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QIBTF�USBOTJUJPO�UP�JODPNNFOTVSBUFMZ�NPEVMBUFE�QIBTF�BU
���� ,�� 5IF� TZNNFUSZ� DIBOHFT� GPSN� C��c� UP
C��c	���
s���UIF�NPEVMBUJPO�XBWF�WFDUPS�R������	�
C�
<�>��5IF�JODPNNFOTVSBUF�QIBTF�JT�TUBCMF�EPXO�UP�����,�
5IF�OPO�NPEVMBUFE�TUSVDUVSF�DPOTJTUT�PG�QPMZNFSJD�DIBJOT
PG�<#J*��>O�BOJPOT�QSPQBHBUJOH�JO�UIF�D�EJSFDUJPO�BOE�TUBDLTPG� ��.*N�� DPVOUFS�JPOT� UIBU� DPVQMF� UP� UIF� BOJPOJD
TVCTUSVDUVSF� WJB� XFBL� IZESPHFO� CPOE� JOUFSBDUJPOT�� 5IF
QPMZNFSJD� <#J*��>O� BOJPOT� DPNQSJTF� PG� EJTUPSUFE� #J*�PDUBIFESB� UIBU� GPSN� [JH�[BH� DIBJOT� CZ� TIBSJOH� UIF� cis
FEHFT�� 5IF� DBUJPOT� BSF� EZOBNJDBMMZ� EJTPSEFSFE� PWFS� UXP
FRVJWBMFOU�QPTJUJPOT�UIBU�BSF�SFMBUFE�CZ�UIF�UXP�GPME�BYJT�
5IF�USBOTGPSNBUJPO�UP�JODPNNFOTVSBUF�QIBTF�JT�USJHHFSFE
CZ� B� DPMMFDUJWF� TJOVTPJEBM� EJTQMBDFNFOU� PG� CJTNVUI� BOE
JPEJEF� BUPNT� GSPN� UIFJS� IJHI�UFNQFSBUVSF� QPTJUJPOT�� 5IF
JOUSB�DIBJO� CPOET� JO� NPEVMBUFE� QIBTF� EP� OPU� EJGGFS
DPOTJEFSBCMZ� GSPN� UIFJS� IJHI� UFNQFSBUVSF� DPVOUFSQBSUT�
.VDI� TJHOJGJDBOU� EFWJBUJPOT� BSF� PCTFSWFE� CFUXFFO� UIF
DIBJOT�XIJDI�NBZ�CF�TIJGUFE�VQ�UP�_����f�SFMBUJWF�UP�FBDI
PUIFS� BMPOH� UIF�c� EJSFDUJPO��4VCTUBOUJBM� WBSJBUJPOT�XJUIJO
UIF� JOUFS�DIBJO�#J���#J� EJTUBODFT�NBZ� IBWF� BO� JNQBDU� PO
UIF�TFNJDPOEVDUJOH�BOE�UIFSNPDISPNJD�QSPQFSUJFT�PG�UIJT
NBUFSJBM�� ��.*N�� DPVOUFS� JPOT� PSEFS� JO� UIF
JODPNNFOTVSBUF�QIBTF��*O�FBDI�DBWJUZ�UIF���.*N��BEPQUT
POF� PG� UIF� UXP� QPTJUJPOT� UIBU� XFSF� FRVJWBMFOU� JO� UIF
IJHI�UFNQFSBUVSF� QIBTF�� "U� ���� BOE� ���� ,� UIF
SFPSJFOUBUJPO� NPWFNFOUT� CFUXFFO� UIF� TJUFT� BSF� CMPDLFE
XIJDI� JT� DPOGJSNFE� CZ� EJFMFDUSJD� SFTQPOTF�� %04
DBMDVMBUJPOT� UPHFUIFS�XJUI�BTZNNFUSJD� MPDBM�FOWJSPONFOU
PG� CJTNVUI� JPOT� JNQMZ� UIF� QSFTFODF� PG� UIF
TUFSFPDIFNJDBMMZ�BDUJWF�CJTNVUI�MPOF�QBJS��s��FMFDUSPOT�JO
CPUI� QIBTFT�� 5IF� DIBOHF� PG� UIF� MPOF� QBJS� BDUJWJUZ� NBZ
QMBZ� UIF� GPSFHSPVOE� SPMF� JO� UIF� QIBTF� USBOTJUJPO
NFDIBOJTN�BT�GBS�BT�UIF�JODSFBTFE�DPOUSJCVUJPO�PG�CJTNVUI
TUBUFT�JO�UPUBM�%04�JO�UIF�JODPNNFOTVSBUF�QIBTF�JT�OPUFE�
5IJT� JOUFSQSFUBUJPO� JT� DPOTJTUFOU�XJUI� TUSVDUVSBM� EBUB� UIBU
TIPX� HSFBUFS� EFGPSNBUJPO� PG� UIF� CJTNVUI� DPPSEJOBUJPO
HFPNFUSZ�JO�UIF�NPEVMBUFE�TUSVDUVSF�
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OVNCFS� PG� USBOTNJTTJPO� FMFDUSPO� NJDSPTDPQZ� CBTFE�
	5&.
