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$FNQRZOHGJHPHQW�
6JCPMU�VQ�&CPKGN�2GTC[C��*G�ITCPVGF�OG�C�UGEQPF�EJCPEG�CHVGT�O[�HKTUV�
/CUVGT�VJGUKU�CDQWV�VQWEJ�V[RKPI�HCKNGF�DGECWUG�QH�OKUUKPI�WUGT�FCVC��
6JCPMU�VQ�&CPKGN�5EJPGKFGT��VJCV�JG�YCU�HNGZKDNG�GPQWIJ�VQ�UECP�VJG�FTCHV�
QH�O[�/CUVGT�VJGUKU�CPF�IKXKPI�OG�XCNWCDNG�HGGFDCEM��
6JCPMU�VQ�,QUGRJ�$GTIKP��YJQ�HKTUV�CFCRVGF�VJG�KFGC�QH�NGCTPKPI�RTQITCO�
OKPI�YKVJ�OKETQYQTNFU�VQ�%

�CPF�,CXC��#NUQ��JG�KU�QPG�QH�QPN[�HGY�
VGCEJGTU�KP�VJG�HKGNF�YJQ�RWDNKUJGU�JKU�HKPFKPIU�KP�VJG�YGD��
5RGEKCN�VJCPMU�VQ�CNN�VJQUG�UVWFGPVU�KP�O[�UJQTV�EQWTUG��6JGKT�HGGFDCEM�
YCU�QPG�QH�VJG�OCLQT�UQWTEGU�VQ�YTKVG�VJKU�VJGUKU�CPF�VJG�DGUV�OQVKXCVKQP�
VQ�UGV�WR�C�OKETQYQTNF�VJCV�UJQWNF�OCMG�NGCTPKPI�,CXC�OQTG�HWP��
6JCPMU�VQ�VJG�RGTUQPU�YJQ�JCXG�DGGP�JGNRKPI�OG�VQ�RTQQHTGCF�VJKU�VGZV����



KKK�

7DEOH�RI�&RQWHQWV�
+PVTQFWEVKQP ����������������������������������������������������������������������������������� � 
� 2TCEVKECN�$CEMITQWPF �������������������������������������������������������������� � 

%JCRVGT����%QIPKVKXG�NQCF�KP�C�,CXC�UJQTV�EQWTUG ��������������������������������� � 
� /CLQT�1DLGEVKXGU�KP�C�,CXC�5JQTV�%QWTUG������������������������������������ � 
� %QIPKVKXG�.QCF�6JGQT[ ������������������������������������������������������������ � 
� %QIPKVKXG�.QCF�6JGQT[�CPF�+PUVTWEVKQPCN�&GUKIP �������������������������� � 
� #PCN[UKU�QH�VJG�%QIPKVKXG�.QCF�KP�C�,CXC�5JQTV�%QWTUG����������������� � 
� %QPENWUKQP�������������������������������������������������������������������������� �� 
%JCRVGT����2CTCFKIO�UJKHV�VQ�QDLGEV�QTKGPVGF�RTQITCOOKPI ������������������ �� 
� /QVKXCVKQP�HQT�1DLGEV�1TKGPVGF�2TQITCOOKPI ���������������������������� �� 
� 2TQDNGO�5QNXKPI�5VTCVGIKGU�%QORCTGF ������������������������������������� �� 
� -G[�%QPEGRVU�%QORCTGF������������������������������������������������������� �� 
� 0QXKEGUO�2TQDNGOU�KP�2TQITCOOKPI ����������������������������������������� �� 
� %QPENWUKQP�������������������������������������������������������������������������� �� 

%JCRVGT����-G[�RTQDNGOU�QH�VGCEJKPI�QDLGEV�QTKGPVGF�RTQITCOOKPI������� �� 
� 7PFGTUVCPFKPI�8CTKCDNGU�KP�,CXC��������������������������������������������� �� 
� 7PFGTUVCPFKPI�2QKPVGTU�QT�1DLGEV�4GHGTGPEGU ��������������������������� �� 
� 7PFGTUVCPFKPI�#TIWOGPV�2CUUKPI�YKVJ�/GUUCIGU���������������������� �� 
� )TCURKPI�VJG�+FGC�QH�1DLGEV�1TKGPVGF�2TQITCOOKPI�������������������� �� 
� 
/KUU��7PFGTUVCPFKPI�5VCVKE�#VVTKDWVGU�CPF�1RGTCVKQPU��������������� �� 
� %QNNCDQTCVKQP�CPF�'PECRUWNCVKQP��9QTMKPI�YKVJ�1DLGEV�4GHGTGPEGU�

QT�2QKPVGTU��KP�/GUUCIGU�
1RGTCVKQPU� ������������������������������������������ �� 
� 2QN[OQTRJKUO��6[RGU�CPF�1XGTYTKVKPI�/GVJQFU������������������������ �� 
� 7UGT�+PVGTHCEG�4GNCVGF�2TQDNGOU ��������������������������������������������� �� 
� 4KEJPGUU�QH�%QPVGORQTCT[�7UGT�+PVGTHCEGU������������������������������� �� 
�� %JCRVGT�5WOOCT[ ������������������������������������������������������������� �� 

%JCRVGT����'ZKUVKPI�UQNWVKQPU�VQ�QXGTEQOG�VJG�RTQDNGO�QH�EQIPKVKXG�NQCF�� 
� +IPQTKPI�1DLGEV�1TKGPVGF�%QPEGRVU�9JGP�6GCEJKPI�VJG�.CPIWCIG�
,CXC ���������������������������������������������������������������������������������������� �� 
� )KXKPI�C�5QWPF�6JGQTGVKECN�$CEMITQWPF�(KTUVN[�������������������������� �� 
� %QQMDQQM�#RRTQCEJ ������������������������������������������������������������� �� 
� 5RKTCN�#RRTQCEJ ������������������������������������������������������������������� �� 
� 6GCEJKPI�1DLGEV�1TKGPVGF�6JKPMKPI�YKVJ�7/.�(KTUVN[������������������ �� 
� )KXKPI�C�5KPING�5KORNG�6CUM�YKVJKP�CP�'ZKUVKPI�1DLGEV�1TKGPVGF�
(TCOGYQTM ������������������������������������������������������������������������������� �� 
� 6TCKPGGU�5QNXG�C�5KPING�2TQDNGO�YKVJKP�C�2TQLGEV����������������������� �� 
� 5GVVKPI�WR�C�VGUV�ENCUU ���������������������������������������������������������� �� 
� 7UKPI�/KETQYQTNFU�HQT�6TCKPKPI����������������������������������������������� �� 
�� 2TQITCOOKPI�KP�2CKTU ��������������������������������������������������������� �� 
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�� 4GXKGY�3WGUVKQPU ������������������������������������������������������������� �� 
�� #PCN[UKPI�%QFG�CPF�%JGEM�YKVJ�/WNVKRNG�%JQKEG�3WGUVKQPU ����� �� 
�� %JCRVGT�5WOOCT[ ������������������������������������������������������������� �� 

%JCRVGT����'ZKUVKPI�OKETQYQTNFU�HQT�VGCEJKPI�,CXC ����������������������������� �� 
� /QVKXCVKQP�HQT�/KETQYQTNFU�KP�VJG�(KGNF�QH�2TQITCOOKPI������������� �� 
� /KETQYQTNF��2TQDNGO�5QNXKPI�CPF�1DLGEV�1TKGPVGF�&GUKIP����������� �� 
� 1VJGT�'NGOGPVU�QH�6GCEJKPI��������������������������������������������������� �� 
� &KUCFXCPVCIGU�QH�'ZKUVKPI�9QTNFU ������������������������������������������� �� 

%JCRVGT����4GFWEKPI�EQIPKVKXG�NQCF�KP�4QDQYQTNF������������������������������� �� 
� *CUUNG�(TGG�(KNG�*CPFNKPI������������������������������������������������������� �� 
� #�5KORNG�2CTUGT�%QORKNGT ������������������������������������������������������ �� 
� #�2CPGN�VQ�UGV�WR�C�5EGPCTKQ�
9QTNF�9KVJ�$GGRGTU�CPF�9CNNU� ����� �� 
� #�2CPGN�VQ�/CPWCNN[�+PUVCPVKCVG�4QDQVU�CPF�VQ�%CNN�7R�VJGKT�/GVJQFU
� �� 
� 8KUWCNKUG�VJG�'ZEJCPIG�QH�/GUUCIGU�9KVJQWV�5RNKVVGF�#VVGPVKQP�� �� 
� &GHKPG�#VVTKDWVGU�VJCV�4GHGTGPEG�4QDQVU�CPF�VJG�+PUVCPVKCVKQP�QH�
4QDQVU�YKVJKP�2TQITCO�%QFG ������������������������������������������������������� �� 
� &GHKPKPI�%NCUUGU ������������������������������������������������������������������ �� 
� %CNN�C�1XGTTKFFGP�/GVJQFU�KP�VJG�5WRGT�%NCUU��������������������������� �� 
� %QPVTQN�5VCVGOGPVU�
+H��9JKNG��.QQR� ��������������������������������������� �� 
�� (GGFDCEM�KP�%CUG�QH�0GXGT�'PFKPI�4GEWTUKQP������������������������� �� 
�� .QYGT�%QIPKVKXG�.QCF�D[�1OKVVKPI�&GVCKN ������������������������������ �� 
�� &QGU�4QDQYQTNF�5QNXG�0QXKEGUO�2TQDNGOU! ��������������������������� �� 

%JCRVGT����'ZRNCKPKPI�DCUKE�EQPEGRVU�YKVJ�4QDQYQTNF ������������������������ �� 
� 2TKOKVKXG�&CVC�6[RGU��&CVC�+PRWV�CPF�1WVRWV�CPF�5VQTCIG ���������� �� 
� 1DLGEVU�
4QDQVU���1RGTCVKQPU��/GVJQFU��%NCUUGU ����������������������� �� 
� #RRNKECVKQP�2TQITCOOKPI�+PVGTHCEG�
#2+����������������������������������� �� 
� %QPENWUKQP�������������������������������������������������������������������������� �� 

%JCRVGT����5WRRQTVKPI�VJG�7PKHKGF�/QFGNNKPI�.CPIWCIG ����������������������� �� 
� +U�VJG�7PKHKGF�/QFGNNKPI�.CPIWCIG�
7/.��C�5WDLGEV�HQT�C�,CXC�5JQTV�
%QWTUG!������������������������������������������������������������������������������������ �� 
� .GCTPKPI�&GUKIP�2CVVGTPU�CPF�7PKHKGF�/QFGNNKPI�.CPIWCIG�YKVJ�
4QDQYQTNF �������������������������������������������������������������������������������� �� 
� %QPENWUKQP�������������������������������������������������������������������������� �� 

%JCRVGT����1XGTCNN�EQPENWUKQP ��������������������������������������������������������� �� 
� /KUUKPI�VGUVU��DWV�UQOG�VGUVKOQPKCNU�HQT�OKETQYQTNFU ���������������� �� 
� %QPENWUKQP�(TQO�VJKU�6JGUKU �������������������������������������������������� �� 

#RRGPFKZ�#��7UGT�/CPWCN��������������������������������������������������������������� �� 
#RRGPFKZ�$��5GTXKEG�%NCUU�HQT�GCU[�KPRWV��QWVRWV�KP�,CXC ������������������ ��� 
+PFGZ ���������������������������������������������������������������������������������������� ��� 
$KDNKQITCRJ[ ������������������������������������������������������������������������������� ��� 
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�
6JKU�UVWF[�KU�EGPVTGF�QP�VJG�FGUKIP�CPF�FGXGNQROGPV�QH�C�OKETQYQTNF�
NGCTPKPI�GPXKTQPOGPV�HQT�QDLGEV�QTKGPVGF�RTQITCOOKPI�CPF�QDLGEV�QTKGPVGF�
FGUKIP��5RGEKCN�ECTG�YCU�VCMGP�VQ�OGGV�VJTGG�IQCNU��(KTUVN[��VQ�TGFWEG�EQI�
PKVKXG�NQCF��5GEQPFN[��VQ�OCKPVCKP�CU�OWEJ�CU�RQUUKDNG�UKOKNCTKV[�YKVJ�VJG�
RTQITCOOKPI�NCPIWCIG�,CXC��6JKTFN[��VQ�HCEKNKVCVG�VJG�KPVTQFWEVKQP�QH�QD�
LGEV�QTKGPVGF�FGUKIP�D[�OGCPU�QH�VJG�7PKHKGF�/QFGNNKPI�.CPIWCIG�
7/.���
6JG�GPXKTQPOGPV�ECP�DG�WUGF�HQT�XKUWCNK\CVKQP�
UWRRQTV�VGCEJGTOU�RTGUGPVC�
VKQP���HQT�UVWFGPVU�VTCKPKPI�
UQNXG�UNKIJVN[�FKHHGTGPV�RTQITCOOKPI�RTQDNGOU�
DCUGF�QP�RTGXKQWU�VGCEJKPI��CPF�HQT�VJG�EQPUVTWEVKQP�QH�PGY�RTQDNGOU�QT�
UQNWVKQPU�VQ�RTQDNGOU�D[�UVWFGPVU��6JG�KORCEV�QH�EQIPKVKXG�NQCF�VJGQT[�QP�
KPUVTWEVKQPCN�FGUKIP�KU�C�OCLQT�VQRKE�QH�VJKU�UVWF[��
-G[YQTFU��/KETQYQTNF��%QIPKVKXG�.QCF�6JGQT[��7PKHKGF�/QFGNNKPI�.CP�
IWCIG��,CXC��1DLGEV�1TKGPVGF�2TQITCOOKPI
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 Introduction 
6JKU�UVWF[�JCU�VJTGG�UEKGPVKHKE�IQCNU��(KTUVN[��VJG�CPCN[UKU�QH�VJG�RCTCFKIO�
QH�QDLGEV�QTKGPVGF�RTQITCOOKPI�CPF�YJCV�VJKU�RCTCFKIO�UJKHV�KORNKGU�HQT�
VGCEJKPI��5GEQPFN[��VJG�CPCN[UKU�QH�VJG�RTQDNGO�QH�EQIPKVKXG�NQCF�TGNCVGF�
VQ�VGCEJKPI�QDLGEV�QTKGPVGF�RTQITCOOKPI�CPF�QH�GZKUVKPI�OGVJQFU�VQ�QXGT�
EQOG�VJKU�RTQDNGO��6JKTFN[��VJG�FGUKIP�QH�C�OKETQYQTNF�VJCV�HCEKNKVCVGU�DGUV�
VJG�CEJKGXGOGPV�QH�VJG�MPQYNGFIG�PGGFGF�HQT�QDLGEV�QTKGPVGF�RTQITCO�
OKPI�OQUV�NKMGN[��

�� 3UDFWLFDO�%DFNJURXQG�
6JG�RTQITCOOKPI�NCPIWCIG�,CXC�KU�YKFGN[�WUGF�HQT�KPVTQFWEKPI�PQXKEG�
NGCTPGTU�VQ�RTQITCOOKPI��#NUQ��KV�KU�WUGF�VQ�VGCEJ�QDLGEV�QTKGPVGF�RTQ�
ITCOOKPI�VQ�GZRGTV�RTQEGFWTCN�RTQITCOOGTU��
6JGTG�CTG�UGXGTCN�TGCUQPU�HQT�VJKU��-KO�0��-KPI��RTQDCDN[�QPG�QH�VJG�DGUV�
VGCEJGTU�KP�VJKU�HKGNF��YTKVGU�KP�JKU�DQQM�n,CXC�2TQITCOOKPI��(TQO�6JG�
$GIKPPKPI��
-KPI��������R��ZXKK���

n9JGP�,CXC�CRRGCTGF�KP�������+�KOOGFKCVGN[�PQVKEGF�KVU�RQVGP�
VKCN�CU�C�NCPIWCIG�HQT�DGIKPPKPI�RTQITCOOGTU��,CXC�UCVKUHKGU�
VQFC[OU�PGGF�HQT�GCTN[�KPUVTWEVKQP�KP�CP�QDLGEV�QTKGPVGF�NCP�
IWCIG��YJKNG�CXQKFKPI�VJG�EQORNGZKVKGU�QH�%

��#V�VJG�UCOG�
VKOG��,CXC�KU�UKOKNCT�GPQWIJ�VQ�%

�VQ�UGTXG�CU�C�UVGRRKPI�
UVQPG�VQ�VJCV�NCPIWCIG��
#V�O[�KPUVKVWVKQP��,CXC�KU�VJG�HKTUV�NCP�
IWCIG�KPVTQFWEGF��KOOGFKCVGN[�HQNNQYGF�D[�%

���9KVJ�PQ�
RQKPVGTU�VQ�ECWUG�RTQDNGOU��,CXC�RTQITCOU�CTG�KOOWPG�VQ�
VJQUG�HTWUVTCVKPI�ETCUJGU�VJCV�CTG�UQ�EQOOQP�KP�%

��+H�C�
,CXC�RTQITCO�FQGU�GPEQWPVGT�CP�GTTQT�CV�TWP�VKOG��VJG�KPVGT�
RTGVGT�RTQXKFGU�C�UVCEM�VTCEG�VJCV�ECP�QHVGP�RKPRQKPV�VJG�RTQD�
NGO��#PF��NCUV�DWV�PQV�NGCUV��VJG�UQHVYCTG�PGGFGF�VQ�YTKVG�CPF�
GZGEWVG�,CXC�RTQITCOU�ECP�DG�FQYPNQCFGF�HTQO�VJG�9GD�CV�PQ�
EJCTIG���

#V�VJG�KPUVKVWVKQP�HQT�CFWNV�GFWECVKQP�YJGTG�+�VGCEJ�,CXC��YG�JCXG�XGT[�
CODKVKQWU�IQCNU��2GQRNG�YKVJQWV�CP[�DCEMITQWPF�KP�KPHQTOCVKQP�VGEJPQNQ�
IKGU�UJQWNF�DG�CDNG�VQ�UVCTV�C�LQD�CU�C�LWPKQT�UQHVYCTG�FGXGNQRGT�CHVGT���
OQPVJU�QH�GFWECVKQP�CPF�VTCKPKPI��6JKU�KPXQNXGU�VJG�VGCEJKPI�QH�XGT[�EQO�
RNGZ�EQPEGRVU�CPF�C�JWIG�COQWPV�QH�RTQEGFWTCN�CPF�HCEVWCN�MPQYNGFIG��
9G�VTKGF�UGXGTCN�CRRTQCEJGU�VQ�CEJKGXG�VJKU�IQCN��6JG�OCKP�RTQDNGO�YCU�
VQ�TGFWEG�VJG�COQWPV�QH�PGY�KPHQTOCVKQP�RTGUGPVGF�CV�VJG�UCOG�VKOG�
VJCV�
OGCPU�VJG�EQIPKVKXG�NQCF���9G�HQWPF�VJCV�VJGTG�KUMCV�NGCUV�KP�)GTOCPMPQ�
CRRTQRTKCVG�OCVGTKCN�CXCKNCDNG��#NVJQWIJ�VJGTG�JCXG�DGGP�XGT[�KPVGTGUVKPI�
VGEJPKSWGU�WUGF�KP�GFWECVKQP�CPF�VTCKPKPI��VJG�RTQDNGO�KU�VJCV�OQUV�QH�
VJGO�CTG�PQV�YGNN�FQEWOGPVGF��
1WT�VCUMMFGUKIPKPI�C�UJQTV�EQWTUG�KP�,CXCMKU�SWKVG�HTGSWGPV��6JGTGHQTG�
VJKU�VJGUKU�KU�QH�JKIJ�RTCEVKECN�XCNWG��+V�FKUEWUUGU�VJG�RTQDNGOU�YG�GPEQWP�
VGTGF�CPF�CPCN[UKU�UQNWVKQPU�CPF�OCVGTKCN�VQ�YQTM�CTQWPF�VJGUG�RTQDNGOU��
+V�EQPVCKPU�OCVGTKCN�CPF�VGEJPKSWGU�YG�WUGF��+V�FKUEWUUGU�QWT�GZRGTKGPEGU�
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CPF�OC[�IKXG�UQOG�JKPVU�HQT�VGCEJGTU�VQ�KORTQXG�VJG�VGCEJKPI�QH�QDLGEV�
QTKGPVGF�RTQITCOOKPI��
+�QTICPK\GF�VJG�OCVGTKCN�CU�HQNNQYU��
%JCRVGT���GZRNCKPU�VJG�RTQDNGO�QH�EQIPKVKXG�NQCF�CPF�VJG�TGCUQP�YJ[�KV�KU�
JKIJGT�KP�C�,CXC�UJQTV�EQWTUG�VJCP�KP�C�EQWTUG�HQT�2CUECN�QT�$CUKE��
%JCRVGT���CPCN[UGU�VJG�KORCEV�QH�VJG�RCTCFKIO�UJKHV�HTQO�RTQEGFWTCN�RTQ�
ITCOOKPI�VQ�QDLGEV�QTKGPVGF�RTQITCOOKPI��
%JCRVGT���FKUEWUUGU�VJTGG�RTQDNGOU�KP�,CXC�GFWECVKQP�VJCV�CTG�XGT[�KORQT�
VCPV�KP�RTCEVKEG��6JG�HKPFKPIU�KP�VJKU�EJCRVGT�YGTG�WUGF�HQT�KORTQXGOGPVU�
KP�VJG�OKETQYQTNF�4QDQYQTNF��
%JCRVGT���CPCN[UGU�FKHHGTGPV�CRRTQCEJGU�VQ�QXGTEQOG�VJG�RTQDNGO�QH�EQI�
PKVKXG�NQCF��+V�EJGEMU�YJGVJGT�GZRGTKGPEG�ECP�DG�GZRNCKPGF�D[�EQIPKVKXG�
NQCF�VJGQT[��
%JCRVGT���CPCN[UKU�GZKUVKPI�OKETQYQTNFU�CU�C�RTQOKUKPI�YC[�VQ�QXGTEQOG�
VJG�RTQDNGO�QH�EQIPKVKXG�NQCF�KP�CP�GNGICPV�YC[��#�YC[�CNUQ�VJCV�CNNQYU�
VGCEJGTU�VQ�KPVTQFWEG�KORQTVCPV�VQRKEU��UWEJ�CU�RTQDNGO�UQNXKPI�CPF�UQHV�
YCTG�FGUKIP��XGT[�GCTN[�KP�C�EQWTUG��
%JCRVGT���QWVNKPGU�CPF�FGUETKDGU�C�PGY�OKETQYQTNFMECNNGF�4QDQYQTNFM
GURGEKCNN[�FGUKIPGF�VQ�VGCEJ�,CXC�KP�C�UJQTV�EQWTUG��6JKU�EJCRVGT�KU�VQ�
RTQXG�VJCV�VJG�EQIPKVKXG�NQCF�KU�JGCXKN[�TGFWEGF��CPF�VJCV�VJGTG�KU�GPQWIJ�
UKOKNCTKV[�VJCV�4QDQYQTNF�ECP�UGTXG�CU�C�UVGRRKPIUVQPG�VQ�TGCN�,CXC�RTQ�
ITCOOKPI��GKVJGT�VQ�VJG�RTQITCOOKPI�QH�#RRNGVU�QT�QH�,CXC�CRRNKECVKQPU��
%JCRVGT���FKUEWUUGU�VJG�OGVCRJQTKE�RQYGT�QH�4QDQYQTNF�UQ�KV�ECP�DG�WUGF��
VQ�GZRNCKP�DCUKE�EQPEGRVU�CDQWV�VJG�FGXGNQROGPV�QH�UQHVYCTG��
%JCRVGT���GZRNCKPU�VJG�KORQTVCPEG�QH�UKIP�U[UVGOU�UWEJ�CU�VJG�FKCITCOU�
QH�VJG�7PKHKGF�/QFGNNKPI�.CPIWCIG�
7/.��HQT�VJG�FGXGNQROGPV�QH�UQHVYCTG�
CPF�JQY�4QDQYQTNF�UWRRQTVU�VJGUG�UKIP�U[UVGOU�
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 Chapter 1: Cognitive load 
in a Java short course 
/CLQT�QDLGEVKXGU�KP�C�,CXC�UJQTV�EQWTUG�CTG�OQUVN[�JKIJGT�EQIPKVKXG�CEVKXK�
VKGU��(QT�UWEJ�CEVKXKVKGU��VJG�EQIPKVKXG�NQCF�VJGQT[�OKIJV�DG�XCNKF��6JG�NGXGN�
QH�KPVGTCEVKXKV[�QH�VJG�GNGOGPVU�KU�GZVTGOGN[�JKIJ��

�� 0DMRU�2EMHFWLYHV�LQ�D�-DYD�6KRUW�&RXUVH�
(QT�VJG�JCNH�[GCT�UJQTV�EQWTUG�VQ�GFWECVG�LWPKQT�UQHVYCTG�FGXGNQRGTU��VJG�
EQWTUG�FGUKIPGTU�UVCVGF�VJG�HQNNQYKPI�MG[�EQORGVGPEKGU�VJCV�TGNCVG�VQ�QD�
LGEV�QTKGPVGF�RTQITCOOKPI��
6JG�HKTUV�GFWECVKQPCN�E[ENG�
����NGUUQPU��KPENWFGU�FGUKIPKPI�WPEQORNKECVGF�
CRRNKECVKQPU�CPF�KORNGOGPVKPI�VJGO��CRRN[KPI�VJG�UVCPFCTF�RTQEGFWTGU�QH�
KORNGOGPVCVKQP��VGUVKPI�CPF�FQEWOGPVCVKQP���
6JG�UGEQPF�GFWECVKQPCN�E[ENG�
����NGUUQPU��KPENWFGU�FGUKIPKPI�CRRNKEC�
VKQPU�YKVJ�FCVCDCUG�EQPPGEVKXKV[�CPF�FGXGNQRKPI��VGUVKPI�CPF�FQEWOGPVKPI�
VJGO�YKVJ�,CXC�CEEQTFKPI�VQ�VJG�UVCPFCTFU�QH�QDLGEV�QTKGPVGF�RTQITCO�
OKPI��

�� &RJQLWLYH�/RDG�7KHRU\�
9JCV�EQIPKVKXG�NQCF�VJGQT[�UC[U�CPF�YJCV�KV�KORNKGU�HQT�KPUVTWEVKQPCN�OCVG�
TKCN�CPF�FGUKIP��(QT�C�FGVCKNGF����RCIGU�QXGTXKGY�QXGT�KV�UGG�%QQRGT�

������CPF�VJGTG��VJG�UGEVKQPU�n5WIIGUVGF�4GCFKPIU��CPF�n4GHGTGPEGU����

���� 9JCV�+V�5C[U�
#EEQTFKPI�VQ�EQIPKVKXG�NQCF�VJGQT[��VJG�MG[�NGCTPKPI�CEVKXKVKGU�CTG�UEJGOC�
CESWKUKVKQP�CPF�CWVQOCVKQP�QH�VJGKT�WUCIG��#HVGT�GPQWIJ�VTCKPKPI��CESWKTGF�
UEJGOCVC�CTG�UVQTGF�KP�NQPI�VGTO�OGOQT[��6JG[�CNNQY�JKIJ�EQIPKVKXG�RGT�
HQTOCPEG�YKVJ�C�XGT[�NKOKVGF�YQTMKPI�OGOQT[��$WV�WPFGT�EQPFKVKQPU�
YJGTG�OWNVKRNG�GNGOGPVU�QH�KPHQTOCVKQP�CTG�KPVGTCEVKPI��YG�JCXG�VQ�EQO�
RTGJGPF�CPF�NGCTP�VJGO�CV�VJG�UCOG�VKOG��5WEJ�OCVGTKCN�RTQFWEGU�C�JKIJ�
EQIPKVKXG�NQCF�D[�KVUGNH�
KPVTKPUKE�EQIPKVKXG�NQCF���6JG�KPUVTWEVKQPCN�FGUKIP�
OC[�CFF�VQ�VJG�EQIPKVKXG�NQCF�
GZVTCPGQWU�EQIPKVKXG�NQCF���#U�C�TWNG�QH�
VJWOD��VJG�YQTMKPI�OGOQT[�KU�NKOKVGF�VQ�DGVYGGP���CPF���GNGOGPVU��+H�VJG�
OCVGTKCN�KVUGNH�KU�PQV�JKIJN[�KPVGTTGNCVGF��KV�FQGU�PQV�RTQFWEG�JKIJ�EQIPKVKXG�
NQCF�KVUGNH��+P�VJKU�ECUG�VJG�EQIPKVKXG�NQCF�CFFGF�D[�VJG�KPUVTWEVKQPCN�FGUKIP�
KU�PQV�ETKVKECN��
6Q�EQPENWFG��.GCTPKPI�FKHHKEWNV[�EQTTGNCVGU�YKVJ�VJG�PWODGT�QH�GNGOGPVU�
VJCV�OWUV�DG�NGCTPGF�UKOWNVCPGQWUN[��6JGTGHQTG��YG�JCXG�VQ�UVWF[�HKTUVN[�
JQY�KPVGTTGNCVGF�GNGOGPVU�KP�VJG�EWTTKEWNWO�QH�QDLGEV�QTKGPVGF�RTQITCO�
OKPI�YKVJ�,CXC�CTG��
/QTG�KPHQTOCVKQP�ECP�DG�JCPFNGF��YJGP�VJG�NGCTPGT�ECP�ITQWR�KPHQTOCVKQP�
KPVQ�NCTIGT�WPKVU�
UEJGOCVC���6JCV�KU��YJGP�JG�MPQYU�OQUV�QH�VJG�EQPVGPV�
CPF�VJG�UVTWEVWTG�QH�VJG�KPHQTOCVKQP��



%JCRVGT����%QIPKVKXG�NQCF�KP�C�,CXC�UJQTV�EQWTUG�

� ��

(QT�KPUVCPEG�VJG�VGZV�
class MyClass extends JFrame{  
 public JLabel label1 = new  Label("Name: ");  
 MyClass () {  

OGCPU�CP�CEEWOWNCVKQP�QH�RW\\NGU�VQ�VJG�DGIKPPGT��6JG�GZRGTV�QT�GXGP�
KPVGTOGFKCVG�RTQITCOOGT�YKNN�GCUKN[�TGEQIPKUG�VJG�DGIKPPKPI�QH�VJG�FGHKPK�
VKQP�QH�C�UVCPF�CNQPG�YKPFQY�HQT�C�ITCRJKECN�WUGT�KPVGTHCEG�
)7+���

���� 9JCV�+V�+ORNKGU�
(QT�OCVGTKCN�VJCV�JCU�C�JKIJ�NGXGN�QH�EQIPKVKXG�NQCF�D[�KVUGNH��VJG�EQIPKVKXG�
NQCF�CFFGF�D[�KPUVTWEVKQPCN�OCVGTKCN�CPF�EQWTUG�FGUKIP�UJQWNF�DG�CU�NQY�CU�
RQUUKDNG��6JKPIU�VJCV�CFF�EQIPKVKXG�NQCF�UJQWNF�DG�CXQKFGF��
6GUVGF�GHHGEVU�QH�VJG�EQIPKVKXG�NQCF�VJGQT[�CTG��CEEQTFKPI�VQ�%QQRGT�

