQWRQLDGLV#JPDLO�FRP

'U��1LNLWDV�$��$VVLPDNRSRXORV�
3URIHVVRU��'HSDUWPHQW�RI�,QIRUPDWLFV��8QLYHUVLW\�RI�3LUDHXV��*UHHFH
)25�RI�WKH�%ULWLVK�2SHUDWLRQDO�5HVHDUFK�6RFLHW\
)RXQGHU�	�(GLWRU�LQ�&KLHI�RI�WKH�-RXUQDO�RI�$SSOLHG�6\VWHPLF�6WXGLHV
+H�KDV�GHYHORSHG�'&6<0�DQG�WKH�67,0(9,6�0XOWL�6\VWHPLF�0HWKRGRORJ\
)RXQGHU�	�HOHFWHG�3UHVLGHQW�RI�WKH�+HOOHQLF�6RFLHW\�IRU�6\VWHPLF�6WXGLHV
&RQWDFW��DVVLQLN#XQLSL�JU

0R\UD�)RZOHU
6FKRRO�RI�(QJLQHHULQJ�DQG�7HFKQRORJ\��8QLYHUVLW\�RI�+HUWIRUGVKLUH
&RQWDFW��P�D�IRZOHU#KHUWV�DF�XN�

0DULD�(��*LDQQDNDNL
(OOLQRJHUPDQLNL�$JRJL��3DOOLQL��*UHHFH��+HOOHQLF�6RFLHW\�IRU�6\VWHPLF�6WXGLHV
&RQWDFW��PDJLDQQD��#JPDLO�FRP

'U��6WHUJLDQL�$��*LDQQDNRX
'HSDUWPHQW�RI�,QIRUPDWLFV��8QLYHUVLW\�RI�3LUDHXV��3K'��3KDUPDFHXWLFDO�
7HFKQRORJ\��%DFKHORU·V�'HJUHH�LQ�3KDUPDFHXWLFV��8QLYHUVLW\�RI�$WKHQV�
3URIHVVLRQDO�&HUWLÀFDWLRQ�RQ�3URMHFW�0DQDJHPHQW�IURP�WKH�3RVW�*UDGXDWH�
3URIHVVLRQDO�3URJUDP�&HUWLÀHG�6\VWHPLF�$QDO\VW�3URIHVVLRQDO�RI�+HOOHQLF�
6RFLHW\�RI�6\VWHPLF�6WXGLHV�DQG�8QLYHUVLW\�RI�3LUDHXV��/HFWXUHU�LQ�WKH�3RVW�
*UDGXDWH�3URIHVVLRQDO�3URJUDP�&HUWLÀHG�6\VWHPLF�$QDO\VW�3URIHVVLRQDO�
�&6$3���*03�,QVSHFWRU��1DWLRQDO�$XWKRULWLHV�IRU�0HGLFLQHV�RI�*UHHFH
&RQWDFW��VJLDQQDNRX#HRI�JU



'U��*HRUJH�+DULWRV
+HDG�RI�$XWRPRWLYH��0HFKDQLFDO�DQG�0HFKDWURQLFV�(QJLQHHULQJ�
6FKRRO�RI�(QJLQHHULQJ�DQG�7HFKQRORJ\��8QLYHUVLW\�RI�+HUWIRUGVKLUH
&RQWDFW��J�KDULWRV#KHUWV�DF�XN

6S\URV�.DOOLPDQLV�
+HDG�RI�7UDLQLQJ�	�'HYHORSPHQW�'HSDUWPHQW�IRU�*�6�3�5��+HOOHQLF�0LQLVWU\�
RI�)LQDQFH��0%$��0DUNHWLQJ�DQG�6RFLDO�0DUNHWLQJ�([SHUW�	�,QVWUXFWRU�
+5�'HYHORSPHQW�	�6RFLDO�0DUNHWLQJ
&RQWDFW��NDOOLP�VS#JPDLO�FRP

*HRUJLRV�.DUDPSDWRV
&6$3�3URIHVVLRQDO�3URJUDP�8QLYHUVLW\�RI�3LUDHXV
'LSO��(OHFWULFDO�(QJLQHHU�	�&RPSXWHU�7HFKQRORJ\��0%$��(85(0
&RQWDFW��JHRND����#KRWPDLO�FRP

$ULVWRPHQLV�.RWVDNLV
3K'�&DQGLGDWH��6WUDWHJLF�&KDQJH�)UDPHZRUN�'HYHORSPHQW�
8QLYHUVLW\�RI�3LUDHXV��*UHHFH��([HFXWLYH�0%$��%DFKHORU�RI�6FLHQFH�
$SSOLHG�0DWKHPDWLFV��&HUWLÀHG�4XDOLW\�6\VWHP�0DQDJHU��(24���6$4��
$QFLHQW�0XVLF�&KRLU�'LUHFWRU
&RQWDFW��D�NRWVDNLV#LFORXG�FRP

