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Resumo:

A linguagem MAS-ML (Multi-Agent Systems - Modeling Language) é uma linguagem para a 
modelagem de sistemas multiagentes adaptada e estendida a partir da UML (Unified Modeling 
Language - Linguagem de Modelagem Unificada) para facilitar a abstração e auxiliar no projeto de 
sistemas multiagentes que possuem particularidades para as quais a UML não foi projetada. A MAS-ML 
possui recursos estruturais e comportamentais desenvolvidos para o projeto de sistemas multiagentes, 
além de diversas com extensões a parte, ou seja, estudos que herdam e modificam as características 
principais, mas que não são incluídas diretamente ao trabalho principal, assim abrangendo o estudo mas 
dificultando uma pronta identificação dos recursos e estudos disponíveis para a modelagem de agentes 
com a linguagem. Assim, objetivo principal deste estudo é, por meio de uma revisão sistemática de 
literatura, determinar o atual estado-da-arte desta linguagem, identificando suas vantagens e limitações, 
bem como quais possíveis extensões poderiam ser aplicadas à MAS-ML.

Palavras-chave: MAS-ML UML Systematic Review Multi-Agent Systems Modeling Language

Modalidade de Participação: Iniciação Científica

DETERMINANDO O ESTADO DA ARTE DA MAS-ML POR MEIO DE UMA REVISÃO 
SISTEMÁTICA DA LITERATURA

1 Aluno de graduação. lukasgaedicke.unipampa@gmail.com. Autor principal

2 Docente. gilleanesguedes@unipampa.edu.br. Orientador

Anais do 10º SALÃO INTERNACIONAL DE ENSINO, PESQUISA E EXTENSÃO - SIEPE
Universidade Federal do Pampa | Santana do Livramento, 6 a 8 de novembro de 2018



'(7(50,1$1'2�2�(67$'2�'$�$57(�'$�0$6�0/�325�0(,2�'(�80$�
5(9,6­2�6,67(0È7,&$�'$�/,7(5$785$�

�
�

��,1752'8d­2��
2 LQWHUHVVH GR XVR GH DJHQWHV FRPR DX[LOLDUHV QDV PDLV GLYHUVDV DSOLFDo}HV YHP� � � � � � � � � � � � �

FUHVFHQGR DR ORQJR GRV DQRV� 7RGDYLD R GHVHQYROYLPHQWR GH VLVWHPDV TXH VXSRUWHP DJHQWHV� � � � � � � � � � � � �
DSUHVHQWD QRYRV GHVDILRV SDUD D HQJHQKDULD GH VRIWZDUH� R TXH GHPRQVWURX D QHFHVVLGDGH GR� � � � � � � � � � � � � �
GHVHQYROYLPHQWR GH QRYDV PHWRGRORJLDV H SURFHVVRV GH GHVHQYROYLPHQWR SDUD HVWH WLSR GH� � � � � � � � � � � �
VLVWHPD� EHP FRPR OLQJXDJHQV GH PRGHODJHP� 'HVVD IRUPD� YiULDV OLQJXDJHQV IRUDP� � � � � � � � � � �
GHULYDGDV D SDUWLU GD 80/ �8QLILHG 0RGHOLQJ /DQJXDJH�� XPD OLQJXDJHP DPSODPHQWH� � � � � � � � � � �
XWLOL]DGD�QD�iUHD�GH�HQJHQKDULD�GH�VRIWZDUH��SDUD�R�SURMHWR�GH�VLVWHPDV�PXOWLDJHQWHV��60$V����

'HQWUH DV OLQJXDJHQV TXH HVWHQGHP D 80/� D 0$6�0/ HP VHX HVWDGR DWXDO� p D� � � � � � � � � � � � � � �
OLQJXDJHP GH PRGHODJHP TXH FRQWHPSOD D PDLRU TXDQWLGDGH GH UHFXUVRV SDUD D PRGHODJHP� � � � � � � � � � � � �
GDV FDUDFWHUtVWLFDV HVWUXWXUDLV H FRPSRUWDPHQWDLV GRV DJHQWHV� TXDQGR FRPSDUDGDV HP� � � � � � � � � �
*RQoDOYHV HW DO� ������� FRP DV OLQJXDJHQV $80/ GH 2GHOO HW DO� ������ H $0/ GH &HUYHQND� � � � � � � � � � � � � � � � �
HW�DO����������DVVLP�DSUHVHQWDQGR�XP�LQWHUHVVH�SDUWLFXODU�GH�HVWXGR��

6HJXQGR �6LOYD� ������ D 0$6�0/ p XPD OLQJXDJHP GH PRGHODJHP TXH WHP FRPR� � � � � � � � � � � � �
SULQFLSDO REMHWLYR IDFLOLWDU D DEVWUDomR QR GHVHQYROYLPHQWR GH 60$V� (VWD OLQJXDJHP IRL� � � � � � � � � � � �
HVWHQGLGD D SDUWLU GD VXSHUHVWUXWXUD GD 80/� QR TXDO IRUDP LQVHULGRV QRYRV FRQFHLWRV GH� � � � � � � � � � � � � �
PRGHODJHP� UHSUHVHQWDGRV SRU QRYDV PHWDFODVVHV H HVWHUHyWLSRV� FRQVLGHUDGDV DSURSULDGDV� � � � � � � � �
SDUD�FDSWXUDU�DV�FDUDFWHUtVWLFDV�WtSLFDV�GH�60$V���

2 REMHWLYR SULQFLSDO GHVWH HVWXGR p� SRU PHLR GH XPD UHYLVmR VLVWHPiWLFD GH OLWHUDWXUD�� � � � � � � � � � � � � �
GHWHUPLQDU R DWXDO HVWDGR�GD�DUWH GHVWD OLQJXDJHP� LGHQWLILFDQGR VXDV YDQWDJHQV H OLPLWDo}HV�� � � � � � � � � � �
EHP�FRPR�TXDLV�SRVVtYHLV�H[WHQV}HV�SRGHULDP�VHU�DSOLFDGDV�j�0$6�0/��

�
��0(72'2/2*,$��

3DUD UHDOL]DomR GHVWH HVWXGR� UHDOL]DPRV XPD UHYLVmR VLVWHPiWLFD GD OLWHUDWXUD� 'H� � � � � � � � � � �
DFRUGR FRP .LWFKHQKDP HW DO� ������� XPD 5HYLVmR 6LVWHPiWLFD �56� WHP FRPR REMHWLYR� � � � � � � � � � � � �
LGHQWLILFDU� DYDOLDU H LQWHUSUHWDU RV UHVXOWDGRV GR HVWXGR TXH HVWmR UHODFLRQDGRV FRP DV� � � � � � � � � � � � �
TXHVW}HV� iUHD WHPiWLFD RX IHQ{PHQR TXH VH GHVHMD FROHWDU HYLGrQFLDV SDUD VHUYLU FRPR� � � � � � � � � � � � �
IXQGDPHQWDomR�SDUD�FRQFOXV}HV��

'H DFRUGR FRP %LROFKLQL HW DO� ������� XPD 56 GHYH EDVHDU�VH HP XP SURWRFROR� � � � � � � � � � � � � �
SUHYLDPHQWH GHILQLGR� TXH GHYH IRUPDOL]DU D H[HFXomR GD 56 GHVGH D GHILQLomR GDV TXHVW}HV� � � � � � � � � � � � � �
GH�SHVTXLVD�DWp�R�UHODWyULR�ILQDO��

$VVLP� HODERUDPRV XP SURWRFROR� QR TXDO GHILQLPRV � TXHVW}HV GH SHVTXLVD� DOpP GH� � � � � � � � � � � � �
FULWpULRV GH VHOHomR �LQFOXVmR H H[FOXVmR GH WUDEDOKRV�� DV EDVHV GLJLWDLV XWLOL]DGDV SDUD D� � � � � � � � � � � � � �
H[WUDomR GRV HVWXGRV UHODFLRQDGRV H D GHILQLomR GDV SDODYUDV FKDYHV TXH IRUDP XWLOL]DGDV� � � � � � � � � � � � �
GXUDQWH D EXVFD QHVWDV EDVHV� 1HVWH SURWRFROR WDPEpP GHILQLX�VH TXDO IRL D HVWUDWpJLD GH� � � � � � � � � � � � � �
VHOHomR�GRV�WUDEDOKRV�H�D��H[WUDomR�GDV�LQIRUPDo}HV�GRV�HVWXGRV�HQFRQWUDGRV�� �

$V TXHVW}HV GH EXVFD GHILQLGDV IRUDP� �54�� ³�4XDO p D DGHTXDELOLGDGH GD 0$6�0/� � � � � � � � � � � � �
SDUD D PRGHODJHP GH VLVWHPDV PXOWLDJHQWHV"´ H �54�� ³�4XDLV VmR DV ODFXQDV GD 0$6�0/� � � � � � � � � � � � � �
SDUD�D�PRGHODJHP�GH�VLVWHPDV�PXOWLDJHQWHV"´�

&RP R REMHWLYR GH HOLPLQDU HVWXGRV QmR UHODFLRQDGRV DR QRVVR FRQWH[WR� H DSHQDV� � � � � � � � � � � � �
LQFOXLU HVWXGRV UHOHYDQWHV D HVVH WUDEDOKR� GHILQLPRV FULWpULRV GH LQFOXVmR H H[FOXVmR� &RPR� � � � � � � � � � � � �
FULWpULR GH LQFOXVmR� HVWDEHOHFHPRV TXH RV DUWLJRV GHYHP UHSRUWDU H[SOLFLWDPHQWH HVWXGRV� � � � � � � � � � �
VREUH D OLQJXDJHP 0$6�0/� -i RV FULWpULRV GH H[FOXVmR IRUDP� �,� HVWXGR QmR HVFULWR HP� � � � � � � � � � � � � � �

$QDLV�GR�����6$/­2�,17(51$&,21$/�'(�(16,12��3(648,6$�(�(;7(16­2���6,(3(�
8QLYHUVLGDGH�)HGHUDO�GR�3DPSD���6DQWDQD�GR�/LYUDPHQWR����D���GH�QRYHPEUR�GH������



LQJOrV� �,,� HVWXGRV QmR GLVSRQtYHLV SDUD GRZQORDG� �,,,� HVWXGRV FRP PHQRV GH � SiJLQDV�� � � � � � � � � � � � � �
�,9��HVWXGRV�QmR�UHODFLRQDGRV�j�PRGHODJHP�GH�VLVWHPDV�PXOWLDJHQWHV��

3DUD HQFRQWUDU RV WUDEDOKRV� UHDOL]DPRV XP SURFHVVR GH EXVFD HP VHLV EDVHV GH GDGRV� � � � � � � � � � � � � �
GLJLWDLV ��$&0 'LJLWDO /LEUDU\� ,((( ;SORUH� (QJLQHHULQJ 9LOODJH� 6FLHQFH'LUHFW�� � � � � � � � �

6SULQJHU/LQN�H�6FRSXV� ���WRGDV�HODV�DPSODPHQWH�XWLOL]DGDV�H�FRQKHFLGDV�QR�PHLR�DFDGrPLFR���
'HILQLUDP�VH � SDODYUDV FKDYH SDUD D EXVFD GH HVWXGRV UHODFLRQDGRV� �0$6�0/�� � � � � � � � � � �

0RGHOLQJ /DQJXDJH H 0XOWL�$JHQW 6\VWHPV �� &RP R LQWXLWR GH DXPHQWDU D DEUDQJrQFLD GHVVH� � � � � � � � � � � � �
HVWXGR� EXVFDQGR LGHQWLILFDU D PDLRU TXDQWLGDGH GH DUWLJRV VREUH D 0$6�0/� IRUDP GHILQLGRV� � � � � � � � � � � � �
PDLV���VLQ{QLPRV�GHULYDGRV�GDV�SDODYUDV�FKDYH��FRPR�SRGH�VHU�YLVWR�QD�ILJXUD�����

)LJXUD����3DODYUDV�FKDYHV�H�VXDV�GHULYDo}HV��

�
)RQWH��$XWRU��������

� �
$SyV D GHILQLomR GDV SDODYUDV FKDYHV� HODERUDPRV XPD VWULQJ JHQpULFD �)LJXUD ��� (VVD� � � � � � � � � � � � �

VWULQJ�IRL�DGDSWDGD�SDUD�FDGD�XPD�GDV���EDVHV�HP�TXH�IRL�H[HFXWDGD�D�EXVFD��
�

)LJXUD����6WULQJ�GH�EXVFD�JHQpULFD��

�
)RQWH��$XWRU��������
�

3DUD VHOHFLRQDU RV HVWXGRV� GHILQLPRV � HWDSDV� ��� H[HFXWDU DV VWULQJV GH EXVFD QDV� � � � � � � � � � � � � �
EDVHV GLJLWDLV� ��� UHPRYHU RV HVWXGRV GXSOLFDGRV� ��� DSOLFDU RV FULWpULRV GH H[FOXVmR QRV� � � � � � � � � � � � � �
HVWXGRV UHVWDQWHV GD HWDSD �� ��� DSOLFDU RV FULWpULRV GH LQFOXVmR QRV HVWXGRV UHPDQHVFHQWHV GD� � � � � � � � � � � � � � �
HWDSD��������OHU�H�H[WUDLU�DV�LQIRUPDo}HV�GRV�HVWXGRV�UHPDQHVFHQWHV�GD�HWDSD�����

$R H[HFXWDUPRV R SURFHVVR GH VHOHomR GRV HVWXGRV� D FDGD HWDSD� KRXYH XP UHGXomR QD� � � � � � � � � � � � � � �
TXDQWLGDGH GRV HVWXGRV UHODFLRQDGRV FRP QRVVR REMHWLYR� VHQGR TXH QD (WDSD �� D EXVFD� � � � � � � � � � � � � �
UHWRUQRX ��� UHVXOWDGRV� QD H[HFXomR GR SDVVR � UHVWDUDP ��� HVWXGRV� 1D DSOLFDomR GRV� � � � � � � � � � � � � �
FULWpULRV GH H[FOXVmR� (WDSD �� UHVWDUDP �� HVWXGRV� 1D HWDSD � GR SURFHVVR� D DSOLFDomR GRV� � � � � � � � � � � � � � � �
FULWpULRV GH LQFOXVmR� UHVWDUDP DSHQDV � HVWXGRV� RV TXDLV IRUDP OLGRV H DV LQIRUPDo}HV� � � � � � � � � � � � � �
H[WUDtGDV�VmR�DSUHVHQWDGDV�H�GLVFXWLGDV�QD�VHomR����

�
��5(68/7$'26�H�',6&866­2��

2 HVWXGR GH 6LOYD HW DO� �����D�� FRQWpP D SULPHLUD SURSRVWD GD OLQJXDJHP 0$6�0/�� � � � � � � � � � � � � �
(VWD OLQJXDJHP HVWHQGHX D 80/ EDVHDGD QD GHVFULomR GH SURSULHGDGHV HVWUXWXUDLV H GLQkPLFDV� � � � � � � � � � � � �
DSUHVHQWDGDV�HP�XP�IUDPHZRUN�FRQFHLWXDO�FKDPDGR� �7DPLQJ�$JHQWV�DQG�2EMHFWV ����

2 REMHWLYR IRL DERUGDU DV FDUDFWHUtVWLFDV SDUWLFXODUHV GH VLVWHPDV PXOWL�DJHQWHV �60$�� � � � � � � � � � �
TXH QmR HUDP FREHUWDV SHOD 80/� $VVLP� SDUD VDQDU HVVD OLPLWDomR� R HVWXGR DSUHVHQWD FRPR� � � � � � � � � � � � � � �

$QDLV�GR�����6$/­2�,17(51$&,21$/�'(�(16,12��3(648,6$�(�(;7(16­2���6,(3(�
8QLYHUVLGDGH�)HGHUDO�GR�3DPSD���6DQWDQD�GR�/LYUDPHQWR����D���GH�QRYHPEUR�GH������



VROXomR XP PHWDPRGHOR 80/ HVWHQGLGR� GHVFUHYHQGR DV QRYDV PHWDFODVVHV H HVWHUHyWLSRV� � � � � � � � � � �
TXH�SRGHP�VHU�XVDGRV�SDUD�PRGHODU�DV�FDUDFWHUtVWLFDV�GRV�DJHQWHV�HP�XP�60$��

$ PRGHODJHP QD 0$6�0/ IRL GLYLGLGD HP � DVSHFWRV� HVWUXWXUDLV H GLQkPLFRV� 2V� � � � � � � � � � � � �
DVSHFWRV HVWUXWXUDLV GHWDOKDGRV HP 6LOYD HW DO� �����D�� UHSUHVHQWDP RV GLDJUDPDV HVWiWLFRV� � � � � � � � � � � �
�GLDJUDPDV GH FODVVHV� RUJDQL]DomR H SDSpLV�� (QTXDQWR RV DVSHFWRV GLQkPLFRV� GHWDOKDGRV HP� � � � � � � � � � � �
6LOYD�HW�DO����������UHSUHVHQWDP�DV�LQWHUDo}HV�HQWUH�RV�DJHQWHV��GLDJUDPD�GH�VHTXrQFLD���

$ SDUWLU GHVVHV UHFXUVRV� VHJXQGR 6LOYD HW DO� �����D�� D 0$6�0/ VHULD FDSD] GH� � � � � � � � � � � � � �
DERUGDU DV FDUDFWHUtVWLFDV SDUWLFXODUHV GH XP 60$ TXH QmR VmR VXSRUWDGDV SHOD 80/�� � � � � � � � � � � � �
WRUQDQGR�VH SRVVtYHO UHSUHVHQWDU DEVWUDo}HV DVVRFLDGDV D XP 60$ H GHVFUHYHU DV UHODo}HV� � � � � � � � � � � �
HVWiWLFDV�H�GLQkPLFDV�HQWUH�HVVDV�DEVWUDo}HV��

0DV DSHVDU GRV EHQHItFLRV GD XWLOL]DomR GD 0$6�0/ SDUD PRGHODJHP GH DJHQWHV� R� � � � � � � � � � � � � �
HVWXGR GH 6LOYD HW DO� �����D�� DSHQDV VH SUHRFXSDYD FRP RV DVSHFWRV HVWUXWXUDLV H� � � � � � � � � � � � � �
SDUFLDOPHQWH FRP RV DVSHFWRV GLQkPLFRV GR VLVWHPD �DSHQDV GLDJUDPD GH VHTXrQFLD��� � � � � � � � � � �
GHL[DQGR DVVLP XPD ODFXQD SDUD D PRGHODJHP GH SODQRV SDUD D JDUDQWLD GH DOFDQFH GH PHWDV� � � � � � � � � � � � � � � �
UHODFLRQDGRV�jV�IXQo}HV��LQWHUDo}HV�H�RUJDQL]Do}HV�GR�DJHQWH���

(P XP WUDEDOKR SRVWHULRU� 6LOYD HW DO� �����E�� VXPDUL]D H GHVFUHYH GLUHWUL]HV SDUD D� � � � � � � � � � � � � �
PRGHODJHP GH SURSULHGDGHV GRV DJHQWHV DSUHVHQWDGRV QRV HVWXGRV GH 6LOYD HW DO� �����E� H� � � � � � � � � � � � � �
6LOYD HW DO� ������� 2 SULPHLUR UHDOL]D XPD H[WHQVmR GR GLDJUDPD GH VHTXrQFLD GD 0$6�0/� � � � � � � � � � � � � � �
SDUD D UHSUHVHQWDomR GH LQWHUDo}HV HQWUH DJHQWHV� FRPR R HQYLR H UHFHELPHQWR GH PHQVDJHQV� � � � � � � � � � � � � �
HQWUH VL� -i R VHJXQGR SURS}H XPD H[WHQVmR GR GLDJUDPD GH DWLYLGDGH GD 80/ SDUD D� � � � � � � � � � � � � � � �
UHSUHVHQWDomR GRV SODQRV H Do}HV GRV DJHQWHV� DOpP GH SRVVLELOLWDU D UHSUHVHQWDomR GDV IXQo}HV� � � � � � � � � � � � � �
GHVHPSHQKDGDV�SHORV�DJHQWHV�GXUDQWH�D�H[HFXomR�GH�XP�SODQR�� �

2 HVWXGR GH )UHLUH HW DO� ������� HVWHQGH D 0$6�0/ SDUD R VXSRUWH GD PRGHODJHP GH� � � � � � � � � � � � � � � �
HOHPHQWRV HVWiWLFRV GH QRUPDV SDUD DJHQWHV� 1R TXDO� FRPR UHVXOWDGR VXUJLX XPD QRYD YHUVmR� � � � � � � � � � � � � �
GD�0$6�0/�FRP�VXSRUWH�D�PRGHODJHP�GH�QRUPDV�GH�DJHQWHV��FKDPDGD�GH�1RU0$6�0/���

$ JUDQGH PDLRULD GRV DJHQWHV SRVVXHP WRWDO DXWRQRPLD SDUD UHDOL]DU D H[HFXomR GH� � � � � � � � � � � � �
WDUHIDV TXH OKH VmR GHWHUPLQDGDV� 0DV HP DOJXQV FHQiULRV� VH ID] QHFHVViULR UHVWULQJLU R� � � � � � � � � � � � � �
FRPSRUWDPHQWR GRV DJHQWHV SRU PHLR GH QRUPDV� GHILQLQGR VDQo}HV H DSOLFDQGR�DV TXDQGR� � � � � � � � � � � �
QRUPDV�VmR�YLRODGDV�RX�FXPSULGDV��)LJXHLUHGR�HW�DO����������

,GHQWLILFDQGR HVVDV FDUDFWHUtVWLFDV H YLVDQGR SRVVLELOLWDU D PRGHODJHP GH HOHPHQWRV� � � � � � � � � �
HVWiWLFRV GH QRUPDV GH DJHQWHV DLQGD HP IDVH GH SURMHWR� )UHLUH HW DO� ������� UHDOL]RX D� � � � � � � � � � � � � � � �
H[WHQVmR GH GXDV OLQJXDJHQV GH PRGHODJHP SDUD VLVWHPDV PXOWL�DJHQWHV EDVHDGDV QD 80/�� � � � � � � � � � � �
VHQGR HODV D 0$6�0/ GH 6LOYD HW DO� �����D�� H 1RUP0/ GH )LJXHLUHGR HW DO� ������� XPD� � � � � � � � � � � � � � � � �
OLQJXDJHP�GH�PRGHODJHP�SDUD�D�HVSHFLILFDomR�GH�QRUPDV���

&RPR UHVXOWDGR p DSUHVHQWDGD XPD QRYD YHUVmR GD 0$6�0/ FRP VXSRUWH D� � � � � � � � � � � �
PRGHODJHP GH QRUPDV GH DJHQWHV� FKDPDGD GH 1RU0$6�0/� &RPR SULQFLSDO OLPLWDomR�� � � � � � � � � � �
GHVWDFD�VH TXH R HVWXGR DSHQDV UHDOL]RX D H[WHQVmR GRV DVSHFWRV GLQkPLFRV GD 0$6�0/�� � � � � � � � � � � � �
GHL[DQGR�HP�DEHUWR�D�H[WHQVmR�GRV�DVSHFWRV�GLQkPLFRV�GH�QRUPDV�QD�0$6�0/���

1R HVWXGR GH $GDP]DGHK HW DO� ������� IRL UHDOL]DGD D SURSRVWD GH XPD OLQJXDJHP GH� � � � � � � � � � � � � � �
PRGHODJHP HVSHFtILFD GH GRPtQLR �'60/�� QR TXDO HVWHQGHX D 0$6�0/ D SDUWLU GD YHUVmR� � � � � � � � � � � � � �
GH 6LOYD HW DO� �����D�� GHILQLQGR FRQFHLWRV UHODFLRQDGRV j PLWLJDomR GH GDQRV HP DPELHQWHV� � � � � � � � � � � � � �
GH UHVSRVWD D HPHUJrQFLDV �(5(V�� PDV TXH DLQGD QHFHVVLWDP GH PHOKRULDV� SRUTXH DSHQDV� � � � � � � � � � � � �
DOJXQV GRV FRQFHLWRV GR PHWDPRGHOR SDUD JHUHQFLDPHQWR GH GHVDVWUHV GH 2WKPDQ HW DO�� � � � � � � � � � � � �
��������IRUDP�FRQVLGHUDGRV�QD�H[WHQVmR��

2 HVWXGR GH *RQoDOYHV HW DO� ������� UHDOL]RX D HYROXomR GD 0$6�0/ SDUD D� � � � � � � � � � � � � �
0$6�0/ ���� TXH HQYROYHX DOWHUDo}HV GRV DVSHFWRV HVWiWLFRV H GLQkPLFRV SURSRVWRV SRU 6LOYD� � � � � � � � � � � � �
HW DO� �����D�� SDUD TXH DOpP GDV FDUDFWHUtVWLFDV SDUWLFXODUHV GH 60$V� D OLQJXDJHP WDPEpP� � � � � � � � � � � � � �
FRQWHPSOH D PRGHODJHP GDV DUTXLWHWXUDV LQWHUQDV GRV DJHQWHV SURSRVWDV SRU 5XVVHOO HW DO�� � � � � � � � � � � � �
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������� $ HYROXomR FRQVLVWLX QD PRGLILFDomR GDV HQWLGDGHV SURSRVWDV SRU 6LOYD HW DO� �����D�� � � � � � � � � � � � � �
$JHQW&ODVV H �$JHQW5ROH&ODVV �� GHILQLomR GH GXDV QRYDV PHWDFODVVHV H D FULDomR GH QRYRV� � � � � � � � � � � � �
HVWHUHyWLSRV�SDUD�D�UHSUHVHQWDomR�GR�FRPSRUWDPHQWR�GRV�DJHQWHV�QRV�GLDJUDPDV�GD�0$6�0/���

2V GLDJUDPDV HVWiWLFRV VRIUHUDP PRGLILFDo}HV� VHQGR SRVVtYHO D UHSUHVHQWDomR GH� � � � � � � � � �
FLQFR HVWUXWXUDV GH DJHQWHV EDVHDGRV HP DUTXLWHWXUDV� VHQGR HOHV� �$JHQWHV GH 5HIOH[R 6LPSOHV�� � � � � � � � � � � � �

$JHQWHV %DVHDGRV HP 0RGHOR� $JHQWHV EDVHDGRV HP PHWDV FRP HVWUXWXUD GH SODQHMDPHQWR�� � � � � � � � � � � �

$JHQWHV�EDVHDGRV�HP�PHWDV�FRP�HVWUXWXUD�GH�SODQR�H�$JHQWHV�%DVHDGRV�HP�8WLOLGDGH���

$LQGD QHVWH WUDEDOKR� IRL GHVHQYROYLGD XPD IHUUDPHQWD SDUD D PRGHODJHP GRV� � � � � � � � � � � �
GLDJUDPDV HVWiWLFRV H GLQkPLFRV GD 0$6�0/ ���� FKDPDGD GH IHUUDPHQWD 0$6�0/�� � � � � � � � � � �
7DPEpP DOpP GD PRGHODJHP GRV DJHQWHV� p SRVVtYHO DWUDYpV GH UHJUDV 2&/ GHVHQYROYLGDV� � � � � � � � � � � � �
QHVVH�HVWXGR��UHDOL]DU�D�YHULILFDomR�GRV�GLDJUDPDV�GHVHQYROYLGRV�QD�IHUUDPHQWD�� �
�
��&216,'(5$d®(6�),1$,6��

$SyV D FRQFOXVmR GHVWD UHYLVmR VLVWHPiWLFD� WHQGR DQDOLVDGR RV WUDEDOKRV SHUWLQHQWHV� � � � � � � � � � �
GD OLQJXDJHP 0$6�0/ H HVWDEHOHFLGR VHX HVWDGR GD DUWH� DJUHJDPRV FRQKHFLPHQWR VXILFLHQWH� � � � � � � � � � � �
SDUD�UHVSRQGHU�jV�SHVTXLVDV�GH�QRVVR�SURWRFROR���

&RP UHODomR j SULPHLUD SHUJXQWD �³4XDO p D DGHTXDELOLGDGH GD 0$6�0/ SDUD D� � � � � � � � � � � � �
PRGHODJHP GH VLVWHPDV PXOWLDJHQWHV"´�� WRPDQGR FRPR EDVH RV HVWXGRV HQFRQWUDGRV�� � � � � � � � � �
SRGHPRV DILUPDU TXH D 0$6�0/ VH PRVWUD DGHTXDGD SDUD D PRGHODJHP H UHSUHVHQWDomR �,�� � � � � � � � � � � � � �
GDV SULQFLSDLV HQWLGDGHV GH XP 60$� DSUHVHQWDGDV FRPR SURSULHGDGHV HVWiWLFDV FRPR DJHQWHV�� � � � � � � � � � � �
SDSpLV GH DJHQWH� RUJDQL]Do}HV� VXE�RUJDQL]Do}HV H DPELHQWHV� �,,� GDV SURSULHGDGHV� � � � � � � � � �
GLQkPLFDV� FRPR D LQWHUDomR GRV DJHQWHV SRU PHLR GH WURFD GH PHQVDJHQV� R IOX[R GH� � � � � � � � � � � � � � �
H[HFXomR GRV SODQRV H Do}HV GRV DJHQWHV� �,,,� GD PRGHODJHP GDV DUTXLWHWXUDV LQWHUQDV GH� � � � � � � � � � � � � �
DJHQWHV SURSRVWDV SRU� WDQWR QRV GLDJUDPDV HVWiWLFRV H GLQkPLFRV� �,9� GD PRGHODJHP GRV� � � � � � � � � � � � �
HOHPHQWRV HVWiWLFRV GDV QRUPDV SDUD DJHQWHV� SURSRVWDV SRU *RQoDOYHV HW DO� ������ H �9�� � � � � � � � � � � � � �
SDUFLDOPHQWH D PRGHODJHP GRV DVSHFWRV HVWiWLFRV GRV FRQFHLWRV UHODFLRQDGRV j PLWLJDomR GH� � � � � � � � � � � �
GDQRV�HP�(5(V���

&RP UHODomR j VHJXQGD SHUJXQWD �³4XDLV VmR DV ODFXQDV GD 0$6�0/ SDUD D� � � � � � � � � � � � �
PRGHODJHP GH VLVWHPDV PXOWLDJHQWHV"´�� FRQFOXtPRV TXH DV SULQFLSDLV ODFXQDV GD OLQJXDJHP�� � � � � � � � � � �
GHVWDFDGDV SHORV WUDEDOKRV LGHQWLILFDGRV QD UHYLVmR VLVWHPiWLFD� VmR TXH D 0$6�0/ ��� DLQGD� � � � � � � � � � � � �
SUHFLVD VRIUHU RXWUDV H[WHQV}HV SDUD IRUQHFHU VXSRUWH j PRGHODJHP GH RXWUDV DUTXLWHWXUDV� � � � � � � � � � � �
LQWHUQDV SURSRVWDV SHOD OLWHUDWXUD� &RP UHODomR DR HVWXGR GH $GDP]DGHK HW DO� ������� HVWH� � � � � � � � � � � � � �
DLQGD QHFHVVLWD GH PHOKRULDV� DWXDOPHQWH D H[WHQVmR HVWi FREULQGR VRPHQWH DOJXQV GRV� � � � � � � � � � � �
FRQFHLWRV GR PHWDPRGHOR SDUD JHUHQFLDPHQWR GH GHVDVWUHV� DOpP GH TXH� GD PHVPD IRUPD TXH� � � � � � � � � � � � � �
R HVWXGR GH )UHLUH HW DO� ������� QmR SRVVXL VXSRUWH SDUD D UHSUHVHQWDomR GRV DVSHFWRV� � � � � � � � � � � � � � �
GLQkPLFRV�GD�0$6�0/�RULJLQDO��

$ 0$6�0/ WDPEpP QmR FRQWpP QHQKXP UHFXUVR HVSHFtILFR SDUD D PRGHODJHP GH� � � � � � � � � � � � �
UHTXLVLWRV SDUWLFXODUHV SDUD 60$V� DFUHGLWDPRV TXH HOD XWLOL]DULD R GLDJUDPD GH FDVRV GH XVR� � � � � � � � � � � � � �
SURSULDPHQWH�GLWR�SDUD�LVWR��PDV�QmR�HQFRQWUDPRV�QHQKXP�H[HPSOR�GHVVD�DSOLFDomR��

7RGDYLD� UHFRQKHFHPRV TXH p QHFHVViULD XPD DSOLFDomR SUiWLFD GD OLQJXDJHP QR� � � � � � � � � � �
SURMHWR GH XP VLVWHPD PXOWLDJHQWH SDUD R PXQGR UHDO� GH PDQHLUD D SRGHU DILUPDU FRP PDLRU� � � � � � � � � � � � � � � �
SUHFLVmR��R�TXmR�DGHTXDGD�p�D�OLQJXDJHP�H�TXDLV�VXDV�OLPLWDo}HV��

&RPR WUDEDOKRV IXWXURV� EXVFDUHPRV DYDOLDU D YDOLGDGH GR HVWXGR GH *DHGLFNH HW DO�� � � � � � � � � � � � �
������� SDUD R PDSHDPHQWR GR FRPSRUWDPHQWR GRV DJHQWHV� QD IDVH GD DQiOLVH GH UHTXLVLWRV� � � � � � � � � � � � � �
SDUD D PRGHODJHP QD IDVH GH SURMHWR H DSOLFDU D 0$6�0/ QD SUiWLFD� EXVFDQGR UHDOPHQWH� � � � � � � � � � � � � � �
LGHQWLILFDU�VHXV�SRQWRV�IRUWHV�H�IUDFRV���
�
�

$QDLV�GR�����6$/­2�,17(51$&,21$/�'(�(16,12��3(648,6$�(�(;7(16­2���6,(3(�
8QLYHUVLGDGH�)HGHUDO�GR�3DPSD���6DQWDQD�GR�/LYUDPHQWR����D���GH�QRYHPEUR�GH������



5()(5Ç1&,$6��
$GDP]DGHK��7���=DPDQL��%���	�)DWHPL��$���������2FWREHU���$�PRGHOLQJ�ODQJXDJH�WR�PRGHO�

PLWLJDWLRQ�LQ�HPHUJHQF\�UHVSRQVH�HQYLURQPHQWV��,Q�&RPSXWHU�DQG�.QRZOHGJH�(QJLQHHULQJ�
�,&&.(���������WK�,QWHUQDWLRQDO�H&RQIHUHQFH�RQ��SS������������,(((��
%LROFKLQL��-���0LDQ��3��*���1DWDOL��$��&��&���	�7UDYDVVRV��*��+����������6\VWHPDWLF�UHYLHZ�

LQ�VRIWZDUH�HQJLQHHULQJ��6\VWHP�(QJLQHHULQJ�DQG�&RPSXWHU�6FLHQFH�'HSDUWPHQW�
&233(�8)5-��7HFKQLFDO�5HSRUW�(6���������������
&HUYHQND��5���	�7UHQFDQVN\��,����������7KH�$JHQW�0RGHOLQJ�/DQJXDJH�$0/��$�

&RPSUHKHQVLYH�$SSURDFK�WR�0RGHOLQJ�0XOWL�$JHQW�6\VWHPV��6SULQJHU�6FLHQFH�	�%XVLQHVV�
0HGLD��
)LJXHLUHGR��.���	�GD�6LOYD��9��7����������1RUP0/��D�PRGHOLQJ�ODQJXDJH�WR�PRGHO�QRUPV��

,Q��VW�:RUNVKRS�RQ�$XWRQRPRXV�6RIWZDUH�6\VWHPV��6DOYDGRU��%UD]LO��
)UHLUH��(��6��6���&RUWpV��0��,���*RQoDOYHV��(��-��7���	�/RSHV��<��6����������1RU0$6�0/�$�

0RGHOLQJ�/DQJXDJH�WR�0RGHO�1RUPDWLYH�0XOWL�DJHQW�6\VWHPV��,Q�,&(,6������SS������������
6LOYD��9��7��GD��	�GH�/XFHQD��&��-��3����������([WHQGLQJ�WKH�80/�6HTXHQFH�'LDJUDP�WR�

PRGHO�WKH�G\QDPLF�DVSHFWV�RI�0XOWL�$JHQW�6\VWHPV��38&��
6LOYD��9��7��GD��	�'H�/XFHQD��&��-�������D���)URP�D�FRQFHSWXDO�IUDPHZRUN�IRU�DJHQWV�DQG�

REMHFWV�WR�D�PXOWL�DJHQW�V\VWHP�PRGHOLQJ�ODQJXDJH��$XWRQRPRXV�$JHQWV�DQG�0XOWL�$JHQW�
6\VWHPV�������������������
6LOYD��9��7��GD���&KRUHQ��5���	�'H�/XFHQD��&��-�������E��-XO\���$�80/�EDVHG�DSSURDFK�IRU�

PRGHOLQJ�DQG�LPSOHPHQWLQJ�PXOWL�DJHQW�V\VWHPV��,Q�3URFHHGLQJV�RI�WKH�7KLUG�,QWHUQDWLRQDO�
-RLQW�&RQIHUHQFH�RQ�$XWRQRPRXV�$JHQWV�DQG�0XOWLDJHQW�6\VWHPV�9ROXPH����SS������������
,(((�&RPSXWHU�6RFLHW\��
6LOYD��9��7��GD��1R\D��5��&���	�GH�/XFHQD��&��-���������-XO\���8VLQJ�WKH�80/�����DFWLYLW\�

GLDJUDP�WR�PRGHO�DJHQW�SODQV�DQG�DFWLRQV��,Q�3URFHHGLQJV�RI�WKH�IRXUWK�LQWHUQDWLRQDO�MRLQW�
FRQIHUHQFH�RQ�$XWRQRPRXV�DJHQWV�DQG�PXOWLDJHQW�V\VWHPV��SS������������$&0��
6LOYD��9��7��GD��&KRUHQ��5���	�'H�/XFHQD��&��-�������D���0$6�0/��D�PXOWLDJHQW�V\VWHP�

PRGHOOLQJ�ODQJXDJH��,QWHUQDWLRQDO�-RXUQDO�RI�$JHQW�2ULHQWHG�6RIWZDUH�(QJLQHHULQJ��������
���������
6LOYD��9��7��GD��&KRUHQ��5���	�'H�/XFHQD��&��-�������E���0RGHOLQJ�0$6�SURSHUWLHV�ZLWK�

0$6�0/�G\QDPLF�GLDJUDPV��,Q�$JHQW�2ULHQWHG�,QIRUPDWLRQ�6\VWHPV�,9��SS���������
6SULQJHU��%HUOLQ��+HLGHOEHUJ��
*DHGLFNH��/��)���	�*XHGHV��*��7��$����������3URSRVWD�GH�([WHQVmR�GD�0$6�0/�SRU�0HLR�

GH�XP�0HWDPRGHOR�80/�SDUD�0RGHODJHP�GH�5HTXLVLWRV��$QDLV�GR�6DOmR�,QWHUQDFLRQDO�GH�
(QVLQR��3HVTXLVD�H�([WHQVmR��������
*RQoDOYHV��(��-��7���&RUWpV��0��,���&DPSRV��*��$��/���/RSHV��<��6���)UHLUH��(��6���GD�6LOYD��

9��7���	�GH�2OLYHLUD��0��$����������0$6�0/������6XSSRUWLQJ�WKH�PRGHOOLQJ�RI�PXOWL�DJHQW�
V\VWHPV�ZLWK�GLIIHUHQW�DJHQW�DUFKLWHFWXUHV��-RXUQDO�RI�6\VWHPV�DQG�6RIWZDUH���������������
.LWFKHQKDP��%��$���'\ED��7���	�-RUJHQVHQ��0���������0D\���(YLGHQFH�EDVHG�VRIWZDUH�

HQJLQHHULQJ��,Q�3URFHHGLQJV�RI�WKH���WK�LQWHUQDWLRQDO�FRQIHUHQFH�RQ�VRIWZDUH�HQJLQHHULQJ��SS��
����������,(((�&RPSXWHU�6RFLHW\��
5XVVHOO��6��-���	�1RUYLJ��3����������$UWLILFLDO�LQWHOOLJHQFH��D�PRGHUQ�DSSURDFK��0DOD\VLD��

3HDUVRQ�(GXFDWLRQ�/LPLWHG���
2GHOO��-���3DUXQDN��+��9��'���	�%DXHU��%����������([WHQGLQJ�80/�IRU�DJHQWV��$QQ�$UERU��

�������������
2WKPDQ��6��+���%H\GRXQ��*���	�6XJXPDUDQ��9����������'HYHORSPHQW�DQG�YDOLGDWLRQ�RI�D�

'LVDVWHU�0DQDJHPHQW�0HWDPRGHO��'00���,QIRUPDWLRQ�3URFHVVLQJ�	�0DQDJHPHQW���������
���������

$QDLV�GR�����6$/­2�,17(51$&,21$/�'(�(16,12��3(648,6$�(�(;7(16­2���6,(3(�
8QLYHUVLGDGH�)HGHUDO�GR�3DPSD���6DQWDQD�GR�/LYUDPHQWR����D���GH�QRYHPEUR�GH������


