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2QH�RI� WKH� UXOHV� WKDW� DUH� H[SHFWHG� WR� EH� IXOILOOHG� LQ� D�ZHOO�IRUPHG�80/�PRGHO�LV�WKDW�HYHU\�LQVWDQFH�KDV�D�W\SH��LQ�VRPH�FDVHV��DQ�LQVWDQFH�FDQ�KDYH�PRUH� WKDW�RQH�W\SH���,I� WKLV�UXOH�LV�QRW�VDWLVILHG��ZH�FDQ�VD\�WKDW�WKHUH�H[LVWV�DQ�LQVWUD�FRQVLVWHQF\�SUREOHP�ZLWKLQ�WKH�PRGHO�$� OLQN� EHWZHHQ� REMHFWV� LV� D� VSHFLDO� NLQG� RI� LQVWDQFH��QDPHO\��DQ�LQVWDQFH�RI�DQ�DVVRFLDWLRQ�EHWZHHQ�FODVVLILHUV��+RZHYHU�� WKLV� SULQFLSOH� LV� QRW� FOHDUO\� DQG� FRQVLVWHQWO\�IROORZHG� LQ� WKH�80/� 6WDQGDUG� >�@���$V�ZH� DUH� JRLQJ� WR�VHH�� WKHUH� DUH� FRPPRQ� PRGHOLQJ� VLWXDWLRQV� LQ� ZKLFK��DSSDUHQWO\�� WKHUH� DUH� OLQNV� WKDW� DUH� QRW� LQVWDQFHV� RI�DVVRFLDWLRQV��WKXV��EDVHOHVV�OLQNV������,V�HYHU\�FRPPXQLFDWLRQ�OLQN�DQ�LQVWDQFH�RI�DQ�DVVRFLDWLRQ"
&RQVLGHU� WKH� H[DPSOH� LQ� )LJXUH� ��D��� WKHUH� LV� D� FODVV�GLDJUDP�ZLWK�D�RQH�ZD\�DVVRFLDWLRQ�IURP�FODVV�2ZQHU WR�FODVV�%DQN�� DQG� DQRWKHU� RQH�ZD\� DVVRFLDWLRQ� IURP� FODVV�2ZQHU WR� FODVV� $FFRXQW�� ,Q� )LJXUH� ��E�� WKHUH� LV� D�FROODERUDWLRQ� GLDJUDP� ZKHUH� DQ� REMHFW� RI� FODVV�2ZQHUVHQGV�D�PHVVDJH�WR�DQ�REMHFW�RI�FODVV�%DQN FRQWDLQLQJ�DQ�REMHFW� RI� FODVV� $FFRXQW DV� DUJXPHQW�� DQG� WKH�%DQNREMHFW�XVHV�WKLV�$FFRXQW REMHFW�WR�VHQG�LW�D�PHVVDJH��WKH�RZQHU�REMHFW�FRPPXQLFDWHV� LWV�EDQN�WR�FORVH� LWV�DFFRXQW��,Q� 80/� WKLV� LQWHUDFWLRQ� LV� XVXDOO\� PRGHOHG� XVLQJ� D�VWHUHRW\SHG�©SDUDPHWHUª OLQN�IURP�WKH�%DQN REMHFW�WR�WKH�$FFRXQW REMHFW�� ,V� WKLV� D� WUXH� OLQN�� RU� LV� LW� RQO\� D�

1 We quote, by section and page numbers as usual, version 1.4 
of the UML Standard. Thus, “[UML, p. 2-114]” means “[2] 
sect. 2, p. 114”. Version 1.5 has not introduced any changes 
regarding the subject of this paper, and version 2.0 is not yet 
approved and available to the general public. 