7KDQRV�.ULHPDGLV
3URIHVVRU��6WUDWHJLF�0DQDJHPHQW��7RWDO�4XDOLW\�0DQDJHPHQW�
8QLYHUVLW\�RI�3HOHSRQQHVH��8QLYHUVLW\�RI�$WKHQV�
%DFKHORU�RI�6FRLHQFH��0DQDJHPHQW��0�%�$���0�$���3K�'���86$�8QLYHUVLWLHV
&RQWDFW��WKDQRVN#XRS�JU

,RDQQLV�/HQWDV�
6RFLRORJLVW��0DVWHU�RI�6FLHQFH��+XPDQ�5HVRXUFH�'HYHORSPHQW
3ULQFLSDO�$VVLVWDQW�DW�WKH�*HQHUDO�'LUHFWRU�RI�(OHFWURQLF�*RYHUQDQFH�
DQG�+XPDQ�5HVRXUFHV�DW�*�6�3�5��+HOOHQLF�0LQLVWU\�RI�)LQDQFH
([SHUWLVH�LQ�3HUIRUPDQFH��(YDOXDWLRQ�	�.QRZOHGJH�0DQDJHPHQW�LVVXHV
([SHUW�LQ�6RFLDO�	�2UJDQL]DWLRQDO�6XUYH\V
&RQWDFW��L�OHQWDV#PRIDGP�JU



'LPLWULV�/\UDV
)RXQGHU�RI�8O\VVHV�6\VWHPV�	�8O\VVHV�/HDUQLQJ��/RQGRQ�
6WXGLHV�RI�0HFKDQLFDO�(QJLQHHULQJ��1RUWK�(DVWHUQ�8QLYHUVLW\�
0DVVDFKXVHWWV��6SHFLDOLVW�LQ�,QQRYDWLYH�'HFLVLRQ�6XSSRUW�6RIWZDUH
0HPEHU�RI�WKH�&RXQFLO�RI�,QWHUQDWLRQDO�7DQNHU�2ZQHUV�$VVRFLDWLRQ
&RQWDFW��'/\UDV#XO\VVHV�V\VWHPV�FRP

1LNLWDV�%HOPDU�0DKPRXGL�
%DFKHORU�GHJUHH�LQ�,QIRUPDWLRQ�7HFKQRORJ\��'HSDUWPHQW�RI�,QIRUPDWLFV
8QLYHUVLW\�RI�3LUDHXV��+HOOHQLF�6RFLHW\�IRU�6\VWHPLF�6WXGLHV�
8QLYHUVLW\�RI�3LUDHXV�5HVHDUFK�&HQWHU��,7�7HFKQLFLDQ
&RQWDFW��QLNLWDVPKV#JPDLO�FRP

3DQDJLRWLV�3DSDLRDQQRX�
3K'�&DQGLGDWH��'HSDUWPHQW�RI�,QIRUPDWLFV��8QLYHUVLW\�RI�3LUDHXV
$QDO\VW�3URJUDPPHU�	�,7�/LDLVRQ��(<'$3�6$��$WKHQV�:DWHU�6XSSO\�
	�6HZHUDJH�&RPSDQ\���6RIWZDUH�(QJLQHHULQJ�	�'HYHORSPHQW
6FLHQWLÀF�LQWHUHVWV�LQ�6RIWZDUH�(QJLQHHULQJ��6\VWHPLF�0HWKRGRORJLHV�
3URFHVV�$QDO\VLV��3URMHFW�0DQDJHPHQW
&RQWDFW��S�SDSDLRDQQRX#JPDLO�FRP

1LNRODRV�3DSD]RJORX
3K'�&DQGLGDWH��,QWHUQDWLRQDO�%XVLQHVV�6WUDWHJLHV��8QLYHUVLW\�RI�3LUDHXV
0DVWHU�RI�6FLHQFH��$FFRXQWLQJ�	�)LQDQFH��$WKHQV�8QLYHUVLW\�RI�(FRQRPLFV�
	�%XVLQHVV��7HDFKLQJ�DVVLVWDQW��,QWHUQDWLRQDO�%XVLQHVV��%XVLQHVV�(WKLFV�
	�6SHFLDO�,VVXHV�LQ�,QWHUQDWLRQDO�%XVLQHVV��8QLYHUVLW\�RI�3LUDHXV
&RQWDFW��SDSD]RJORXQLFN#KRWPDLO�FRP