� UFDIOJRVFT� UIBU� DBO� CF� VTFE� GPS� TUSBJO� NBQQJOH�
XJUI� ON�TDBMF� SFTPMVUJPO�� 5IFTF� JODMVEF� EBSL� GJFME�
FMFDUSPO� IPMPHSBQIZ� UIF� HFPNFUSJDBM� QIBTF� BOBMZTJT� PG�
IJHI�SFTPMVUJPO� JNBHFT� OBOPCFBN� EJGGSBDUJPO� BOE� NPSF�
SFDFOUMZ� QSFDFTTJPO� FMFDUSPO� EJGGSBDUJPO�� *O� PSEFS� UP�
CFODINBSL� UIF� EJGGFSFOU� UFDIOJRVFT� B� DBMJCSBUJPO�
TQFDJNFO� DPOUBJOJOH� ���ON�UIJDL� 4J(F� MBZFST� XJUI�
EJGGFSFOU�(F�DPODFOUSBUJPOT�IBT�CFFO�HSPXO�CZ�DIFNJDBM�
WBQPVS�EFQPTJUJPO��%VF�UP�UIF�FQJYBUJBM�HSPXUI�UIF�MBUUJDF�
QBSBNFUFS�PG�UIF�4J(F�XJMM�CF�FYQBOEFE�SFMBUJWF�UP�UIF�4J�
JO� UIF� HSPXUI� EJSFDUJPO�� 'JHVSF� �	B
� TIPXT� B� )""%'�
45&.� JNBHF� PG� UIF� DBMJCSBUJPO� TQFDJNFO� JOEJDBUJOH� UIF�
DPODFOUSBUJPO�PG�(F�QSFTFOU�JO�FBDI�MBZFS�BOE�EFGPSNBUJPO�
NBQT� GPS� UIF� HSPXUI� EJSFDUJPO� BDRVJSFE� CZ� 	C
� (1"� PG�
)""%'� 45&.� 	D
� EBSL� GJFME� FMFDUSPO� IPMPHSBQIZ� 	E
�
QSFDFTTJPO� FMFDUSPO� EJGGSBDUJPO� BOE� 	F
� GJOJUF� FMFNFOU�
TJNVMBUJPOT�BSF�TIPXO��5IF�)""%'�45&.�EFGPSNBUJPO�
NBQQJOH� IBT� B� TQBUJBM� SFTPMVUJPO� PG� ���� ON� XIJDI� JT�
JNQPTFE� CZ� UIF� TJ[F� PG� UIF� NBTL� VTFE� JO� 'PVSJFS� TQBDF�
EVSJOH� UIF� SFDPOTUSVDUJPO� BOE� B�NFBTVSFNFOU� TFOTJUJWJUZ�
PG��������XBT�EFUFSNJOFE�CZ�UBLJOH�B�TUBOEBSE�EFWJBUJPO�
PG� UIF� EFGPSNBUJPO� NFBTVSFE� JO� UIF� VOTUSBJOFE� TJMJDPO�
TVCTUSBUF�� 'PS� UIF� EBSL� IPMPHSBQIZ� UIF� TQBUJBM� SFTPMVUJPO�
JNQPTFE�CZ�UIF�GSJOHF�TQBDJOH�PG�UIF�JOUFSGFSFODF�QBUUFSO�
JT� �� ON� XJUI� B� NFBTVSFE� TFOTJUJWJUZ� PG� ����� ��� 'PS�
QSFDFTTJPO� EJGGSBDUJPO� UIF� TQBUJBM� SFTPMVUJPO� JNQPTFE� CZ�
UIF� EJBNFUFS� PG� UIF� FMFDUSPO� QSPCF� JT� �� ON� BOE� B�
TFOTJUJWJUZ� PG� ������ NFBTVSFE�� `8IJMF� JU� JT� SFMBUJWFMZ�
TUSBJHIUGPSXBSE�UP�BQQMZ�BMM�PG�UIFTF�UFDIOJRVFT�UP�TJNQMF�
DBMJCSBUJPO� TQFDJNFOT� XIFSF� CPUI� MBSHF� WBMVFT� PG�
EFGPSNBUJPO� BSF� FYQFDUFE� BOE� UIF� FYQFSJNFOU� JT�
TJNQMJGJFE�EVF�UP�UIF��%�OBUVSF�PG�UIF�TUSBJOFE�MBZFST��`"MM�
PG�UIF�UFDIOJRVFT�IBWF�CFFO�BQQMJFE�UP�B�SBOHF�PG�EJGGFSFOU�
TQFDJNFOT� FBDI� XJUI� EJGGFSFOU� DPNQMJDBUJPOT� TVDI� BT� B�
���ON� HBUF� 4J(F� SFDFTTFE� TPVSDF� BOE� ESBJO� Q.04�
EFWJDF� B� O.04� EFWJDF� UFOTJMZ� TUSBJOFE� VTJOH� B� OJUSJEF�
GJMN� UP� TUBUF�PG� UIF�BSU�40*�CBTFE� TFNJDPOEVDUPST�BOE�B�
***�7�TVQFSMBUUJDF��5IF�BEWBOUBHFT�BOE�EJTBEWBOUBHFT� UIF
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���-#3�1BVM�4DIFSSFS�*OTUJUVU������7JMMJHFO�14*�4XJU[FSMBOE
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FNBJM��"CSBIBNT!DIFN�MFJEFOVOJW�OM
)JHI�FOFSHZ� FMFDUSPOT� QSPWJEF� ����� UJNFT� NPSF

JOGPSNBUJPO� QFS� (SBZ� 	BCTPSCFE� FOFSHZ� J�F�� SBEJBUJPO
EBNBHF
� DPNQBSFE� UP� 9�SBZT�� )FODF� FMFDUSPOT
PVUQFSGPSN� 9�SBZT� GPS� TUSVDUVSF� EFUFSNJOBUJPO� XIFO
SBEJBUJPO� EBNBHF� JT� UIF� MJNJUJOH� GBDUPS�� `6OMJLF� 9�SBZT
FMFDUSPOT� DBO� OPU� POMZ� CF� EJGGSBDUFE� CVU� BMTP� JNBHFE�
)PXFWFS� XIFO� JNBHJOH� USBOTQBSFOU� TBNQMFT� UIF� total
number PG� RVBOUB� QFS� VOJU� BSFB� EFUFSNJOFT� UIF
TJHOBM�UP�OPJTF� SBUJP�� `8IFO� EJGGSBDUJOH� USBOTQBSFOU
TBNQMFT� UIF� number of interacting� RVBOUB� QFS� VOJU� BSFB
EFUFSNJOFT� UIF� TJHOBM�UP�OPJTF� SBUJP�� .FBTVSJOH� FMFDUSPO
EJGGSBDUJPO� BDDVSBUFMZ�IBT�POMZ� SFDFOUMZ�CFDPNF�QPTTJCMF
XJUI� UIF� BEWFOU� PG� RVBOUVN� BSFB� EFUFDUPST�� 0OF� PG� UIF
DIBMMFOHFT�JT�UIBU�BO�FMFDUSPO�NJDSPTDPQF�JT�GMPPEFE�XJUI
QIPUPO�SBEJBUJPO�SFTVMUJOH�GSPN�#SFNTTUSBIMVOH�HFOFSBUFE
CZ� UIF� IJHI�FOFSHZ� FMFDUSPOT��0OMZ`BO� BSFB� EFUFDUPS� UIBU
DBO� EJTDSJNJOBUF� CFUXFFO� QIPUPO� OPJTF� BOE� FMFDUSPO
TJHOBM�JT�JOTFOTJUJWF�UP�UIJT�OPJTF�`�``
5IJT� EJGGFSFODF� JO� TJHOBM�UP�OPJTF� SBUJP� XBT

EFNPOTUSBUFE� JO� QSBDUJDF� GPS� FMFDUSPOT� VTJOH� B� 5JNFQJY
RVBOUVN� BSFB� EFUFDUPS�� 8IFO� JNBHJOH� B� ���� ON� UIJDL
MZTP[ZNF�QSPUFJO� DSZTUBM�XJUI� FMFDUSPOT� UZQJDBMMZ�POF� UP
UXP�JNBHFT�PG�UIF�TBNF�MPDBUJPO�DPVME�CF�NFBTVSFE�XJUI
TJHOJGJDBOU� EFUBJMT� VQ� UP� ���� f� SFTPMVUJPO�� 4VCTFRVFOU
JNBHFT�IBE�TVGGFSFE� UPP�NVDI� GSPN�SBEJBUJPO�EBNBHF� UP
TIPX� TVDI� EFUBJM�� 8IFO� EJGGSBDUJOH� TJNJMBS� DSZTUBMT
IVOESFET�PG�FMFDUSPO�EJGGSBDUJPO�QBUUFSOT�XJUI�#SBHH�TQPUT
CFZPOE���f�SFTPMVUJPO�DPVME�CF�NFBTVSFE�GSPN�UIF�TBNF
MPDBUJPO��)PXFWFS�UIFSF�JT�OP�TVDI�UIJOH�BT�B�GSFF�MVODI�
%JGGSBDUJPO� DPNFT� BU� B� QSJDF�� UIF� TUSVDUVSF� GBDUPS� QIBTFT
BSF� MPTU�� 5IFZ� DBO� POMZ� CF� SFUSJFWFE� VTJOH� BEEJUJPOBM
	QSJPS
� JOGPSNBUJPO� GPS� JOTUBODF� PCUBJOFE� GSPN� 	B� GFX

FMFDUSPO� JNBHFT�� 8F� EFNPOTUSBUFE� UIJT� TUSBUFHZ� CZ
QIBTJOH`UIF� �%� TUSVDUVSF� GBDUPST� PG� B� OBOP�DSZTUBMMJOF
BNZMPJEJD�QFQUJEF�

�FMFDUSPO�EJGGSBDUJPO�QIBTJOH�EFUFDUPST