JUDSKLFDO� ILFWLRQ"� 'RHV� WKLV� OLQN� UHTXLUH� DQ� DVVRFLDWLRQ�EHWZHHQ� WKH�%DQN DQG�$FFRXQW FODVVHV"� ,I� QRW�� GRHV�WKLV� PHDQ� WKDW� WKH� OLQN� LV� QRW� DQ� LQVWDQFH� RI� DQ\�DVVRFLDWLRQ"� 7KLV� TXHVWLRQ� LV� IDU� IURP� KDYLQJ� EHLQJ�FODULILHG��DV�UHFHQW�UHVHDUFK�GHPRQVWUDWHV�>�@���7KH� 6WDQGDUG� LV� UDWKHU� FRQWUDGLFWRU\� LQ� WKLV� UHVSHFW��VLQFH�LW�JLYHV�WZR�GLIIHUHQW�VROXWLRQV�WR�WKLVSUREOHP��� 6RPHWLPHV� D� PHVVDJH� GRHV� QRW� XVH� D�FRPPXQLFDWLRQ�OLQN ��$IWHU�VWDWLQJ�WKDW�D�PHVVDJH�LQVWDQFH��D�N�D��VWLPXOXV��³XVHV�D�OLQN�EHWZHHQ�WKH�VHQGHU�DQG�WKH� UHFHLYHU� IRU� FRPPXQLFDWLRQ´�� WKH�6WDQGDUG� DFNQRZOHGJHV� VRPH�VSHFLDO� VLWXDWLRQV�LQ� ZKLFK� WKLV� FRPPXQLFDWLRQ� OLQN� PD\� EH�PLVVLQJ��³LI�WKH�UHFHLYHU�LV�DQ�DUJXPHQW�LQVLGH�WKH�FXUUHQW�DFWLYDWLRQ��D�ORFDO�RU�JOREDO�YDULDEOH��RU�LI�WKH�VWLPXOXV� LV�VHQW� WR�WKH�VHQGHU�LQVWDQFH�LWVHOI´�>80/�� S�� �����@�� 7KHUHIRUH�� WKH� OLQN�P\%DQNoP\$FFRXQW LQ�)LJXUH���E��ZRXOG�EH�D� ILFWLRQ�� DQG�QR�DVVRFLDWLRQ� LV� UHTXLUHG�EHWZHHQ�%DQN DQG�$FFRXQW��� 6RPHWLPHV� D� OLQN� LV� QRW� DQ� LQVWDQFH� RI� DQ�DVVRFLDWLRQ�� 7KH�6WDQGDUG� GHILQHV�ILYH� VWDQGDUG�VWHUHRW\SHV� IRU� /LQN(QG �©JOREDOª�� ©ORFDOª��©SDUDPHWHUª�� DQG� ©VHOIª�� LQ� DGGLWLRQ� WR� WKH�UHGXQGDQW� ©DVVRFLDWLRQª�� WR� KDQGOH� WKRVH� VDPH�VSHFLDO� VLWXDWLRQV� >80/�� S�� �����@�� ZKHUH� ZH�ILQG� FRPPXQLFDWLRQ� ZLWKRXW� DVVRFLDWLRQV��7KHUHIRUH�� WKH� OLQN� P\%DQNoP\$FFRXQW LQ�)LJXUH���E��ZRXOG�EH�D WUXH�OLQN��EXW�D�OLQN�WKDW�LV�QRW� GHULYHG� IURP� WKH�H[LVWHQFH�RI�DQ�DVVRFLDWLRQ�EHWZHHQ�%DQN DQG�$FFRXQW�� EXW� IURP� ³RWKHU�FLUFXPVWDQFHV´��$JDLQ��QR�DVVRFLDWLRQ�LV�UHTXLUHG�EHWZHHQ�%DQN DQG�$FFRXQW�
2 See also the contributions to The Precise UML Group mailing 

list [4] during the years 2000-2001 under the subjects “Links 
& messages”, “Link as instance, tuple, path”, “Sets and bags”, 
and “Dependencies and associations”, where the authors 
played an active role. Other similar problems involving 
compound navigation expressions and stereotyped ©VHOIª
links are described in a recent paper by the authors [1]. We 
are not aware of any proposal to UML 2.0 that addresses this 
issue.
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Figure 1. (a) Class diagram with classes 2ZQHU, %DQN and $FFRXQW, and two associations among them. (b) Collaboration 

diagram using a stereotyped ©SDUDPHWHUª link without any existing association %DQNo$FFRXQW
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Figure 2. Metamodel of communication links extracted from Figures 2-6, 2-16 and 2-17 in the Standard
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RI� DQ� DVVRFLDWLRQ��� DQG� VRPHWLPHV� WKH�PHVVDJH� GRHV� QRW�XVH�DQ\�OLQN��VR�QR�DVVRFLDWLRQ�LQYROYHG���7KH� VHFRQG� VROXWLRQ� �VWHUHRW\SHG� OLQNV�� EUHDNV� WKH�SULQFLSOH� WKDW� HYHU\� OLQN� LV� DQ� LQVWDQFH�RI�DQ�DVVRFLDWLRQ��DQG� LW� FRQWUDGLFWV� WKH�ILUVW�VROXWLRQ��RSWLRQDO� OLQNV��� LI� WKH�FRPPXQLFDWLRQ� OLQN� LV� RSWLRQDO�� ZKDW� LV� WKH� VHQVH� RI�GHILQLQJ� WKHVH� VSHFLDO� VWHUHRW\SHG� OLQNV"� 1HYHUWKHOHVV��WKLV�VROXWLRQ�LV�FRQVLVWHQW�ZLWK�WKH�FRPPRQ�UHSUHVHQWDWLRQ�RI�LQWHUDFWLRQV�LQ�FROODERUDWLRQ�GLDJUDPV��ZKHUH�D�PHVVDJH�DOZD\V XVHV�D�OLQN��



1RQH�RI�WKHVH�WZR VROXWLRQV�LV�VDWLVIDFWRU\��,I�OLQNV�DUH�RSWLRQDO��ZKDW� LV� WKH� UHSUHVHQWDWLRQ� RI� D�PHVVDJH� WKDW� LV�VHQW� WKURXJK� D� PLVVLQJ� OLQN� LQ� D� FROODERUDWLRQ� GLDJUDP"�7KH�LGHD�RI�D�ILFWLWLRXV�OLQN�GRHV�QRW�VHHP�D�JRRG�RQH��,Q�D�SUHYLRXV�SDSHU�ZH�UHMHFWHG�RSWLRQDO�FRPPXQLFDWLRQ� OLQNV�DQG� VXSSRUWHG� WKH� LGHD� RI� OLQNV� WKDW� DUH� QRW� LQVWDQFHV� RI�DVVRFLDWLRQV� >�@��+RZHYHU��ZH� DUH� QRW� VDWLVILHG�ZLWK� WKLV�VROXWLRQ��VLQFH�D�OLQN��OLNH�DQ�REMHFW��LV�D�³FRQFUHWH�WKLQJ´��DQ�LQVWDQFH���WKXV��D�OLQN��OLNH�DQ�REMHFW��UHTXLUHV�D�³W\SH´WKDW� VSHFLILHV� LWV� IHDWXUHV��WKH�W\SH�RI�DQ�REMHFW�LV�D�FODVV��DQG� WKH� W\SH� RI� D� OLQN� VKRXOG� EH� DQ� DVVRFLDWLRQ� WKDW�VSHFLILHV�� DPRQJ� RWKHU� IHDWXUHV�� WKH� FODVVHV� RI� WKH� OLQNHG�REMHFWV�� WKH