*HRUJH�6DLQLV
3K'�&DQGLGDWH��6FKRRO�RI�(QJLQHHULQJ�DQG�7HFKQRORJ\��
8QLYHUVLW\�RI�+HUWIRUGVKLUH��0$��8QLYHUVLW\�RI�.HQW�
&DQWHUEXU\��%DFKHORU�RI�6FLHQFH��'(5((���7KH�$PHULFDQ�&ROOHJH�RI�*UHHFH
&RQWDFW��JVDLQLV#DFJ�HGX

'U��-RKQ�7KDQRSRXORV
3URIHVVRU�RI�,QWHUQDWLRQDO�%XVLQHVV��8QLYHUVLW\�RI�3LUDHXV��SDVW�$FDGHPLF�
'HDQ�IRU�WKH�$PHULFDQ�&ROOHJH�RI�*UHHFH��3DVW�&R�&KDLU�RI�WKH�([HFXWLYH�
&RPPLWWHH�RI�WKH�*UHDWHU�$NURQ�([SRUW�$VVRFLDWLRQ��3XEOLFDWLRQV�LQ�
,QWHUQDWLRQDO�%XVLQHVV��6KLS�0DQDJHPHQW��%XVLQHVV�(WKLFV�	�
6HOI�$FWXDOL]DWLRQ�3HUVSHFWLYHV�RI�WKH�LQWHUQDWLRQDO�PDQDJHU
&RQWDFW��MW#LVW�HGX�JU



7KHRIDQLV�(��7VHSHUNDV
3K'�&DQGLGDWH��8QLYHUVLW\�RI�3LUDHXV
5HVHDUFK�LQ�&RUSRUDWH�*RYHUQDQFH�	�0DQDJHPHQW�&RQWURO�6\VWHPV
&RQWDFW��IDQLVBWVHSHUNDV#KRWPDLO�JU

'LPLWULRV�6��9DUVRV
3K'�&DQGLGDWH��'HSDUWPHQW�RI�,QIRUPDWLFV��8QLYHUVLW\�RI�3LUDHXV
0DVWHU·V�'HJUHH��2UJDQL]DWLRQ�	�0DQDJHPHQW��%DFKHORU·V�'HJUHH
%XVLQHVV�$GPLQLVWUDWLRQ��&R�)RXQGHU�	�0DQDJLQJ�'LUHFWRU�RI�06,�
+HOODV�&RQVXOWLQJ�*URXS��0HPEHU�RI�WKH�+HOOHQLF�6RFLHW\�IRU�6\VWHPLF�
6WXGLHV��+666���/HFWXUHU�LQ�WKH�3RVW�*UDGXDWH�3URIHVVLRQDO�3URJUDP�
&HUWLÀHG�6\VWHPLF�$QDO\VW�3URIHVVLRQDO��&6$3���8QLYHUVLW\�RI�3LUDHXV
5HVHDUFK�LQ�6\VWHPV�7KHRU\��&RPSOH[�$GDSWLYH�6\VWHPV��2UJDQL]DWLRQDO�
7KHRU\��6\VWHPLF�0HWKRGRORJLHV��6\VWHPV�0RGHOLQJ�	�6LPXODWLRQ
&RQWDFW��GYDUVRV#PVL�JU

$�.,&.�67$57�:25.6+23
:RUNVKRS�/HDGHU��<DJPXU�'HQL]KDQ
(OHFWULFDO�(OHFWURQLFV�(QJLQHHULQJ�'HSDUWPHQW��%RJD]LFL�8QLYHUVLW\

<DJPXU�'HQL]KDQ
3URIHVVRU��(OHFWULFDO�(OHFWURQLFV�(QJLQHHULQJ�'HSDUWPHQW��%RJD]LFL�
8QLYHUVLW\��+HDG�RI�WKH�*UDGXDWH�3URJUDP�LQ�6\VWHPV�	�&RQWURO�
(QJLQHHULQJ��5HVDHUFK�LQ�1RQOLQHDU�'\QDPLFV��&KDRV�&RQWURO�	�0RGHOOLQJ�
RI�%LRORJLFDO�6\VWHPV��6RFLDO�,PSDFWV�RI�7HFKQRORJ\��&RJQLWLYH�6FLHQFH
%LRVHPLRWLFV��6\VWHPV�7KHRU\�DQG�0\WKRORJ\
&RQWDFW��GHQL]KDQ#ERXQ�HGX�WU

.�EUD�(UHQ�
*UDGXDWH�6WXGHQW��&RJQLWLYH�6FLHQFH�0�$��3URJUDP��%RJD]LFL�8QLYHUVLW\�
,VWDQEXO��%DFKHORU�RI�6FLHQFH��0ROHFXODU�%LRORJ\�DQG�*HQHWLFV��
%LONHQW�8QLYHUVLW\��$QNDUD�
&RQWDFW��NEUDUHQ#JPDLO�FRP

6HUGDU�0HWLQ�
3K'�&DQGLGDWH��'HSDUWPHQW�RI�&RPSXWHU�(QJLQHHULQJ��%RJD]LFL�8QLYHUVLW\�
0�$���&RJQLWLYH�6FLHQFH��%RJD]LFL�8QLYHUVLW\��%�$���3V\FKRORJ\��
%RJD]LFL�8QLYHUVLW\��,VWDQEXO
&RQWDFW��EDOLNDNOL#JPDLO�FRP



6<67(06�2)�6<67(06
'2(6�7+(�&21&(37�&2175,%87(�72�6<67(06�7+,1.,1*�
$1'�81'(567$1',1*"
:RUNVKRS�/HDGHUV��:ROIJDQJ�+RINLUFKQHU��+DQV�-|UJ�.UHRZVNL
5DLQHU�(��=LPPHUPDQQ��%&666�5HVHDUFK�*URXS�/6�$UEHLWVNUHLV�
,6,6�6SHFLDO�,QWHUHVW�*URXS�(PHUJHQW�6\VWHPV��,QIRUPDWLRQ�DQG�6RFLHW\

+DPLG�(NELD
3URIHVVRU�RI�,QIRUPDWLFV��&RJQLWLYH�6FLHQFH�	�,QWHUQDWLRQDO�6WXGLHV
'LUHFWRU��&HQWUH�IRU�5HVHDUFK�RQ�0HGLDWHG�,QWHUDFWLRQ��,QGLDQD�8QLYHUVLW\�
)DUJRQDXW�DW�WKH�&HQWHU�IRU�5HVHDUFK�RQ�&RQFHSWV�DQG�&RJQLWLRQ��&5&&��
,QGLDQD�8QLYHUVLW\��3K'��&RPSXWHU�&RJQLWLYH�6FLHQFH��,QGLDQD�8QLYHUVLW\
0DVWHU�RI�6FLHQFH��(OHFWULFDO�(QJLQHHULQJ�$SSOLHG�3ODVPD�3K\VLFV��8&/$
%DFKHORU�RI�6FLHQFH��(OHFWULFDO�(QJLQHHULQJ��$EDGDQ�,QVWLWXWH�RI�7HFKQRORJ\
&RQWDFW��KHNELD#LQGLDQD�HGX

:ROIJDQJ�+RINLUFKQHU
$VVRFLDWH�3URIHVVRU��DR��8QLY��3URI���WHQXUHG��IRU�7HFKQRORJ\�$VVHVVPHQW�
,QVWLWXWH�RI�'HVLJQ�DQG�$VVHVVPHQW�RI�7HFKQRORJ\��)DFXOW\�RI�,QIRUPDWLFV�
9LHQQD�8QLYHUVLW\�RI�7HFKQRORJ\��3UHVLGHQW��%HUWDODQII\�&HQWHU�IRU�WKH�
6WXG\�RI�6\VWHPV�6FLHQFH��%&666���)RXQGLQJ�3UHVLGHQW��,QWHUQDWLRQDO�
6RFLHW\�IRU�,QIRUPDWLRQ�6WXGLHV��,6,6���9LHQQD��'U��SKLO���3ROLWLFDO�6FLHQFH�
3V\FKRORJ\��3DULV�/RGURQ�8QLYHUVLW\�RI�6DO]EXUJ
&RQWDFW��ZROIJDQJ�KRINLUFKQHU#EFVVV

3URI��'U��+DQV�-|UJ�.UHRZVNL
3URIHVVRU��'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH��8QLYHUVLW\�RI�%UHPHQ
+HDG�RI�WKH�5HVHDUFK�*URXS�7KHRUHWLFDO�&RPSXWHU�6FLHQFH��0HPEHU�RI�
WKH�&HQWUH�IRU�&RPSXWLQJ�7HFKQRORJLHV��7=,���0HPEHU�RI�WKH�7=,�6RIWZDUH�
$QDO\VLV�	�7UDQVIRUPDWLRQ�6$7��3DUWQHU�LQ�WKH�LQWHUGLVFLSOLQDU\�%UHPHQ�
5HVHDUFK�&OXVWHU�IRU�'\QDPLFV�LQ�/RJLVWLFV�/RJ'\QDPLFV��0HPEHU�RI�WKH�
&ROODERUDWLYH�5HVHDUFK�&HQWUH�����$XWRQRPRXV�&RRSHUDWLQJ�/RJLVWLF�
3URFHVVHV���$�3DUDGLJP�6KLIW�DQG�LWV�/LPLWDWLRQV
&RQWDFW��NUHR#PDLOKRVW�LQIRUPDWLN�XQL�EUHPHQ�GH