� QDYLJDELOLW\� DQG� FKDQJHDELOLW\� RI� WKH� OLQNV��HWF��,I�D�OLQN�KDG�QR�W\SH��ZH�ZRXOG�QRW�EH�DEOH�WR�GHVFULEH�ZKLFK� LWV�SURSHUWLHV�DUH�RU�KRZ�LW�LV�VXSSRVHG�WR�EHKDYH���7KHUHIRUH�� ZH� ZLOO� WU\� WR� ILQG� D� FRQFHSWXDOO\� EHWWHU�VROXWLRQ�WKDW�DYRLGV�³EDVHOHVV�OLQNV´���� $VVRFLDWLRQ� DQG� OLQN� VWHUHRW\SHV� LQ� WKH�80/�6WDQGDUG
6RPH� DXWKRUV� KDYH� WULHG� WR� GLVWLQJXLVK� EHWZHHQ� WZR�GLVMRLQW� VXEW\SHV� RI� DVVRFLDWLRQV� WR� VROYH� WKLV� SUREOHP��³VWDWLF� DVVRFLDWLRQV´� DQG� ³G\QDPLF� DVVRFLDWLRQV´� >�@�� EXW�ZH�FRQVLGHU� WKDW� WKLV�GLVWLQFWLRQ� LV�QRW�DGHTXDWH��VLQFH� LQ�REMHFW� RULHQWDWLRQ� HYHU\� DVVRFLDWLRQ� KDV� ERWK� VWDWLF� DQG�G\QDPLF�IHDWXUHV�,I� VWDWLF�G\QDPLF� LV� QRW� DQ� DGHTXDWH� FODVVLILFDWLRQ� RI�DVVRFLDWLRQV�� KRZ� FDQ� ZH� GLVWLQJXLVK� ³QRUPDO´�DVVRFLDWLRQV� IURP� RWKHU� NLQGV� RI� DVVRFLDWLRQV� WKDW� VHHP�UHOHYDQW� LQ� PRGHOLQJ"� 80/� KDV� ILYH� SUHGHILQHG�VWHUHRW\SHV� IRU�OLQNV� HQGV� �LQ� WKH�PHWDPRGHO��/LQN(QGPHWDFODVV�� ZKLFK� DUH� VXSSRVHG� WR� VROYH� WKH� G\QDPLF�DVVRFLDWLRQV� LVVXH�� WKDW� LV�� KRZ� DQ� LQVWDQFH� FDQ�FRPPXQLFDWH� ZLWK� DQRWKHU� LQVWDQFH� ZLWKRXW� DQ\� H[LVWLQJ��VWDWLF�� DVVRFLDWLRQ� EHWZHHQ� WKH� UHVSHFWLYH� FODVVHV�� 7KH�ILYH� VWHUHRW\SHV� VSHFLI\� GLIIHUHQW� ZD\V� LQ� ZKLFK� DQ�LQVWDQFH�LV�³YLVLEOH �́ >80/��S�������@�� ©DVVRFLDWLRQª�� WKH� LQVWDQFH� LV� YLVLEOH� YLD�DVVRFLDWLRQ��� ©JOREDOª�� WKH� LQVWDQFH� LV� YLVLEOH� EHFDXVH� LW� LV�LQ�D�JOREDO�VFRSH�UHODWLYH�WR�WKH�OLQN��� ©ORFDOª��WKH�LQVWDQFH�LV YLVLEOH�EHFDXVH�LW�LV�LQ�D�ORFDO�VFRSH�UHODWLYH�WR�WKH�OLQN��� ©SDUDPHWHUª�� WKH� LQVWDQFH� LV� YLVLEOH� EHFDXVH�LW�LV�D�SDUDPHWHU�UHODWLYH�WR�WKH�OLQN��

3 There are some object-oriented untyped programming 
languages, such as Eiffel or Smalltalk, and even though it is 
completely legitimate the use of UML to model systems 
implemented in these languages, UML itself is strongly 
typed, likewise languages such as Java.

4 Note how the Standard is imprecise in using the concept of 
visibility in these definitions. Instead of “visible”, it should 
say “accessible”.

� ©VHOIª�� WKH�LQVWDQFH�LV�YLVLEOH�EHFDXVH�LW�LV�WKH�GLVSDWFKHU�RI�D�UHTXHVW��)RU� DVVRFLDWLRQ� HQGV� �LQ� WKH� PHWDPRGHO��$VVRFLDWLRQ(QG PHWDFODVV��� ZH� KDYH� WKH� VDPH� ILYH�VWHUHRW\SHV��DOWKRXJK�WKHLU�GHILQLWLRQV�DUH�VOLJKWO\�GLIIHUHQW�>80/�� S�� ����@�� ,W� LV� ZRUWK� WR� FRS\� WKHP� KHUH� DQG�FRPSDUH� ZLWK� WKH� SUHFHGLQJ� RQHV�� ZKLFK� DUH� UDWKHU�REVFXUH�� ©DVVRFLDWLRQª�� VSHFLILHV� D UHDO� DVVRFLDWLRQ��GHIDXOW� DQG�UHGXQGDQW�RSWLRQ��DOWKRXJK� LW� FDQ�EH�XVHG�IRU�HPSKDVLV��� ©JOREDOª��WKH�WDUJHW�LV�D�JOREDO�YDOXH�NQRZQ�WR�DOO�HOHPHQWV��UDWKHU�WKDQ�DQ�DFWXDO�DVVRFLDWLRQ��� ©ORFDOª�� WKH� UHODWLRQVKLS� UHSUHVHQWV� D� ORFDO�YDULDEOH� LQVLGH� WKH� SURFHGXUH�� UDWKHU� WKDQ� DQ�DFWXDO�DVVRFLDWLRQ��� ©SDUDPHWHUª�� WKH� UHODWLRQVKLS� UHSUHVHQWV� D�SURFHGXUH� SDUDPHWHU�� UDWKHU� WKDQ� DQ� DFWXDO�DVVRFLDWLRQ��� ©VHOIª�� WKH� UHODWLRQVKLS� UHSUHVHQWV�D� UHIHUHQFH�WR� WKH� REMHFW� WKDW� RZQV� WKH� RSHUDWLRQ� RU� DFWLRQ��UDWKHU�WKDQ�DQ�DFWXDO�DVVRFLDWLRQ��7KH� LQWHQWLRQ� RI� WKH� 6WDQGDUG� LQ� GHILQLQJ� WKHVH� ILYH�VWHUHRW\SHV� LV� QRW� YHU\� FOHDU�� 2Q� WKH� RQH� KDQG�� LW� VHHPV�WKDW�ZH�VKRXOG�KDYH�D�FRKHUHQFH�UXOH�� LQ�WKH�VHQVH�WKDW�D�OLQN� HQG� KDYLQJ� D� FHUWDLQ� VWHUHRW\SH� LPSOLHV� WKH� VDPH�VWHUHRW\SH� IRU�LWV� FRUUHVSRQGLQJ� DVVRFLDWLRQ� HQG�� EXW� WKH�6WDQGDUG� GRHV� QRW� LPSRVH� WKLV� UHVWULFWLRQ�� 2Q� WKH� RWKHU�KDQG�� WKH� IRXU� VWHUHRW\SHV� ©JOREDOª�� ©ORFDOª��©SDUDPHWHUª��DQG�©VHOIª DUH�DSSDUHQWO\�LQWHQGHG�WR�JLYH�D�NLQG�RI�DFFHVV�WKDW�LV�QRW�SURSHUO\�GHULYHG�IURP�DQ�DVVRFLDWLRQ��EXW� IURP�RWKHU�FLUFXPVWDQFHV�� VXSSRUWLQJ� WKH�VWDWHPHQW� WKDW� WKHUH� DUH� FRPPXQLFDWLRQ� OLQNV� ZKLFK� DUH�QRW� LQVWDQFHV� RI� DVVRFLDWLRQV�� WKDW� LV�� D� VWHUHRW\SHG� OLQN�HQG�ZRXOG� FRUUHVSRQG� WR�QR�DVVRFLDWLRQ� HQG��QRW�HYHQ� WR�RQH�KDYLQJ�WKH�VDPH�VWHUHRW\SH��%XW�WKLV�ZRXOG�FRQWUDGLFW�WKH� VXJJHVWHG� FRKHUHQFH� UXOH�� DQG� PDNH� WKH� VWHUHRW\SHV�XQQHFHVVDU\� IRU� DVVRFLDWLRQ� HQGV� �WKDW� LV�� WKH\� ZRXOG� EH�UHTXLUHG�IRU�OLQN�HQGV�RQO\���0D\EH� WKLV�SDUDGR[�LV�GXH�WR�D�FDUHOHVV�ZULWLQJ�RI� WKH�6WDQGDUG�� UDWKHU� WKDQ� WR� D� WUXH� LQFRQVLVWHQF\�� :H� PD\�VXSSRVH�WKDW�WKH�LQWHQWLRQ�ZDV�WR�VWDWH�WKDW�HYHU\�OLQN�LV�DQ�LQVWDQFH� RI� DQ� DVVRFLDWLRQ�� EXW� WKHUH� DUH� ³VSHFLDO´� OLQNV�WKDW� DUH� QRW� LQVWDQFHV� RI� QRUPDO� DVVRFLDWLRQV�� EXW� VSHFLDO�LPSOLFLW�DVVRFLDWLRQV��ZKLFK�GR�H[LVW�ZLWKRXW�QHHG�RI�EHLQJ�GHFODUHG� LQ� WKH�PRGHO�� DOWKRXJK� WKH�PRGHOHU� FDQ� GHFODUH�WKHP�LQ�IDYRU�RI�FOHDUQHVV�

5 We have already mentioned in Section 2 another contradiction 
in the Standard, when it states that the communication link is 
not necessary in certain special situations (the same ones in 
which these stereotypes are defined) [UML, p. 2-114].
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6 In certain development phases of a software project, especially 
in the initial ones, it is convenient not to specify an object’s 
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class, and in the same way the specification of a link’s 
association should not be mandatory. CASE tools can enable 
or disable this feature as it is convenient for the modeler.