7RPiä�6LJPXQG
$VVLVWDQW�3URIHVVRU��&DQGLGDWH�RI�6FLHQFH��3K'��'HSDUWPHQW�RI�6\VWHPV�
$QDO\VLV��),6���8QLYHUVLW\�RI�(FRQRPLFV��3UDJXH
&RQWDFW��WRPDV�VLJPXQG#JPDLO�FRP



&KULVWLDQ�6WDU\
3URIHVVRU��8QLYHUVLW\�RI�/LQ]��-.8���+HDG�RI�WKH�,QVWLWXWH�IRU�(FRQRPLF�
&RPSXWHU�6FLHQFH�DQG�&RPPXQLFDWLRQV�(QJLQHHULQJ��+HDG�RI�WKH�
.QRZOHGJH�0DQDJHPHQW�&HQWHU��5HVHDUFK�LQ�WKH�'HYHORSPHQW�RI�
7HFKQLTXHV�LQ�WKH�DUHD�RI�6RFLR�7HFKQLFDO�6\VWHPV��,QWHUQDWLRQDO�
5HVHDUFK�3URMHFWV�LQ�2UJDQL]DWLRQDO�/HDUPLQJ�DQG�(GXFDWLRQ
&RQWDFW��FKULVWLDQ�VWDU\#MNX�DW

3URI��'U��'U��5DLQHU�(��=LPPHUPDQQ
3URIHVVRU��3KLORVRSK\�	�6FLHQFHV��8QLYHUVLW\�RI�$SSOLHG�6FLHQFHV�0XQLFK
3RO\WHFKQLF�8QLYHUVLW\�RI�0XHQFKHQ��0HPEHU�RI�WKH�8QLÀHG�7KHRU\�RI�
,QIRUPDWLRQ�5HVHDUFK�*URXS��87,���5HVHDUFK�LQ�0HWDSK\VLFV�DQG�
3KLORVRSK\�RI�1DWXUH�LQFOXGLQJ�3KLORVRSK\�RI�6FLHQFH��SDUWLFXODUO\�
RI�4XDQWXP�*UDYLW\�7KHRULHV��DQG�(WKLFDO�,PSOLFDWLRQV��5HODWLRQVKLS�
EHWZHHQ�2QWRORJLFDO�DQG�(SLVWHPRORJLFDO�&RQVHTXHQFHV�RI�WKH�
&RJQLWLYHO\�3HUFHLYLQJ�DQG�WKH�/LQJXLVWLF�0RGHOLQJ��'HVLJQLQJ�RI�WKH�
:RUOG��HVSHFLDOO\�LQ�WHUPV�RI�6SDFHV��1HWZRUNV�DQG��(YROXWLRQDU\��6\VWHPV
&RQWDFW��SG�����#PDLO�OU]�PXHQFKHQ�GH

86,1*�6<67(0�0(7+2'2/2*,(6�$1'�722/6�72�6833257�&23,1*�
:,7+�&203/(;�'(02*5$3+,&�,668(6�:,7+�$�63(&,$/�)2&86�
21�3238/$7,21�$*,1*�$1'�0,*5$7,21��$33/,&$7,216��
327(17,$/,7,(6�$1'�6<1(5*,(6
:RUNVKRS�/HDGHU��0DULD�/HQ]L��&RQVXOWLQJ��0RGHOOLQJ�	�6LPXODWLRQ

-RKDQQHV�*RHOOQHU
+HDG�RI�WKH�6HFWLRQ�.12:/('*(�0$1$*(0(17
'HSDUWPHQW�RI�&HQWUDO�'RFXPHQWDWLRQ�DQG�,QIRUPDWLRQ�6HUYLFH
1DWLRQDO�'HIHQFH�$FDGHP\��$XVWULDQ�0LQLVWU\�RI�'HIHQFH�DQG�6SRUWV
&RQWDFW��MRKDQQHV�JRHOOQHU#EPOYV�JY�DW

*DEULHOH�+DUUHU�3XFKQHU
,QGHSHQGHQW�&RQVXOWDQW�	�([SHUW�LQ�6HQVLWLYLW\�$QDO\VLV
)UHHODQFH��0DOLN�0DQDJHPHQW�=HQWUXP�6W��*DOOHQ�$*
&RQWDFW��JDEULHOH�KDUUHU#W�RQOLQH�GH

0DUN�/DPEHUW]
,QVWLWXWH�IRU�$FFHOHUDWLRQ��3URIHVVLRQ��&\EHUQHWLF�6WUDWHJLHV�	�6HUYLFH�
'HVLJQ�IRU�WKH�'LJLWDO�7UDQVIRUPDWLRQ��3DVVLRQ��$OO�6FLHQFHV��)XWXUH
0HWD�7UHQGV��6RFLHW\��3ROLWLFV��&KDQJH
&RQWDFW��PDUN#PDUNODPEHUW]�GH�



0DWW�/HGXF
5HVHDUFK�6FKRODU��,QWHUQDWLRQDO�,QVWLWXWH�IRU�$SSOLHG�6\VWHPV�$QDO\VLV�
�,,$6$���0HPEHU�RI�WKH�$GYDQFHG�6\VWHPV�$QDO\VLV�3URJUDP��$6$�
3K'��1HWZRUN�*DPH�7KHRU\��6WDQIRUG�8QLYHUVLW\��3DVW�3RVW�'RFWRUDO�
)HOORZ��(7+�=XULFK��3DVW�9LVLWLQJ�5HVHDUFK�)HOORZ��'HSDUWPHQW�RI�
(FRQRPLFV�,1(7�,QVWLWXWH��&DPEULGJH�8QLYHUVLW\��5HVHDUFK�RQ�
*DPH�7KHRU\��(FRQRPLFV�RI�1HWZRUNV�DQG�1HWZRUN�6FLHQFH
&RQWDFW��OHGXFP#LLDVD�DF�DW

0DULD�/HQ]L
&RQVXOWLQJ��0RGHOOLQJ�	�6LPXODWLRQ��0DVWHU�RI�$GYDQFHG�6WXGLHV
(XURSHDQ�0DQDJHPHQW�3URJUDPPH�IRU�WKH�$UWV�DQG�0HGLD
-RKDQQHV�.HSOHU�8QLYHUVLW\�LQ�/LQ]��0DJLVWHU��,QWHUQDWLRQDO�(FRQRPLF�
5HODWLRQV��0RVFRZ�6WDWH�8QLYHUVLW\�RI�,QWHUQDWLRQDO�5HODWLRQV
&RQWDFW��OHQ]LBPDULD#PDLO�UX

'U��3DXO�&��3IDIIHQELFKOHU
6HQLRU�5HVHDUFKHU��5HVHDUFK�&HQWHU�RI�7UDQVSRUW�3ODQQLQJ�DQG�7UDIÀF�
(QJLQHHULQJ��,QVWLWXWH�RI�7UDQVSRUWDWLRQ��9LHQQD�8QLYHUVLW\�RI�7HFKQRORJ\
'RFWRU¶V�GHJUHH�LQ�7HFKQLFDO�6FLHQFH��)DFXOW\�RI�&LYLO�(QJLQHHULQJ
9LHQQD�8QLYHUVLW\�RI�7HFKQRORJ\��0DVWHU�GHJUHH�LQ�0HFKDQLFDO�
(QJLQHHULQJ��9LHQQD�8QLYHUVLW\�RI�7HFKQRORJ\
&RQWDFW��SDXO�SIDIIHQELFKOHU#WXZLHQ�DF�DW

6HEDVWLDQ�3ROHGQD
5HVHDUFK�6FKRODU��,QWHUQDWLRQDO�,QVWLWXWH�IRU�$SSOLHG�6\VWHPV�$QDO\VLV�
�,,$6$���6HFWLRQ�IRU�6FLHQFH�RI�&RPSOH[�6\VWHPV�DW�WKH�0HGLFDO�8QLYHUVLW\�
RI�9LHQQD��0HPEHU�RI�,,$6$·V�5LVN�DQG�5HVLOLHQFH�3URJUDP��5,6.�
0HPEHU�RI�WKH�$GYDQFHG�6\VWHPV�$QDO\VLV�3URJUDP��$6$���0DVWHU�
GHJUHHV��3K\VLFV�	�(FRQRPLFV��3UDFWLWLRQHU�LQ�5LVN�0DQDJHPHQW�
3K'�&DQGLGDWH��3K\VLFV��(FRQRSK\VLFV���8QLYHUVLW\�RI�9LHQQD
&RQWDFW��SROHGQD#LLDVD�DF�DW

(OHQD�5RYHQVND\D
'LUHFWRU�RI�WKH�$GYDQFHG�6\VWHPV�$QDO\VLV�3URJUDP��$6$�
,QWHUQDWLRQDO�,QVWLWXWH�IRU�$SSOLHG�6\VWHPV�$QDO\VLV��,,$6$�
5HVHDUFK�6FKRODU�DW�WKH�)DFXOW\�RI�&RPSXWDWLRQDO�0DWKHPDWLFV�
	�&\EHUQHWLFV��/RPRQRVRY�0RVFRZ�6WDWH�8QLYHUVLW\��5XVVLD�
5HVHDUFK�LQ�(FRQRPLF²(QYLURQPHQWDO�0RGHOOLQJ�DQG�2SWLPL]DWLRQ
&RQWDFW��URYHQVND#LLDVD�DF�DW



1LNLWD�6WUHONRYVN\
5HVHDUFK�$VVLVWDQW��,QWHUQDWLRQDO�,QVWLWXWH�IRU�$SSOLHG�6\VWHPV�$QDO\VLV�
�,,$6$���0HPEHU�RI�WKH�$GYDQFHG�6\VWHPV�$QDO\VLV�3URJUDP��$6$�
0DVWHU�GHJUHH��'HSDUWPHQW�RI�2SWLPDO�&RQWURO��)DFXOW\�RI�&RPSXWDWLRQDO�
0DWKHPDWLFV�DQG�&\EHUQHWLFV��/RPRQRVRY�0RVFRZ�6WDWH�8QLYHUVLW\
3K'�FDQGLGDWH��/RPRQRVRY�0RVFRZ�6WDWH�8QLYHUVLW\
&RQWDFW��VWUHONRQ#LLDVD�DF�DW

0DWWKLDV�:LOGHPHHUVFK
3RVWGRFWRUDO�5HVHDUFK�6FKRODU��,QWHUQDWLRQDO�,QVWLWXWH�IRU�$SSOLHG�6\VWHPV�
$QDO\VLV��,,$6$���0HPEHU�RI�WKH�$GYDQFHG�6\VWHPV�$QDO\VLV�3URJUDP��$6$�
0HPEHU�RI�WKH�(FRV\VWHPV�6HUYLFHV�	�0DQDJHPHQW�3URJUDP��(60��
3K'��(OHFWULFDO�(QJLQHHULQJ��0DWKHPDWLFV�DQG�&RPSXWHU�6FLHQFH��8QLYHUVLW\�
RI�7ZHQWH��1HWKHUODQGV��0DVWHU�RI�6FLHQFH��(OHFWUR�0HFKDQLFDO�
(QJLQHHULQJ��8QLYHUVLW\�RI�*KHQW��3URIHVVLRQDO�([SHULHQFH�DW�WKH�-RLQW�
5HVHDUFK�&HQWUH�RI�WKH�(XURSHDQ�&RPPLVVLRQ��$JHQF\�IRU�6FLHQFH��
7HFKQRORJ\�DQG�5HVHDUFK��6LQJDSRUH��8QLYHUVLW\�RI�7HFKQRORJ\�DQG�'HVLJQ
&RQWDFW��ZLOGHPHH#LLDVD�DF�DW

+2:�72�352-(&7�7+(�25*$1,=$7,216�,1�7+(�)8785(�
7+$1.6�7+(�8723,$"
:RUNVKRS�/HDGHU��$QGUpH�3LHFT��6FLHQWLÀF�'LUHFWRU�RI�*�,�5�2�6�

*X\�.RQLQFN[
1DPDVWLV���+XPDQ�5HVRXUFHV�	�&KDQJH�0DQDJHPHQW
&RQVXOWDQW�*�,�5�2�6���,QLWLDWRU�RI�&�,�5�(�5�2�
&RQWDFW��JX\�NRQLQFN[#VN\QHW�EH

&ODXGH�/DPEHUW
,7�&RQVXOWDQW��3UHVLGHQW�RI�6	2��9LFH�3UHVLGHQW�RI�(86��7UDLQHU�DW�*�,�5�2�6�
&RQWDFW��FHSHKHOOR#JPDLO�FRP

$QGUpH�3LHFT
6FLHQWLÀF�'LUHFWRU�RI�*�,�5�2�6���+RQRXU�3UHVLGHQW�RI�6	2
*HQHUDO�6HFUHWDU\�RI�(86
&RQWDFW��D�SLHFT#JPDLO�FRP

0DULHOOD�=DUD
0DVWHU�LQ�3V\FKRORJ\��6WXGHQW�2UJDQL]DWLRQV�'LVFXVVDQW�
WR�WKH�,QGHSHQGHQW�,QVWLWXWH�RI�6\VWHPLF�2UJDQL]DWLRQV��*�,�5�2�6�
&RQWDFW��]DUDPDULHOOD#JPDLO�FRP



6<67(06�'(&$7+$/2*8(
$�6$7(//,7(�:25.6+23�86,1*�$�*(1(5$7,9(�6<67(06�',$/2*8(�
)25�+80$1,7<�/($51,1*
:RUNVKRS�/HDGHUV��-RVKXD�)OR\G��7KH�8QGHUVWDQGDVFRSH
:LOO�9DUH\��&HQWUH�)RU�+XPDQLW\�/HDUQLQJ

-RVKXD�)OR\G�
'LUHFWRU��7KH�8QGHUVWDQGDVFRSH��,QGLYLGXDO�DQG�2UJDQLVDWLRQDO�/HDUQLQJ�
IRU�6XVWDLQDEOH�)XWXUHV�JURXQGHGLQ�6\VWHPV�7KLQNLQJ�	�3UDFWLFH
5HVHDUFK�LQ�WKH�5HODWLRQVKLS�EHWZHHQ�(QHUJ\�DQG�6RFLHW\
&RQWDFW��MRVK#MRVKÁR\G�FRP

:LOO�9DUH\
$SLWKRORJ\�&HQWHU�IRU�+XPDQLW\�/HDUQLQJ��)RXQGHU�RI�,QWHJUDO�&LW\
3K'��(YROXWLRQDU\�3V\FKRORJ\��&RJQLWLYH�3V\FKRORJ\
&RQWDFW��ZLOO#DSLWKRORJLD�FRP

&20081,&$7,9(�63$&(�2)�)5((�3/$<
85%$1�'(6,*1�$6�$�*$0(�2)�$*(176
:RUNVKRS�/HDGHU��5DLQHU�(��=LPPHUPDQQ
8QLYHUVLW\�RI�$SSOLHG�6FLHQFH�0XQLFK

/HQD�+HQGOPHLHU
%DFKHORU�LQ�'HVLJQ��*HUULW�5LHWYHOG�$FDGHP\��$PVWHUGDP
$UW�7KHUDS\�6WXGLHV��+.6�2WWHUVEHUJ��8$6��	�+.7�1�UWLQJHQ��8$6��
&XUUHQWO\�VKH�LV�ÀQLVKLQJ�KHU�0DVWHU�LQ�$GYDQFHG�'HVLJQ
+RFKVFKXOH�0�QFKHQ��8$6��ZLWK�D�IRFXV�RQ�6RFLDO�6WUXFWXUHV�DQG�'HVLJQ
&RQWDFW��OHQD�KHQGOPHLHU#JPDLO�FRP

.DQHOLD�.RXWVDQGUHD
$UFKLWHFW�(QJLQHHU��,QGHSHQGHQW�5HVHDUFKHU��$WKHQV
$UFKLWHFWXUH�6WXGLHV��8QLYHUVLW\�RI�3DWUDV��$UFKLWHFWXUDO�	�8UEDQ�'HVLJQ�
0DVWHU�FRXUVHV��8QLYHUVLW\�RI�(GLQEXUJK��$UFKLWHFWXUDO�'HVLJQ��6SDFH�
&XOWXUH�6WXGLHV��1DWLRQDO�7HFKQLFDO�8QLYHUVLW\�RI�$WKHQV
&RQWDFW��Q�NRXWVDQGUHD#JPDLO�FRP



'U��-RVH�0DULD�'tD]�1DIUtD
+RQRUDU\�6HQLRU�)HOORZ��*HQHUDO�'LGDFWLFV��6SHFLÀF�DQG�7KHRU\�RI�
WKH�(GXFDWLRQ��8QLYHUVLW\�RI�/HyQ��6SDLQ��3RVW�'RF��6\VWHPV�DQG�
7HOHFRPPXQLFDWLRQV�8QLYHUVLGDG�(VWDWDO�3HQtQVXOD�GH�6DQWD�(OHQD�
(FXDGRU��+RQRUDU\�)HOORZ��)DFXOW\�RI�*HQHUDO�DQG�,QWHUGLVFLSOLQDU\�6WXGLHV
8QLYHUVLW\�RI�$SSOLHG�6FLHQFHV�0XQLFK
&RQWDFW��MGLDQ#XQLOHRQ�HV

:DOWHU�2UR]FR
)DFXOW\�RI�6\VWHPV�DQG�7HOHFRPPXQLFDWLRQV
8QLYHUVLGDG�(VWDWDO�3HQtQVXOD�GH�6DQWD�(OHQD��(FXDGRU
&RQWDFW��ZRUR]FRL#KRWPDLO�FRP

:DVKLQJWRQ�7RUUHV
8QLYHUVLGDG�(VWDWDO�3HQtQVXOD�GH�6DQWD�(OHQD��(FXDGRU
&RQWDFW��ZWRUUHVJXLQ#JPDLO�FRP

3URI��'U��'U��5DLQHU�(��=LPPHUPDQQ
3URIHVVRU��3KLORVRSK\�	�6FLHQFHV��8QLYHUVLW\�RI�$SSOLHG�6FLHQFHV�0XQLFK
3RO\WHFKQLF�8QLYHUVLW\�RI�0XHQFKHQ��0HPEHU�RI�WKH�8QLÀHG�7KHRU\�
RI�,QIRUPDWLRQ�5HVHDUFK�*URXS��87,���5HVHDUFK�LQ�0HWDSK\VLFV�DQG�
3KLORVRSK\�RI�1DWXUH�LQFOXGLQJ�3KLORVRSK\�RI�6FLHQFH��IRU�PRUH�VHH�DERYH�
&RQWDFW��SG�����#PDLO�OU]�PXHQFKHQ�GH