�������
6JG�IQCN�HTGG�GHHGEV��VJG�YQTMGF�GZCORNG�GHHGEV��VJG�URNKV�CVVGPVKQP�GHHGEV��
VJG�TGFWPFCPE[�GHHGEV��VJG�OQFCNKV[�GHHGEV��
6JG�IQCN�HTGG�GHHGEV�KU�UVWFKGF�HQT�OCVJGOCVKEU��+P�ENCUUKECN�VTCKPKPI�GZCO�
RNGU�HQT�OCVJ��[QW�JCXG�VJG�IQCN�CPF�VJG�IKXGP��6JGTG�KU�C�OWNVKRNG�UVGR�
RTQEGFWTG�HTQO�VJG�IKXGP�VQ�VJG�IQCN��6JG�IQCN��VJG�IKXGP�CPF�VJG�RQUUK�
DKNKVKGU�KP�DGVYGGP�QXGTHNQY�VJG�NGCTPGTU�YQTMKPI�OGOQT[��+H�VJG�NGCTPGT�
JCU�QPN[�VJG�IKXGP�CPF�VJG�VCUM�VQ�HKPF�QWV�YJCV�GXGT�JG�ECP�JG�RGTHQTOU�
CPF�NGCTPU�OWEJ�DGVVGT��
6JG�YQTMGF�GZCORNG�GHHGEV�KORNKGU�VQ�IKXG�UVWFGPVU�YQTMGF�GZCORNGU�VQ�
UVWF[��6JKU�YC[��VJG[�ECP�DWKNF�UEJGOCVC��6JG�VGCEJGT�WUGU�RTQDNGO�UQNX�
KPI�QPN[�VQ�VGUV�KH�VTCKPKPI�JCU�DGGP�GHHGEVKXG��
6JG�URNKV�CVVGPVKQP�GHHGEV�UWIIGUV�VQ�CXQKF�VJCV�VJG�UVWFGPV�JCU�VQ�NQQM�WR�
KPHQTOCVKQP�CV�FKHHGTGPV�RNCEGU��'ZCORNGU�HQT�URNKVVKPI�CVVGPVKQP�CTG�HQT�KP�
UVCPEG��9QTMKPI�YKVJ�C�VGZVDQQM�CPF�CV�VJG�EQORWVGT�UETGGP�CV�VJG�UCOG�
VKOG��QT�GZRNCKPKPI�VJG�UGOCPVKE�GNGOGPVU�QH�C�FKCITCO�KP�VJG�VGZV�QWVUKFG�
VJG�FKCITCO�KPUVGCF�QH�GZRNCKPKPI�VJGUG�GNGOGPVU�FKTGEVN[�YKVJ�PQVGU�QP�
VJG�FKCITCO��(QQVPQVGU�CPF�GPFPQVGU��
6JG�TGFWPFCPE[�GHHGEV�UWIIGUV�VQ�CXQKF�VQ�UJQY�UKOKNCT�EQPVGPV�VYKEG��
'ZCORNGU�QH�TGFWPFCPE[�CTG�HQT�KPUVCPEG��#FFKPI�RKEVWTGU�VJCV�FQ�PQV�GZ�
RNCKP�VJG�OCVGTKCN�VJCV�UJQWNF�DG�NGCTPGF�VQ�C�VGZV�DQQM�
5CWFGTU���5QN�
OCP���������7RITCFKPI�C�VGZV�YKVJ�XKXKF��DWV�NGPIVJ[�GZCORNGU��5GG�
.CPIGT��G��C��
������R�������YJQ�FKF�GZVGPUKXG�TGUGCTEJ�QP�TGCFCDKNKV[�KP�
)GTOCP��
6JG�OQFCNKV[�GHHGEV�UC[U�VJCV�UQOG�RQTVKQPU�QH�YQTMKPI�OGOQT[�CTG�UGP�
UQT[�OQFG�URGEKHKE��6JCV�OGCPU��[QW�OC[�GZRCPF�YQTMKPI�OGOQT[�YJGP�
WUKPI�FKHHGTGPV�OQFGU�QH�RTGUGPVKPI�KPHQTOCVKQP��6JG�EQODKPCVKQP�QH�URQ�
MGP�VGZV�CPF�ITCRJKEU�YQWNF�DG�UWEJ�C�RTGUGPVCVKQP��
'HHGEVU�WPFGT�KPXGUVKICVKQP�CTG�
CEEQTFKPI�VQ�%QQRGT���������n�
���VJG�RTQ�
EGFWTCN�NGCTPKPI�GHHGEV��
���VJG�KOCIKPCVKQP�GHHGEV��
���VJG�EQNQWT�EQFKPI�
GHHGEV�CPF�
���VJG�KPVGTCEVKQP�GHHGEV���
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���� 9JCV�+V�+U�0QV�
6JG�EQIPKVKXG�NQCF�VJGQT[�KU�PQV�C�INQDCN�NGCTPKPI�VJGQT[��+V�KU�PQV�OGCPV�VQ�
GZRNCKP�VJGQTGVKECNN[�CNN�NGCTPKPI�GZRGTKGPEG��+V�KU�OGCPV�CU�C�VQQN�VQ�KO�
RTQXG�VGCEJKPI�CPF�VJG�FGUKIP�QH�GFWECVKQPCN�OCVGTKCN��%QORCTGF�VQ�VJG�
VJTGG�ENCUUKECN�NGCTPKPI�VJGQTKGU��VJGTG�KU��HQT�OG��C�DKI�FKHHGTGPEG��6JG�
ENCUUKECN�VJGQTKGU��DGJCXKQWTKUO��EQIPKVKXKUO��EQPUVTWEVKXKUO��CNN�VT[�VQ�
GZRNCKP�YJCV�GPCDNGU�NGCTPKPI��6JG[�GZRNCKP�YJCV�VQ�FQ��%QIPKVKXG�NQCF�
VJGQT[�GZRNCKPU�YJ[�NGCTPKPI�KU�JKPFGTGF��+V�GZRNCKPU�YJCV�VQ�CXQKF��+V�FQGU�
PQV�GZRNCKP�JQY�C�UEJGOC�KU�NGCTPGF��+V�GZRNCKPU�QPN[�YJ[�NGCTPKPI�FQGU�
PQV�VCMG�RNCEG��6JGTGHQTG��KV�UGGOU�VQ�OG�EQORNGOGPVCT[�VQ�GZKUVKPI�NGCTP�
KPI�VJGQTKGU��
6Q�XKUWCNKUG�VJCV�HCEV�YKVJ�CP�CPCNQI[��[QW�ECP�KORTQXG�VJG�QXGTCNN�RGT�
HQTOCPEG�QH�C�TCEKPI�ECT�D[�VWPKPI�VJG�OQVQT��VJCV�KU�YJCV�ENCUUKECN�NGCTP�
KPI�VJGQTKGU�FQ��1T��[QW�ECP�KORTQXG�KV�D[�TGFWEKPI�YGKIJV�CPF�KORTQXKPI�
CGTQF[PCOKEU��VJKU�KU�YJCV�EQIPKVKXG�NQCF�VJGQT[�FQGU��7UWCNN[�YG�VJKPM�QH�
VJG�HKTUV�CPF�HQTIGV�VJG�NCVGT�CPF�CU�YKVJ�TCEKPI�ECTU�YG�YQWNF�ICKP�OQTG�
YKVJ�VJG�NCVVGT��

�� &RJQLWLYH�/RDG�7KHRU\�DQG�,QVWUXFWLRQDO�'HVLJQ�
9KNUQP�
������EJCRVGT�n%QIPKVKXG�.QCF�6JGQT[��#�%TQUUQXGT�6JGQT[�QH�
.GCTPKPI�CPF�+PUVTWEVKQP���YTKVGU�TGHGTTKPI�VQ�EQIPKVKXG�NQCF�VJGQT[��

n6JGUG�KPUVTWEVKQPCN�RTGUETKRVKQPU�CTG�EQPUKUVGPV�KP�URKTKV�YKVJ�
VTCFKVKQPCN�KPUVTWEVKQPCN�VJGQTKGU��$GECWUG�VJG[�EQOG�HTQO�C�
EQIPKVKXG�RU[EJQNQIKUV��JQYGXGT��VJG[�CTG�VKIJVN[�EQWRNGF�YKVJ�
C�URGEKHKE�NGCTPKPI�VJGQT[��%QPEGKXCDN[��VJG[�EQWNF�EQPEGKXCDN[�
DG�VCWIJV�VQ�FGUKIPGTU�CU�TQVG�TWNGU�VQ�CRRN[�W���

���� %QIPKVKXG�.QCF�6JGQT[�CU�4QVG�4WNGU�VQ�#RRN[�
6JG�SWGUVKQP�KU�YJGVJGT�EQIPKVKXG�NQCF�VJGQT[�KU�C�RQYGTHWN�VQQN�VQ�CPCN[UG�
GZKUVKPI�RTQDNGOU�KP�C�HKGNF�NKMG�QDLGEV�QTKGPVGF�RTQITCOOKPI�CPF�JGNRU�VQ�
NQECVG�CPF�KORTQXG�VJG�DGUV�OGCPU�VQ�QXGTEQOG�VJGUG�RTQDNGOU��6JGTG�KU�
UQOG�GZKUVKPI�GXKFGPEG�VJCV�C�VJGQT[�NKMG�EQIPKVKXG�NQCF�VJGQT[�UJQWNF�DG�
RQYGTHWN��%QIPKVKXG�NQCF�VJGQT[�JCU�C�XKGY��WPFGTUVCPFCDNG�TWNGU��6JG�
RTCEVKVKQPGT�UJQWNF�DG�CDNG�VQ�GUVKOCVG�VJG�PWODGT�QH�UEJGOCVC�KP�UQOG�
RCTV�QH�JKU�EQWTUG�QT�KP�JKU�KPUVTWEVKQPCN�OCVGTKCN��5Q�JG�ECP�NQECVG�RTQD�
NGOU�ECWUGF�D[�EQIPKVKXG�NQCF��*G�ECP�VJKPM�YJGVJGT�JG�OC[�DWKNF�WR�
JKIJGT�NGXGN�UEJGOC�CU�RTGTGSWKUKVGU�QH�VJKU�WPKV�QT�VQ�URNKV�VJG�WPKV��*G�ECP�
EJGEM�HQT�CFFKVKQPCN�EQIPKVKXG�NQCF�ECWUGF�D[�VJG�KPUVTWEVKQPCN�OCVGTKCN��

���� 5KORNKEKV[�QH�VJG�6JGQT[�+U�KVU�5VTGPIVJ��
5VWFKGU�FQPG�KP�)GTOCP[�KP�VJG�GCTN[���VKGU�RTQXG�JQY�KORQTVCPV�VJG�UKO�
RNKEKV[�QH�C�OGVJQF�KU�KH�VJG�IQCN�KU�KORTQXGOGPV�KP�VJG�RTCEVKECN�HKGNF��
.CPIGT�G��C��
������FKF�EQORTGJGPUKXG�TGUGCTEJ�CDQWV�VJG�TGCFCDKNKV[�QH�
)GTOCP�VGZV��6JG[�HQWPF�HQWT�ETKVGTKC�
HCEVQTU��HQT�TGCFCDKNKV[�CPF�EQP�
UVTWEVGF�C�UJQTV�EQWTUG�VQ�NGCTP�VQ�EJGEM�HQT�VJKU�HQWT�HCEVQTU�CPF�KORTQXG�
VJG�TGCFCDKNKV[��5EJWN\�XQP�6JWP��G��C��
������VJGP�EJGEMGF�YJGVJGT�VJKU�
VTCKPKPI�YCU�GHHKEKGPV��9GNN��QH�EQWTUG�KV�YCU��6JG�OQUV�TGOCTMCDNG�VQ�OG�
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QH�VJKU�EJGEM�WR�CTG�VYQ�VJKPIU��(KTUVN[��C�UJQTV�VTCKPKPI�VJCV�QPN[�JGNRGF�
VTCKPGGU�VQ�EJGEM�HQT�VJG�HQWT�HCEVQTU�CNTGCF[�ECWUGF�C�UKIPKHKECPV�KO�
RTQXGOGPV�
TGCFCDKNKV[�TCKUGF�CDQWV�������5GEQPFN[��KP�VJG�EQPVTQN�ITQWR�
VJCV�UVWFKGF�C�UV[NG�IWKFG�TGCFCDKNKV[�GXGP�FTQRRGF�KPUKIPKHKECPVN[��6JKU�FKF�
PQV�JCRRGP��DGECWUG�VJG�UV[NG�IWKFG�UWIIGUVGF�VKRU�VJCV�YJGTG�PQV�EQP�
ITWGPV�YKVJ�VJG�HQWT�HCEVQTU��+V�JCRRGPGF��DGECWUG�VJG�VTCKPGGU�JCF�VQ�
EQPUKFGT�VQ�OCP[�TWNGU�CV�VJG�UCOG�VKOG��
$[�VJG�YC[��VJG�HQWT�HCEVQTU�EQKPEKFG�YKVJ�EQIPKVKXG�NQCF�VJGQT[��6JG�HKTUV�
HCEVQT�KU�UKORNKEKV[�
NGPIVJ�QH�UGPVGPEGU��MPQYP�CPF�HKIWTCVKXG�YQTFU���
6JCV�OGCPU�GCEJ�UGPVGPEG�ECWUGU�PQ�GZVTC�EQIPKVKXG�NQCF�D[�WPMPQYP�
YQTFU��QT�VQ�OCP[�YQTFU�KP�C�UGPVGPEG��6JG�UGEQPF�KU�VGZV�QTICPK\CVKQP�

NQIKECN�HNQY��KPVTQFWEVKQP�VQ�RCTCITCRJ��OCTM�WRU�QH�KORQTVCPV�YQTFU��
VKVNGU���6JCV�OGCPU�PQ�GZVTC�EQIPKVKXG�NQCF�PGGFGF�VQ�DTKPI�VJG�KFGCU�GZ�
RTGUUGF�KP�VJG�VGZV�KPVQ�C�NQIKECN�QTFGT��6JG�VJKTF�YCU�NGPIVJ�QH�VJG�VGZV��
6JG�VGZV�UJQWNF�DG�CU�EQPEKUG�CU�RQUUKDNG��$WV�UJQTVCIG�UJQWNF�PQV�IGV�KP�
VJG�YC[�QH�UKORNKEKV[��6JKU�OGCPU��PQ�WPPGEGUUCT[�TGFWPFCPE[��6JG�HQTVJ�
HCEVQT�YCU�TGFWPFCPE[�CFFGF�VQ�OQVKXCVG�VJG�TGCFGT��(QT�KPUVCPEG�XKXKF�
GZCORNGU��SWGUVKQPU��FKCNQI��6JKU�TGFWPFCPE[�UJQYGF�C�PGICVKXG�KORCEV��
CU�UQQP�CU�VJG�QTICPK\CVKQP�QH�VJG�VGZV�YCU�PQV�RGTHGEV��

���� 1XGTEQOKPI�VJG�1NF�(CUJKQPGF�9C[�
+P�RTCEVKEG��UQOG�KFGCU�RGTUKUV�C�NQPI�VKOG��GXGP�KP�ECUG�QH�UGXGTG�HTWUVTC�
VKQP��6JG�HKPFKPIU�QH�VJG�EQIPKVKXG�NQCF�VJGQT[�QHVGP�RTQXG�VJCV�VJGUG�UVCP�
FCTF�RTCEVKEGU�CTG�KPGHHKEKGPV��#PF��YJCV�KU�KORQTVCPV�HQT�VGCEJGTU��
EJCPIGU�FQ�PQV�PGGF�GPQTOQWU�GHHQTVU��

���� %QPENWUKQP�
6JG�EQIPKVKXG�NQCF�VJGQT[�UGGOU�VQ�DG�CP�KPVGTGUVKPI��UKORNG�CPF�GHHKEKGPV�
VQQN�VQ�CPCN[UG�YGCMPGUUGU�CPF�FGUKIP�KORTQXGOGPVU�KP�C�HKGNF�YJGTG�[QW�
GPEQWPVGT�JKIJ�NGXGNU�QH�UVWFGPVU�HTWUVTCVKQP��

�� $QDO\VLV�RI�WKH�&RJQLWLYH�/RDG�LQ�D�-DYD�6KRUW�&RXUVH�
���� 1WVNKPG�QH�VJG�%WTTKEWNWO�

6JG�QDLGEVKXGU�QH�VJG�CDQXG�UJQTV�EQWTUG�YGTG��
(QT�VJG�HKTUV�GFWECVKQPCN�E[ENG�
����NGUUQPU���-PQYKPI�VJG�UVTWEVWTG�QH�C�
,CXC�CRRNKECVKQP��#RRN[KPI�VJG�DCUKE�,CXC�EQOOCPFU�VQ�YTKVG�RTQITCOU��
7UKPI�ENCUUGU�
QH�VJG�#2+��CPF�QDLGEVU�EQTTGEVN[��#PF��NCUVN[��WPFGTUVCPF�
KPI�VJG�RTQEGFWTG�QH�TGHCEVQTKPI�QDLGEV�QTKGPVGF�UQHVYCTG���
(QT�C�UGEQPF�GFWECVKQPCN�E[ENG�
����NGUUQPU���+ORNGOGPVKPI�FCVCDCUG�
EQPPGEVKXKV[�YKVJ�,CXC��9TKVKPI�UKORNG�CRRNKECVKQPU�VJCV�RTQXKFG�PGV�UGT�
XKEGU��-PQYKPI�UQWTEGU�QH�EWTTGPV�KPHQTOCVKQP�CDQWV�,CXC��&GHKPKPI�UQHV�
YCTG�URGEKHKECVKQPU�YKVJ�7PKHKGF�/QFGNNKPI�.CPIWCIG�
7/.��CPF�KORNG�
OGPVKPI�UQHVYCTG�VJCV�EQORNKGU�YKVJ�VJGO��
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/QUV�KPVGTGUVKPI�KP�VJG�XKGY�QH�EQIPKVKXG�NQCF�KU�VJG�HKTUV�E[ENG�QH�QWT�,CXC�
UJQTV�EQWTUG��DGECWUG�KV�KU�VJG�OQUV�FGOCPFKPI��#�NC[�QWV�QH�VJG�MPQYN�
GFIG�PGGFGF�KU�UJQYP�KP�HKI����CU�WUG�ECUG�FKCITCO��6Q�DG�CDNG�VQ�YTKVG�
CP�WPEQORNKECVGF�,CXC�CRRNKECVKQP��VJG�VTCKPGG�PGGFU�CNN�MPQYNGFIG�TGNCVGF�
VQ�VJG�VJTGG�KEQPU�VJCV�UJQY�RGTUQP�HKIWTGU�NCDGNNGF��YKVJ�nDCUKE�QDLGEV�
QTKGPVGF���nKPVGTOGFKCVG�QDLGEV�QTKGPVGF��CPF�n,CXC�RTQITCOOGT���#�NQV�QH�
KPVGTTGNCVGF�KPHQTOCVKQP�KU�PGGFGF��GXGP�VQ�YTKVG�C�UKORNG�,CXC�CRRNKECVKQP�
YKVJQWV�ITCRJKECN�WUGT�KPVGTHCEG��6JGTG�CTG�UGXGP�VQRKEU�KPVGTTGNCVGF�YKVJ�
VJKU�HKTUV�OKNGUVQPG��7UWCNN[�VJKU�VQRKEU�CTG�VGCEJGF�CU�HQNNQYU��
+PUVTWEVKQP�JQY�VQ�UGV�WR�VJG�,CXC�&GXGNQRGT�-KV��JQY�VQ�GPVGT�VJG�VGZV�QH�
VJG�CRRNKECVKQP�Q*GNNQ�9QTNFR��JQY�VQ�UCXG��EQORKNG�CPF�TWP�VJKU�UKORNG�
CRRNKECVKQP��6JKU�KU�VJG�RTGTGSWKUKVG�VQ�UVCTV�NGCTPKPI��6JGTGHQTG��VJKU�RTGRC�
TCVKQPU�CTG�PQV�KP�VJG�FKCITCO��
5GEQPFN[��VJG�UVWFGPV�NGCTPU�JQY�VQ�UVQTG�XCNWGU�KP�XCTKCDNGU�QH�RTKOKVKXG�
V[RG�CPF�JQY�VQ�RGTHQTO�DCUKE�QRGTCVKQPU��5QOGVKOGU��VJKU�KU�FQPG�UKOWN�
VCPGQWUN[��
6JKTFN[��VJG�UVWFGPV�NGCTPU�VJG�WUG�QH�EQPVTQN�UVTWEVWTGU��7UWCNN[��6JKU�KU�
PQV�RQUUKDNG�YKVJQWV�XCTKCDNGU�CPF�$QQNGCP�QRGTCVKQPU��*GPEG��VQ�UVWF[�
EQPVTQN�UVTWEVWTGU�KPENWFGU�XCTKCDNGU�CPF�DCUKE�QRGTCVKQPU��
6JGP��EQOGU�VJG�JCTF�EQTG�QH�QDLGEV�QTKGPVGF�RTQITCOOKPI�YJGTG�KV�KU�
FKHHKEWNV�VQ�FGEKFG�KP�YJKEJ�QTFGT�FGHKPKPI�C�ENCUU��OGVJQF�ECNN�CPF�TGVWTP�
XCNWG�CPF�NCUV�DWV�PQV�NGCUV�KPUVCPVKCVKQP�UJQWNF�DG�VCWIJV��

���� &GXKCVKQP��5JQTV�'ZRNCPCVKQP�QH�7UG�%CUG�&KCITCOU�
7UG�ECUG�FKCITCOU�CTG�RCTV�QH�VJG�7PKHKGF�/QFGNNKPI�.CPIWCIG�
7/.���
#�WUG�ECUG�FKCITCO��CU�HKI����QP�VJG�PGZV�RCIG��WUWCNN[�UJQYU�CNN�RQU�
UKDKNKVKGU�JQY�VQ�WUG�CP�CRRNKECVKQP��(QT�OG��KV�KU�CNUQ�C�YC[�VQ�QWVNKPG�C�
EWTTKEWNWO��'XGT[�WUG�ECUG�FGUETKDGU�CP�CEVKXKV[��#TTQYU�UJQY�VJG�KP�
VGTFGRGPFGPEKGU�QH�VJGUG�CEVKXKVKGU��$CUG�CEVKXKVKGU�UJQWNF�DG�NGCTPGF�
HKTUVN[��DGECWUG�QVJGT�CEVKXKVKGU�GZVGPF�VJG�OCVGTKCN�QH�C�HKTUV�CEVKXKV[��
+ORQTVCPV��VJG�CTTQY�RQKPVU�VQ�YJCV�PGGFU�VQ�DG�NGCTPGF�HKTUVN[��VJG�
DCUKE�CEVKXKV[��1WVNKPKPI�C�WUG�ECUG�FKCITCO��QPG�OC[�URNKV�WR�NCTIGT�
CEVKXKVKGU�KPVQ�UOCNNGT�CEVKXKVKGU��CU�NQPI�CU�VJGTG�KU�UVKNN�CP�CEVKXKV[�VJCV�
VJG�VTCKPGG�ECP�ECTT[�QWV��
$[�VJG�YC[��VJG�RTGUGPVCVKQP�QH�VJG�OCVGTKCN�CU�WUG�ECUGU�FKCITCOU�
OC[�HCEKNKVCVG�VJG�NGCTPKPI�QH�WUG�ECUG�FKCITCOU��+V�OC[�CNUQ�JGNR�VQ�
IKXG�CP�QXGTCNN�XKGY�QH�VJG�EQWTUG�CPF�HGGFDCEM�QP�VJG�ITQWPF�VJG�
NGCTPGTU�JCXG�EQXGTGF��YJKNG�RTQEGGFKPI�KP�VJG�EQWTUG���
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Store Information in 
V ariables

bas ics  s truc tural

basics  object oriented

perform bas ic 
operations

use control 
s truc tures

w rite a s imple 
programm

w rite a s imple c lass

w rite an applet

w rite an ex tended 
c lass 

intermediate  s truc tural

use simple predef ined 
operations

w rite and call 
operations

Return Type
A rguments

w rite and call 
f unktions

w rite operations  
w ith s imple 
arguments

« ex tendes »
« ex tendes »

call s tatic  
Operations  f rom the 

A PI

ins tanc iate and call  
Operations  f rom A PI 

c lasses

ins tanc iate and call 
operations  f rom ow n 

c lasses

call s tatic  
operations  f rom 

ow n c lasses

intermediate  objec t or iented

use pointers  and 
references

use arrays

def ine records

avoid s ide ef f ects

def ine c lasses for 
value objec ts

use array of  object 
references

use in- out and io 
arguments

use collec tions

def ine c lasses for 
ref erenced objec ts

w rite Nass i-
Shneiderman-

diagrams

java programmer

w rite a s imple java 
application

implement 
interfaces

def ine abstrac t 
c lasses and 
interfaces

w rite a java gui 
application

w ork w ith threads

modullarise 
programms

encapsulate 
attributes

w ork w ith 
packages

generate 
documentation w ith 

javadoc

make a double c lickable 
w indow s java archive

read javadoc 
documentation

use java input 
output api

trans late Nass i-
Shneiderman to 

code

trans late s tatic  
diagramms to code

trans late dynamic  
diagramms to code

w rite s imple static  
diagramms

w rite s imple 
dynamic  diagramms

« includes »

use w rapper c lasses 
for collec tions

« inc ludes » « inc ludes »

« inc ludes »

« inc ludes »

« inc ludes »

« inc ludes »

use recurs ive 
procedure call 

corretly

(KI�����EWTTKEWNWO�CPF�KVU�FGRGPFGPEKGU�CU�WUG�ECUG�FKCITCO��
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�
���� 4GCUQP�HQT�VJG�%QORNGZKV[�QH�1DLGEV�1TKGPVGF�2TQITCOOKPI�

1PG�OCKP�RTQDNGO�HQT�VGCEJKPI�KU�VJG�EQORNGZKV[�QH�QDLGEV�QTKGPVGF�RTQ�
ITCOOKPI��;QW�FQ�PQV�WPFGTUVCPF�VJG�EQFG�QH�VJG�OQUV�UKORNG�,CXC�CRRNK�
ECVKQP�QT�CRRNGV�
�*GNNQ�YQTNF�n��CU�NQPI�CU�[QW�FQ�PQV�MPQY�XGT[�EQORNGZ�
EQPEGRVU�QH�QDLGEV�QTKGPVGF�RTQITCOOKPI��,CXC�KU�CP�KPIGPKQWU�NCPIWCIG��
DWV�[QW�PGGF�C�NQV�QH�,CXC�URGEKHKE�MPQYNGFIG�GXGP�HQT�VJG�OQUV�DCUKE�
VCUMU��
(QT�KPUVCPEG��VJG�n*GNNQ�YQTNF���#RRNKECVKQP�VJCV�C�VGCEJGT�KP�IGPGTCN�OWUV�
WUG�PGGFU��
+P�C�RTQEGFWTCN�RTQITCOOKPI�NCP�
IWCIG��UWEJ�CU�2CUECN�

+P�CP�QDLGEV�QTKGPVGF�RTQITCOOKPI�
NCPIWCIG��UWEJ�CU�,CXC�

• #�UKORNG�RTQITCO�UVTWEVWTG�
• 6JG�RTGFGHKPGF�RTQEGFWTG�
nYTKVGNP
���

• 6JG�UVTKPI�EQPUVCPV��*GNNQ�
YQTNF���

• #�UKORNG�ENCUU�UVTWEVWTG�
• 6JG�FGHKPKVKQP�QH�C�UVCVKE�OGVJQF�
nOCKP
���

• 6JG�UVTKPI�QDLGEV�VJCV�EQPVCKPU�
�*GNNQ�YQTNF���

• #P�CTTC[�QH�QDLGEVU�QH�ENCUU�
5VTKPI��GXGP�KH�VJKU�CTIWOGPV�CT�
TC[�KU�PQV�WUGF�

• 6JG�ENCUU�5[UVGO��DGECWUG�VJKU�
ENCUU�EQPVCKPU�C�TGHGTGPEG�VQ�VJG�
UVCPFCTF�QWVRWV�KP�VJG�UVCVKE�CV�
VTKDWVG�QWV��

• 5[UVGO�QWV�TGHGTU�VQ�CP�QDLGEV�QH�
ENCUU�2TKPV5VTGCO��

• 6JKU�QDLGEV	U�QRGTCVKQP�nRTKPV
���
KU�ECNNGF�YKVJ�VJG�CTIWOGPV�
5VTKPI���
K��G��n5[UVGO�QWV�RTKPVNP
5VTKPI���

• 6JG�CTIWOGPV�5VTKPI�KU�WRECUVGF�
CWVQOCVKECNN[�VQ�CTIWOGPV�1D�
LGEV��

• 6JG�QRGTCVKQP�nRTKPVNP
1DLGEV���QH��
2TKPV5VTGCO�ECNNU�VJG�QRGTCVKQP�
nVQ5VTKPI
���HTQO�ENCUU�5VTKPI�VQ�
YTKVG�VJG�QDLGEV�VQ�VJG�UVCPFCTF�
QWVRWV��

6CDNG����

���� 2TQITCOOKPI�'PXKTQPOGPV�
#NUQ��VJG�RTQITCOOKPI�GPXKTQPOGPV�CFFU�VQ�VJG�EQIPKVKXG�NQCF��6JGTG�KU�
PQ�RTQITCOOKPI�YKVJQWV�C�RTQITCOOKPI�GPXKTQPOGPV��6JG�UGV�WR�QH�VJG�
RTQITCOOKPI�GPXKTQPOGPV�JCU�DGEQOG�GCUKGT�YKVJ�,CXC������5VKNN��C�NQV�QH�
MPQYNGFIG�KU�PGGFGF��(QT�KPUVCPEG�VQ�WUG�RTGFGHKPGF�ENCUUGU��5WEJ�ENCUUGU�
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CTG�RTQXKFGF�CU�RCTV�QH�UQOG�EQWTUGU��QT�CTG�ETWEKCN�HQT�UQOG�GZGTEKUGU��
%QORNGZKV[�DWTUVU�YJGP�RCEMCIGU�CTG�WUGF�QT�KPVTQFWEGF��
6JG�VTCKPGT�JCU�VQ�FGEKFG�YJGVJGT�VQ�WUG�C�UQHVYCTG�FGXGNQRGT�VQQN�NKMG�
n,$WKNFGT`��VJCV�JGNRU�KP�IGPGTCVKPI�CPF�OCPCIKPI�RTQLGEVU��QT�VQ�WUG�C�
UKORNG�GFKVQT�NKMG�n'FKV2NWU���%JQQUKPI�VJG�HKTUV�QRVKQP�OGCPU�VGCEJKPI�VJG�
QXGTJGCF�QH�C�UQRJKUVKECVGF�UQHVYCTG��%JQQUKPI�VJG�UGEQPF�QRVKQP�TG�
SWKTGU�C�UQWPF�WPFGTUVCPFKPI�QH�VJG�HKNG�U[UVGO��VGZV�GFKVKPI�CPF�VJG�WU�
CIG�QH�C�EQOOCPF�NKPG�QRGTCVKPI�U[UVGO�NKMG�&15�QT�7PKZ��

���� 6GEJPKECN�6GTOU�
6JG�COQWPV�QH�VGEJPKECN�VGTOU��GURGEKCNN[�VJG�VGTOU�KP�VJG�HGGFDCEM�RTQ�
XKFGF�D[�VJG�EQORKNGT��KU�JKIJ��(QT�VTCKPGGU�YJQ�CTG�WPHCOKNKCT�YKVJ�'PINKUJ�
VJG�'PINKUJ�NCPIWCIG�CFFU�VQ�VJG�EQIPKVKXG�NQCF�CU�YGNN��

���� )TCRJKECN�7UGT�+PVGTHCEG�
2TQITCOOKPI�ITCRJKECN�WUGT�KPVGTHCEGU�
)7+��KU�TCVJGT�EQORNKECVGF��5GVVKPI�
WR�C�WUGT�KPVGTHCEG�YKVJ�UYKPI�KU�XGT[�YGNN�FQEWOGPVGF�KP�VJG�,CXC�
VWVQTKCN��0GXGTVJGNGUU��DGECWUG�QH�KVU�TKEJPGUU�CPF�EQORNGZKV[��KV�KU�KORQU�
UKDNG�VQ�WPFGTUVCPF�HQT�VJG�PQXKEG��$WV�VJG�PQXKEG�YQWNF�NKMG�VQ�FQ�TGCN�
VJKPIU��6JKU�OGCPU��JG�QT�UJG�YQWNF�NKMG�VQ�YTKVG�UOCNN�CRRNKECVKQPU�VJCV�
JCXG�C�ITCRJKECN�WUGT�KPVGTHCEG�CPF�EQFG�VJCV�JG�QT�UJG�WPFGTUVCPFU�EQO�
RNGVGN[��

���� %QOOCPF�.KPG�+PVGTHCEG�
'XGP�VJG�UGV�WR�QH�C�EQOOCPF�NKPG�KPVGTHCEG�YKVJ�,CXC�KU�XGT[�FGOCPFKPI��
%QORCTCDNG�VQ�VJG�ITCRJKECN�WUGT�KPVGTHCEG��VJG�EQOOCPF�NKPG�KPVGTHCEG�
WUGU�CFXCPEGF�HGCVWTGU�QH�,CXC��

�� &RQFOXVLRQ�
+P�C�V[RKECN�,CXC�UJQTV�EQWTUG��VJGTG�KU�C�JKIJ�NGXGN�QH�KPVTKPUKE�EQIPKVKXG�
NQCF��5RGEKCN�ECTG�JCU�VQ�DG�VCMGP�VQ�TGFWEG�EQIPKVKXG�NQCF�CFFGF�D[�
EQWTUG�FGUKIP�CPF�EQWTUG�OCVGTKCN��6JGTGHQTG��YG�UJQWNF�VCMG�CFXCPVCIG�
QH�CP[�OGCPU�QH�TGFWEKPI�EQIPKVKXG�NQCF�
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 Chapter 2: Paradigm shift 
to object-oriented 
programming 
2TQEGFWTCN�RTQITCOOKPI�CPF�QDLGEV�QTKGPVGF�RTQITCOOKPI�CTG�DCUGF�QP�
FKHHGTGPV�RTQDNGO�UQNXKPI�UVTCVGIKGU�CPF�JCXG�FKHHGTGPV�MG[�EQPEGRVU��6JKU�
JCU�C�JGCX[�KORCEV�QP�GFWECVKQP��

�� 0RWLYDWLRQ�IRU�2EMHFW�2ULHQWHG�3URJUDPPLQJ�
1DLGEV�QTKGPVGF�RTQITCOOKPI�YCU�ETGCVGF�DGECWUG�QH�UJQTVEQOKPIU�QH�
RTQEGFWTCN�RTQITCOOKPI��2TQEGFWTCN�RTQITCOOKPI�RTQEGUUGU�FCVC�KPRWV�
CPF�RTQFWEGU�FCVC�QWVRWV��9JGPGXGT�VJG�UVTWEVWTG�QH�VJG�RTQEGUUGF�FCVC�
EJCPIGU��NCTIG�RCTVU�QH�VJG�CRRNKECVKQP�PGGF�TGXKUKQP��6JKU�JCRRGPU�QHVGP��
HQT�KPUVCPEG�KH�VJG�WUGT�NKMGU�VQ�JCXG�C�HKGNF�HQT�CP�G�OCKN�CFFTGUU�KP�JKU�
CFFTGUU�DQQM��+P�UWEJ�ECUGU�RTQEGFWTCN�RTQITCOU�CTG�FKHHKEWNV�VQ�OCKPVCKP��
+P�QDLGEV�QTKGPVGF�RTQITCOOKPI�JQYGXGT��VJG�CFFTGUU�DQQM�CPF�CNN�QRGTC�
VKQPU�QP�VJG�CFFTGUU�DQQM�CTG�DWKNV�KPVQ�C�UOCNN�OQFWNG��C�ENCUU��#FFKPI�C�
HKGNF�OGCPU�QPN[�OQFKH[KPI�VJG�OGVJQFU�KP�VJKU�ENCUU��1H�EQWTUG��VJG�XKGY�
CPF�EQPVTQN�QH�VJG�ENCUU�PGGFU�CNUQ�OQFKHKECVKQPU��$WV��CNN�QVJGT�RCTVU�QH�CP�
CRRNKECVKQP�VJCV�FQ�CP[�VTCPUCEVKQP�YKVJ�VJG�FCVC�FGHKPGF�KP�VJKU�ENCUU��YKNN�
PGXGT�DG�CHHGEVGF��
#NUQ��CU�VJG�ENCUU�FGHKPGU�FCVC�CPF�OGVJQFU�VQ�OQFKH[�VJKU�FCVC�KP�QPG�
HKNG��VJKU�ENCUU�OKIJV�DG�WUGF�HQT�QVJGT�CRRNKECVKQPU�CU�YGNN��6TCPUHGTTKPI�
RCTVU�QH�FCVC�UVTWEVWTGU�CPF�TGNCVGF�RTQEGFWTGU�QWV�QH�C�RTQEGFWTCN�RTQ�
ITCOOGF�CRRNKECVKQP�KU�OWEJ�OQTG�FKHHKEWNV��

�� 3UREOHP�6ROYLQJ�6WUDWHJLHV�&RPSDUHG�
2TQEGFWTCN�RTQITCOOKPI�CPF�QDLGEV�QTKGPVGF�RTQITCOOKPI�WUGU�VYQ�EQO�
RNGVGN[�FKHHGTGPV�RTQDNGO�UQNXKPI�UVTCVGIKGU��6JKU�KORNKGU�QVJGT�MG[�EQP�
EGRVU��(QEWUKPI�QP�VJG�EQPEGRVU�QH�QDLGEV�QTKGPVGF�RTQITCOOKPI�OC[�TG�
FWEG�EQIPKVKXG�NQCF��

���� 2TQEGFWTCN�2TQITCOOKPI�
5VCTVKPI�RQKPV�QH�RTQEGFWTCN�RTQITCOOKPI�KU�C�OCKP�VCUM�QH�FCVC�RTQEGUUKQP�
VJCV�UJQWNF�DG�RGTHQTOGF��(QT�KPUVCPEG�C�DCPMKPI�VTCPUCEVKQP�NKMG�DW[KPI�
UJCTGU��6JKU�OCKP�VCUM�KU�FKXKFGF�KPVQ�UWDVCUMU��(QT�KPUVCPEG��EJGEMKPI�
ENKGPVU�ETGFKV�NKOKV��EJGEMKPI�RTKEG�NKOKVU��IGVVKPI�CEVWCN�UVQEM�OCTMGV�RTKEG��
CEEGRV�QHHGT�QT�UGPF�CP�QHHGT�VQ�UVQEM�OCTMGV��RWV�UJCTGU�KPVQ�ENKGPVU�FG�
RQUKV��YKVJFTCY�OQPG[�HTQO�ENKGPVU�CEEQWPV��#ICKP��VJGUG�UWDVCUMU�CTG�
FKXKFGF�KPVQ�UOCNNGT�VCUMU�WPVKN�VJG�VCUMU�OGGV�VYQ�ETKVGTKC��(KTUVN[��VJG�
RTQITCOOGT�FQGU�PQV�JCXG�VQ�TGYTKVG�VJG�UCOG�EQFG�VYKEG��5GEQPFN[��VJG�
VCUM�KU�UOCNN�GPQWIJ�VQ�DG�YTKVVGP�VQ�EQFG�YKVJ�PQ�HWTVJGT�CPCN[UKU��
6JKU�OGCPU��VJG�V[RKECN�RTQDNGO�UQNXKPI�UVTCVGI[�QH�RTQEGFWTCN�RTQITCO�
OKPI�KU�C�TGEWTUKXG�VCUM��#�RTQEGFWTG�94+6'A241)4#/�NQQMU�NKMG�VJKU��
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+(�6CUM�KU�UOCNN�GPQWIJ�CPF�PQV�TGFWPFCPV�6*'0�YTKVG�VJG�2TQEGFWTG�HQT�KV�
'.5'�FQ�94+6'A241)4#/��
$GUKFGU�VJKU�VQR�FQYP�UVTCVGI[�VJGTG�KU�CNUQ�C�DQVVQO�WR�UVTCVGI[��+V�UC[U��
KORNGOGPV�GNGOGPVU�VJCV�CTG�TGNGXCPV�HQT�VJG�OCKP�VCUM��%JCKP�VQIGVJGT�VJG�
GNGOGPVU�VQ�DWKNF�VJG�UQNWVKQP��+P�RTCEVKEG��C�OKZGF�UVTCVGI[�KU�WUGF��

���� 1DLGEV�1TKGPVGF�2TQITCOOKPI�
+P�QDLGEV�QTKGPVGF�RTQITCOOKPI�YG�DWKNF�C�OQFGN�QH�VJG�TGCNKV[��VJG�RTQD�
NGO�FQOCKP�QH�QWT�CRRNKECVKQP��+H�YG�FQ�KV�YKVJ�ENCUU�FKCITCOU��VJKU�OQFGN�
NQQMU�OWEJ�VJG�UCOG�CU�CP�GPVKV[�TGNCVKQPUJKR�OQFGN�WUGF�HQT�FCVCDCUG�
FGUKIP��6JKU�OGCPU��VJG�UVCTVKPI�RQKPV�QH�VJG�FGXGNQRGT�KU�FCVC��PQV�RTQEG�
FWTG��
6JG�FGXGNQRGT�VTGCVU�GXGT[�GNGOGPV�QH�VJKU�FCVC�UVTWEVWTG�CU�QPG�UOCNN�
CRRNKECVKQP��6JKU�UOCNN�CRRNKECVKQP�OC[�CEV�CU�C�UGTXGT�CRRNKECVKQP�CPF�CU�C�
ENKGPV�CRRNKECVKQP�CV�VJG�UCOG�VKOG��6JCV�OGCPU��VJG�CRRNKECVKQP�ECP�DG�
ECNNGF�VQ�RTQXKFG�C�UGTXKEG�
HQT�KPUVCPEG�RTQXKFG�VJG�ETGFKV�NKOKV�QH�C�EWU�
VQOGT��CPF�ECNNU�QVJGT�UGTXGTU�VQ�RTQXKFG�UGTXKEGU�VQ�VJGO�
HQT�KPUVCPEG�
CUMU�HQT�VJG�EWUVQOGTU�OQPVJN[�UCNCT[�VQ�UGV�VJG�ETGFKV�NKOKV���

: Cus tomer :MonthlySalary
1: getCreditLimit() 2: getCreditLimit()

�
(KI�����QDLGEVU�CU�UGTXGT�CPF�ENKGPV�

6JG�KPHQTOCVKQP�GZEJCPIGF�DGVYGGP�UGTXGT�CPF�ENKGPV�KU�PQV�FKTGEVN[�TG�
NCVGF�VQ�VJG�KPVGTPCN�FCVC�KP�VJG�UGTXGT��(QT�KPUVCPEG��C�UGTXGT��CUMGF�VQ�
RTQXKFG�VJG�OQPVJN[�UCNCT[�EQWNF�TGVWTP�VJG�CXGTCIG�KPEQOG�QH�VJG�NCUV�
VJTGG�[GCTU�KP�ECUG�QH�C�UCNGUOCP�YKVJ�C�XQNCVKNG�KPEQOG��QT�TGVWTP�C�XCNWG�
UGV�D[�VJG�EWUVQOGTU�EQPVCEV�RGTUQP�KP�ECUG�QH�CP�KORQTVCPV�EWUVQOGT�KP�
RTKXCVG�DCPMKPI��6JGTG�KU�PQ�PGGF�VQ�GPVGT�YTQPI�PWODGTU�KPVQ�HKGNFU�LWUV�
VQ�YQTM�CTQWPF�KPHNGZKDNG�FCVC�UVTWEVWTGU��6JG�FCVC�UVTWEVWTG�OWUV�DG�
HNGZKDNG��YJGTGCU�VJG�OGUUCIGU�UGPV�VQ�VJG�UGTXGT�FQ�PQV�EJCPIG��
6JGTGHQTG��VJG�UVTCVGI[�KU�VQ�FGHKPG�VJG�UGTXKEGU�RTQXKFGF�D[�CP[�GNGOGPV�
QH�VJG�CRRNKECVKQP�
VJG�TGURQPUKDKNKV[�QH�VJG�ENCUUGU��CPF�YJKEJ�ENCUUGU�
UJQWNF�KPVGTCEV�YKVJ�GCEJ�QVJGT�
VJG�EQNNCDQTCVKQP���
(QT�VJG�UGTXKEGU�VJCV�VJG�ENCUU�UJQWNF�RTQXKFG��OGVJQFU�CTG�YTKVVGP��6JG�
OGVJQFU�GKVJGT�EJGEM�VJG�KPHQTOCVKQP�KPUKFG�VJG�ENCUU�CPF�IKXG�CP�KPHQTOC�
VKQP�
SWGT[�OGVJQFU��QT�VJCV�EJCPIG�VJG�KPHQTOCVKQP�KPUKFG�VJG�ENCUU�
WR�
FCVG�OGVJQFU���7UWCNN[��YJGP�VJG�OQUV�DCUKE�OGVJQFU�CTG�YTKVVGP�HKTUVN[��
VJGTG�UJQWNFPOV�DG�CP[�EQORNKECVGF�OGVJQFU��6JCV�OGCPU��CHVGT�JCXKPI�
FGHKPGF�ENCUUGU��TGURQPUKDKNKVKGU�CPF�EQNNCDQTCVKQPU��YTKVKPI�OGVJQFU�KU�DC�
UKECNN[�C�DQVVQO�WR�UVTCVGI[��
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�� .H\�&RQFHSWV�&RPSDUHG�
2TQEGFWTCN�RTQITCOOKPI�CPF�QDLGEV�QTKGPVGF�RTQITCOOKPI�JCXG�FKHHGTGPV�
MG[�EQPEGRVU��6Q�TGFWEG�TGFWPFCPE[MVJCV�OGCPU�WPPGEGUUCT[�EQIPKVKXG�
NQCFMYG�JCXG�VQ�EJGEM�YJGVJGT�VJKU�MG[�EQPEGRVU�QH�RTQEGFWTCN�RTQ�
ITCOOKPI�CTG�PGGFGF�HQT�QDLGEV�QTKGPVGF�RTQITCOOKPI��
-G[�EQPEGRVU�QH�RTQEGFWTCN�RTQITCOOKPI�CTG�EQPVTQN�UVTWEVWTGU�NKMG�KVGTC�
VKQP�CPF�EQPFKVKQPCN�DTCPEJKPI��TGEWTUKQP��OQFWNCTKUCVKQP�CPF�UKFG�GHHGEVU��

���� %QPFKVKQPCN�$TCPEJKPI�
%QPFKVKQPCN�DTCPEJKPI�KU�C�OCKP�VQRKE�KP�RTQEGFWTCN�RTQITCOOKPI��9TKVKPI�
0CUUK�5JPGKFGTOCP�FKCITCOU�UJQWNF�JGNR�VQ�CXQKF�URCIJGVVK�EQFG�HQT�EQO�
RNGZ�VCUMU��#�NQV�QH�GHHQTV�KP�FGUKIP�CPF�VGUVKPI�KU�OCFG�VQ�IGV�VJG�DTCPEJ�
KPI�TKIJV��

FalseTrue

IF ( sys tem=="Linux")

draw LinuxButton()

FalseTrue

IF ( system=="Mac")

draw MacButton()

FalseTrue

IF ( sys tem=="Window s95")

draw Window s95Button() draw Window s3Button()

�
(KI�����0CUUK�5JPGKFGTOCP�FKCITCO�HQT�PGUVGF�KH�UVCVGOGPVU�

1DLGEV�QTKGPVGF�RTQITCOOKPI�FQGU�PQV�OCMG�OWEJ�WUG�QH�EQPFKVKQPCN�
DTCPEJKPI��DGECWUG�KV�WUGU�C�OWEJ�OQTG�RQYGTHWN�VQQN�VQ�ETGCVG�FKXGTUG�
DGJCXKQWT��RQN[OQTRJKUO��
.GV�WU�UVWF[�HQT�GZCORNG�VJG�WUGT�KPVGTHCEG��1WT�CRRNKECVKQP�OC[�TWP�QP�
.KPWZ��/CE��9KPFQYU���Z�QT�9KPFQYU�����+P�C�RTQEGFWTCN�RTQITCO�C�
INQDCN�XCTKCDNG�YQWNF�DG�UGV�KP�VJG�DGIKPPKPI�FWG�VQ�VJG�U[UVGO�VJG�RTQ�
ITCO�KU�TWPPKPI��(QT�KPUVCPEG��
system = “Windows95”;  
.CVGT�YG�YQWNF�EJGEM�HQT�VJKU�XCTKCDNG�NKMG��
if (system == “Linux”) drawLinuxButton();  
if (system == “Mac”) drawMacButton();  
if (system == “Windows3”) drawWindows3Button();  
if (system == “Windows95”) drawWindows95Button();  
+P�CP�QDLGEV�QTKGPVGF�RTQITCO�YG�YQWNF�JCXG�C�OQFWNG�
C�QDLGEV�CU�
UGTXGT��VJCV�RTQXKFGU�WU�VJG�QDLGEVU�QH�VJG�WUGT�KPVGTHCEG��+P�VJG�DGIKPPKPI�
YG�YQWNF�CEVKXCVG�VJKU�UGTXGT��
userInterface = new Windows95UserInterface();  
+PVGTHCEG�KU�PQY�VJG�TGHGTGPEG�VQ�VJGUG�QDLGEVU�VJCV�UGTXG�CU�GNGOGPVU�QH�
VJG�WUGT�KPVGTHCEG��0QY�CNN�YG�JCXG�VQ�FQ�KU�CUM�VJKU�UGTXGT�VQ�RTQXKFG�WU�
YKVJ�GNGOGPVU�QH�VJG�WUGT�KPVGTHCEG��
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WUGT+PVGTHCEG�FTCY$WVVQP
���
6JG�UGTXGT��WUGT+PVGTHCEG��FTCYU�HQT�WU�VJG�DWVVQP��1P�9KPFQYU����C�
YKPFQYU����DWVVQP��6JG�EQFG�KPUKFG�QH�VJG�UGTXGT�FQGU�QPN[�VTGCV�9KP�
FQYU����DWVVQPU��6JGTG�KU�PQ�PGGF�HQT�EQPFKVKQPCN�DTCPEJKPI��

���� 4GEWTUKQP�
6JGTG�KU�PQ�PGGF�VQ�FKUEWUU�TGEWTUKQP�KP�QDLGEV�QTKGPVGF�RTQITCOOKPI��+H�
VJG�KPUVCPEGU�QH�C�ENCUU�FQ�VJGKT�LQD�EQTTGEVN[��VJG[�YKNN�FQ�KV�CNUQ�YJGP�
ECNNGF�TGEWTUKXGN[��(QT�KPUVCPEG��+P�VJG�EQORQUKVG�EQORQPGPV�FGUKIP�RCV�
VGTP�CP[�EQPVCKPGT�ECNNU�CNN�KVU�EQORQPGPVU��#U�GXGT[�EQPVCKPGT�KU�CNUQ�C�
EQORQPGPV��VJKU�KU�C�TGEWTUKXG�ECNN��5VWF[KPI�VJKU�FGUKIP�RCVVGTPU�VJCV�JCU�
C�TGEWTUKXG�UVTWEVWTG�
CUUQEKCVKQP��TGRNCEGU�VJG�CPCN[UKU�QH�TGEWTUKXG�RTQ�
EGFWTG�ECNNU��6JG�EQORQUKVG�EQORQPGPV�FGUKIP�RCVVGTP�KU�FKUEWUUGF�KP�
)COOC��G��C��
�������
6JG�GZRTGUUKQP�nTGEWTUKXG�ECNN��IQV�CPQVJGT�OGCPKPI�KP�QDLGEV�QTKGPVGF�
RTQITCOOKPI��5GG�1DLGEV�/QFGNKPI�)TQWR����������������+V�OGCPU�VJCV�
VJG�QDLGEV�ECNNU�KVUGNH�CPF�PQV�VJCV�C�OGVJQF�ECNNU�KVUGNH��6JG�NCVGT�KU�QPN[�C�
XGT[�TCTG�CPF�WPKORQTVCPV�UWD�ECUG�QH�VJG�HKTUV��#NUQ�YJGP�VCMKPI�C�ENQUGT�
NQQM�CV�QVJGT�DQQMU�FKUEWUUKQPU�QP�TGEWTUKQP�CTG�TCTG��'EMGNOU�QDLGEV�
QTKGPVGF�RTQITCOOKPI�DKDNG�n6JKPMKPI�KP�,CXC���'EMGN��������OGPVKQPU�
TGEWTUKXG�OGVJQF�ECNNU�QPN[�VYKEG��QP�RCIG�����CU�UQOGVJKPI�ECWUKPI�C�
PGXGT�GPFKPI�NQQR�CPF�QP�RCIG�����JG�WUGU�KV�CPF�GZRNCKPU�KV�D[�VJG�YC[��
5WPOU�,CXC�6WVQTKCN�FQGU�PQV�OGPVKQP�TGEWTUKQP��QVJGT�CWVJQTU�LWUV�OGP�
VKQP�KV�UJQTVN[�IKXKPI�QPG�GZCORNG��HQT�KPUVCPEG�5EJKNFV��������R�������

���� /QFWNCTKUCVKQP�
1DXKQWUN[�VJKU�ECPPQV�DG�CP[�VQRKE�KP�QDLGEV�QTKGPVGF�RTQITCOOKPI��DG�
ECWUG�ENCUUGU�CTG�CNTGCF[�UOCNN�OQFWNGU��+PUVGCF�QH�OQFWNCTKUCVKQP��QD�
LGEV�QTKGPVGF�RTQITCOOKPI�WUGU�RCEMCIKPI�VQ�RTQFWEG�WPKVU�VJCV�EQWNF�DG�
TGICTFGF�CU�RCTVU�QH�C�NCTIGT�CRRNKECVKQP��

���� 5KFG�'HHGEVU�
#XQKFKPI�UKFG�GHHGEVU�CPF�JCPFNKPI�VJG�RTQEGFWTGOU�RCTCOGVGTU�YKVJ�ECTG�KU�
C�OCLQT�VQRKE�KP�C�EQWTUG�HQT�RTQEGFWTCN�RTQITCOOKPI��6JGTGHQTG��JQY�VQ�
CXQKF�UKFG�GHHGEVU�KU�C�OCLQT�VQRKE�KP�C�IQQF�DQQM�QT�EQWTUG�CDQWV�RTQEG�
FWTCN�RTQITCOOKPI��
5KFG�GHHGEVU�KP�QDLGEV�QTKGPVGF�RTQITCOOKPI�CTG�XGT[�TCTG�CPF�ECP�GCUKN[�
DG�CXQKFGF��6JG�KPETGOGPV�QRGTCVQT�


��JCU�C�UKFG�GHHGEV�YJGP�RWV�KP�
HTQPV�QH�VJG�XCTKCDNG��6JGP�VJG�XCTKCDNG�TGVWTPU�VJG�KPETGOGPVGF�PWODGT��
'ZCORNG��
i = 0; while (++i < 10) { .... ; .... ; }  
YJGTG�C�UKFG�GHHGEV�QEEWTU�ECP�DG�VTCPUNCVGF�VQ�
i  = 1; while (i < 10) { ... ; ... ; i++; }  
YJGTG�VJGTG�KU�PQ�UKFG�GHHGEV��6JG�UVWFGPV�UGGU�VJCV�VJG�NQQR�UVCTVU�YKVJ���
CPF�FQGU�PQV�PGGF�VQ�HKIWTG�QWV�YJGVJGT�KV�UVCTVU�YKVJ���QT�YKVJ����6JG�
GCUKGUV�YC[�VQ�TGFWEG�EQIPKVKXG�NQCF�JGTG��KU�LWUV�PQV�VQ�OGPVKQP�VJG�HKTUV�
RQUUKDKNKV[�HQT�CP�KPETGOGPV��
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'EMGN�
������EJCRVGT�#��2CUUKPI���4GVWTPKPI�1DLGEVU��YTKVGU�CDQWV�TGCN�
UKFG�GHHGEVU��

n+P�IGPGTCN��[QW�ECNN�C�OGVJQF�KP�QTFGT�VQ�RTQFWEG�C�TGVWTP�
XCNWG�CPF�QT�C�EJCPIG�QH�UVCVG�KP�VJG�QDLGEV�VJCV�VJG�OGVJQF�KU�
ECNNGF�HQT��
#�OGVJQF�KU�JQY�[QW�QUGPF�C�OGUUCIGR�VQ�VJCV�QD�
LGEV���+VOU�OWEJ�NGUU�EQOOQP�VQ�ECNN�C�OGVJQF�KP�QTFGT�VQ�OC�
PKRWNCVG�KVU�CTIWOGPVU��VJKU�KU�TGHGTTGF�VQ�CU�QECNNKPI�C�OGVJQF�
HQT�KVU�UKFG�GHHGEVU�R�6JWU��YJGP�[QW�ETGCVG�C�OGVJQF�VJCV�
OQFKHKGU�KVU�CTIWOGPVU�VJG�WUGT�OWUV�DG�ENGCTN[�KPUVTWEVGF�CPF�
YCTPGF�CDQWV�VJG�WUG�QH�VJCV�OGVJQF�CPF�KVU�RQVGPVKCN�UWT�
RTKUGU��$GECWUG�QH�VJG�EQPHWUKQP�CPF�RKVHCNNU��KVOU�OWEJ�DGVVGT�
VQ�CXQKF�EJCPIKPI�VJG�CTIWOGPV���

/QUV�#WVJQTU�FQ�PQV�GXGP�OGPVKQP�TGCN�UKFG�GHHGEVU�KP�QDLGEV�QTKGPVGF�RTQ�
ITCOOKPI��

�� 1RYLFHV¶�3UREOHPV�LQ�3URJUDPPLQJ�
���� 0QXKEGUO�RTQDNGOU�YKVJ�RTQEGFWTCN�RTQITCOOKPI��

.GYKU�
�������CU�TGRQTVGF�D[�4CLCP�
�������HQWPF�HQT�C�RTQEGFWTCN�RTQ�
ITCOOKPI�NCPIWCIG�VJG�HQNNQYKPI�RTQDNGOU�QH�PQXKEG�RTQITCOOGTU�KP�FG�
UEGPFKPI�QTFGT��
���HNQY�QH�EQPVTQN��
���UKFG�GHHGEV��
���TGEWTUKQP��
���RTQ�
EGFWTG�ECNN�
VQ�OCP[�QT�PQV�GPQWIJ�CTIWOGPVU���
���XCTKCDNGU�
PQP�WPKSWG�
PCOGU�HQT�INQDCN�XCTKCDNGU���
���OQFGU�
QH�VJG�RTQITCOOKPI�GPXKTQPOGPV���

���� 8CNKFKV[�QH�VJGUG�2TQDNGOU�HQT�1DLGEV�1TKGPVGF�2TQITCOOKPI�
#EEQTFKPI�VQ�VJG�FKHHGTGPV�RCTCFKIO��OQUV�QH�VJGUG�OKUVCMGU�ECP�PQV�QEEWT�
KP�QDLGEV�QTKGPVGF�RTQITCOOKPI��6JGUG�CTG�UKFG�GHHGEVU��TGEWTUKQP�CPF�
INQDCN�XCTKCDNGU�YKVJ�PQP�WPKSWG�PCOGU��(NQY�QH�EQPVTQN�CPF�RTQEGFWTG�
ECNN�CTG�XGT[�FKHHGTGPV�KP�QDLGEV�QTKGPVGF�RTQITCOOKPI�CPF�ECWUG�VJGTGHQTG�
FKHHGTGPV�RTQDNGOU��#U�C�TGUWNV��YG�ECP�PQV��DCUGF�QP�VJKU�UVWF[��HKIWTG�
QWV�YJCV�VJG�OCKP�RTQDNGOU�QH�QDLGEV�QTKGPVGF�RTQITCOOKPI�CTG����

�� &RQFOXVLRQ�
6GCEJGTU�ECP�CXQKF�UQOG�CFXCPEGF�VQRKEU�NKMG�UKFG�GHHGEVU��GZVGPUKXG�
EQPFKVKQPCN�DTCPEJKPI��TGEWTUKQP�CPF�OQFWNCTKUCVKQP�KP�C�,CXC�EQWTUG��0GX�
GTVJGNGUU��VJKU�HCEV�FQGU�PQV�TGFWEG�VJG�JGCX[�EQIPKVKXG�NQCF�KP�VJG�DGIKP�
PKPI�QH�C�,CXC�EQWTUG�CU�FKUEWUUGF�KP�VJG�RTGXKQWU�EJCRVGT��0QXKEGUO�RTQD�
NGO�UVWFKGF�HQT�RTQEGFWTCN�RTQITCOOKPI�IKXG�WU�PQ�GZCEV�IWKFGNKPG�HQT�
RTQDNGOU�YG�YKNN�GPEQWPVGT�KP�QDLGEV�QTKGPVGF�RTQITCOOKPI��DGECWUG�VJG�
OCKP�RTQDNGOU�QH�RTQEGFWTCN�RTQITCOOKPI�ECP�PQV�QEEWT�KP�QDLGEV�QTKGPVGF�
RTQITCOOKPI��6JGUG�RTQDNGOU�CTG��VJGTGHQTG��UVWFKGF�OQTG�FGGRN[�KP�VJG�
PGZV�EJCRVGT�



�
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 Chapter 3: Key problems of 
teaching object-oriented 
programming 
6JGTG�CTG�UQOG�RTQDNGOU�VJCV�OCMG�QDLGEV�QTKGPVGF�RTQITCOOKPI�JCTFGT�
VQ�VGCEJ�VJCP�RTQEGFWTCN�RTQITCOOKPI��+P�VJKU�EJCRVGT��YG�VCMG�C�ENQUGT�
NQQM�CV�VJGUG�MG[�RTQDNGOU��6JG[�CTG��XCTKCDNGU��RQKPVGTU�
QDLGEV�TGHGT�
GPEGU�KP�,CXC���UVCVKE�CVVTKDWVGU�CPF�QRGTCVKQPU��CPF�NCUV�DWV�PQV�NGCUV�VJG�
EQNNCDQTCVKQP�QH�QDLGEVU��

�� 8QGHUVWDQGLQJ�9DULDEOHV�LQ�-DYD�
���� 'ZRGTKGPEGF�2TQDNGO�

#U�OQUV�RGQRNG�PQYCFC[U�YQTM�YKVJ�URTGCFUJGGV�CRRNKECVKQP�NKMG�n�������
QT�n'ZEGN��[QW�YQWNF�PQV�GZRGEV�VJCV�RGQRNG�JCXG�FKHHKEWNVKGU�YKVJ�VJG�
EQPEGRV�QH�XCTKCDNGU��6JGTGHQTG�+�WPFGTGUVKOCVGF�VJG�FKHHKEWNV[�VQ�OCMG�VJG�
VTCPUHGT�HTQO�C�URTGCFUJGGV�EGNN�VQ�VJG�EQPEGRV�QH�C�XCTKCDNG�KP�,CXC��

���� #PCN[UKU�QH�VJG�2TQDNGO�
+P�C�URTGCFUJGGV�CRRNKECVKQP�C�EGNN�CFFTGUU�NKMG�$��KU�TCVJGT�CP�KPUVTWEVKQP�
VQ�NQQM�WR�KPHQTOCVKQP�KP�CPQVJGT�EGNN�DWV�C�XCTKCDNG��6JKU�KU�GXKFGPV�YKVJ�
TGNCVKXG�CFFTGUUGU�YJGTG�[QW�NQQM�WR�VJG�XCNWG�KP�C�IKXGP�FKUVCPEG��#U�VJKU�
CFFTGUUKPI�KU�OQUV�EQOOQP��WUGTU�OKIJV�JCXG�C�PQVKQP�QH�EGNNU�CU�C�NQQM�
WR�KPUVTWEVKQP�TCVJGT�VJCP�C�XCTKCDNG��#DUQNWVG�CFFTGUUKPI�KU�QPN[�UQOG�
URGEKCN�ECUG�QH�C�TGNCVKXG�NQQM�WR��
/QUV�NGCTPGTUMCU�NQPI�CU�VJG[�CTG�PQV�OCVJGOCVKEKCPUMCTG�WPHCOKNKCT�
YKVJ�XCTKCDNGU��8CTKCDNGU�CTG�VJGTGHQTG�UQOGVJKPI�WPHCOKNKCT���

���� /QTG�%QIPKVKXG�.QCF�4GNCVGF�VQ�8CTKCDNGU�KP�1DLGEV�1TKGPVGF�2TQITCOOKPI�
VJCP�KP�2TQEGFWTCN�2TQITCOOKPI�
$WV��YJ[�FQ�XCTKCDNGU�ECWUG�CNOQUV�PQ�RTQDNGOU�KP�RTQEGFWTCN�RTQITCO�
OKPI�DWV�ECP�DGEQOG�C�DWTFGP�KP�QDLGEV�QTKGPVGF�RTQITCOOKPI!�
+P�RTQEGFWTCN�RTQITCOOKPI�VJGTG�CTG�VYQ�MKPFU�QH�XCTKCDNGU��INQDCN�XCTK�
CDNGU�CPF�NQECN�XCTKCDNGU��6JG[�UJCTG�VJG�UCOG�PCOG�URCEG��6JG�GPF�QH�
DNQEM�NKOKVU�VJG�UEQRG�QH�NQECN�XCTKCDNGU�CPF�VJG[�OC[�JKFG�INQDCN�XCTKCDNGU�
QT�NQECN�XCTKCDNGU�QH�CP�QWVGT�DNQEM��
+P�QDLGEV�QTKGPVGF�RTQITCOOKPI�VJGTG�CTG�UQOG�QVJGT�EQORQPGPVU�QH�EQO�
RNGZKV[�CFFGF��
(KTUVN[��VJGTG�KU�VJG�PCOG�URCEG�QH�VJG�XCTKCDNG��'XGT[�QDLGEV�JCU�KVU�QYP�
PCOG�URCEG��6JGTGHQTG��FKHHGTGPV�XCTKCDNGU�YKVJ�VJG�UCOG�PCOG�CTG�TGNG�
XCPV�KP�OCP[�UKVWCVKQPU��6TCKPGGU�JCXG�VQ�NGCTP�VJCV�CUUKIPKPI�C�XCNWG�VQ�C�
XCTKCDNG�FQGU�PQV�OGCP�VJCV�GXGT[�XCTKCDNG�YKVJ�VJCV�PCOG�JQNFU�PQY�VJCV�
XCNWG��2NWU��JG�ECP�WUG�VJG�UCOG�PCOG�KP�FKHHGTGPV�ENCUUGU�HQT�FKHHGTGPV�
XCNWGU�CPF�GXGP�FKHHGTGPV�V[RGU��9JGP�[QW�YQTM�YKVJ�XCTKCDNGU�KP�QDLGEV�
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QTKGPVGF�RTQITCOOKPI�KV�KU�XGT[�EQPHWUKPI�HQT�NGCTPGTU�VJCV�VJG�UCOG�PCOG�
QH�C�XCTKCDNG�JQNFU�FKHHGTGPV�XCNWGU�
KPHQTOCVKQP��CPF�VJCV�VJG�UCOG�FCVC�

KPHQTOCVKQP��KU�UVQEMGF�KP�XCTKCDNGU�YKVJ�FKHHGTGPV�PCOGU��YJGP�DGKPI�UGPV�
HTQO�QDLGEV�VQ�QDLGEV��
5GEQPFN[��QDLGEVU�CPF�ENCUUGU�UJCTG�PCOG�URCEGU��+PUKFG�C�OGVJQF�YG�
ECP�CEEGUU�VJG�XCTKCDNGU�QH�VJG�QDLGEV��ECNNGF�VJG�QDLGEVOU�HKGNFU�YKVJQWV�
TGHGTGPEKPI�VJG�QDLGEV��9G�ECP�CNUQ�TGHGT�VQ�VJG�QDLGEV�YKVJ�VJG�MG[�YQTF�
nVJKU���5QOGVKOGU�YG�JCXG�VQ�TGHGT�VQ�KV��DGECWUG�C�NQECN�XCTKCDNG�JCU�VJG�
UCOG�PCOG�CU�VJG�QDLGEVOU�HKGNF��4GUWNVKPI�KP�EQFG�NKMG�
this.balance = balance;  
YJGTG�VJG�XCNWG�QH�DCNCPEG�
C�NQECN�XCNWG��KU�CUUKIPGF�VQ�VJG�HKGNF�ECNNGF�
DCNCPEG��+H�VJGTG�KU�PQ�HKGNF�DCNCPEG�VJGTG�EQWNF�GXGP�DG�C�ENCUU�XCTKCDNG�
DCNCPEG��6JGUG�HKGNFU�CPF�ENCUU�XCTKCDNGU�OKIJV�DG�FGHKPGF�KP�CP[�DCUKE�
ENCUU�QH�VJG�EWTTGPV�ENCUU��
'XGP�KH�[QW�JCXG�PQV�WPFGTUVQQF�VJKU�GZRNCPCVKQP�DGECWUG�[QW�CTG�WPHCOKN�
KCT�YKVJ�QDLGEV�QTKGPVGF�RTQITCOOKPI��[QW�JCXG�UGGP�VJCV�VJG�EQIPKVKXG�
NQCF�KU�JGCXKN[�KPETGCUGF�EQORCTGF�VQ�RTQEGFWTCN�RTQITCOOKPI��
5QOGVKOGU�NGCTPGTU�CTG�UQ�EQPHWUGF�VJCV�VJG[�GXGP�FQWDV�YJGVJGT�XCNWG�
RCUUKPI�IQGU�HTQO�NGHV�VQ�TKIJV�QT�HTQO�TKIJV�VQ�NGHV��

���� 7UWCN�#VVGORV�VQ�5QNXG�VJKU�2TQDNGO�
/CMG�NGCTPGTU�VQ�UGPF�VJG�EQPVGPV�QH�XCTKCDNGU�VQ�VJG�UVCPFCTF�QWVRWV�
n5[UVGO�QWV�RTKPVNP
���VJTQWIJQWV�VJG�RTQITCO�HNQY��
+PUVTWEV�VJGO�VQ�WUG�FKHHGTGPV�PCOGU�CV�FKHHGTGPV�RNCEGU�HQT�XCTKCDNGU�VJCV�
JCPFNG�VJG�UCOG�KPHQTOCVKQP�
FCVC��KP�FKHHGTGPV�ENCUUGU�CPF�VJGKT�QRGTC�
VKQPU��6JKU�YC[�VJG[�NGCTP�CV�NGCUV�VJCV�XCNWG�RCUUKPI�KU�KPFGRGPFGPV�HTQO�
XCTKCDNG�PCOGU��

���� %QPENWUKQP�
+V�KU�RTGHGTCDNG�VJCV�VJG�UEJGOC�QH�QDLGEVU�CPF�ENCUUGU�CPF�VJG�EQNNCDQTC�
VKQP�QH�QDLGEVU�CTG�IGPGTCVGF�KP�VTCKPGGU�OKPF��DGHQTG�XCTKCDNGU�CU�C�OCLQT�
VQRKE�CTG�KPVTQFWEGF��1VJGTYKUG��VJG�EQIPKVKXG�NQCF�KU�QXGTYJGNOKPI��#�
OKETQYQTNF�UJQWNF�UWRRQTV�VJG�CESWKUKVKQP�QH�VJG�OQUV�KORQTVCPV�V[RG�QH�
XCTKCDNGU��QDLGEVU�XCTKCDNGU��

�� 8QGHUVWDQGLQJ�3RLQWHUV�RU�2EMHFW�5HIHUHQFHV�
6JG�EQPEGRV�QH�QDLGEV�TGHGTGPEGU�
RQKPVGTU��KU�MPQYP�CU�EQORNGZ��+P�QD�
LGEV�QTKGPVGF�RTQITCOOKPI�KV�KU�PGGFGF�RTGVV[�GCTN[��

���� 2TQDNGO�&GUETKRVKQP�
+H�[QW�FQ�PQV�GPVGT�VGEJPKECN�CURGEVU�QPN[�KPVGTGUVKPI�HQT�GZRGTV�RTQITCO�
OGTU��RQKPVGT�CPF�QDLGEV�TGHGTGPEGU�CTG�VJG�UCOG��+P�HCEV��C�RQKPVGT�KP�VJG�
RTQEGFWTCN�RTQITCOOKPI�NCPIWCIG�2CUECN�JCU�OQTG�UKOKNCTKV[�YKVJ�C�,CXC�
QDLGEV�TGHGTGPEG�VJCP�YKVJ�C�RQKPVGT�KP�VJG�RTQEGFWTCN�NCPIWCIG�%��(TQO�
VJG�EQPEGRVWCN�RQKPV�QH�XKGY��RQKPVGT�CPF�QDLGEV�TGHGTGPEGU�WUG�VJG�UCOG�
UEJGOC��VJG[�CRRN[�VQ�VJG�UCOG�RTQDNGOU��2QKPVGTU�CTG�FKHHKEWNV��DGECWUG�
PCOKPI�C�RNCEG�YJGTG�KPHQTOCVKQP�KU�UVQTGF�
C�XCTKCDNG��KU�OQTG�PCVWTCN�



%JCRVGT����-G[�RTQDNGOU�QH�VGCEJKPI�QDLGEV�QTKGPVGF�RTQITCOOKPI�

����

VJCP�PCOKPI�VJG�TGHGTGPEG�VQ�VJCV�PCOG�
C�RQKPVGT���.GCTPGTU�OC[�GXGP�DG�
HCOKNKCT�YKVJ�VJG�EQPEGRV�QH�XCTKCDNGU�HTQO�OCVJGOCVKEU��$WV�VJGTG�KU�PQVJ�
KPI�NKMG�RQKPVGTU�KP�VJG�TGCN�YQTNF��

���� /GVCRJQTU�HQT�2QKPVGTU�
6Q�GZRNCKP�RQKPVGTU��VGCEJGTU�ETGCVGF�OGVCRJQTKE�GZRNCPCVKQPU��6JG�OGVC�
RJQT�VJCV�C�RQKPVGT�KU�NKMG�VJG�CFFTGUU�QH�C�JQWUG��YJGTG�FKHHGTGPV�RGQRNG�
OC[�NKXG�CV�FKHHGTGPV�VKOGU�KU�YKFGN[�WUGF��#V�CFFTGUU�PT�����VJGTG�OKIJV�
NKXG�HCOKN[�/KNNGT��6JG[�OQXG�QWV�CPF�$TQYP�OQXGU�KP��5Q�PT����OC[�RQKPV�
VQ�/KNNGT�CV�QPG�VKOG��$TQYP�CV�CPQVJGT�VKOG��6JKU�OGVCRJQT�YQTMU�HKPG�KP�
RTQEGFWTCN�RTQITCOOKPI��
+�CO�PQV�XGT[�GPVJWUKCUVKE�CDQWV�UWEJ�OGVCRJQTU��6JG[�DWKNF�GZVTC�KVGO�VQ�
DG�TGOGODGTGF��#U�NQPI�CU�OGVCRJQTU�CTG�UVKNN�PGGFGF�VQ�UECHHQNF�VJG�
EQPEGRV��VJG[�WUG�WR�YQTMKPI�OGOQT[���

���� /QTG�6GEJPKECN�'ZRNCPCVKQP�
6JGTGHQTG��+�GZRNCKP�O[�UVWFGPVU�VJCV�QDLGEVU�JCXG�UGSWGPVKCN�PWODGTU��
7UWCNN[�VJGUG�PWODGTU�CTG�JKFFGP��6JG�XCTKCDNG�VJCV�JQNFU�C�TGHGTGPEG�
JQNFU�VJG�QDLGEV	U�PWODGT��6JG�QPN[�YC[�VQ�ECNN�WR�CP�QDLGEV	U�CVVTKDWVG�QT�
QRGTCVKQP�KU�D[�VJKU�PWODGT��
9JGP�GZRNCKPKPI�QDLGEVU��+�QHVGP�WUG�VJGUG�RUGWFQ�UGTKCN�PWODGTU�KPUVGCF�
QH�QDLGEVU�PCOG��(QT�KPUVCPEG�KP�C�QDLGEV�FKCITCO�KPUVGCF�QH�UJQYKPI�CP�
QDLGEV�NKMG��

myObect : ClassName �QT�  : ClassName �
+�UJQY�KV�NKMG��

#00462 : ClassName �
+H�NGCTPGTU�WPFGTUVCPF�VJG�EQPEGRV�QH�CUUKIPOGPV��VJG[�FQ�WPFGTUVCPF�VJG�
EQPEGRV�QH�CUUKIPKPI�C�UGTKCN�PWODGT�VQ�C�XCTKCDNG��6JG�QPN[�CFFKVKQPCN�KP�
HQTOCVKQP�VQ�NGCTP�KU�VJG�HCEV�VJCV�UGTKCN�PWODGTU�ECPPQV�DG�WUGF�FKTGEVN[�
KP�RTQITCO�EQFG�NKMG��
#00462.toString();  

$WV�[QW�ECP�WUG�KV�FKTGEVN[�HQT�HWTVJGT�RTQITCOOKPI�YKVJQWV�CUUKIPKPI�VJG�
UGTKCN�PWODGT�VQ�C�XCTKCDNG��;QW�VCMG�VJG�UGTKCN�PWODGT�TGVWTPGF�HTQO�CP�
QRGTCVKQP�CPF�WUG�KV�CU�C�TGHGTGPEG�VQ�VJG�QDLGEV��
(new Integer(205)).toString();  

6JKU�KU�WPFGTUVCPFCDNG�CU�UQQP�CU�[QW�KOCIKPG�VJCV�
PGY�+PVGIGT
������
TGVWTPU�C�UGTKCN�PWODGT�QH�VJG�PGY�QDLGEV��

���� %QPENWUKQP�
1DLGEVU�TGHGTGPEGU�CTG�XGT[�KORQTVCPV��8KUWCNKUKPI�VJG�TGHGTGPEG�PWODGT�QH�
QDLGEVU�ECP�UWRRQTV�VJKU�CESWKUKVKQP��
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�� 8QGHUVWDQGLQJ�$UJXPHQW�3DVVLQJ�ZLWK�0HVVDJHV�
���� &GUETKRVKQP�QH�VJG�2TQDNGO�

6JG�GZEJCPIG�QH�KPHQTOCVKQP�DGVYGGP�VJG�QDLGEV��CEVKPI�CU�ENKGPV�CPF�VJG�
QDLGEV��CEVKPI�CU�UGTXGT��KU�QPG�QH�VJG�OCKP�EQPEGRVU�KP�QDLGEV�QTKGPVGF�
RTQITCOOKPI��6JG�ENKGPV�UGPFU�C�TGSWGUV�VQ�VJG�UGTXGT�D[�ECNNKPI�QPG�QH�
VJG�UGTXGTU�QRGTCVKQPU��+V�OC[�UGPF�XCNWGU�QT�QDLGEV�TGHGTGPEGU�CU�CTIW�
OGPVU�YJGP�ECNNKPI�CP�QRGTCVKQP��6JG�UGTXGT�QDLGEV�WUGU�VJG�CTIWOGPVU�
YKVJKP�VJG�ECNNGF�QRGTCVKQP��6JG�ECNNGF�QRGTCVKQP�OC[�TGVWTP�C�XCNWG�QT�
QDLGEV�TGHGTGPEG��
#NUQ��CU�VJKU�UGCOU�VQ�DG�VJG�UCOG�CU�ECNNKPI�C�RTQEGFWTG�KP�RTQEGFWTCN�
RTQITCOOKPI��VJGTG�CTG�GNGOGPVU�VJCV�CFF�EQORNGZKV[��6JG�ECNNGF�QDLGEV�

VJG�UGTXGT��OC[�DG�VJG�QDLGEV�KVUGNH��DWV�KV�OC[�CNUQ�DG�CPQVJGT�QDLGEV��
6JKU�QVJGT�QDLGEV�KU�FGHKPGF�KP�C�FKHHGTGPV�ENCUU��6JGTGHQTG�VJGTG�CTG�OQTG�
GNGOGPVU�VQ�DG�TGOGODGTGF�CV�VJG�UCOG�VKOG�VJCP�KP�RTQEGFWTCN�RTQITCO�
OKPI��6JG�URNKV�QH�CVVGPVKQP�VQYCTFU�VYQ�HKNGU�
VYQ�ENCUUGU��KU�KPJGTGPV�VQ�
VJG�ECNN�QH�OGVJQFU��
6JGTG�CTG�UQOG�GZKUVKPI�UQNWVKQPU�VJCV�CFFTGUU�VJKU�RTQDNGO��

���� 5QNWVKQP��2TQEGFWTCN�2TQITCOOKPI�CV�(KTUV�
2TQEGFWTCN�RTQITCOOKPI�KU�DCUKECNN[�GSWKXCNGPV�VQ�QDLGEV�QTKGPVGF�RTQ�
ITCOOKPI�EQPEGTPKPI�RTQEGFWTG�QT�HWPEVKQP�ECNN�CPF�TGVWTP�XCNWG��6JKU�
LWUVKHKGU�VGCEJKPI�VJKU�RCTV�QH�RTQEGFWTCN�RTQITCOOKPI�HKTUV��6JKU�QHVGP�
OGCPU�VQ�VGCEJ�OGVJQF�ECNNU�YKVJKP�VJG�nOCKP
���OGVJQF�QH�C�ENCUU��$G�
ECWUG��WUKPI�VJG�nOCKP
���OGVJQF�KP�VGCEJKPI�KU�VJG�OQUV�EQOOQP�VGEJ�
PKSWG�QH�VGCEJKPI�RTQEGFWTCN�RTQITCOOKPI�HKTUV�KP�,CXC��#HVGT�VJG�UEJG�
OCVC�QH�OGVJQFU�CTG�CESWKTGF�YKVJ�QPG�ENCUU�
PQ�URNKVVGF�CVVGPVKQP���
EQWTUGU�WUWCNN[�UVCTV�YKVJ�GZKUVKPI�ENCUUGU�QH�VJG�#RRNKECVKQP�2TQITCOOKPI�
'PXKTQPOGPV�
#2+���6JKU�ECP�DG�FQPG�CNUQ�YKVJQWV�CVVGPVKQP�URNKV��YJGP�VJG�
WUGF�GZKUVKPI�ENCUUGU�QH�VJG�#2+�CPF�VJGKT�WUCIG�CTG�GZRNCKPGF�HKTUV��#HVGT�
VJCV�QPG�UVCTVU�YKVJ�VYQ�ENCUUGU�CPF�VJGKT�QDLGEVU�GZEJCPIKPI�OGUUCIGU��

���� 5QNWVKQP��5VGR�D[�5VGR�QT�5RKTCN�#RRTQCEJ�
6TCKPKPI�VJCV�IQGU�UOQQVJN[�HTQO�VJG�ECNN�QH�UKORNG�OGVJQFU�VQ�OQTG�UQ�
RJKUVKECVGF�OGVJQF�KPXQECVKQP�FQ�NQYGT�VJG�EQIPKVKXG�NQCF��;QW�OC[�UVCTV�
YKVJ�UKORNG�OGVJQFU�HKTUVN[�CPF�RQUV�RQPG�UQRJKUVKECVGF�OGVJQF�KPXQEC�
VKQP�VQ�NCVGT�KP�VJG�EQWTUG�
5RKTCN�#RRTQCEJ���

���� 4GHGTGPEGU�
QT�2QKPVGTU��CU�#TIWOGPVU�CPF�4GVWTP�6[RG�
4GHGTGPEGU�CU�CTIWOGPVU�CPF�TGVWTP�V[RG�FQ�PQV�ECWUG�RTQDNGOU�QPN[�KP�
QDLGEV�QTKGPVGF�RTQITCOOKPI�DWV�CNUQ�KP�RTQEGFWTCN�RTQITCOOKPI��
(KTUVN[��TGHGTGPEGU�CTG�NKMG�RQKPVGTU�VQ�TGEQTFU��9G�FKUEWUUGF�VJKU�VQRKE�
CNTGCF[�GCTNKGT��5GEQPFN[��TGHGTGPEGU�KP�,CXC�CTG�VJG�QPN[�YC[�VQ�JCXG�QWV�
RWV�CTIWOGPVU�CPF�KPRWV�QWVRWV�CTIWOGPVU��6JCV�OGCPU�CTIWOGPVU�FQ�PQV�
QPN[�RTQXKFG�CFFKVKQPCN�KPHQTOCVKQP�VQ�DG�RTQEGUUGF�YKVJKP�C�OGVJQF�DWV�
ECP�CNUQ�TGEGKXG�KPHQTOCVKQP�FWTKPI�VJG�GZGEWVKQP�QH�VJG�OGVJQF��+P�RTQEG�
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FWTCN�RTQITCOOKPI��FGXGNQRGTU�VCMG�ECTG�PQV�VQ�CNVGT�QVJGT�XCTKCDNGU�VJCP�
VJG�QWV��CPF�KP�QWV�CTIWOGPVU�VQ�CXQKF�UKFG�GHHGEVU��
6JG�UVTWEVWTG�QH�QDLGEV�QTKGPVGF�RTQITCOU�KU�FKHHGTGPV��9G�YKNN�FKUEWUU�VJKU�
KP�VJG�PGZV�EJCRVGT��
+P�,CXC�VJG�CTIWOGPV�RCUUKPI�D[�XCNWG�KU�C�XGT[�KORQTVCPV�VQRKE��+V�KU�YGNN�
YQTVJ�VQ�KPXGUV�UGXGTCN�NGUUQPU�VQ�RTQXKFG�VTCKPGGU�YKVJ�GPQWIJ�GZRGTK�
GPEG��+P�UGXGTCN�DQQMU�5VTKPI�CPF�5VTKPI$WHHGTU�CTG�WUGF�VQ�GZRNCKP�XCNWG�
RCUUKPI�KP�,CXC��#U�5VTKPIU�CTG�KOOWVCDNG�VJG[�ECPPQV�DG�WUGF�HQT�QWVRWV�
QT�KPRWV�QWVRWV�CTIWOGPVU��5VTKPI$WHHGTU�CTG�OWVCDNG�CPF�ECP�DG�WUGF�HQT�
KV��

���� %QPENWUKQP�
/GUUCIGU�CPF�CTIWOGPV�RCUUKPI�CTG�C�XGT[�FGOCPFKPI�VCUM�YKVJ�C�JGCX[�
EQIPKVKXG�NQCF��+V�KU�KPVGTTGNCVGF�VQ�QVJGT�VQRKEU�YKVJ�JKIJ�EQIPKVKXG�NQCF�NKMG�
XCTKCDNGU�CPF�QDLGEV�TGHGTGPEGU��#RRTQCEJGU�VJCV�FQ�PQV�QXGTNQCF�VJG�
NGCTPGTU�YQTMKPI�OGOQT[�CTG�ETWEKCN���

�� *UDVSLQJ�WKH�,GHD�RI�2EMHFW�2ULHQWHG�3URJUDPPLQJ�
6JG�OQUV�EJCNNGPIKPI�RCTV�KP�VGCEJKPI�QDLGEV�QTKGPVGF�RTQITCOOKPI�KU�IGV�
VKPI�VJG�UVWFGPVU�VQ�WPFGTUVCPF�VJG�KFGC�QT�RCTCFKIO�QH�QDLGEV�QTKGPVGF�
RTQITCOOKPI��

���� /CKP�2TQDNGOU�KP�6GCEJKPI�VJG�2CTCFKIO�QH�1DLGEV�1TKGPVGF�2TQITCOOKPI�
.GV�WU�CUUWOG�VJG�VTCKPGG�MPQYU�RTQEGFWTCN�RTQITCOOKPI�QT�YG�VCWIJV�
VJG�RCTVU�QH�QDLGEV�QTKGPVGF�RTQITCOOKPI�VJCV�CTG�EQPITWGPV�VQ�RTQEGFWTCN�
RTQITCOOKPI��HKTUV��0QY��YJCV�KORGFGU�VTCKPGGU�VQ�YQTM�CEEQTFKPI�VQ�VJG�
RCTCFKIO�QH�QDLGEV�QTKGPVGF�RTQITCOOKPI!�M+�GZRGTKGPEGF�VJCV�VJTGG�RTQD�
NGOU�CTG�OQUV�EWODGTUQOG�KP�RTCEVKUG��
��� (CNNKPI�DCEM�KPVQ�VJG�RCTCFKIO�QH�RTQEGFWTCN�RTQITCOOKPIOU�QXGTCNN�
EQPVTQN�CPF�VJGTGHQTG�CDWUKPI�UVCVKE�CVVTKDWVGU�CPF�UVCVKE�OGVJQFU��

��� %QNNCDQTCVKQP�CPF�GPECRUWNCVKQP��9QTMKPI�YKVJ�QDLGEV�TGHGTGPEGU�QT�
RQKPVGTU��

��� +PJGTKVCPEG�CPF�2QN[OQTRJKUO�
+�YKNN�CPCN[UG�VJGUG�RTQDNGOU�KP�VJG�HQNNQYKPI�VJTGG�UGEVKQPU��

�� �0LVV��8QGHUVWDQGLQJ�6WDWLF�$WWULEXWHV�DQG�2SHUDWLRQV�
6JKU�KU�C�UOCNN�DWV�PCUV[�RTQDNGO��$GECWUG��VTCKPGGU�OKZ�WR�VJG�EQPEGRVU�
QH�ENCUUGU�CPF�QDLGEVU��2NWU��KFGCU�QH�QXGTCNN�EQPVTQN�FQOKPCVG�VJGKT�VJKPM�
KPI��%QPEGPVTCVKPI�QP�QDLGEVU�ECP�JGNR��+�KPVTQFWEG�VJG�PQVKQP�QH�UVCVKE�
QDLGEV�VQ�ENGCTN[�UGRCTCVG�VJG�EQPEGRV�QH�ENCUU�CPF�QDLGEV��

���� &GUETKRVKQP�QH�VJG�2TQDNGO�
+P�QDLGEV�QTKGPVGF�RTQITCOOKPI�YG�UGV�WR�ENCUUGU��6JGUG�ENCUUGU�FGHKPG�
QDLGEVU��6JGUG�QDLGEVU�UJCNN�FQ�VJG�LQD��6JGTGHQTG��VJGTG�KU�PQV�OWEJ�PGGF�
HQT�UVCVKE�QRGTCVKQPU�CPF�UVCVKE�CVVTKDWVGU��$WV��KP�VJG�DGIKPPKPI��UVWFGPVU�
PGGF�VQ�UVQTG�KPHQTOCVKQP�UQOGVKOGU�CPF�VJG[�YCPV�VQ�TGVTKGXG�VJKU�KPHQT�
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OCVKQP�YKVJQWV�YQTT[KPI�VQQ�OWEJ�CDQWV�VJG�FGUKIP�QH�QDLGEVU�CPF�VJGKT�
ENCUUGU��
5Q�VJKU�KU�YJCV�[QW�YKNN�UGG��5VWFGPVU�WUG�UVCVKE�CVVTKDWVGU�YJGTG�[QW�
YQWNF�GZRGEV�QDLGEVOU�CVVTKDWVGU��6JKU�QEEWTU�KH�VJGTG�KU�QPN[�QPG�QDLGEV�QH�
C�ENCUU�KP�C�URGEKHKE�RTQLGEV��5VWFGPVU�YKNN�FGHGPF�VJGOUGNXGU��n9GNN��KV�
YQTMU��(KTUVN[��+�VTKGF�CP�QDLGEVU�CVVTKDWVG��DWV�VJGP�VJGTG�CRRGCTGF�CP[�
EQORKNGT�GTTQT��+�VTKGF�VJG�UVCVKE�CVVTKDWVG�CPF�KV�YQTMGF���
6JKU�OGCPU��5VWFGPVU�JCXG�PQV�WPFGTUVQQF�VJG�RTQEGUU�QH�KPUVCPVKCVKPI�CP�
QDLGEV��6JG[�VT[�VQ�YQTM�YKVJ�CP�QDLGEV�DGHQTG�VJG[�EQPUVTWEVGF�CP�KP�
UVCPEG�QH�KV��#U�VJG�EQORKNGTOU�GTTQT�OGUUCIG�UC[U�UQOGVJKPI�CDQWV�UVCVKE��
VJG[�VT[�WUKPI�UVCVKE�CVVTKDWVGU��#NUQ�CU�[QW�YQTMGF�DGHQTG�KP�VJG�UVCVKE�
nOCKP
���OGVJQF�[QW�OKIJV�JCXG�KPVTQFWEGF�CVVTKDWVGU�VJGTG��6JGTGHQTG��KH�
[QW�KPVTQFWEG�CVVTKDWVGU�DGHQTG�[QW�KPVTQFWEG�KPUVCPVKCVKQP��[QW�YKNN�TWP�
KPVQ�DKI�RTQDNGOU��;QWT�UVWFGPVU�YKNN�TGOGODGT�UVCVKE�CVVTKDWVGU�CU�UQOG�
VJKPI�[QW�WUG�TGIWNCTN[��6JG[�FQ�PQV�UGG�KV�CU�UQOGVJKPI�XGT[�URGEKCN��[QW�
WUG�QPN[�HQT�URGEKHKE�VCUMU��

���� #�)QQF�4GOGF[��6TGCVKPI�5VCVKE�'NGOGPVU�CU�C�5RGEKCN�1DLGEV�
$GUKFGU�VGCEJKPI�VJG�RTQEGUU�QH�KPUVCPVKCVKPI�YGNN��UQ�UVWFGPVU�FQPOV�TWP�
KPVQ�EQORKNGT�GTTQTU��QT��VGCEJKPI�VJGO�JQY�VQ�HKZ�VJKU�RTQDNGO�RTQRGTN[��+�
HQWPF�VJG�HQNNQYKPI�GZRNCPCVKQP�QH�UVCVKE�CVVTKDWVGU�CPF�QRGTCVKQPU�CEEW�
TCVG��
+�XKUWCNKUG�UVCVKE�CVVTKDWVGU�KP�CP�QDLGEV�FKCITCO��(QT�KPUVCPEG�KP�VJG�CE�
EQWPV�GZCORNG��+�UJQY�ENCUUGU�CPF�VJG�EQPVGPV�QH�VJGKT�CVVTKDWVGU�CU�QD�
LGEVU��

A ccount

nextNr = 501

CurrentA ccount

LOA N_LIMIT = 10 000
TY PE = "17"

SavingsA ccount

LOA N_LIMIT = 0
TY PE = "15"

#52;SavingsA ccount

: Customer

lastName = "Black"
f irs tName = "Nancy"

number = "15 000 123"
amount = 920.10

#11:CurrentA ccount

number = "17 000 204"
amount = 5 203.50

#120;SavingsA ccount

: Customer

lastName = "Miller"
f irs tName = "Joe"

number = "15 000 420"
amount = 25 780.90

#7:PrivateA ccount

: Customer

lastName = "Green"
f irs tName = "Harry"

number = "14 000 010"
amount = -4 20.10

PrivateA ccount

LOA N_LIMIT = 5 000
TY PE = "14"

(KI�����ENCUUGU�FKURNC[GF�CU�UVCVKE�QDLGEVU�
+�GZRNCKP�VJGO�VJCV�CP[�ENCUU�JQNFU�FGHKPKVKQP�HQT�VYQ�MKPFU�QH�QDLGEVU��
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���� 6JG�5VCVKE�1DLGEV�QH�VJG�%NCUU�
(TQO�QPG�MKPF��VJGTG�GZKUVU�QPN[�QPG�QDLGEV��6JKU�QDLGEV�KU�CWVQOCVKECNN[�
EQPUVTWEVGF��YJGP�VJG�ENCUU�QT�QPG�QH�KVU�QDLGEVU�KU�WUGF�HQT�VJG�HKTUV�VKOG��
;QW�TGHGT�VQ�VJG�CVVTKDWVGU�CPF�VJG�OGVJQFU�QH�VJKU�QDLGEV�D[�VJG�PCOG�QH�
VJG�ENCUU��6JKU�QDLGEV�KU�FGHKPGF�D[�VJG�UVCVKE�CVVTKDWVGU�CPF�OGVJQFU�KP�
VJG�ENCUU�FGHKPKVKQP��.GV�WU�ECNN�KV�VJG�UVCVKE�QDLGEV��#U�VJG�UVCVKE�QDLGEV�
PGGFU�PQ�KPUVCPVKCVKQP��KV�KU�PQV�EQTTGEV�VQ�PCOG�KV�CP�KPUVCPEG�QH�KVU�ENCUU��
+�CEMPQYNGFIG�VJCV�VJG�PQVKQP�QH�C�UVCVKE�QDLGEV�RTQRQUGF�JGTG�KU�PGY��$WV�
KV�KU�RQYGTHWN�CPF�KV�OKIJV�QXGTEQOG�WPPGEGUUCT[�CTIWOGPVCVKQPU�VJCV�
UVCVKE�OGVJQFU�CPF�CVVTKDWVGU�CTG�PQV�TGCNN[�QDLGEV�QTKGPVGF��'EMGN�
������
R�������EJCRVGT����YTKVGU�CDQWV�VJKU�KUUWG��n5QOG�RGQRNG�CTIWG�VJCV�UVCVKE�
OGVJQFU�CTG�PQV�QDLGEV�QTKGPVGF�UKPEG�VJG[�FQ�JCXG�VJG�UGOCPVKEU�QH�C�
INQDCN�HWPEVKQP��YKVJ�C�UVCVKE�OGVJQF�[QW�FQPOV�UGPF�C�OGUUCIG�VQ�CP�QD�
LGEV��UKPEG�VJGTGOU�PQ�VJKU��6JKU�KU�RTQDCDN[�C�HCKT�CTIWOGPV��CPF�KH�[QW�HKPF�
[QWTUGNH�WUKPI�C�NQV�QH�UVCVKE�OGVJQFU�[QW�UJQWNF�RTQDCDN[�TGVJKPM�[QWT�
UVTCVGI[��*QYGXGT��UVCVKEU�CTG�RTCIOCVKE�CPF�VJGTG�CTG�VKOGU�YJGP�[QW�
IGPWKPGN[�PGGF�VJGO��UQ�YJGVJGT�QT�PQV�VJG[�CTG�QRTQRGT�112R�UJQWNF�DG�
NGHV�VQ�VJG�VJGQTGVKEKCPU��+PFGGF��GXGP�5OCNNVCNM�JCU�VJG�GSWKXCNGPV�KP�KVU�
QENCUU�OGVJQFU�R��
6Q�UWO�KV�WR��UVCVKE�QDLGEVU�RTQXKFG�C�UGTXKEG�NKMG�CP[�QVJGT�QDLGEV��6JG[�
CTG�CXCKNCDNG�CNN�VJG�VKOG�VJTQWIJQWV�GZGEWVKQP�QH�VJG�RTQITCO����

���� +PUVCPEGU�QH�VJG�%NCUU�
6JG�UGEQPF�MKPF�KU�VJG�TGIWNCT�QDLGEVU��VJG�KPUVCPEGU��(TQO�VJKU�MKPF�QH�
QDLGEV��VJGTG�ECP�DG�PQ�KPUVCPEG�VJGP�KV�KU�C�WVKNKV[�ENCUU�NKMG�ENCUU�/CVJ��
VJGTG�ECP�DG�QPG�CPF�QPN[�QPG�KPUVCPEG��VJGP�KV�KU�C�UKPINGVQP��QT��VJGTG�
EQWNF�D[�OCP[�KPUVCPEGU��6JG�NCVVGT�KU�VJG�WUWCN�ECUG��
6Q�WUG�VJG�EQPEGRVU�QH�QDLGEV�QTKGPVGF�RTQITCOOKPI�EQTTGEVN[�YG�ECP�WUG�
QDLGEV��CU�UWRGT�ECVGIQT[�QH�KPUVCPEG�CPF�UVCVKE�QDLGEV��6JGTGHQTG�KV�OKIJV�
JGNR�NGCTPGTU�YJGP�YG�FTCY�QDLGEV�FKCITCOU�YKVJ�VJG�UVCVKE�QDLGEV�CPF�
VJG�KPUVCPEGU�QH�VJG�ENCUU��6JKU�KU�PQV�HQTGUGGP�KP�VJG�1DLGEV�/CPCIGOGPV�
)TQWROU�
������7PKHKGF�/QFGNKPI�.CPIWCIG��5RGEKHKECVKQP��XGTUKQP������$WV�
KV�OKIJV�JGNR�VQ�CXQKF�C�NQV�QH�EQPHWUKQP�DGVYGGP�ENCUUGU�CPF�QDLGEVU��6JG�
1DLGEV�/CPCIGOGPV�)TQWR�UWIIGUVU�OKZKPI�ENCUUGU�CPF�QDLGEVU�KP�UVCVKE�
FKCITCO��6JKU�OKIJV�DG�EQPXGPKGPV�VQ�GZRGTVU��KV�KU�EQPHWUKPI�VQ�PQXKEGU��

���� 5JCTGF�0COG�5RCEG�QH�+PUVCPEGU�CPF�VJG�5VCVKE�1DLGEVU�QH�KVU�6[RG�
+P�VJG�EQFG�KPUKFG�C�ENCUU��[QW�ECP�TGHGT�VQ�VJG�CVVTKDWVGU�CPF�QRGTCVKQPU�QH�
CNN�VJG�UVCVKE�QDLGEVU�QH�VJG�DCUKE�ENCUUKU�YKVJQWV�TGHGTTKPI�VQ�VJG�ENCUU��+P�
VJKU�ECUG��VJG�RTQITCO�NQQMU�HQT�CP�CVVTKDWVG�QT�QRGTCVKQP�HKTUV�KP�VJG�UVCVKE�
QDLGEV�QH�VJG�EWTTGPV�V[RG�QH�VJG�XCTKCDNG�VJCV�TGHGTU�VQ�VJG�QDLGEV��VJGP�KP�
VJG�UVCVKE�QDLGEV�QH�VJG�RCTGPV�ENCUU�QH�VJCV�V[RG��VJGP�KP�VJG�UVCVKE�QDLGEV�
QH�VJG�RCTGPVOU�RCTGPV�ENCUU�CPF�UQ�QP��+P�VJG�GZCORNG�CDQXG��KPUKFG�QH�
QDLGEV������C�%WTTGPV#EEQWPV��6;2'�TGHGTU�VQ�6;2'�KP�VJG�UVCVKE�QDLGEV�
%WTTGPV#EEQWPV�VJCV�KU����CPF�PGZV0T�VQ�VJG�UVCVKE�CVVTKDWVG�PGZV0T�KP�VJG�
UVCVKE�QDLGEV�#EEQWPV��
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���� %QPENWUKQP�
5VCVKE�GNGOGPVU�CWIOGPV�EQORNGZKV[��6JG[�CTG�PGGFGF�KP�C�PQTOCN�NGCTPKPI�
GPXKTQPOGPV��DWV�CTG�WPMPQYP�KP�OKETQYQTNFU��7UKPI�OKETQYQTNFU�FG�
ETGCUGU�VJG�EQIPKVKXG�NQCF�VJGTGHQTG���

�� &ROODERUDWLRQ�DQG�(QFDSVXODWLRQ��:RUNLQJ�ZLWK�2EMHFW�
5HIHUHQFHV��RU�3RLQWHUV��LQ�0HVVDJHV��2SHUDWLRQV��

���� &GUETKRVKQP�QH�VJG�2TQDNGO�
9JCV�KU�VJG�MGTPGN�QH�QDLGEV�QTKGPVGF�RTQITCOOKPI!�M+P�QDLGEV�QTKGPVGF�
RTQITCOOKPI�[QW�VJKPM�QH�UOCNN�WPKVU�
QDLGEVU��VJCV�FQ�C�UOCNN�RCTV�QH�VJG�
LQD��'XGT[�UKPING�QRGTCVKQP�KU�VTKXKCN��6JG�EQORNGZKV[�NKGU�KP�VJG�EQNNCDQTC�
VKQP�QH�CNN�VJG�QDLGEVU�
KPUVCPEGU��QH�VJGUG�ENCUUGU��;QW�OC[�FKUEWUU�VJKU�
RTQDNGO�HTQO�VJG�RQKPV�QH�XKGY�QH�RTQITCO�FGUKIP��VJGP�[QW�UGG�KV�CU�C�
TGURQPUKDKNKV[�EQNNCDQTCVKQP�RTQDNGO��[QW�OC[�FGHKPG�KV�CU�VJG�VGEJPKECN�
IQCN�QH�GPECRUWNCVKQP�VQ�IGV�UOCNN�CPF�UVCDNG�KPVGTHCEGU��5EJKNFV�
������R��
����KFGPVKHKGU�'PECRUWNCVKQP�CU�VJG�HKTUV�RTKPEKRNG�QH�QDLGEV�QTKGPVGF�
RTQITCOOKPI��+�UGG�KV�OQTG�RTCIOCVKECNN[�HQT�DGIKPPGTU��6JG�QDLGEVKXG�KU�VQ�
DG�CDNG�VQ�UGV�WR�EQNNCDQTCVKPI�QDLGEVU�CPF�VJKU�OGCPU�VQ�WPFGTUVCPF�JQY�
QDLGEV�MPQY�CDQWV�GCEJ�QVJGT�CPF�JQY�VJG[�TGHGT�VQ�GCEJ�QVJGT��+V�OGCPU�
VQ�MPQY�JQY�UWEJ�TGHGTGPEGU�CTG�UGV�WR�KP�C�RTQITCO��$GECWUG��EQNNCDQTC�
VKQP�KU�QPN[�RQUUKDNG�KH�UGXGTCN�QDLGEVU�MPQY�GCEJ�QVJGT��
+P�VJG�XKGY�QH�QDLGEV�QTKGPVGF�FGUKIP��EQNNCDQTCVKQP�KU�QHVGP�UGGP�CU�CIITG�
ICVKQP��+PUVGCF�QH�FGHKPKPI�QPG�QDLGEV�VJCV�FQGU�VJG�GPVKTG�LQD��[QW�FGUKIP�
UGXGTCN�QDLGEVU�YJQ�YQTM�ENQUGN[�VQIGVJGT��6JGTG�OC[�DG�QPG�QDLGEV�VJCV�
CEVU�CU�C�EQPVCEV�VQ�VJG�QWVUKFG�QH�VJG�ITQWR�CPF�TGEGKXGU�CNN�OGUUCIGU�
HKTUV��$WV�VJGP��VJKU�QDLGEVU�UGPFU�OGUUCIGU�VQ�QVJGT�QDLGEVU�VJCV�CTG�
ENQUGN[�TGNCVGF�VQ�KV��
(QT�VJG�DGIKPPGT��CIITGICVKQP�QT�EQNNCDQTCVKQP��KU�FKHHKEWNV�VQ�WPFGTUVCPF�
CPF�GXGP�OQTG�FKHHKEWNV�VQ�UGV�WR�CPF�KORNGOGPV��6JGTG�CTG�UGXGTCN�KFGCU�
VQ�JGNR�DGIKPPGTU�YKVJ�UGVVKPI�WR�CIITGICVKQPU�QH�EQNNCDQTCVKPI�QDLGEVU��

���� 8KUWCNK\CVKQP�QH�%QNNCDQTCVKQP�KP�%NCUU�&KCITCOU�
6JG�CUUQEKCVKQP�KP�ENCUU�FKCITCOU�CTG�C�IQQF�XKUWCNKUCVKQP�QH�VJG�TGNCVKQP�
UJKR�DGVYGGP�QDLGEVU��5VWFGPVU�WPFGTUVCPF�WUWCNN[�CUUQEKCVKQPU�KP�ENCUU�
FKCITCOU��$WV��VJG�VTCPUHGT�HTQO�FTCYP�CUUQEKCVKQP�KP�C�UVCVKE�FKCITCO�VQ�
EQFG�KU�PQV�GXKFGPV��;QW�JCXG�VQ�VGCEJ�JQY�VQ�VTCPUHQTO�CUUQEKCVKQPU�VQ�
EQFG��(QT�KPUVCPEG��VQ�VGCEJ�EQNNGEVKQPU�NKMG�8GEVQT�FQGU�PQV�JGNR��6JGTG�KU�
C�TGNCVKQPUJKR�DGVYGGP�VJG�MKPF�CPF�PWODGT�QH�QDLGEVU�CV�GCEJ�GPF�QH�CP�
CUUQEKCVKQP�CPF�VJG�V[RG�QH�EQNNGEVKQP�DGUV�UWKVGF�VQ�OCKPVCKP�VJKU�TGNCVKQP�
UJKR��6JG�VTCKPGG�OWUV�NGCTP�VJKU�TGNCVKQPUJKR�DGVYGGP�CUUQEKCVKQP�FTCYP�KP�
C�EJCTV�CPF�VJG�EQNNGEVKQP�WUGF�VQ�OCKPVCKP�TGHGTGPEGU��

���� %4%�%CTFU�CPF�4QNG�2NC[�
9QTMKPI�YKVJ�%4%�%CTFU�VQ�VGUV�RTQITCO�HNQY�KU�CP�GZEGNNGPV�YC[�VQ�GZ�
RGTKGPEG�VJG�YC[�EQNNCDQTCVKQP�KP�QDLGEV�QTKGPVGF�RTQITCOOKPI�YQTMU��,Q�
UGRJ�$GTIKP�ECNNU�VJKU�n&GUKIP�D[�YCNMKPI�CTQWPF���+�YQWNF�ECNN�KV�CP�QDLGE�
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VQFTCOC��DGECWUG�+�FQ�PQV�QPN[�WUG�%4%�%CTFU�HQT�FGUKIPKPI�PGY�KPVGTCE�
VKQP��DWV�CNUQ�VQ�TGRNC[�GZKUVKPI�KPVGTCEVKQPU��(QT�KPUVCPEG�+�TGRNC[�YKVJ�O[�
UVWFGPVU�VJG�GXGPV�RTQEGUUKPI�QH�VJG�ITCRJKECN�WUGT�KPVGTHCEG��

���� *QY�VQ�7UG�%4%�%CTFU�CPF�4QNG�2NC[�
5VWFGPVU�VGPF�VQ�WUG�KPVGTCEVKQP�UGSWGPEGU�YGTG�QPG�QDLGEV�VCMGU�EQPVTQN�
CPF�VJG�QVJGT�QDLGEVU�UVC[�OQTG�QT�NGUU�RCUUKXG��6JCV�OGCPU�VJG[�FQ�OQTG�
QT�NGUU�RTQEGFWTCN�RTQITCOOKPI��1PG�QDLGEV�VCMGU�VJG�RCTV�QH�VJG�UVTWE�
VWTGF�RTQITCO�VJG�QVJGT�RNC[�VJG�TQNG�QH�TGEQTFU�VJCV�UVQTG�KPHQTOCVKQP��
;QW�GPF�WR�YKVJ�RTQITCOU�YJGTG�QPG�ENCUU�KU�GZVTGOGN[�NQPI�CNN�QVJGT�
ENCUUGU�CTG�UJQTV�CPF�JCXG�QPN[�UKORNG�WRFCVG�CPF�SWGT[�OGVJQFU��'XGP�
VTCKPGGU�VJCV�PGXGT�NGCTPGF�RTQEGFWTCN�RTQITCOOKPI�UJQY�VJKU�VGPFGPE[��
6Q�RTGXGPV�VJKU�UVTWEVWTGF�VJKPMKPI��[QW�OC[�IKXG�[QWT�UVWFGPVU�FKHHGTGPV�
TGUVTKEVKQPU�HQT�VJG�YC[�VJG[�UJQWNF�EQPUVTWEV�VJG�KPVGTCEVKQP��6GNN�VJGO�
HQT�KPUVCPEG��VJCV�VJG[�UJQWNF�HKPF�C�YC[�VJCV�CNN�RGTUQPU�
QDLGEVU��KP�
XQNXGF�KP�VJG�KPVGTCEVKQP�JCXG�GSWKXCNGPV�VCUMU�VQ�FQ��
6Q�XKUWCNKUG�RCTCOGVGT�RCUUKPI��+�WUG�GPXGNQRGU�CPF�RCRGT��+�KPUVTWEV�VTCKP�
GGU�VQ�RKEM�C�UGSWGPEG�PWODGT�HQT�CP[�QDLGEV�ETGCVGF��6JG�VTCKPGG�YTKVGU�
VJG�PWODGT�QH�VJG�QDLGEV�VJCV�TGEGKXGU�C�OGUUCIG�QP�VJG�GPXGNQRG��*G�
YTKVGU�QP�UOCNN�RKGEGU�QH�RCRGT�HKTUV�VJG�PCOG�QH�VJG�QRGTCVKQP��VJGP�VJG�
XCNWG�QH�VJG�HKTUV�CTIWOGPV��VJG�XCNWG�QH�VJG�UGEQPF�CTIWOGPV��CPF�UQ�QP��
6JG�VTCKPGG�RWVU�VJG�RKGEGU�KPVQ�VJG�GPXGNQRG��6JG[�UJQWNF�FQ�UQ�GXGP�
YKVJ�OGUUCIGU�VQ�nVJKU���6JG�RKGEGU�QH�RCRGT�KPUKFG�VJG�GPXGNQRG�OCMG�WR�
VJG�UKIPCVWTG�QH�VJG�QRGTCVKQP��6JG�TGEGKXKPI�QDLGEVU�YKNN�EJQQUG�VJG�CR�
RTQRTKCVG�OGVJQF�DCUGF�QP�VJG�UKIPCVWTG�CPF�WUG�VJG�XCNWGU�RCUUGF�VQ�
EQORNGVG�VJG�OGVJQF��6JG�GPXGNQRG�YKNN�DG�TGVWTPGF�VQ�VJG�ECNNKPI�QDLGEV�

RGTUQP��YJGP�VJG�QRGTCVKQP�KU�EQORNGVGF��6JG�GPXGNQRG�YKNN�DG�TGVWTPGF�
XQKF�QT�YKVJ�C�RKGEG�QH�RCRGT�YKVJ�VJG�TGVWTP�XCNWG�KP�KV��
6JKU�TQNG�RNC[�JGNRU�VJG�VTCKPGG�VQ�DWKNF�WR�VJG�UEJGOC�QH�EQNNCDQTCVKQP�
YKVJQWV�WPPGEGUUCT[�CFFKVKQPCN�KPHQTOCVKQP��UWEJ�CU��7PKHKGF�/QFGNNKPI�
.CPIWCIG�FKCITCOU�QT�EQFG�U[PVCZ��

���� %QPENWUKQP�
%QNNCDQTCVKQP�
VGEJPKECNN[��CIITGICVKQP�CPF�GPECRUWNCVKQP�KP�RQKPV�QH�XKGY�
QH�FGUKIP��KU�QPG�QH�VJG�MG[�EQPEGRVU�QH�QDLGEV�QTKGPVGF�RTQITCOOKPI��
9KVJ�TQNG�RNC[U��KV�ECP�DG�VGCEJGF�CXQKFKPI�EQIPKVKXG�NQCF��

�� 3RO\PRUSKLVP��7\SHV�DQG�2YHUZULWLQJ�0HWKRGV�
+PJGTKVCPEG��RQN[OQTRJKUO��VJG�QXGTYTKVKPI�QH�OGVJQFU�KP�UWD�ENCUUGU�KU�
TGICTFGF�CU�VJG�GUUGPVKCN�VJKPI�KP�QDLGEV�QTKGPVGF�RTQITCOOKPI��)QQF�CPF�
UKORNG�GZCORNGU�CTG�VJGTGHQTG�ETWEKCN��

���� 6GCEJKPI�2QN[OQTRJKUO�9KVJ�6JG�#EEQWPV�'ZCORNG�
#�IQQF�GZCORNG�VQ�FGOQPUVTCVG�UWD�ENCUUGU�KP�CEVKQP�KU�VJG�CEEQWPV�GZ�
CORNG��(QT�FKHHGTGPV�MKPFU�QH�CEEQWPVU�VJGTG�CTG�FKHHGTGPV�TWNGU�HQT�QXGT�
FTCYKPI�VJG�CEEQWPV�CPF�HQT�TGFTCYKPI�OQPG[�HTQO�VJG�CEEQWPV��+V�KU�C�
IQQF�GZGTEKUG�VQ�DWKNF�VQIGVJGT�VJKU�JKGTCTEJ[�QH�CEEQWPVU�CPF�VQ�QXGTYTKVG�
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OGVJQFU�VQ�KORNGOGPV�VJG�TWNGU�HQT�VJG�FKHHGTGPV�MKPF�QH�CEEQWPVU��6JG�
JKGTCTEJ[�QH�CEEQWPVU�UJQWNF�JCXG�OQTG�VJCP�QPG�NGXGN��(QT�KPUVCPEG��
(KTUV�NGXGN��
#EEQWPV�]CDUVTCEV_�

5GEQPF�NGXGN��
%WTTGPV#EEQWPV�HQT�DWUKPGUUGU��YJGTG�VJGTG�CTG�FKHHGTGPV�NKOKVC�
VKQPU�QP�QXGTFTCYKPI��CEEQTFKPI�VQ�EWUVQOGTU�ETGFKV�NKOKVU��0Q�NKOK�
VCVKQPU�QP�YKVJFTCYCN��
2TKXCVG#EEQWPV��NKOKVCVKQPU�QP�YKVJFTCYCN��QXGTFTCYKPI�KU�NKOKVGF�VQ�
VJG�OQPVJN[�KPEQOG�
TGPV��UCNCT[��
6JKTF�NGXGN��

5CXKPIU#EEQWPV��NKMG�2TKXCVG#EEQWPV�DWV�QXGTFTCYKPI�KU�PQV�
RQUUKDNG��

+H�[QW�EQPUVTCKP�[QWT�GZCORNG�VQ�VYQ�NGXGNU�UVWFGPVU�YKNN�URGEWNCVG��VJCV�
QPN[�VYQ�NGXGNU�CTG�RQUUKDNG���
1DXKQWUN[��KP�VJKU�CEEQWPV�GZCORNG��VJGTG�OWUV�DG�CP�QRGTCVKQP�VQ�EJGEM�
VJG�COQWPV�QH�OQPG[�VJG�EWUVQOGT�OC[�YKVJFTCY��6JKU�QRGTCVKQP�KU�CD�
UVTCEV�QP�VJG�HKTUV�NGXGN�CPF�JCU�FKHHGTGPV�OGVJQFU�QP�VJG�QVJGT�NGXGNU��

income : double
credit : double

checkWithdraw Limit()

Cus tom e r

/balance : double

checkW ithdrawLimit() : doub le

Account
{a bstra ct}

checkWithdraw Limit() : double

Curr e n tAccount

1 *

checkWithdraw Limit() : double

Pr ivate Account

checkWithdraw Limit() : double

Savings Account

(KI�����VJG�CEEQWPV�GZCORNG�
#XQKF�WUKPI�UVCVKE�EQPUVCPVU�
UVCVKE�HKPCN��VQ�FGHKPG�NKOKVU�HQT�YKVJFTCYCN�QT�
QXGTFTCYKPI��;QW�OC[�FQ�UQ�NCVGT�QP��YJGP�VGCEJKPI�VJG�TGNCVKQPUJKR�DG�
VYGGP�V[RGU�CPF�ENCUU�XCTKCDNGU��$WV�YJGP�[QW�VGCEJ�KPJGTKVCPEG��RQN[�
OQTRJKUO�CPF�VJG�QXGTYTKVKPI�QH�OGVJQFU��VJGP��[QWT�UVWFGPVU�GPEQWPVGT�
CNTGCF[�GPQWIJ�PGY�KPHQTOCVKQP��
+P�VJG�CEEQWPV�HTCOGYQTM�CDQXG�[QW�ECP�FGOQPUVTCVG�C�WUGHWN�RQN[OQT�
RJKUO�D[�RTQITCOOKPI�nEJGEM9KVJFTCY.KOKV
���KP�ENCUU�EWUVQOGT��;QW�
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UJQWNF�IGV�VJG�QXGTCNN�NKOKV�HTQO�CNN�CEEQWPVU�QH�VJG�EWUVQOGT��;QW�OWUV�
TGHGT�VQ�VJG�CEEQWPVU�D[�CP�CTTC[�QT�D[�C�EQNNGEVKQP�
n8GEVQT��HQT�KP�
UVCPEG���
.CVGT�QPG�OC[�GXGP�WUG�CP�KPVGTHCEG�nETGFKVCDNG��YKVJ�QRGTCVKQPU�NKMG�
nEJGEM9KVJFTCY.KOKV
����$GHQTG�[QW�JCXG�UWEJ�CP�KPVGTHCEG��nEJGEM9KVJ�
FTCY.KOKV
���KU�QPN[�TGCNKUGF�KP�ENCUU�EWUVQOGT��#HVGTYCTFU�KV�KU�C�V[RG��
;QW�OC[�FGOQPUVTCVG��VJCV�[QW�ECP�OKZ�EWUVQOGTU�CPF�CEEQWPVU�HQT�KP�
UVCPEG�KP�CP�CTTC[�QH�V[RG�ETGFKVCDNG�VQ�IGV�VJG�QXGTCNN�YKVJFTCY�NKOKV�QH�
CP[�QDLGEVU�QH�V[RG�ETGFKVCDNG�[QW�YKUJ��

���� %QPENWUKQP�
6JGTG�CTG�UQOG�GXKFGPV�GZCORNGU�VQ�KPVTQFWEG�RQN[OQTRJKUO�CPF�KPJGTK�
VCPEG��2QN[OQTRJKUO�KU�C�EQORNKECVGF�CPF�CDUVTCEV�VQRKE��*QYGXGT��KV�KU�
PQV�CU�FKHHKEWNV�VQ�VGCEJ�CU�EQNNCDQTCVKQP��

�� 8VHU�,QWHUIDFH�5HODWHG�3UREOHPV�
���� $GECWUG�QH�KVU�TKEJPGUU��C�ITCRJKECN�WUGT�KPVGTHCEG�KU�FKHHKEWNV�VQ�KORNGOGPV��

$QQMU�CPF�EQWTUGU�CXQKF�KV��DWV�&15�CPF�7PKZ�NKMG�EQFG�NKPG�KPVGTHCEGU�
CNUQ�RTQDNGOCVKE��

���� &GUETKRVKQP�QH�VJG�2TQDNGO�
)TCRJKECN�WUGT�KPVGTHCEGU�
)7+��CTG�XGT[�EQORNKECVGF��5GVVKPI�WR�C�WUGT�
KPVGTHCEG�YKVJ�UYKPI�KU�XGT[�YGNN�FQEWOGPVGF�KP�VJG�,CXC�VWVQTKCN��0GXGT�
VJGNGUU��DGECWUG�QH�KVU�TKEJPGUU�CPF�EQORNGZKV[��KV�KU�FKHHKEWNV�VQ�WPFGT�
UVCPF�HQT�VJG�PQXKEG��$WV�VJG�PQXKEG�YQWNF�NKMG�VQ�FQ�TGCN�VJKPIU��6JKU�
OGCPU��JG�QT�UJG�YQWNF�NKMG�VQ�YTKVG�UOCNN�CRRNKECVKQPU�VJCV�JCXG�C�ITCRJK�
ECN�WUGT�KPVGTHCEG�CPF�C�EQFG�VJCV�VJG[�WPFGTUVCPF�EQORNGVGN[��*QY�ECP�
YG�UEQRG�YKVJ�VJKU�YKUJGU�CPF�EKTEWOUVCPEGU!�

���� 0GGF�HQT�8KUWCN�(GGFDCEMM%QPHWUKQP�DGVYGGP�1DLGEVU�CPF�4GNCVGF�8KGYU�
CPF�%QPVTQNU�QP�5ETGGP�
1PG�IQCN�QH�ITCRJKECN�WUGT�KPVGTHCEGU�KU�VQ�IKXG�VJG�WUGT�HGGFDCEM��6JG�
WUGT�YKNN�IGV�HGGFDCEM��PQV�VJG�RTQITCOOGT��(QT�VJG�PQXKEG�RTQITCOOGT��
VJG�ITCRJKECN�WUGT�KPVGTHCEG�
)7+��KU�C�DWTFGP��$GECWUG��KP�C�ITCRJKECN�WUGT�
KPVGTHCEG�VJG�XKUWCN�TGRTGUGPVCVKQP�UJQWNF�DG�UGRCTCVGF�HTQO�FCVC��6JGTG�
HQTG�VJGTG�KU�C�OWNVK�UVGR�RTQEGUU�VQ�VTCPUHQTO�VJG�UGVVKPIU�KP�C�XKUWCN�TGR�
TGUGPVCVKQP�
ECNNGF�EQPVTQN�
C�VGZV��C�UNKFG�DCT��KPVQ�FCVC�CPF�FCVC�DCEM�KPVQ�
TGRTGUGPVCVKQPU�QP�UETGGP��0QV�MPQYKPI�VJKU�HCEV��PQXKEG�RTQITCOOGTU�
GZRGEV�VJCV�VJG[�ECP�OCPKRWNCVG�FKTGEVN[�FCVC�HTQO�6GZV#TGCU��.KUVU�QT�
,6CDNGU��(QT�KPUVCPEG��VJG[�GZRGEV�VJCV�VJG[�EQWNF�WUG�FKTGEVN[�C�6GZV#TGC�
HQT�C�ECNEWNCVKQP�QT�VJCV�VJG[�YQTM�YKVJ�C�,6CDNG�YKVJQWV�FGHKPKPI�C�FCVC�
OQFGN�HQT�VJG�6CDNG��*QY�VQ�UEQRG�YKVJ�VJKU�RTQDNGO!�

���� 6JG�n5[UVGO�QWV�RTKPVNP
���#RRTQCEJ�
'ZVGPUKXG�WUG�QH�UGPFKPI�KPHQTOCVKQP�VQ�UVCPFCTF�QWVRWV�
C�VGZV�YKPFQY��
JGNRU�WUGTU�VQ�UGG�YJCV�KU�IQKPI�QP��;QW�OC[�NCVGT�GXGP�KPUVTWEV�[QWT�
RGQRNG�VQ�HKTUV�UGV�WR�C�FCVC�OQFGN�VJCV�[QW�VGUV�QPN[�D[�QDUGTXKPI�VJG�
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NKPG�QWVRWV�RTQFWEGF�YKVJ�n5[UVGO�QWV�RTKPVNP
����1PN[�YJGP�VJKU�OQFGN�
YQTMU�HKPG��[QW�KPVGITCVG�KV�KP�C�ITCRJKECN�WUGT�KPVGTHCEG��
9JKNG�FQKPI�VJG�KPVGITCVKQP�[QW�VCMG�ECTG�VQ�GZRNCKP�VJG�RTQEGUU�HTQO�EQP�
VTQN�VQ�FCVC�CPF�HTQO�FCVC�VQ�XKGY��

���� /CMKPI�+PRWV�CPF�1WVRWV�'CUKGT�YKVJ�,CXC�
,CXC�KU�C�)7+�QTKGPVGF�NCPIWCIG��#EEGUU�VQ�KPRWV�CPF�QWVRWV�KU�FKHHKEWNV��+V�
KU�CNN�PCVWTCN�VQ�NQYGT�VJG�EQIPKVKXG�NQCF�D[�CXQKFKPI�VJG�)7+�QXGTJGCF�CPF�
JKFKPI�VJG�EQORNGZKV[�QH�KPRWV�CPF�QWVRWV�KP�VJG�DGIKPPKPI��5GXGTCN�VTCKP�
GTU�QT�CWVJQTU�FQ�VJKU��,WF[�$KUJQR�
������WUGU�C�ENCUU�6GZV�VQ�GCUG�CE�
EGUU�VQ�HKNGU�CPF�MG[DQCTF��0QV�CNN�TGCFGTU�CRRTGEKCVG�JGT�YC[�VQ�FQ�KV��
1PG�TGCFGT�QP�#OC\QP�EQO�GXGP�UC[U��n9G�NGCTPGF�,CXC�IGPVN[�PQV�
,CXC���$WV�KV�ECPPQV�DG�VJG�HCWNV�QH�VJG�CRRTQCEJ��-��0��-KPI�
������YJQ�
IGVU�HQT�JKU�DQQM�CP�COC\KPI�UWKVG�QH�VGP�GPVJWUKCUVKE�HKXG�UVCT�TCVKPIU�
WUGU�GZCEVN[�VJKU�CRRTQCEJ��#XQKFKPI�VJG�ITCRJKECN�WUGT�KPVGTHCEG�CPF�WU�
KPI�C�ENCUU�VQ�GCUG�KPRWV�HTQO�MG[DQCTF�CPF�QWVRWV�VQ�UETGGP��1PG�TGCFGT�
YTKVGU��n#NN�,CXC�DGIKPPGT�DQQMU�UMKR�VJG�KPRWV�HWPEVKQP�KP�,CXC�CRRNKEC�
VKQPU��;QW�URGPF�JCNH�[QWT�VKOG�YQPFGTKPI�JQY�[QW�KPRWV�CP[VJKPI�KPVQ�C�
,CXC�RTQITCO��/T�-KPI�UQNXGU�VJG�RTQDNGO�D[�YTKVKPI�C�5KORNG�+PRWV�ENCUU�
VJCV�[QW�KORQTV�NKMG�CP[�QVJGT�ENCUU�CPF�OCMGU�,CXC�CRRNKECVKQP�KPRWV�UKO�
RNG�CPF�HWP��6JKU�KPETGCUGU�[QWT�KPVGTGUV�KP�,CXC�CPF�OCMGU�KV�OQTG�HWP�VQ�
NGCTP��;QW�ECP�CEVWCNN[�YTKVG�WUGHWN�,CXC�RTQITCOU�HTQO�RCIG�UKZV[�VJTGG���
-KPI�EQOOGPVU�JKU�VJTGG�ENCUUGU�KP�CRRGPFKZ�'�
-KPI�������R��������*G�
TGUVTKEVU�JKOUGNH�VQ�VJTGG�ENCUUGU��DGECWUG�CU�JG�YTKVGU��n+OO�PQV�C�DKI�HCP�
QH�KPUVTWEVQT�UWRRNKGF�ENCUUGU��UQ�+OXG�MGRV�VJG�WUG�QH�VJGUG�ENCUUGU�VQ�C�
DCTG�OKPKOWO���
$GUKFGU�YTKVKPI�CP�KPRWV�ENCUU�CPF�KORQTVKPI�KV��KV�KU�CNUQ�RQUUKDNG�VQ�YTKVG�
C�ENCUU�VJCV�RTQXKFGU�DCUKE�UGTXKEGU�CPF�UWDENCUU�VJKU�ENCUU��#P�GZCORNG�QH�
UWEJ�C�ENCUU�ECP�DG�HQWPF�KP�#RRGPFKZ�$��5GTXKEG�%NCUU�HQT�GCU[�KPRWV��
QWVRWV�KP�,CXC��
#U�YTKVVGP�KP�VJG�UGEVKQP�4GCF�$GHQTG�9TKVG�XGTUWU�*KFKPI�&GVCKNU��R������+�
UVTQPIN[�TGEQOOGPF�GKVJGT�VQ�FGUKIP�CPF�EQOOGPV�VJKU�5GTXKEG�ENCUU�YGNN�
QT�VQ�JKFG�VJG�EQPVGPV�QH�VJG�ENCUU��,QUGRJ�$GTIKP�UWIIGUVU�KP�JKU�VGCEJKPI�
RCVVGTP�HQT�QDLGEV�QTKGPVGF�RTQITCOOKPI�VQ�YQTM�QWV�YKVJ�VJG�UVWFGPVU�C�
VQQNDQZ�
C�UGV�QH�DCUKE�ENCUUGU�HQT�VJGKT�QYP�YQTM��FWTKPI�VJG�EQWTUG��5WEJ�
KPRWV�QT�UGTXKEG�ENCUUGU�EQWNF�DG�RCTV�QH�UWEJ�C�VQQNDQZ��9JKNG�IKXKPI�VJG�
VTCKPGGU�CU�CP�GZGTEKUG�VJG�VCUM�VQ�YQTM�QWV�VJG�KPRWV�QT�UGTXKEG�ENCUU�VJG[�
WUGF�KP�VJG�DGIKPPKPI�QH�VJG�EQWTUG��[QW�CXQKF�EGTVCKPN[�VJG�KORTGUUKQP�VQ�
JCXG�NGCTPGF�,CXC�IGPVN[�CPF�PQV�,CXC���

���� 6JG�7PKV�6GUVKPI�#RRTQCEJ�
/QTG�FGOCPFKPI�KU�VJG�WUG�QH�WPKV�VGUVU��+P�C�WPKV�VGUV�[QW�VGUV�VJG�HWPE�
VKQPKPI�QH�CNN�UKPIWNCT�OGVJQFU�KP�C�ENCUU��&QGU�VJG�OGVJQF�OGGV�[QWT�GZ�
RGEVCVKQP�
KVU�URGEKHKECVKQP�!�;QW�UGPF�VQ�UVCPFCTF�QWV�CNN�KPHQTOCVKQP�
CDQWV�OCNHWPEVKQPKPI�QH�OGVJQFU��6JG�HTCOGYQTM�,WPKV�JGNRU�VQ�UGV�WR�
WPKV�VGUVU��7PHQTVWPCVGN[�VJKU�KPUVTWOGPV�KU�C�DKV�VQ�EQORNKECVG�HQT�PQXKEG�
WUGT�VQ�WUG�KV��+P�C�EQWTUG�YKVJ�KPVGTOGFKCVG�UVWFGPVU�[QW�OC[�WUG�KV��+V�KU�
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XGT[�JGNRHWN�VQ�XKUWCNKUG�YJCV�FGUKIP�D[�EQPVTCEV��URGEKHKECVKQPU�CPF�KPVGT�
HCEG�OGCPU��
9KVJ�VJG�WPKV�VGUVU�[QW�XGTKH[�D[�CUUGTVKQPU�VJCV�URGEKHKECVKQPU�CTG�OGV��
;QW�OCMG�VGUVU�VQ�XGTKH[�YJGVJGT�RTGEQPFKVKQPU�CPF�RQUV�EQPFKVKQPU�CTG�
OGV��
+PUVGCF�QH�WUKPI�VJG�HTCOGYQTM�,WPKV�QPG�ECP�GCUKN[�UGV�WR�JKU�QYP�WPKV�
VGUVU��#�ENCUU�YKVJ�C�OCKP�RTQEGFWTG�VJCV�KPUVCPVKCVGU�QDLGEVU�CPF�ECNNU�WR�
VJG�QRGTCVKQPU�QH�VJGUG�QDLGEVU�KU�UWHHKEKGPV��0QXKEG�RTQITCOOGTU�YKNN�UGPF�
C�HGGFDCEM�NKPG�VQ�UVCPFCTF�QWV�WPFGT�CNN�EQPFKVKQPU��'ZRGTKGPEGF�RTQ�
ITCOOGTU�YKNN�FQ�UQ�QPN[�KP�ECUG�QH�HCKNWTGU�VQ�TGFWEG�QWVRWV��
7PKV�VGUVKPI�KU�PQV�UQOGVJKPI�VTCKPGGU�FQ�YKVJQWV�KPUVTWEVKQPU��6GUVKPI�
OWUV�DG�RCTV�QH�RTQITCOOKPI�RGTOCPGPVN[��6JKU�WPKV�VGUVKPI�IKXGU�VTCKPGGU�
VJG�HGGFDCEM�VJG[�PGGF��6JG[�YKNN�URGPF�NGUU�VKOG�YKVJ�WPPGEGUUCT[�HWPE�
VKQPCN�VGUVKPI��6JCV�OGCPU�YKVJ�VGUVU�QH�GPVKTG�WUG�ECUGU�VJTQWIJ�VJG�
ITCRJKECN�WUGT�KPVGTHCEG��

���� %QPENWUKQP�
2TQITCOOKPI�,CXCOU�WUGT�KPVGTHCEG�KU�VQQ�FKHHKEWNV�HQT�DGIKPPGTU��#XQKFKPI�
ITCRJKECN�WUGT�KPVGTHCEGU�KP�VJG�DGIKPPKPI�CPF�RTQXKFKPI�ENCUUGU�VJCV�JGNR�
YKVJ�KPRWV�CPF�QWVRWV�NQYGT�EQIPKVKXG�NQCF�FTCOCVKECNN[���

�� 5LFKQHVV�RI�&RQWHPSRUDU\�8VHU�,QWHUIDFHV�
6JGTG�CTG�CORNG�QH�EQORQPGPVU�KP�EQPVGORQTCT[�ITCRJKECN�WUGT�KPVGTHCEGU��
(QT�KPUVCPEG�YKVJ�5YKPI�CNN�GNGOGPVU�QH�C�OQFGTP�ITCRJKECN�WUGT�KPVGTHCEG�
CTG�CXCKNCDNG��#XQKFKPI�VGCEJKPI�CNN�GNGOGPVU�DWV�EQPEGPVTCVKPI�QP�VJG�FG�
UKIP�CURGEV�QH�VJG�WUGT�KPVGTHCEG�JGNRU�NGCTPGTU��

���� 6JG�7UG�QH�#IITGICVKQP�KP�,CXC�
,CXC�FQGU�PQV�RTQXKFG�OWNVKRNG�KPJGTKVCPEG��+PUVGCF�[QW�WUG�CIITGICVKQPU��
(QT�KPUVCPEG�KP�VJG�ITCRJKECN�WUGT�KPVGTHCEG�QH�,CXC��
'XGT[�EQORQPGPV�JCU�KVU�ITCRJKEU�
TGRTGUGPVCVKQP�QP�UETGGP��CUUQEKCVGF��+V�
KU�PQV�C�UWDENCUU�QH�)TCRJKEU��6JG�OKUUKPI�OWNVKRNG�KPJGTKVCPEG�KP�,CXC�KU�
VJG�TGCUQP�HQT�VJKU�UVTWEVWTG��
'XGT[�EQPVCKPGT�JCU�KVU�.C[QWV/CPCIGT��1VJGT�VJCP�VJG�TGNCVKQPUJKR�DG�
VYGGP�EQORQPGPV�CPF�ITCRJKEU�VJKU�UVTWEVWTG�CNNQYU�VQ�EQODKPG�%QPVCKPGT�
CPF�.C[QWV/CPCIGT�F[PCOKECNN[��#NUQ�[QW�ECP�GZVGPF�VJG�CDKNKVKGU�QH�CNN�
UWDV[RGU�QH�EQPVCKPGTU�
HTCOG�YKPFQYU�CPF�FKCNQI�YKPFQYU��RCPGNU��D[�
FGHKPKPI�PGY�V[RGU�QH�.C[QWV/CPCIGTU��
6JGTGHQTG��VJGTG�CTG�IQQF�TGCUQPU�VQ�RTGHGT�CIITGICVKQP�VQ�OWNVKRNG�KPJGTK�
VCPEG��6JGTG�CTG�IQQF�TGCUQPU�VQ�TGICTF�KV�CU�CP�CFXCPVCIG�QH�,CXC�PQV�VQ�
CNNQY�OWNVKRNG�KPJGTKVCPEG��$WV�CIITGICVKQP�KU�FKHHKEWNV�VQ�WPFGTUVCPF�KP�VJG�
DGIKPPKPI��6JGTGHQTG��VJGTG�KU�C�UVKHH�NGCTPKPI�EWTXG�HQT�DGIKPPGTU�UVCTVKPI�
VQ�GCTN[�YKVJ�ITCRJKECN�WUGT�KPVGTHCEG�RTQITCOOKPI��

���� 1VJGT�-PQYNGFIG�+PJGTGPV�VQ�VJG�,CXC�)TCRJKECN�7UGT�+PVGTHCEG�
#HVGT�VJG�NGCTPGTU�JCXG�CESWCKPVGF�DCUKE�MPQYNGFIG�KP�QDLGEV�QTKGPVGF�
RTQITCOOKPI�VJGP�VJG�,CXC�ITCRJKECN�WUGT�KPVGTHCEG�KU�C�IQQF�GZCORNG�HQT�
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CIITGICVKQP��+V�KU�CNUQ�C�IQQF�GZCORNG�HQT�QVJGT�FGUKIP�RCVVGTP��(WTVJGT�KV�
KU�IQQF�OCVGTKCN�VQ�YQTM�YKVJ�VJG�,CXC�VWVQTKCN�CPF�VJG�,CXC�FQEWOGPVC�
VKQP��+P�HCEV�VJG�ITCRJKECN�WUGT�KPVGTHCEG�QH�,CXC�KU�CP�GZEGNNGPV�UWDLGEV�VQ�
UVWF[�CHVGT�VJG�DCUKE�MPQYNGFIG�KU�UCHGN[�KORNGOGPVGF�KP�[QWT�UVWFGPVU��
5Q�YJGP�[QW�UVCTV�VGCEJKPI�VJG�,CXC�ITCRJKECN�WUGT�KPVGTHCEG��VCMG�ECTG�VQ�
GZRNCKP�VJG�FGUKIP�RCVVGTP�WUGF�HQT�KV��&Q�PQV�GZRNCKP�CNN�VJG�RQUUKDKNKVKGU�QH�
VJG�#DUVTCEV�9KPFQY�6QQNMKV�
#96��QT�GXGP�QH�5YKPI��6JG�VTCKPGGU�YKNN�
PQV�JCXG�CP[�FKHHKEWNVKGU�WUKPI�VJGO�QPEG�VJG[�JCXG�WPFGTUVQQF�VJG�DCUKE�
FGUKIP�RCVVGTP�WUGF�KP�VJG�#DUVTCEV�9KPFQY�6QQNMKV��6JGTG�KU�VJG�,CXC�
VWVQTKCN�CPF�VJGTG�CTG�CORNG�QH�DQQMU�VJCV�JGNR�QPEG�VJG�DCUKEU�CTG�WPFGT�
UVQQF��

���� %QPENWUKQP�
7UGT�KPVGTHCEGU�CTG�CP�KPVGTGUVKPI�HKGNF�HQT�UVWFKGU��QPEG�VJG�VTCKPGG�JCU�
NGCTPGF�DCUKE�FGUKIP�RCVVGTPU�CPF�EQPEGRVU��

��� &KDSWHU�6XPPDU\�
%QORCTGF�VQ�RTQEGFWTCN�RTQITCOOKPI��QDLGEV�QTKGPVGF�RTQITCOOKPI�
ECWUGU�PQV�QPN[�FKHHGTGPV�RTQDNGOU��+V�ECWUGU�CNUQ�OWEJ�OQTG�RTQDNGOU�KP�
VJG�XGT[�DGIKPPKPI�QH�C�EQWTUG��,CXC�CFFU�GXGP�OQTG�RTQDNGOU�D[�KVU�
EQORNKECVGF�ITCRJKECN�WUGT�KPVGTHCEG�CPF�KVU�RQQT�UWRRQTV�QH�C�EQFG�NKPG�
WUGT�KPVGTHCEG�
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 Chapter 4: Existing 
solutions to overcome the 
problem of cognitive load 
6JGTG�CTG�UGXGTCN�YC[U�VQ�YQTM�CTQWPF�VJG�RTQDNGO�QH�EQIPKVKXG�NQCF�
YJGP�VGCEJKPI�,CXC��;QW�ECP�KIPQTG�QDLGEV�QTKGPVGF�EQPEGRVU�YJGP�VGCEJ�
KPI�,CXC�KP�VJG�DGIKPPKPI��)KXG�C�UQWPF�VJGQTGVKECN�DCEMITQWPF�HKTUV��5VCTV�
YKVJ�UQHVYCTG�FGUKIP�YKVJ�VJG�7PKHKGF�/QFGNNKPI�.CPIWCIG��5VCTV�YKVJ�UKP�
ING�ENCUUGU�CPF�VGUV�VJGO�CICKPUV�VGUV�ECUGU�VJG�VGCEJGT�RTQXKFGU��
6JG�WUCIG�QH�OKETQYQTNFU�KU�EQORCTGF�VQ�UWEJ�CNVGTPCVG�RQUUKDKNKVKGU���

�� ,JQRULQJ�2EMHFW�2ULHQWHG�&RQFHSWV�:KHQ�7HDFKLQJ�WKH�
/DQJXDJH�-DYD�

6JGTG�CTG�VJTGG�DKI�RTQU�HQT�VJKU�CRRTQCEJ��VJG�EQOOQP�DCUKU�QH�RTQEG�
FWTCN�RTQITCOOKPI�CPF�QDLGEV�QTKGPVGF�RTQITCOOKPI�KU�VJG�QPG��VJG�CXCKN�
CDKNKV[�QH�VGUVGF�VTCKPKPI�OCVGTKCN�VJG�QVJGT��VJG�RQUUKDKNKV[�VQ�FQ�KPVGTGUVKPI�
RTQLGEVU�KP�,CXC�YKVJQWV�QDLGEV�QTKGPVGF�RTQITCOOKPI��VJG�VJKTF���

���� %QOOQP�DCUKU�QH�RTQEGFWTCN�RTQITCOOKPI�CPF�QDLGEV�QTKGPVGF�
RTQITCOOKPI�
(KTUVN[��VJGTG�CTG�QPN[�CFXCPEGF�VQRKEU�QH�RTQEGFWTCN�RTQITCOOKPI�VJCV�CTG�
PQV�TGNGXCPV�HQT�QDLGEV�QTKGPVGF�RTQITCOOKPI��5Q�NGCTPKPI�RTQEGFWTCN�RTQ�
ITCOOKPI�YKVJ�,CXC�QT�%

�IKXGU�C�IQQF�DCUG�HQT�RTQITCOOKPI�YKVJ�
,CXC��#HVGT�VJG�UVWFGPV�KU�HCOKNKCT�YKVJ�VJG�DCUKE�RTKPEKRNGU�QH�,CXC��VJGTG�
KU�NGUU�EQIPKVKXG�NQCF�YJGP�OQXKPI�VQ�QDLGEV�QTKGPVGF�CHVGTYCTFU��6JG�
JKIJGUV�TCVGF�DQQM�YTKVVGP�KP�)GTOCP�HQT�NGCTPKPI�,CXC�
$QNGU��������HQN�
NQYU�VJKU�CRRTQCEJ��'XGP�CFGRVU�QH�QDLGEV�QTKGPVGF�RTQITCOOKPI�UWIIGUV�
VJKU�DQQM�HQT�GFWECVKQP�CV�VGEJPKECN�WPKXGTUKVKGU�DGHQTG�RNWPIKPI�KPVQ�QD�
LGEV�QTKGPVGF�RTQITCOOKPI�YKVJ�C�DQQM�VJCV�IKXGU�C�UQWPF�VGEJPKECN�DCEM�
ITQWPF�HQT�QDLGEV�QTKGPVGF�RTQITCOOKPI�
)QQN���������#NUQ�KH�[QW�VCMG�C�
ENQUGT�NQQM�QP�OQUV�DCUKE�DQQMU�CDQWV�,CXC�RTQITCOOKPI��[QW�HKPF�VJCV�
VJG[�EQXGT�GNGOGPVU�VJCV�RTQEGFWTCN�RTQITCOOKPI�CPF�QDLGEV�QTKGPVGF�RTQ�
ITCOOKPI�JCXG�KP�EQOOQP��6JG[�RTQITCO�RTQEGFWTCNN[�KPUKFG�VJG�ENCUU�
QRGTCVKQP�OCKP
��KIPQTKPI�OQUV�QH�QDLGEV�QTKGPVGF�EQPEGRVU���

���� #XCKNCDKNKV[�QH�OCVGTKCN�CPF�YQTMHQTEG�
5GEQPFN[��CPF�HQT�NQPI�VKOG�OQUV�KORQTVCPV��[QW�ECP�GPVKTGN[�TGN[�QP�OCVG�
TKCN�VJCV�[QW�WUGF�GCTNKGT�HQT�VGCEJKPI�C�RTQEGFWTCN�NCPIWCIG�NKMG�2CUECN��
(QTG�KPUVCPEG��KH�[QW�FQ�PQV�JCXG�GZRGTKGPEGF�QDLGEV�QTKGPVGF�RTQITCO�
OGTU�CU�VGCEJGTU�CPF�UWHHKEKGPV�NGCTPKPI�OCVGTKCNU�CV�JCPF�[QW�TWP�KPVQ�
VTQWDNGU�YKVJ�C�EQWTUG�HQT�QDLGEV�QTKGPVGF�RTQITCOOKPI��+�CEMPQYNGFIG�
VJCV�+�O[UGNH�JCXG�DGGP�YQTMKPI�YKVJ�RTQEGFWTCN�RTQITCOOKPI�HQT�[GCTU�
CPF�+�JCXGPOV�OCFG�VJG�OQXG�VQ�QDLGEV�QTKGPVGF�RTQITCOOKPI�EQORNGVGN[��
1PG�QH�O[�EQNNGCIWGU�CV�QWT�KPUVKVWVKQP�HQT�CFWNV�GFWECVKQP�OCFG�HQT�C�
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ECUG�UVWF[�KP�QDLGEV�QTKGPVGF�RTQITCOOKPI�C�OQFGN�UQNWVKQP��#PCN[UKPI�VJG�
EQFG�[QW�ECP�VGNN�VJCV�VJKU�EQNNGCIWG�JCUPOV�OCFG�VJG�VTCPUKVKQP�HTQO�RTQ�
EGFWTCN�RTQITCOOKPI�VQ�QDLGEV�QTKGPVGF�RTQITCOOKPI�GKVJGT��+�IWGUU�VJG�
UJQTVCIG�QH�OCVGTKCN�CPF�VGCEJGTU�YKNN�EQPVKPWG�HQT�UQOG�[GCTU��

���� RTQEGFWTCN�RTQITCOOKPI�RTQLGEVU�YKVJ�,CXC�
+V�KU�RQUUKDNG�VQ�ETGCVG�CNN�KP�QPG�ENCUU�RTQEGFWTCN�UQNWVKQPU�HQT�UOCNNGT�RTQ�
LGEVU��(QT�KPUVCPEG��YKVJ�CP�CRRNGV��VJG�UVWFGPV�ECP�ETGCVG�KPVGTGUVKPI�CR�
RNKECVKQPU��*G�VCMGU�VJG�KPJGTKVGF�OGVJQFU�CU�KH�VJG[�YGTG�RTGFGHKPGF�RTQ�
EGFWTGU�KP�C�RTQEGFWTCN�NCPIWCIG��

���� &TCY�DCEMU�QH�VJKU�CRRTQCEJ��
6JGTG�KU�UQOG�FTCYDCEM�VQ�VJKU�CRRTQCEJ��1DLGEV�QTKGPVGF�RTQITCOOKPI�KU�
UVKNN�SWKVG�FKHHGTGPV�HTQO�RTQEGFWTCN�RTQITCOOKPI��9JGP�UGVVKPI�WR�C�VKOG�
DWFIGV�HQT�[QWT�EQWTUG�[QW�OKIJV�ECTGHWNN[�RNCP�YJGTG�[QW�ECP�URCTG�VKOG�
HQT�VGCEJKPI�VJG�OQUV�KORQTVCPV�EQPEGRVU�QH�QDLGEV�QTKGPVGF�RTQITCOOKPI��
;QW�OC[�EJGEM�GZKUVKPI�EQWTUG�DQQMU�HQT�VQRKEU�TGNCVGF�VQ�RTQEGFWTCN�RTQ�
ITCOOKPI�NKMG�FGEKUKQP�VCDNGU��0CUUK�5EJPGKFGTOCP�FKCITCOU��TGEWTUKQP��
UKFG�GHHGEVU�CPF�OQFWNGU����
'ZRGTKGPEG�UJQYU�VJCV�NGCTPGTU�UJQY�C�DKI�CHHKPKV[�HQT�C�UVTWEVWTCN�CR�
RTQCEJ�VQ�UQNXG�UQOG�RTQITCOOKPI�RTQDNGOU��9KVJ�VJKU�CRRTQCEJ�[QW�OC[�
TGKPHQTEG�VJKU�DGJCXKQWT��#NUQ�NGCTPGTU�CTG�DGYKNFGTGF�D[�VJKU�GPVKTG�nWP�
PGEGUUCT[��QDLGEV�QTKGPVGF�QXGTJGCF�CTQWPF�VJG�QRGTCVKQP�OCKP
���
,QUGRJ�$GTIKP������D��KP�JKU�QPNKPG�RCORJNGV�n9J[�2TQEGFWTCN�KU�VJG�
9TQPI�(KTUV�2CTCFKIO�KH�112�KU�VJG�)QCN��OGPVKQPU�UGXGTCN�TGCUQPU��YJ[�
VJKU�CRRTQCEJ�UJQWNF�DG�YTQPI��*G�OGPVKQPU�VJCV�FGXGNQRGTU�WUGF�VQ�RTQ�
EGFWTCN�RTQITCOOKPI�PGGF�QPG�QT�OQTG�[GCTU�VQ�ITCUR�VJG�RCTCFKIO�QH�
QDLGEV�QTKGPVGF�RTQITCOOKPI��*G�CNUQ�OGPVKQPU�VJG�FKHHGTGPV�UVTCVGIKGU�VQ�
FGUKIP�UVTWEVWTGF�RTQITCOU�CPF�QDLGEV�QTKGPVGF�RTQITCOU��

���� %QPENWUKQP�
+P�HCEV�UVTCVGIKGU�HQT�RTQEGFWTCN�RTQITCOOKPI�CPF�QDLGEV�QTKGPVGF�RTQ�
ITCOOKPI�CTG�FKHHGTGPV�CU�FKUEWUUGF�KP�n2TQDNGO�5QNXKPI�5VTCVGIKGU�%QO�
RCTGF���RCIG�����$WV�YJ[�PQV�VGCEJKPI�VJG�DCUKEU�QH�,CXC�RTQITCOOKPI�
CU�RTQEGFWTCN�RTQITCOOKPI��NKMG�&KGVTKEJ�$QNGU��������FQGU��FWTKPI�VJG�
HKTUV�OQPVJU�QH�GFWECVKQP��DGHQTG�OCMKPI�VJG�OQXG�HTQO�RTQEGFWTGU�VQ�
OGVJQFU��HTQO�QXGTCNN�EQPVTQN�VQ�ENKGPV�UGTXGT�VJKPMKPI!�MQ2TQEGFWTCN�RTQ�
ITCOOKPI�HKTUVR�RTQOQVGF�HTQO�)KDDQPU��������HQT�KPUVCPEG�OKIJV�PQV�DG�
CDUQNWVGN[�VJG�DGUV�YC[��DWV�KV�OKIJV�DG�VJG�DGUV�YC[�WPFGT�EKTEWO�
UVCPEGU�VJCV�CTG�PQV�WPNKMGN[��+�YQWNF�VJGTGHQTG�UWIIGUV�VJKU�CRRTQCEJ�QPN[�
KH�[QW�OGGV�VYQ�RTGTGSWKUKVGU��
���;QW�ECP�TGCNN[�TGNC[�QP�IQQF�CPF�VGUVGF�OCVGTKCN�QP�RTQEGFWTCN�RTQ�
ITCOOKPI�DWV�PQV�QP�QDLGEV�QTKGPVGF�RTQITCOOKPI��
���;QW�JCXG�GPQWIJ�VKOG�VQ�FQ�VJG�UGEQPF�UVGR�HTQO�RTQEGFWTCN�RTQ�
ITCOOKPI�VQ�QDLGEV�QTKGPVGF�RTQITCOOKPI��
+P�C�,CXC�UJQTV�EQWTUG��VJGTG�KU�PQV�GPQWIJ�VKOG�WUWCNN[��6JGTGHQTG��VJKU�
CRRTQCEJ�KU�RTQDNGOCVKE��
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�� *LYLQJ�D�6RXQG�7KHRUHWLFDO�%DFNJURXQG�)LUVWO\�
���� &GUETKRVKQP�

)KXKPI�C�UQWPF�VJGQTGVKECN�DCEMITQWPF�HKTUV�KU�FQPG�KP�NQVU�QH�DQQMU�CPF�
EQWTUGU��'KVJGT�#HVGT�VGCEJKPI�UQOG�DCUKE�RTQITCOOKPI�KP�,CXC�QT�KP�VJG�
XGT[�DGIKPPKPI��+P�CP[�ECUG��KV�UJQWNF�DG�FQPG�DGHQTG�KPUVCPVKCVKPI�QDLGEVU�
CPF�FGHKPKPI�GPVKTG�ENCUUGU��6Q�GZRNCKP�QDLGEVU�VGEJPKECNN[�VQ�PQXKEGU�KU�
CNOQUV�KORQUUKDNG��6JGTGHQTG�OQUV�CWVJQTU�TGN[�QP�VQ�OGVCRJQTU�VQ�GZRNCKP�
QDLGEVU��ENCUUGU��KPJGTKVCPEG��RQN[OQTRJKUO�QT�QDLGEVU�KP�CEVKQP��6JGTG�
HQTG��+�FKUEWUU�CV�VJKU�RNCEG�OGVCRJQTU�EQORTGJGPUKXGN[��

���� ,WFIOGPV�QH�VJKU�#RRTQCEJ�
#EEQTFKPI�VQ�VJG�VJGQT[�QH�EQIPKVKXG�NQCF�VJKU�UJQWNF�DG�C�IQQF�CRRTQCEJ��
6JG�NGCTPGT�KU�PQV�HQTEGF�VQ�URNKV�CVVGPVKQP�CPF�VJGTG�KU�PQ�TGFWPFCPV�KP�
HQTOCVKQP��
$WV��RTCEVKECN�GZRGTKGPEGU�CTG�UQOGYJCV�FKUCRRQKPVKPI��'XGP�KH�VJG�VGCEJGT�
WUGU�IQQF�OGVCRJQTU��JG�OC[�PQV�ICKP�OQTG�VJGP�JCXKPI�VCWIJV�UQOG�
DCUKE�YQTFU��9JGVJGT�JG�WUGU�OGVCRJQTU�QT�TCVJGT�UVKEM�VQ�OQTG�VGEJPKECN�
GZRNCPCVKQPU��VJGTG�KU�NKVVNG�JQRG�HQT�UWEEGUUHWN�VTCPUHGT�QH�VJG�MPQYNGFIG�
VQ�C�UKVWCVKQP�YJGTG�VJG�VTCKPGG�CEVWCNN[�JCU�VQ�YTKVG�EQFG��6JKU�OGCPU�
EQFG�VJCV�WUGU�VGEJPKSWGU�QH�QDLGEV�QTKGPVGF�RTQITCOOKPI��NKMG�KPUVCPVKCV�
KPI�QDLGEVU�CPF�GZEJCPIKPI�OGUUCIGU��6JG�OCKP�RTQDNGO�KU�VJCV�VTCKPGGU�
UVC[�KPCEVKXG��6JGTGHQTG��VJGTG�KU�NKVVNG�NKMGNKJQQF�VJCV�VJG[�CESWKTG�PGY�
UEJGOCVC���

���� 9J[�CPF�9JGP�/GVCRJQTU�&Q�0QV�9QTM�
,GCP�2KCIGV�HKTUV�TGEQIPK\GF�VJG�RQYGT�QH�OGVCRJQTU��*G�OCFG�C�NKPM�DG�
VYGGP�VJG�UVTWIING�HQT�UWTXKXCN�KP�DKQNQI[�CPF�VJG�UVTWIING�HQT�UWTXKXCN�KP�
NGCTPKPI�UKVWCVKQPU��(KTUVN[��DGKPIU�CTG�VT[KPI�VQ�KORNGOGPV�VJGKT�GZKUVKPI�
UVTCVGIKGU�HQT�UWTXKXCN�KP�PGY�UKVWCVKQPU��6JG[�RKEM�VJG�UVTCVGI[�HQT�VJG�
OQUV�NKMGN[�UKVWCVKQP�VJG[�MPQY��6JKU�KU�MPQYP�CU�CUUKOKNCVKQP��5Q�VJG�
OCKP�TGCUQP�VQ�RKEM�C�OGVCRJQT�KU�VQ�OCMG�VJG�VTCKPGG�FQ�OQUV�NKMGN[�VJG�
TKIJV�VJKPI�QT�UQOGVJKPI�VJCV�KU�PQV�EQORNGVGN[�GTTQPGQWU��+H�JG�FQGU�
UQOGVJKPI�YTQPI��VJG�VTCKPGG�OWUV�IGV�C�HGGFDCEM�VJCV�OCMGU�JKO�CFQRV�
VJG�TKIJV�DGJCXKQWT��6JKU�KU�ECNNGF�CFCRVCVKQP��6JGTGHQTG�OGVCRJQTU�YKVJ�
QWV�CEVKXKV[�CTG�NKVVNG�JGNR��/GVCRJQTU�YKNN�QPN[�FQ�VJGKT�LQD�KH�VJG�VTCKPGG�KU�
CEVKXG�CPF�IGVU�GPQWIJ�HGGFDCEM�UQ�VJCV�CFCRVCVKQP�VCMGU�RNCEG����

���� 6JGTG�+U�0Q�'XKFGPV�/GVCRJQT�
6JG�JKIJ�XCTKGV[�QH�OGVCRJQTU�WUGF�KP�QDLGEV�QTKGPVGF�RTQITCOOKPI�UJQYU�
VJCV�VJGTG�KU�PQ�GXKFGPV�OGVCRJQT�VQ�GZRNCKP�QDLGEVU�CPF�KPJGTKVCPEG��5QOG�
QH�VJG�OGVCRJQTU�WUGF�CTG�NKUVGF�DGNQY��
• +P�VJG�,CXC�VWVQTKCN�
������VJTQWIJ�QPNKPG�������KP�EJCRVGT�n1DLGEV�
1TKGPVGF�2TQITCOOKPI�%QPEGRVU��#�2TKOGT��VJG�OGVCRJQT�QH�DKE[ENGU�
KU�WUGF��

• 'EMGN�WUGU�C�NKIJV�DWND�
'EMGN��������R������VQ�GZRNCKP�CP�KPVGTHCEG��
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• 6JG�RQRWNCT�)GTOCP�QPNKPG�FQEWOGPVCVKQP�5GNH,CXC�
5EJTÑVGT�������
WUGU�ECTU�CPF�FKHHGTGPV�V[RGU�QH�ECTU�CU�C�OGVCRJQT�YJGP�GZRNCKPKPI�
KPJGTKVCPEG��5KOKNCT�0KGOCPP�
������R������WUGU�XGJKENGU�KP�IGPGTCN�FK�
XKFGF�KPVQ�UJKRU�CPF�NCPF�XGJKENGU��

• $KUJQR��������WUGU�0CVWTG�CU�DCUKE�V[RG�HQT�$KTFU��6TGGU�CPF�#PKOCNU�

YKVJ�UWDV[RG�%CTPKXQTGU�CPF�*GTDKXQTGU���

• )QNN��������WUGU�5VGCO$QCV�
R�������2GTUQP�CPF�5VWFGPV�
R�������/C�
EJKPG�YKVJ�UWDV[RG�(CZ/CEJKPG��%QORWVGT�
R�������

• .GOC[��������WUGU�HKTUV�VTGGU��NKMG�$KUJQR�FQGU��DWV�UYKVEJGU�VQ�OQP�
UVGTU��YKVJ�UWDENCUUGU�(N[KPI/QPUVGT�CPF�9CNMKPI/QPUVGT��

• $GTIKP��������KP�JKU�n#P�1DLGEV�1TKGPVGF�$GFVKOG�5VQT[��WUGU�VJG�
OGVCRJQT�QH�RGQRNG�FQKPI�UGTXKEGU�HQT�QVJGT�RGQRNG��2GQRNG�CTG�QDLGEVU�
QH�FKHHGTGPV�V[RGU��$GTIKPOU�$GFVKOG�5VQT[�KU�GURGEKCNN[�KPVGTGUVKPI��DG�
ECWUG�KP�JKU�OGVCRJQT�JG�WUGU�CIITGICVKQP�CPF�QDLGEVOU�KPVGTCEVKQPU��
*G�GZRNCKPU�VJG�QDLGEVOU�TQNG�CU�ENKGPV�
C�RCVKGPV��CPF�UGTXGT�
C�FQEVQT���

���� #DQWV�'HHGEVKXGPGUU�QH�/GVCRJQTU�
+FKPI�
������R�������TGRQTVU�DCUGF�QP�UGXGTCN�UVWFKGU�VJCV�CPCNQIKGU�HQUVGT�
NGCTPKPI��#PCNQIKGU�ECP�DG�IQQF�KH�UVWFGPVU�TGEGKXG�KPHQTOCVKQP�CDQWV�VJGKT�
NKOKVU��6JKU�NGVU�UVWFGPVU�DGVVGT�OCR�VJG�RCTVU�QH�VJG�OGVCRJQT�VJCV�CTG�
CRRNKECDNG�VQ�VJG�PGY�UKVWCVKQP��0QV�UWTRTKUKPIN[��HQT�UGOKQVKE�TGUGCTEJGTU��
UJG�TGRQTVU�VJTGG�VJKPIU��
���OGVCRJQTU�FQ�UWRRQTV�VJG�VTCPUHGT�QH�MPQYN�
GFIG��
���KV�KU�RTGHGTCDNG�VQ�WUG�UGXGTCN�CPCNQIKGU�KPUVGCF�QH�QPG��
���
VGCEJGTU�UJQWNF�GZRNCKP�JQY�VQ�OCR�VJG�CPCNQI[�VQ�VJG�CEVWCN�RTQDNGO��
5KIP�U[UVGOU�CPF�UGOKQVKE�OQTRJKUO�CTG�FKUEWUUGF�OQTG�FGGRN[�KP�VJG�
UGEVKQP��5GOKQVKE�4GUGCTEJ�QP�/CVJGOCVKECN�5KIP�5[UVGOU��R������

���� /[�2GTUQPCN�2TGHGTGPEG�
#U�VJGTG�KU�PQ�TGCNN[�GXKFGPV�OGVCRJQT��CWVJQTU�HQNNQY�VJGKT�RGTUQPCN�RTGH�
GTGPEGU��+�CNYC[U�WUG�EQORCPKGU�VJCV�RTQXKFG�UGTXKEGU�CU�OGVCRJQT�HQT�
QDLGEV�QTKGPVGF�RTQITCOOKPI�NKMG�KP�VJG�FQEVQTLRCVKGPV�GZCORNG�QH�$GTIKP�

�������YJGTGCU�QNF�HCUJKQPGF�KPFWUVTKGU�CTG�C�OGVCRJQT�HQT�RTQEGFWTCN�
RTQITCOOKPI��
+P�EQORCPKGU�VJCV�RTQXKFG�UGTXKEGU��VJGTG�CTG�CNYC[U�WUGT�ENKGPV�UKVWCVKQPU��
2GQRNG�CTG�GZEJCPIKPI�OGUUCIGU��6JG[�MGGR�VJGKT�FCVC�CV�VJGKT�YQTM�
RNCEG��7UWCNN[��[QW�FQ�PQV�WUG�HKNGU�FKTGEVN[�HTQO�QVJGT�RGQRNGOU�FGUMU��
;QW�TCVJGT�CUM�VJGO��VQ�RTQXKFG�KPHQTOCVKQP��1T�VQ�RTQEGUU�C�TGSWGUV�
DCUGF�QP�VJG�KPHQTOCVKQP�VJG[�MGGR�KP�VJGKT�HKNGU�QT�QP�VJGKT�FGUMU��'O�
RNQ[GGU�JCXG�TGURQPUKDKNKVKGU�CPF�VJG[�CTG�EQNNCDQTCVKPI��
+P�RTQEGFWTCN�RTQITCOOKPI�[QW�JCXG�FCVC��DGHQTG�KV�KU�RTQEGUUGF�
KPRWV��
DCUKE�QT�JCNH�HCDTKECVGF�OCVGTKCN���6JGP�[QW�RTQEGUU�VJG�FCVC�QT�OCVGTKCN��
6JKU�RTQEGUU�OC[�DG�URNKV�WR�KPVQ�UWD�RTQEGUUGU��#V�VJG�GPF�QH�VJG�HCDTKEC�
VKQP�RTQEGUU�[QW�IQV�VJG�HKPCN�OCVGTKCN��VJG�RTQEGUUGF�FCVC�QT�QWVRWV��;QW�
CTG�HTGG�VQ�EJCPIG�VJG�HCDTKECVKQP�RTQEGUU��$WV�YJGP�[QW�EJCPIG�KPRWV�QT�
QWVRWV��[QW�CTG�HQTEGF�VQ�TCVJGT�NCTIG�CFCRVCVKQPU�KP�VJG�HCDTKECVKQP�RTQE�
GUU��
+�RTGHGT�VJGUG�OGVCRJQTU�VQ�UJQY�VJCV�RTQEGFWTCN�RTQITCOOKPI�KU�PQV�QD�
UQNGVG��+V�KU�SWKVG�GHHKEKGPV��CU�NQPI�CU�VJGTG�KU�C�NCTIG�CPF�UVCDNG�FGOCPF��
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NKMG�KP�VJG�RTQFWEVKQP�QH�ECTU�QT�KP�DCPMKPI�VTCPUCEVKQPU��+V�KU�TCVJGT�KPEQP�
XGPKGPV��YJGP�EWUVQOGTU�FGOCPF�CPF�VJG�MPQYNGFIG�KP�VJG�HKGNF�KU�EJCPI�
KPI�RGTOCPGPVN[��

���� /GVCRJQTU�CPF�/KETQYQTNFU�
$GTIKP�OGPVKQPU�VJCV�OGVCRJQTU�DTCMG�CV�UQOG�RQKPV��*G�YTKVGU�$GTIKP��

�������

n/GVCRJQT�KU�KORQTVCPV�UKPEG�KV�JGNRU�[QW�YKVJ�C�HTCOGYQTM�HQT�
VJKPMKPI�CDQWV�UQOGVJKPI�WPHCOKNKCT��'XGT[�OGVCRJQT�DTGCMU�
FQYP�CV�UQOG�RQKPV��JQYGXGT����

;QW�OC[�VJKPM�QH�VJG�TQDQVU�KP�VJG�OKETQYQTNFU�QH�,QUGRJ�$GTIKP�CU�QD�
LGEVU��+�YKNN�FKUEWUU�VJKU�OGVCRJQT�OQTG�FGGRN[�NCVGT�KP�VJG�VGZV��UGG�
%JCRVGT����'ZRNCKPKPI�DCUKE�EQPEGRVU�YKVJ�4QDQYQTNF��CV�RCIG�����+�RGT�
UQPCNN[�DGNKGXG�VJCV�VJG�TQDQV�
QDLGEV���DGGRGT�
RTKOKVKXG�FCVC���OKETQYQTNF�

GZVGTPCN�UVQTCIG��OGVCRJQT�YKNN�DTCMG�CV�CNOQUV�PQ�RQKPV��2NWU�VJG�VTCKPGG�
YQTMU�KP�VJG�OGVCRJQTKE�UKVWCVKQP��6JGTG�CFCRVCVKQP�ECP�VCMG�RNCEG��
1PN[��VJGTG�UVKNN�KU�UQOG�VTCPUHGT�VQ�VGCEJ��YJGP�OQXKPI�HTQO�C�OKETQYQTNF�
VQ�TGCN�RTQITCOOKPI��$WV�VJKU�VTCPUHGT�KU�C�HGCUKDNG�UVGR�PQV�C�LWOR�QXGT�
VJG�QEGCP��

���� $QQMU�6JCV�&Q�0QV�7UG�/GVCRJQTU�CPF�'ZRNCKP�1DLGEVU�&KTGEVN[�
'EMGN�
������R������QPNKPG������EJCRVGT����TGHGTU�VQ�#NCP�-C[�CPF�GZ�
RNCKPU�CP�QDLGEV�FKTGEVN[�CU��n6JKPM�QH�CP�QDLGEV�CU�C�HCPE[�XCTKCDNG��KV�
UVQTGU�FCVC��DWV�[QW�ECP�CNUQ�CUM�KV�VQ�RGTHQTO�QRGTCVKQPU�QP�KVUGNH�D[�
OCMKPI�TGSWGUVU���$WV�VJKU�DQQM�KU�PQV�TGICTFGF�CU�C�DQQM�HQT�DGIKPPGTU��
6JKU�KU�CV�NGCUV�YJCV�VJG�HGGFDCEMU�QH�DGIKPPGTU�CV�COC\QP�EQO�UC[���

���� $CUKE�2TQITCOOKPI�-PQYNGFIG�DGHQTG�)GVVKPI�VQ�VJG�2CTCFKIO�QH�1DLGEV�
1TKGPVGF�2TQITCOOKPI�
#U�CNTGCF[�OGPVKQPGF��UQOG�DQQMU�CPF�VGCEJGTU�IKXG�HKTUV�CP�KPVTQFWEVKQP�
VQ�RCTVU�QH�,CXC�VJCV�CTG�PQV�TGNCVGF�VQ�QDLGEV�QTKGPVGF�RTQITCOOKPI�
FCVC�
V[RGU��GZRTGUUKQPU��UVCVGOGPVU��EQPVTQN�UVCVGOGPVU��GVE����6JKU�KU�CP�KP�
VGTOGFKCVG�CRRTQCEJ�DGVYGGP�IKXKPI�C�UQWPF�VJGQTGVKECN�DCEMITQWPF�HKTUVN[�
CPF�VGCEJKPI�RTQEGFWTCN�RTQITCOOKPI�HKTUVN[��6JG�EQIPKVKXG�NQCF�KU�NQYGTGF�
C�DKV�VJKU�YC[��DWV�VJG�RTQDNGO�JQY�VQ�KPVTQFWEG�VJG�RCTCFKIOU�QH�QDLGEV�
QTKGPVGF�RTQITCOOKPI�UVKNN�TGOCKPU�WPUQNXGF��5Q�VJKU�CRRTQCEJ�KU�QPN[�C�
XCTKCVKQP�VQ�IKXKPI�C�UQWPF�VJGQTGVKECN�DCEMITQWPF�HKTUV��#OQPI�VJG�DQQMU�
VJCV�HQNNQY�VJKU�VTCEM�CTG�,WF[�$KUJQROU�,CXC�)GPVN[�
$KUJQR���������*GT�
DGTV�5EJKNFVOU�,CXC���#�$GIKPPGTU�)WKFG�
5EJKNFV��������QT�KP�)GTOCP�
)WKFQ�-T×IGTOU�)Q6Q�,CXC���
-T×IGT���������

����� %QPENWUKQP�
&GURKVG��CNN�VJG�IQQF�KFGCU�CPF�GHHQTVU�VQ�HKPF�EQPXKPEKPI�OGVCRJQTU��VJGTG�
KU�NKVVNG�UWEEGUU�KP�VJKU�CRRTQCEJ��6JG�NGXGN�QH�NGCTPGTOU�CEVKXKVKGU�KU�VQQ�NQY�
CPF�VJG�URCEG�QH�VKOG�VQ�YTKVKPI�EQFG�KU�VQQ�HCT��UQ�VJCV�GKVJGT�NGCTPKPI�QH�
UEJGOCVC�FQGU�PQV�VCMG�RNCEG�QT�VJCV�VJG�VTCPUHGT�VQ�KORNGOGPVKPI�EQFG�
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IGVU�JKPFGTGF��6JGTGHQTG��VT[KPI�VQ�HKPF�VJG�WNVKOCVG�OGVCRJQT�KU�PQV�YQTVJ�
VJG�GHHQTV���

�� &RRNERRN�$SSURDFK�
6Q�IGV�C�HCUV�UWEEGUU��C�NQV�QH�DQQMU�WUG�VJG�EQQMDQQM�CRRTQCEJ��6JG�
EQQM�DQQM�CRRTQCEJ�WUGU�FKHHGTGPV�GNGOGPVU�VQ�UWRRQTV�NGCTPKPI��

���� 1XGTXKGY�QH�VJKU�#RRTQCEJ�
+P�C�DQQM�HQNNQYKPI�VJKU�CRRTQCEJ��VJG�VGZV�GZRNCKPUMWUWCNN[�YKVJ�QPG�GZ�
CORNGMJQY�VQ�FQ�EQORNGVG�RTQITCOOKPI�VCUMU��6JG�DQQM�IKXGU�C�EQFG�
OQFGN��JQY�VQ�EQORNGVG�VJG�VCUM�GHHKEKGPVN[��6JGTGHQTG��VJGTG�CTG�VYQ�GNG�
OGPVU��GZCORNG�EQFG�CPF�JQY�VQ�FQ�RTGUETKRVKQPU��6JG�,CXC�6WVQTKCN�

%CORKQPG��������QT�VJG�XGT[�RQRWNCT�)GTOCP�YTKVVGP�)Q6Q�,CXC���

-T×IGT��������CTG�GZCORNGU�HQT�UWEJ�CP�CRRTQCEJ��#NUQ��VJGTG�QHVGP�KU�
EQORNGVG�DCEMITQWPF�KPHQTOCVKQP�CDQWV�VJG�OQUV�KORQTVCPV�CURGEVU�QH�VJG�
KORNGOGPVCVKQP��

���� 'ZCORNG�%QFG�
6JG�OQUV�KORQTVCPV�RCTV�QH�VJKU�CRRTQCEJ�HQT�NGCTPKPI�KU�VJG�GZCORNG�EQFG�
IKXGP��6JG�TGCFGT�QT�VTCKPGG�ECP�GKVJGT�TGEQPUVTWEV�VJKU�GZCORNG��QTMDCUGF�
QP�VJG�OQFGNMEQPUVTWEV�JKU�XCTKCVKQP�VQ�VJG�OQFGN�IKXGP�KP�VJG�DQQM��+��
RGTUQPCNN[��EQR[�VJG�EJWPM�QH�EQFG�KPVQ�O[�RTQLGEV�CPF�TGRNCEG�VJG�PCOGU�
QH�VJG�KFGPVKHKGTU��

���� *QY�VQ�&Q�2TGUETKRVKQPU�CPF�$CEMITQWPF�+PHQTOCVKQP�
1HVGP��VJKPIU�ECPPQV�DG�FQPG�YKVJ�LWUV�QPG�QT�VYQ�EJWPM�QH�EQFG��6JKU�
OWNVKRNG�UVGRU�VJG�UVWFGPV�PGGF�VQ�EQORNGVG�QHVGP�KPXQNXG�UGXGTCN�ENCUUGU��
5QOGVKOGU�VJG[�KPXQNXG�HKNG�JCPFNKPI�QT�GXGP�KPUVCNNCVKQP�RTQEGFWTGU��
5QOG�QH�VJKU�UVGRU�CTG�JKIJN[�KPVGTTGNCVGF�YKVJ�QVJGT�SWGUVKQPU��6JGTGHQTG��
QHVGP��C�JKIJ�COQWPV�QH�DCEMITQWPF�KPHQTOCVKQP�KU�PGGFGF��5QOG�QP�VJKU�
KPHQTOCVKQP�ECP�DG�HQWPF�KP�VJG�VGZV���

���� #FXCPVCIGU�QH�VJKU�#RRTQCEJ�
6JGTG�KU�QHVGP�C�SWKEM�RTCEVKECN�UWEEGUU��+H�VJG�PGY�KPHQTOCVKQP�KPXQNXGF�KP�
VJG�OQFGN�UVC[U�UOCNN�CPF�VJG�DCEMITQWPF�KPHQTOCVKQP�EQXGTU�YJCV�KU�PGY�
HQT�VJG�VTCKPGG��VJKU�CRRTQCEJ�KU�VJG�EJQKEG��(QT�KPUVCPEG��KH�VJG�VTCKPGG�
WPFGTUVCPFU�VJG�DCUKE�EQPEGRVU�QH�C�ITCRJKECN�WUGT�KPVGTHCEG�CPF�KVU�KO�
RNGOGPVCVKQP�KP�UYKPI��JG�QT�UJG�ECP�GCUKN[�WUG�OQUV�GNGOGPVU�QH�VJG�
UYKPI�RCEMCIG�YKVJ�VJG�JGNR�QH�VJG�,CXC�VWVQTKCN��
6TCKPGGU�NGCTP�VQ�TGCF�OCPWCNU�CPF�VQ�TGCF�CPF�CFCRV�EQFG�GZCORNGU��6JKU�
KU�CP�KORQTVCPV�VGEJPKSWG�KP�QDLGEV�QTKGPVGF�RTQITCOOKPI��,QUGRJ�$GTIKP�

����D��RQKPVU�QWV�KP�JKU�RGFCIQIKECN�RCVVGTP�4GCF�$GHQTG�9TKVG��

n;QW�CTG�VGCEJKPI�CP�GNGOGPVCT[�EQWTUG�VJCV�JCU�C�UVTQPI�RTQ�
ITCOOKPI�QT�FGUKIP�EQORQPGPV��;QW�YCPV�VQ�JGNR�VJGO�NGCTP�
VQ�GXGPVWCNN[�ETGCVG�NCTIG�CPF�EQORNGZ�RTQITCOU��%TGCVKPI�CP[�
VJKPI�KU�JCTF�YQTM��GXGP�HQT�VJG�UMKNNGF��0QXKEGU��QP�VJG�QVJGT�
JCPF�NCEM�VJGUG�UMKNNU��*QYGXGT��CU�YKVJ�PCVWTCN�NCPIWCIG��UVW�
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FGPVU�JCXG�CP�CDKNKV[�VQ�TGCF�CPF�WPFGTUVCPF�NCTIGT�CTVKHCEVU�
VJCP�VJG[�ECP�DG�GZRGEVGF�VQ�ETGCVG��6JG[�ECP�CNUQ�NGCTP�CDQWV�
UVTWEVWTG��UEQRG��CPF�CGUVJGVKEU�HTQO�TGCFKPI�ITGCV�YQTMU��+P�
CP�'PINKUJ�EQWTUG��HQT�GZCORNG��UVWFGPVU�TGCF�CPF�CPCN[\G�
5JCMGURGCTG	U�RNC[U��DWV�CTG�PQV�GZRGEVGF�VQ�RTQFWEG�UWEJ�
YQTMU���

+H�EJWPMU�QH�EQFG�CTG�PQV�VQ�NCTIG��VJKU�4GCF�DGHQTG�9TKVG�GNGOGPV��ECP�DG�
TGEQIPK\GF�CU�VJG�YQTMGF�GZCORNG�GHHGEV�OGPVKQPGF�KP�EQIPKVKXG�NQCF�VJG�
QT[��$GTIKP�UWIIGUVU�TCVJGT�WUKPI�NCTIG�ECUG�UVWFKGU�VJCP�C�VGZVDQQM�YKVJ�
C�EQQMDQQM�CRRTQCEJ��+V�UGGOU�VQ�OG�VQ�DG�CP�KORQTVCPV�SWGUVKQP�JQY�
VJG�YQTMGF�GZCORNG�GHHGEV�KU�DGUV�KPVGITCVGF�KP�RTQITCOOKPI��)KXKPI�NCTIG�
RTQLGEV�VQ�TGCF��YJKEJ�UJQY�VJG�KORQTVCPV�EJWPMU�QH�EQFG�KP�EQPVGZV��QT�
WUKPI�XGT[�UOCNN�GZCORNGU�VJCV�IKXG�C�OKPKOWO�EQPVGZV�VQ�WPFGTUVCPF�VJG�
UKPING�EJWPM�QH�EQFG�VJCV�VJG�UVWFGPV�UJQWNF�UVWF[!�
+P�CP[�ECUG��VJKU�4GCF�DGHQTG�9TKVG�
QT�YQTMGF�GZCORNG��GHHGEV�KU�C�DKI�
CFXCPVCIG�QH�VJKU�CRRTQCEJ��

���� 5QHVYCTG�.GCTPKPI�CPF�%JWPM�QH�%QFG�
.GCTPKPI�JQY�VQ�RTQITCO�KU�JKIJN[�TGNCVGF�VQ�NGCTPKPI�EQFG�GNGOGPVU�VJCV�
CTG�WUGF�TGRGCVGFN[��5QOG�GZCORNGU�QH�KORQTVCPV�EJWPMU�KP�,CXC��
7UCIG�QH�VJG�EJWPM� JQY�VJG�EJWPM�NQQMU�
5VCTVKPI�RQKPV�QH�CP�
CRRNKECVKQP�

public class NameOfClass {  

 public static void main(String[] args) {  

  <application starts here>  

 }  

}  

3WGT[�OGVJQF�  typeA variableNameB  

 typeA getVariableNameB () {  

  return variableNameB;  

 }  

7RFCVG�OGVJQF�  typeA variableNameB  

 void setVariableNameB (typeA variableNameC) {  

  variableNameB = variableNameC;  

 }  

.QQRKPI�HQT�C�HKZGF�
PWODGT�QH�VKOGU�

  for (int i = 0; i < times; i++ ) {  

   <repeated task>  

  }  

6CDNG����V[RKECN�EJWPMU�QH�EQFG�KP�,CXC�
6JKU�EJWPMU�TGRTGUGPV�C�OGFKWO�NGXGN�UEJGOC��YJKEJ�KU�UVQTGF�KP�VJG�RTQ�
ITCOOGTU�NQPI�VGTO�OGOQT[��5WEJ�EJWPMU�CTG�CV�CDQWV�VJG�UCOG�NGXGN�CU�
QHVGP�WUGF�UGPVGPEGU�KP�PCVWTCN�NCPIWCIGU���

���� /CLQT�&KUCFXCPVCIG�QH�VJKU�#RRTQCEJ�
+P�C�TCRKFN[�OQXKPI�EQWTUG��VJGTG�KU�C�ITGCV�TKUM�VJCV�VTCKPGGU�LWOR�HTQO�
VQRKE�VQ�VQRKE�YKVJQWV�WPFGTUVCPFKPI�CP[�HWPFCOGPVCN�EQPEGRV��6JG[�GXGP�
PQV�UVQEM�CP[�EJWPM�QH�EQFG��6JG�VGCEJGT�OC[�JCXG�VJG�HGGNKPI�VJCV�VTCKP�
GGU�CTG�FQKPI�YGNN��DGECWUG�VJG[�UWEEGGF�KP�IGPGTCVKPI�PKEGN[�NQQMKPI�CR�
RNKECVKQPU�D[�EQR[KPI�NCTIG�RCTV�QH�EQFG��CPF�KOKVCVKPI�EQFG�OQFGNU�YKVJ�
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UQOG�UWRRQTV�QH�HTQPV�TWPPGTU�CPF�VJG�VGCEJGT��+�TGOGODGT�C�EQWTUG��
YJGTG�+�FKF�UQOG�TGRGVKVKQP�QP�TGOQVG�OGVJQF�KPXQECVKQP�
4/+���6JG�OCKP�
RTQDNGO�YCU��VJCV�UVWFGPVU�FKF�PQV�WPFGTUVCPF�OGVJQF�KPXQECVKQP�YKVJ�
VJG�RCUUKPI�QH�RCTCOGVGTU�CPF�TGVWTP�XCNWGU��5KZVGGP�VTCKPGF�UVWFGPVU�JCF�
PQ�KFGC�JQY�VQ�RCUU�OQTG�VJCP�QPG�XCNWG�QH�C�RTKOKVKXG�V[RG�DCEM�CU�TG�
VWTP�XCNWG��6JG[�FKF�PQV�MPQY�YJCV�SWGT[�CPF�WRFCVG�OGVJQFU�YGTG�CPF�
JQY�VJG[�TGCNN[�YQTMGF��

���� 2U[EJQNQIKECN�4GCUQP�HQT�VJG�9GCMPGUU�QH�VJKU�#RRTQCEJ�
+P�VJG�XKGY�QH�EQIPKVKXG�NQCF�QHVGP��VJG�CVVGPVKQP�KU�PQV�URNKVVGF��%TWEKCN�
EQFG�GNGOGPVU�CTG�EQOOGPVGF�FKTGEVN[�KP�VJG�EQFG�GZCORNG��5Q�QPG�YQWNF�
GZRGEV�VJCV�VJKU�CRRTQCEJ�UJQWNF�FQ�HKPG��$WV��VJGTG�KU�XGT[�QHVGP�C�NCTIG�
COQWPV�QH�WPPGEGUUCT[�KPHQTOCVKQP��7UWCNN[��VJG�EQFG�GZCORNGU�FGOCPF�C�
DCUKE�WPFGTUVCPFKPI�QH�C�NQV�QH�EQPEGRVU��+H�VJGUG�EQPEGRVU�YGTG�PQV�WP�
FGTUVQQF��NGCTPKPI�KU�JKPFGTGF�D[�TGFWPFCPE[��
4GFWPFCPE[�OKIJV�DG�QPG�TGCUQP�HQT�VJG�YGCMPGUU�QH�VJKU�CRRTQCEJ��6JG�
OCKP�RTQDNGO��CU�KV�UGGOU�VQ�OG��NKGU�UQOGYJGTG�GNUG��6JGTG�KU�C�JKIJ�TKUM�
VJCV�VTCKPGGU�UVC[�KPCEVKXG��LWUV�TGCF�VJGQTKGU�CPF�FQ�PQV�VT[�VQ�CRRN[�VJGKT�
QYP�MPQYNGFIG�VQ�PGY�UKVWCVKQPU��1T��VJCV�VJGKT�CEVKXKVKGU�TGOCKP�QP�C�NQY�
NGXGN��V[RKPI�CPF�EQR[KPI�EQFG��VT[KPI�VQ�HKZ�EQFG�YKVJQWV�GZCEVN[�MPQYKPI�
YJCV�KU�IQKPI�QP��TGEGKXKPI�UQNWVKQPU�HTQO�VGCEJGT�CPF�RGGTU��TCVJGT�VJCP�
HKZKPI�EQFG�VJGOUGNXGU��

���� %QPENWUKQP�
$G�ECTGHWN��M.GCTPKPI�JQY�VQ�WUG�EQQMDQQM�UQNWVKQPU�KU�EGTVCKPN[�CP�KO�
RQTVCPV�QDLGEVKXG��#NUQ�VQ�NGCTP�HTQO�ECUG�UVWFKGU�
4GCF�DGHQTG�9TKVG��KU�C�
IQQF�KFGC��$WV�UVTWIINKPI�VJG�YC[�VJTQWIJ�CP�GPFNGUU�UGTKGU�QH�EQQMDQQM�
GZCORNGU�KU�FGHKPKVGN[�PQV�VJG�YC[�VQ�UWEEGUU��

�� 6SLUDO�$SSURDFK�
���� &GHKPKVKQP�QH�VJG�5RKTCN�#RRTQCEJ�

$GTIKP�
������GZRNCKPU�VJKU�CRRTQCEJ�CU�HQNNQYU��
n6QRKEU�KP�C�EQWTUG�CTG�FKXKFGF�WR�KPVQ�HTCIOGPVU�CPF�VJG�
HTCIOGPVU�KPVTQFWEGF�KP�CP�QTFGT�VJCV�HCEKNKVCVGU�UVWFGPV�RTQD�
NGO�UQNXKPI��/CP[�QH�VJG�HTCIOGPVU�KPVTQFWEG�C�VQRKE��DWV�FQ�
PQV�EQXGT�KV�KP�FGVCKN��,WUV�GPQWIJ�FGVCKN�KU�IKXGP�KPKVKCNN[�UQ�CU�
VQ�HQTO�C�DCUKE�WPFGTUVCPFKPI�VJCV�ECP�DG�CRRNKGF�VQ�RTQDNGO�
UQNXKPI��#FFKVKQPCN�E[ENGU�EQPVCKP�TGKPHQTEKPI�HTCIOGPVU�VJCV�IQ�
KPVQ�OQTG�FGVCKN�QP�VJG�VQRKE���

5Q��VJGTG�CTG�VYQ�MG[�GNGOGPVU�VJCV�CTG�ETWEKCN�HQT�VJG�5RKTCN�#RRTQCEJ��
���&KXKFG�VJG�VQRKEU�KPVQ�HTCIOGPVU��6JGUG�HTCIOGPVU�FQ�PQV�EQXGT�C�VQRKE�
KP�FGVCKN�CU�C�TGHGTGPEG�DQQM�FQGU��
���2TQDNGO�UQNXKPI�UJQWNF�DG�RQUUKDNG�YKVJ�VJGUG�HTCIOGPVU��
/KETQYQTNFU�CU�FKUEWUUGF�KP�VJKU�VJGUKU�CTG�C�V[RKECN�GZCORNG�HQT�C�URKTCN�
CRRTQCEJ��$WV��QPG�ECP�HKPF�QVJGT�GZEGNNGPV�GZCORNGU��
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���� -KO�0��-KPIU�5RKTCN�#RRTQCEJ�
#P�GZEGNNGPV�GZCORNG�QH�VJG�CRRNKECVKQP�QH�VJG�5RKTCN�#RRTQCEJ�HQT�VGCEJ�
KPI�,CXC�ECP�DG�HQWPF�KP�-KPI�
�������-KPI�OQVKXCVGU�JKU�CRRTQCEJ�
-KPI��
������R��ZXKKK��CU�HQNNQYU��

n+OXG�GORNQ[GF�C�URKTCN�CRRTQCEJ�VQ�OCP[�VQRKEU��ITCFWCNN[�
CFFKPI�FGVCKN�QXGT�VJG�EQWTUG�QH�UGXGTCN�EJCRVGTU�TCVJGT�VJCP�
EQXGTKPI�GCEJ�VQRKE�KP�C�UKPING�RNCEG��6JG�VTGCVOGPV�QH�QDLGEVU�
CPF�ENCUUGU�KU�URTGCF�QXGT�%JCRVGTU�����������CPF�����HQT�GZ�
CORNG��%QPVTQN�UVTWEVWTGU�CTG�EQXGTGF�KP�%JCRVGTU�������CPF�����

+P�HCEV�KP�JKU�EWTTKEWNWO�JG�QHVGP�VWTPU�DCEM�VQ�KORQTVCPV�VQRKEU��UGG�QP�
PGZV�VYQ�RCIGU��6CDNG����
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� &KHHKEWNV�VQRKEU�QH�QDLGEV�QTKGPVGF�RTQITCOOKPI�

%QOOQP�VQRKEU�HQT�UVTWEVWTGF�CPF�QDLGEV�
QTKGPVGF�RTQITCOOKPI� 6QRKEU�QH�QDLGEV�QTKGPVGF�RTQITCOOKPI�

%JCRVGTU�KP�-KPIOU�
VGZVDQQM� 8CTKCDNGU�

/GVJQF�ECNN�CPF�
TGVWTP�

1DLGEVU�CPF�QDLGEV�
TGHGTGPEGU�

+PJGTKVCPEG�CPF�
RQN[OQTRJKUO�

1DLGEVU�%QNNCDQTC�
VKQP�

���)GVVKPI�5VCTVGF� � � � � �
���9TKVKPI�,CXC�
2TQITCOU�

����7UKPI�8CTK�
CDNGU����6[RGU�����
+FGPVKHKGTU������%QP�
UVCPVU�

����/GVJQFU� � � �

���%NCUUGU�CPF�
1DLGEVU�

&GENCTKPI�KPUVCPEG�
XCTKCDNGU�KP�
����
%NCUUGU��

&GENCTKPI�KPUVCPEG�
OGVJQFU��OGVJQF�
QXGTNQCFKPI��EQP�
UVTWEVQTU�KP�
����
%NCUUGU��
����%CNNKPI�+PUVCPEG�
/GVJQFU�
����,CXCOU�5VTKPI�
%NCUU�
%QOOQP�
/GVJQFU��%JCKPKPI�
%CNNU�QH�+PUVCPEG�
/GVJQFU��

����%TGCVKPI�1DLGEVU�
����*QY�QDLGEVU�CTG�
UVQTGF�

� �
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���$CUKE�EQPVTQN�
UVTWEVWTGU�

� � � � �
���#TTC[U� � � ����%TGCVKPI�CPF�

7UKPI�#TTC[U�
����7UKPI�#TTC[U�CU�
8GEVQTU�
����7UKPI�#TTC[U�CU�
&CVCDCUGU�
����#TTC[U�CU�1DLGEVU�

� �

���)TCRJKEU� � ����%TGCVKPI�C�FTCY�
KPI�
����%QODKPKPI�VGZV�
YKVJ�ITCRJKEU�

����&TCYKPI�KP�EQNQWT��
%QPUVTWEV�C�%QNQT�
QDLGEV�
����&KURNC[KPI�VGZV��
%QPUVTWEV�C�(QPV�
QDLGEV�

� ����&TCYKPI�KP�EQNQWT�
����&KURNC[KPI�VGZV�
����%QODKPKPI�VGZV�
YKVJ�ITCRJKEU��

���%NCUU�8CTKCDNGU�
CPF�/GVJQFU�

����%NCUU�8CTKCDNGU�
�

����%NCUU�OGVJQFU�
XGTUWU�KPUVCPEG�
OGVJQFU�
����9TKVKPI�ENCUU�
OGVJQFU�
����6JG�4GVWTP�
UVCVGOGPV�
����2CTCOGVGTU�
����9TKVKPI�JGNRGT�
OGVJQFU�
����FGUKIPKPI�OGVJ�
QFU�

�����6JG�VJKU�MG[�
YQTF�

� �

���/QTG�%QPVTQN�
UVTWEVWTGU�

� ����'ZEGRVKQPU� � � �
���2TKOKVKXG�6[RGU� ����6[RGU�

����+PVGIGT�
����(NQCVKPI�2QKPV�
����%JCT�
����6[RG�%QPXGTUKQP�

� � � �
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� &KHHKEWNV�VQRKEU�QH�QDLGEV�QTKGPVGF�RTQITCOOKPI�
%QOOQP�VQRKEU�HQT�UVTWEVWTGF�CPF�QDLGEV�
QTKGPVGF�RTQITCOOKPI� 6QRKEU�QH�QDLGEV�QTKGPVGF�RTQITCOOKPI�

%JCRVGTU�KP�-KPIOU�
VGZVDQQM� 8CTKCDNGU�

/GVJQF�ECNN�CPF�
TGVWTP�

1DLGEVU�CPF�QDLGEV�
TGHGTGPEGU�

+PJGTKVCPEG�CPF�
RQN[OQTRJKUO�

1DLGEVU�%QNNCDQTC�
VKQP�

�����%JQQUKPI�KP�
UVCPEG�XCTKCDNGU�
�����6JG�VJKU�MG[�
YQTF�
WUKPI�VJKU�VQ�
CEEGUU�JKFFGP�XCTK�
CDNGU��

�����6JG�VJKU�MG[�
YQTF�
WUKPI�VJKU�CU�CP�
CTIWOGPV�QT�TGVWTP�
XCNWG��
������&GDWIIKPI�

�����&GUKIPKPI�%NCUUGU�����9TKVKPI�%NCUUGU�

�����#FFKPI�ENCUU�XCTKCDNGU�CPF�/GVJQFU�

�����6JG�VJKU�MG[�
YQTF�
�����9TKVKPI�EQP�
UVTWEVQTU�

� �����&GUKIPKPI�
+PUVCPEG�/GVJQFU�
�����4GWUKPI�%QFG�

����5WDENCUUGU� � �����2QN[OQTRJKUO� � �����+PJGTKVCPEG�
�����6JG�RTQVGEVGF�
CEEGUU�OQFKHKGT�
�����1XGTTKFKPI�
�����2QN[OQTRJKUO�
�����6JG�1DLGEV�ENCUU�
�����#DUVTCEV�ENCUUGU�
�����(KPCN�ENCUUGU�
CPF�OGVJQFU�
�����+PJGTKVCPEG�KP�
VJG�#96�

�

����6JG�#DUVTCEV�
9KPFQY�6QQNMKV�

� �����%TGCVKPI�CPF�
WUKPI�EQORQPGPVU�

� �����(TCOGU�
�����'XGPV�.KUVGPGTU�

JQY�VQ�KORNGOGPV�CP�
KPVGTHCEG��

�����(TCOGU�
CFFKPI�
%QORQPGPVU��
�
�����+PPGT�%NCUUGU�
�����#VVCEJKPI�
.KUVGPGTU�VQ�OWNVKRNG�
EQORQPGPVU�
�����.C[QWV�

����&CVC�UVTWEVWTGU� �����9TCRRGT�%NCUUGU� �����6JG�5VTKPI�
$WHHGT�ENCUU�

�����/WNVKFKOGPUKQPCN�
#TTC[U�

� �����6JG�8GEVQT�ENCUU�
�����5GVU�

� �����4GCFKPI�CP�YTKVKPI�FCVC�V[RGU�
�����4GCFKPI�CPF�YTKVKPI�EJCTCEVGTU�

����(KNGU� � �����#FXCPEGF�
GZEGRVKQP�JCPFNKPI�

�����4GCFKPI�CPF�YTKVKPI�QDLGEVU�
6CDNG����6QRKEU�OCRRGF�VQ�EJCRVGTU�KP�C�DQQM�VJCV�WUGU�VJG�URKTCN�CRRTQCEJ��

,QUGRJ�$GTIKP�
������GORJCUKUGU�VJG�RTQDNGO�UQNXKPI�CURGEV�QH�VJG�URKTCN�
CRRTQCEJ��5VWFGPVU�UJQWNF�DG�CDNG�VQ�CFFTGUU�TGCN�YQTNF�RTQDNGOU�YKVJ�
VJG�MPQYNGFIG�VJG[�NGCTPV�KP�GXGT[�KVGTCVKQP��-KPI�
������VTKGU�VQ�JGNR�JKU�
TGCFGTU�
UVWFGPVU��VQ�FQ�UQ�YKVJ��6GCEJKPI�RTQDNGO�UQNXKPI�UMKNNU��UQOG�
RTQITCO�FGUKIP��EQFG�YTKVKPI�UV[NG��CPF�IKXG�TGCN�YQTNF�GZCORNGU�VJCV�CTG�
KPVGTGUVKPI�GPQWIJ�CPF�PQV�VQ�NCTIG��5QOG�QH�JKU�ECUG�UVWFKGU�CTG��7PKV�
EQPXGTUKQP��EQWTUG�CXGTCIG��EJGEMKPI�CP�+5$0�PWODGT��FGEQFKPI�UQEKCN�
UGEWTKV[�PWODGT��C�RJQPG�FKTGEVQT[��RTKPVKPI�C�QPG�OQPVJ�ECNGPFCT��RNC[KPI�
DNCEMLCEM��

���� %QIPKVKXG�.QCF�QH�VJKU�#RRTQCEJ�
6JKU�CRRTQCEJ�TGFWEGU�FTCOCVKECNN[�VJG�EQIPKVKXG�NQCF��#�NQV�QH�ECTG�KU�
VCMGP��VQ�CXQKF�TGFWPFCPV�KPHQTOCVKQP��-KPI�FGHKPGU�KP�JKU�DQQM�GZGTEKUGU�
VJCV�GPHQTEG�VJG�UVWFGPVU�VQ�NGCTP�VJG�UEJGOCVC�VJG[�PGGF�NCVGT�KP�VJG�
DQQM��
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���� %QPENWUKQP�
6JG�GZCORNG�UJQYU�VJCV�C�5RKTCN�CRRTQCEJ�KU�RQUUKDNG�CNUQ�YKVJQWV�OK�
ETQYQTNFU��$WV��VJG�RTKEG�KU�JKIJ��-KPI�PGGFU�����ECTGHWN�YTKVVGP�RCIGU�
DGHQTG�JG�IGVU�VQ�VJG�OCKP�VQRKEU�QH�QDLGEV�QTKGPVGF�RTQITCOOKPI�
YTKVKPI�
ENCUUGU�CPF�UWDENCUUGU���5#/5�HCOQWU�,CXC�KP����FC[U�EQXGTU�VJG�UCOG�
VQRKE�KP�VJG�HKTUV�YGGM��0GXGTVJGNGUU��+�YQWNF�JKIJN[�RTGHGT�-KPIU�ECTGHWN�
CRRTQCEJ�VQ�VJG�YC[�QVJGT�DQQMU�CDQWV�,CXC�VTGCV�VJG�VQRKEU��$GUKFGU�
$GTIKP	U�FGUETKRVKQP�QH�C�OKETQYQTNF�VJCV�KU�FKUEWUUGF�NCVGT��VJKU�KU�VJG�QPN[�
DQQM�VJCV�EQORNKGU�YKVJ�VJG�KORNKECVKQPU�QH�EQIPKVKXG�NQCF�VJGQT[��#�VTG�
OGPFQWU�TCVKPI�QH�VJKU�DQQM�D[�COC\QP�EQOOU�TGCFGTU�UJQYU�UQOG�GXK�
FGPEG�HQT�VJG�XCNKFKV[�QH�EQIPKVKXG�NQCF�VJGQT[���
6JGTG�KU�C�FTCY�DCEM�VQ�VJG�5RKTCN�CRRTQCEJ�KP�IGPGTCN��+V�PGGFU�C�NQV�QH�
RNCPPKPI�CPF�GNCDQTCVKQP�HQT�VJG�VGCEJGT�YTKVGT��-KPI�PGGFGF�HQTG�[GCTU�VQ�
FQ�VJG�LQD�RTQRGTN[��#U�,QUGRJ�$GTIKP�
������GORJCUKUGU��n6JKU�RCVVGTP�

VJG�5RKTCN�CRRTQCEJ��ECPPQV�DG�WUGF�KP�C�UOCNN�YC[��#�EQOOKVOGPV�PGGFU�
VQ�DG�OCFG�VQ�KV��+H�VJKU�KU�PQV�RQUUKDNG�QT�FGUKTCDNG��CXQKF�KV�GPVKTGN[���

�� 7HDFKLQJ�2EMHFW�2ULHQWHG�7KLQNLQJ�ZLWK�80/�)LUVWO\�
6JG�7PKHKGF�/QFGNNKPI�.CPIWCIG�
7/.��KU�C�YC[�VQ�XKUWCNKUG�QDLGEV�
QTKGPVGF�RTQDNGO�UQNXKPI�CPF�FGUKIP��6Q�VJGUG�OGVJQFU�QPG�ECP�CNUQ�
EQWPV�VJG�%NCUU�4GURQPUKDKNKV[�%QNNCDQTCVKQP�%CTFU�
%4%�%CTFU���%4%�
%CTFU�CTG�CP�GPVT[�NGXGN�VQ�DQVJ�VJG�UVCVKE�7/.�FKCITCOU�NKMG�ENCUU�FKC�
ITCOU�QT�VJG�F[PCOKE�FKCITCOU�NKMG�UVCVGEJCTV�QT�EQNNCDQTCVKQP�FKCITCOU��

���� %NCUU�4GURQPUKDKNKV[�%QNNCDQTCVKQP�%CTFU�
%4%�%CTFU��
-GPV�$GEM�CPF�9CTF�%WPPKPIJCO�RTGUGPVGF�%4%�%CTFU�HKTUV�CV�VJG�112�
5.#�O���%QPHGTGPEG�
$GEM�CPF�%WPPKPIJCO��������6JG[�YTKVG��

�n6JG�OQUV�FKHHKEWNV�RTQDNGO�KP�VGCEJKPI�QDLGEV�QTKGPVGF�RTQ�
ITCOOKPI�KU�IGVVKPI�VJG�NGCTPGT�VQ�IKXG�WR�VJG�INQDCN�MPQYN�
GFIG�QH�EQPVTQN�VJCV�KU�RQUUKDNG�YKVJ�RTQEGFWTCN�RTQITCOU��CPF�
TGN[�QP�VJG�NQECN�MPQYNGFIG�QH�QDLGEVU�VQ�CEEQORNKUJ�VJGKT�VCUM��
W�+V�KU�KP�VJKU�EQPVGZV�VJCV�YG�YKNN�FGUETKDG�QWT�RGTURGEVKXG�QP�
QDLGEV�FGUKIP��KVU�EQPETGVG�OCPKHGUVCVKQP��%4%�
HQT�%NCUU��4G�
URQPUKDKNKV[��CPF�%QNNCDQTCVKQP����

%4%�%CTFU�CTG�WUGF�CU�HQNNQYU��
���;QW�YTKVG�FQYP�QP�C�RCRGT�ECTF�
#��QT�UOCNNGT��K�G��������EO��VJG�
ENCUUGU�[QW�HKPF�TGNGXCPV�VQ�[QWT�RTQLGEV�
KP�VQR���(QT�KPUVCPEG�KP�C�RTQLGEV�
HQT�C�DCPM��#EEQWPV��%WUVQOGT��%WTTGPV�#EEQWPV��8CNWG��2GTHQTOCPEG��
5JCTGU��2QTVHQNKQ�OKIJV�DG�VJKPIU�[QW�HKPF�TGNGXCPV��$GEM�CPF�%WPPKPIJCO�
�����OGPVKQP�C�DCPMKPI�OCEJKPG�CPF�UWIIGUV�KP�VJGKT�UQNWVKQP��#EEQWPV��
6TCPUCEVKQP��%CTF4GCFGT��&KURGPUGT��4GOQVG&CVC$CUG��'XGPV��+PVGTHCEG�
(5/��5ETGGP�CPF�#EVKQP��
���1P�VJG�NGHV�JCPF�UKFG�QH�VJG�ECTFU��;QW�YTKVG�FQYP�VJG�VCUMU�
TGURQPUK�
DKNKVKGU��[QW�VJKPM�CTG�PCVWTCN�HQT�VJKU�ENCUU��(QT�CP�CEEQWPV�PCVWTCN�TGURQP�
UKDKNKVKGU�OKIJV�DG��FGRQUKV��YKVJFTCYCN��EJGEM�EWTTGPV�XCNWG��ECNEWNCVG�KP�
VGTGUV��UJQY�KPVGTGUV�TCVGU�JKUVQT[��UJQY�JKUVQT[�QH�VTCPUCEVKQPU��
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���1RRQUKVG�QP�VJG�TKIJV�JCPF�UKFG��[QW�OCMG�C�PQVG�VJCV�VGNNU�YJKEJ�
ENCUUGU�YQTM�VQIGVJGT�VQ�CEEQORNKUJ�VJKU�VCUM�
EQNNCDQTCVKQP���(QT�KPUVCPEG�
VQ�UJQY�VJG�JKUVQT[�QH�CP�CEEQWPV�[QW�PGGF�CNN�VJG�VTCPUCEVKQPU�QP�VJKU�
CEEQWPV��;QW�FQ�PQV�OGPVKQP�EQNNCDQTCVKQPU�KH�C�ENCUU�ECP�HWNHKN�UQOG�VCUM�
YKVJQWV�CPQVJGT�ENCUU�DWV�OC[�YQTM�VQIGVJGT�YKVJ�CPQVJGT�ENCUU��(QT�KP�
UVCPEG�$GEM�CPF�%WPPKPIJCO������OGPVKQP�VJCV�KP�VJG�OQFGN�XKGY�
EQPVTQN�RCVVGTP�VJG�OQFGN�JCU�PQ�EQNNCDQTCVKQP�YKVJ�VJG�OQFGN�QT�VJG�EQP�
VTQN��%QNNCDQTCVKQPU�YKVJ�VJGO�CTG�PQV�C�OWUV��QPN[�C�RQUUKDKNKV[��6JG�
OQFGN�OC[�DG�FTKXGP�YKVJQWV�C�ITCRJKECN�WUGT�KPVGTHCEG��
#HVGTYCTFU��%4%�ECTFU�ECP�DG�WUGF�KP�VJTGG�YC[U��
���;QW�ECP�FGTKXG�UVCVKE�ENCUU�FKCITCOU�HTQO�VJGUG�ECTFU��
���#PF�OQUV�KORQTVCPV��[QW�OC[�UGV�WR�C�VGCO�KP�YJKEJ�GXGT[QPG�RNC[U�
CP�QDLGEV�QH�QPG�QH�VJGUG�ENCUUGU��6JGP�[QW�VT[�VQ�CEEQORNKUJ�C�VCUM��
(TQO�VJKU�TQNG�RNC[�[QW�ECP�FGTKXG�F[PCOKE�FKCITCOU�CU�UVCVGEJCTV�QT�OQUV�
NKMGN[�EQNNCDQTCVKQP�FKCITCOU�QT�UGSWGPEG�FKCITCOU��
���'ZRGTKGPEGF�RTQITCOOGTU�ECP�VTCPUHQTO�%4%�%CTFU�FKTGEVN[�KPVQ�EQFG��
+V�KU�KP�VJG�UGEQPF�YC[�YJGTG�%4%�%CTFU�OC[�DG�WUGF�KP�GFWECVKQP��

���� 5VCVGEJCTV�&KCITCOU�
.GCTPGTU�CTG�EQPHWUGF�D[�C�JKIJ�PWODGT�QH�QDLGEVU�YQTMKPI�VQIGVJGT��#�
UVCVGEJCTV�FKCITCO�UVWFKGU�QPN[�QPG�QDLGEV�KP�FKHHGTGPV�UVCVGU�QH�KVU�NKHGE[�
ENG��.GCTPGTU�WPFGTUVCPF�UKORNG�UVCVGEJCTV�FKCITCOU�NQPI�DGHQTG�VJG[�
EQORNGVGN[�ITCUR�VJG�UGPUG�QH�
CVVTKDWVGU�CPF�QRGTCVKQPU��9QTM�
KPI�YKVJ�UVCVGEJCTV�FKCITCOU�KU�
VJGTGHQTG�C�RQYGTHWN�VQQN�VQ�
IWKFG�NGCTPGTU�HTQO�VJGKT�TGCN�NKXG�
WPFGTUVCPFKPI�QH�VJG�DGJCXKQWT�
QH�QDLGEVU�VQ�VJG�HWPEVKQPKPI�QH�
QDLGEVU�KP�QDLGEV�QTKGPVGF�
RTQITCOOKPI��
#�HWGN�VCPM�KU�C�IQQF�GZCORNG�HQT�
CP�QDLGEV�YKVJ�UVCVGU�VJCV�UVW�
FGPVU�WPFGTUVCPF�GCUKN[��6JG�
VCPM�OC[�DG�HWNN��GORV[��HKNNKPI�
CPF�TGCF[��+V�JCU�VYQ�CVVTKDWVGU��
ECRCEKV[�CPF�NGXGN��1RGTCVKQPU�
CTG�EQPUWOG(WGN
��CPF��HKNN
���
'XGP�YKVJ�NKVVNG�RTQITCOOKPI�
MPQYNGFIG��NGCTPGTU�OC[�UGV�WR�
VJG�EQFG�HQT�VJG�HWGN�VCPM�CPF�
UGG�VJG�VCPM�KP�CEVKQP�NCVGT�KP�VJG�
EQWTUG���

���� 5VCVKE�&KCITCOU�
5VCVKE�FKCITCOU�UWEJ�CU�ENCUU�FKCITCOU�CPF�QDLGEV�FKCITCOU�CTG�VJG�OQUV�
CDUVTCEV�VQ�WPFGTUVCPF��6JG[�QPN[�UGGO�VQ�DG�GCU[�HQT�GZRGTKGPEGF�RTQ�

Full
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openTank
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�
(KI�����UVCVGEJCTV�FKCITCO�QH�C�HWGN�VCPM�
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ITCOOGTU��DGECWUG�VJG[�JQNF�CDQWV�VJG�UCOG�KPHQTOCVKQP�CU�GPVKV[�
TGNCVKQPUJKR�FKCITCOU�KP�FCVCDCUG�FGUKIP��CPF�DGECWUG�VJG[�CTG�ENQUG�VQ�
QDLGEV�QTKGPVGF�EQFG��$WV�YKVJQWV�WPFGTUVCPFKPI�QDLGEV�QTKGPVGF�RTQITCO�
OKPI��VJGUG�FKCITCOU�TGHNGEV�C�NQV�QH�EQPEGRVU�QH�QDLGEV�QTKGPVGF�RTQ�
ITCOOKPI�VJCV�VJG�NGCTPGT�FQGU�PQV�MPQY�[GV��$QQMU��VJGTGHQTG��WUG�
OGVCRJQTU�VQ�GZRNCKP�VJG�EQPEGRVU��+V�UGGOU�WPNKMGN[�VJCV�WPFGTUVCPFKPI�
VJGUG�OGVCRJQTU�TGCNN[�JGNRU�WPFGTUVCPFKPI�QDLGEV�QTKGPVGF�RTQITCOOKPI��
+V�KU�GCU[�VQ�WPFGTUVCPF�VJCV�VJGTG�KU�C�ENCUU�
ECVGIQT[��XGJKENGU�CPF�VJCV�KP�
VJKU�ENCUU�
ECVGIQT[��HCNN�DQCVU��ECTU�CPF�OQVQTE[ENGU�CU�UWDECVGIQTKGU�

UWDENCUUGU���0Q�RTQDNGOMGZRGEV�HQT�UVWFGPVU�VJCV�FQ�PQV�URGCM�'PINKUJ�
YGNN�GPQWIJMVQ�UGG�VJCV�O[/QVQT%[ENG��O[/QVQT$QCV��O[4QYKPI$QCV�
HCNN�KP�QPG�QT�UGXGTCN�QH�VJGUG�ECVGIQTKGU�CPF�VJCV�VJG[�CTG�KPUVCPEGU�
QD�
LGEVU��QH�XGJKENGU��OQVQTE[ENGU�CPF�QT�DQCVU��
0Q�RTQDNGO�VQ�UGG�VJCV�C�ECT�KU�C�EQORQUKVKQP�QH�OQVQT��VTWPM��RCUUGPIGT	U�
EGNN�CPF���YJGCNU��GVE��

turnLeft()
turnRight()
accelerate()
s top()

V e h icle s
{ab s tr act}

Car sSailSailing Boat

Rud d e r w he e l Br ak e

M oto r

�
(KI�����ENCUU�FKCITCO��HKIWTCVKXG�GZCORNG��DWV�CUUKIPKPI�DGJCXKQWT�FQGU�PQV�YQTM��
2TQDNGOU�UVCTV�YJGP�VTCPUHGTTKPI�VQ�TGCN�QDLGEV�QTKGPVGF�DGJCXKQWT��;QW�
UGG�CTKUG�DKI�SWGUVKQP�OCTMU�YJGP�[QW�GZRNCKP�VJCV�CNN�XGJKENGU�OWUV�MPQY�
VJG�QRGTCVKQP�VWTP.GHV
��CPF�VWTP4KIJV
���1T��YJGP�[QW�GZRNCKP�VJCV�VJG[�
WUG�FKHHGTGPV�OGVJQFU�VQ�HWNHKN�VJGUG�QRGTCVKQPU��
6JG�OCKP�DGPGHKV�QH�UVCVKE�FKCITCOU�KU�VJCV�RGQRNG�NGCTP�VJG�XQECDWNCT[�
YGNN��$WV�UVKNN�YKVJQWV�EQFKPI��VJG�VTCPUHGT�HTQO�UVCVKE�EJCTVU�VQ�EQFG�CPF�
VJG�TGCN�WPFGTUVCPFKPI�QH�VJG�DGJCXKQWT�QH�QDLGEVU�KP�QDLGEV�QTKGPVGF�RTQ�
ITCOOKPI�KU�PQV�UWTG�CV�CNN��

���� 1VJGT�&KCITCOU�
+V�KU�C�NKVVNG�FCPIGTQWU�VQ�WUG�QVJGT�FKCITCOU�VQ�XKUWCNKUG�GNGOGPVU�QH�,CXC�
EQFG��,WF[�$KUJQR�
������VTKGU�KV�KP�JGTG�DQQM�n,CXC�)GPVN[���5QOG�TGCF�
GTU�HKPF�JGT�URGEKHKE�QDLGEV�OQFGNNKPI�VGEJPKSWG�HKPG��DGECWUG�VJG�FKCITCOU�
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IKXG�VJGO�CP�QXGTXKGY�QH�VJG�GZCORNG�RTQITCOU�CV�QPG�INCPEG��(QT�OQUV�
QVJGTU��VJG[�OGCP�CPQVJGT�DWTFGP�CFFGF�VQ�VJG�JGCX[�EQIPKVKXG�NQCF��

���� ,WFIGOGPV�QH�VJKU�#RRTQCEJ�
9G�VTKGF�VJKU�CRRTQCEJ�KP�QWT�KPUVKVWVKQP�HQT�CFWNV�GFWECVKQP��+V�KU�PQV�C�DCF�
CRRTQCEJ��9G�PGGFGF�QPG�YGGM�
���NGUUQPU��VQ�FQ�KV��%4%�%CTFU�CPF�
UVCVGEJCTV�FKCITCOU�CTG�OQUV�WUGHWN�YJGP�[QW�HQNNQY�VJKU�VTCEM��
9KVJ�7/.�CPF�GURGEKCNN[�YKVJ�%4%�%CTFU�QPG�ECP�KPXQNXG�NGCTPGTU�KP�CE�
VKXKVKGU��

���� )QQF�#EVKXKVKGU�HQT�9QTMKPI�YKVJ�%4%�%CTFU�CPF�7/.�
4GCFKPI�EQORTGJGPUKQP�QH�FKCITCOU�
• 'ZRNCKPKPI�YJCV�[QW�UGG�KP�C�FKCITCO�KP�[QWT�QYP�YQTFU��
• )KXGP�C�FKCITCO�CPF�FKHHGTGPV�UVCVGOGPVU��VTCKPGGU�FGEKFG�YJKEJ�
UVCVGOGPVU�CTG�VTWG�CPF�YJKEJ�CTG�YTQPI��

&TCYKPI�FKCITCOU�
• )KXGP�UQOG�UVCVGOGPVU�KP�PCVWTCN�NCPIWCIG�VTCKPGGU�FGUKIP�FKCITCOU��
• )KXGP�C�ENCUU�FKCITCO�VTCKPGGU�FTCY�QDLGEV�FKCITCOU�VJCV�CTG�EQORCVK�
DNG�VQ�VJG�ENCUU�FKCITCO�QT�XKEG�XGTUC��6JKU�KU�XGT[�KORQTVCPV�VQ�WPFGT�
UVCPF�VJG�FKHHGTGPEG�DGVYGGP�QDLGEVU�CPF�ENCUUGU��

• )KXGP�C�UGSWGPEG�QT�EQNNCDQTCVKQP�FKCITCO�VTCKPGGU�FTCY�ENCUU�FKC�
ITCOU�VJCV�EQPVCKP�CU�QRGTCVKQPU�VJG�OGUUCIGU�UGPV�DGVYGGP�QDLGEVU��

2NC[KPI�QDLGEVU�KPXQNXGF�KP�VJG�RTQITCO�HNQY�
)KXGP�KU�C�VCUM�VQ�EQORNGVG�CPF�VJG�QDLGEVU�
QT�ENCUUGU��VJCV�EQNNCDQTCVG�
YKVJ�GCEJ�QVJGT��6JG�VTCKPGGU�JCXG�VQ�HKPF�C�RTQITCO�HNQY�HQT�VJG�EQNNCDQ�
TCVKQP��6JG�TWNGU�[QW�IKXG�HQT�VJKU�GZGTEKUG��
��� ;QW�EQOOWPKECVG�QPN[�YKVJ�OGUUCIGU��

#�OGUUCIG�EQPVCKPU��VJG�CFFTGUUGG��C�EQOOCPF�CPF�CFFKVKQPCN�KP�
HQTOCVKQP��

��� 6JG�CFFTGUUGG�VCMGU�QXGT�EQORNGVG�EQPVTQN�CPF�MGGRU�KV�WPVKN�JG�IKXGU�
KV�DCEM�VQ�VJG�UGPFGT�QH�VJG�OGUUCIG��

��� 6JG�CFFTGUUGG�OC[�ECNN�QVJGT�QDLGEVU�
QT�ENCUUGU���*G�OC[�CNUQ�ECNN�
JKOUGNH��
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���� &GUKIP�2CVVGTP�CPF�
#PCN[UG�2CVVGTP�
&GUKIP�RCVVGTP�CTG�RCV�
VGTP�VJCV�CTG�KPFGRGPF�
GPV�HTQO�C�RTQDNGO�FQ�
OCKP��CPF�VJGTGHQTG�ECP�
DG�WUGF�KP�FKHHGTGPV�CR�
RNKECVKQPU��5WEJ�RCVVGTP�
RTQQHGF�VQ�DG�VQQ�CD�
UVTCEV�HQT�DGIKPPGTU��
'XGP�QDXKQWU�RCVVGTPU�
NKMG�EQORQUKVG�
EQORQPGPV�
FGUETKDGF�
CV�)COOC��������R��
�����CTG�FKHHKEWNV�VQ�WP�
FGTUVCPF��+�WUGF�VJG�
XKUWCNK\CVKQP�KP�VJG�DQQM�
QH�(QYNGT�
������UGE�
VKQP������VJCV�UJQYU�C�
QDLGEV�FKCITCO�CPF�VJG�
TGNCVGF�ENCUU�FKCITCOU�CPF�CUMGF�VQ�VTCPUHGT�VJG�KFGC�VQ�VJG�GZCORNG�QH�
CPQVJGT�V[RG�QH�QTICPKUCVKQP��WPKQPU�CPF�VJGKT�OGODGTU��6JG�VTCKPGGU�JCF�
UGXGT�FKHHKEWNVKGU�VQ�FQ�VJKU�VTCPUHGT��

f if a : Union uef a : Union

f renchSoccerUnion : Union germanSoccerA ssoc iation : Union

olympicComitiy  : Union

fcMonaco : Union fcBordeau : Union f cBayernMunchen : Union f cHamburg : Union

f ranzBeckenbauer : Member giovanniElber : Member

playerLicence = f alse
coachLicence = f alse

playerLicence = true
coachLicence = f alse

�
(KI�����QDLGEV�FKCITCO�VQ�VJG�ENCUU�FKCITCO�KP�HKI����

#PCN[UG�RCVVGTPU�YKVJ�UKORNG�TGCN�NKXG�RTQDNGOU�NKMG�EWUVQOGT��CEEQWPV��
VTCPUCEVKQP�UJQYGF�VQ�DG�RTGHGTCDNG�HQT�GZGTEKUGU���

join()
leave()
payContribution()
lis tMembers()
lis tLicendPlayers()

M em ber

Union

hasPlayerLicence()
hasCoachLicence()

Pe r s on
*

*

�
(KI�����GZCORNG�QH�VJG�EQORQUKVG�EQORQPGPV�FG�
UKIP�RCVVGTP�

�
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���� 'ZCORNGU�CPF�'ZGTEKUGU��
#�VGCEJGT�UJQWNF�RTQXKFG�GZCORNGU�VJCV�CTG�GCU[�VQ�WPFGTUVCPF�CPF�WUG�
VJG�UCOG�GZCORNGU�HQT�CNN�VJG�FKHHGTGPV�MKPFU�QH�FKCITCOU��
)QQF�GZCORNGU�CTG�PQV�GCU[�VQ�HKPF��
• 6JG�GZCORNG�QH�VJG�FKHHGTGPV�XGJKENGU�HQT�KPUVCPEG�YQTMU�HKPG�YKVJ�
UVCVKE�FKCITCOU�QT�GXGP�C�UVCVGEJCTV�QH�C�XGJKENG��DWV�KV�KU�TCVJGT�CD�
UVTCEV�YJGP�[QW�CTG�IQKPI�VQ�UGV�WR�%4%�%CTFU�CPF�VGUV�UQOG�RTQITCO�
HNQY��9JCV�KU�VJG�TGURQPUKDKNKV[�QH�VJG�YJGGN!�9JKEJ�ENCUUGU�IQV�VJG�
TGURQPUKDKNKV[�HQT�C�VWTP!�9JCV�KU�VJG�RTQITCO�HNQY�QH�C�VWTP!�

• 'ZCORNGU�NKMG�C�NKDTCT[��QT�C�DCPM�YQTM�HKPG�DWV�PGGF�UQOG�WPFGTUVCPF�
KPI�QH�FCVC�JCPFNKPI�CPF�VGPF�VJGTGHQTG�VQ�DGEQOG�VQQ�EQORNGZ��(QT�
VTCKPGGU�YKVJ�C�DCEMITQWPF�KP�FCVCDCUG�RTQITCOOKPI��UWEJ�GZCORNGU�
UJQWNF�YQTM�HKPG��

• 9G�VJQWIJV�VJCV�UKOWNCVKQPU�UJQWNF�YQTM�HKPG��9G�YQTMGF�QWV�CP�GZ�
CORNG�YKVJ�C�YCUJKPI�OCEJKPG��$WV�VJG�GZCORNG�YCU�PQV�URGEKHKE�
GPQWIJ��6JGTGHQTG��VJG�VTCKPGGU�EQWNF�PQV�HKPF�C�UQNWVKQP��)COGU�OKIJV�
DG�IQQF�GZCORNGU��+�JCXG�PQV�VTKGF�VJKU�[GV��

���� #V�QWT�+PUVKVWVKQP�HQT�#FWNV�'FWECVKQP�9G�)CXG�7R�VJKU�#RRTQCEJ�HQT�6YQ�
4GCUQPU�
��� 6JG�HGGNKPI�VJCV�VJG�MPQYNGFIG�KU�VQQ�CDUVTCEV�HQT�DGIKPPGTU��
��� 6JG�GZRGTKGPEG�VJCV�NGCTPGTU�YGTG�PQV�CDNG�VQ�NGCTP�VJG�FKCITCOU�YKVJ�
QWV�VJG�DCEMITQWPF�MPQYNGFIG�QH�CP�QDLGEV�QTKGPVGF�RTQITCOOKPI�NCP�
IWCIG��

����� 5VCTVKPI�YKVJ�%4%�%CTFU�CPF�7PKHKGF�/QFGNNKPI�.CPIWCIG�KP�VJG�.KIJV�QH�
%QIPKVKXG�.QCF�6JGQT[�
%4%�%CTFU�JCXG�QPN[�VJTGG�UGOCPVKE�GNGOGPVU�CPF�VJG�RTQEGFWTGU�VQ�WUG�
VJGO�ECP�DG�CESWKTGF�SWKEMN[��6JG�WUCIG�IQGU�UVGR�D[�UVGR��+ORQTVCPV�VQ�
PQVG��[QW�WUG�VJGO�KP�C�IQCN�HTGG�RTQEGUU��6JG�HKTUV�KPUVTWEVKQP�KU�VQ�YTKVG�
FQYP�QDLGEVU�ENCUUGU��6JGP�[QW�VJKPM�CDQWV�VJGKT�TGURQPUKDKNKV[��6JGP�[QW�
VJKPM�CDQWV�YKVJ�YJQO�VJG�UJQWNF�EQNNCDQTCVG�VQ�HWNHKN�VJKU�VCUM��6JGTGHQTG�
EQIPKVKXG�NQCF�KU�NQY��6JGTG�KU�PQ�URNKV�QH�CVVGPVKQP��PQ�IQCN��CPF�PQ�TGFWP�
FCPE[��6JG�NGCTPGTU�ECP�RNC[�VJG�KPVGTCEVKQPU�UQ�VJCV�C�JKIJ�FGITGG�QH�KP�
XQNXGOGPV�CPF�NGCTPGTU�CEVKXKV[�KU�IWCTCPVGGF��$GTIKP�
������CPF�O[�QYP�
GZRGTKGPEG�CTG�IQQF�YJCV�IKXGU�UQOG�UWRRQTV�VQ�EQIPKVKXG�NQCF�VJGQT[��
6JG�EJCTVU�QH�VJG�7PKHKGF�/QFGNNKPI�.CPIWCIG�UJQY�OQTG��DWV�PQV�CP�
QXGTYJGNOKPI�COQWPV�QH��UGOCPVKE�GNGOGPVU��1WT�GZRGTKGPEGU�YGTG�IQQF�
YKVJ�UVCVGEJCTV�FKCITCOU��HCKT�YKVJ�UVCVKE�FKCITCOU�
QDLGEVU�CPF�ENCUUGU���
CPF�OKZGF�YKVJ�F[PCOKE�FKCITCOU�NKMG�UGSWGPEG�CPF�EQNNCDQTCVKQP�FKC�
ITCOU��6JG�NCVVGT�OC[�DG�GZRNCKPGF�YKVJ�VJG�TGFWPFCPE[�YJGP�KPVTQFWEKPI�
VYQ�V[RGU�QH�FKCITCO�HQT�VJG�UCOG�RWTRQUG�KP�VJG�UCOG�E[ENG�QH�C�EQWTUG��
6JG�DGVVGT�GZRGTKGPEG�YKVJ�UVCVGEJCTV�FKCITCOU�OC[�DG�KORNKGF�D[�VJG�
HGYGT�KPVGTCEVKPI�GNGOGPVU��5VCVGEJCTV�FKCITCOU�UJQY�QPN[�QPG�QDLGEV��
5Q��VJG�GZRGTKGPEG�YG�OCFG�YKVJ�7PKHKGF�/QFGNNKPI�.CPIWCIG�CNUQ�UWR�
RQTVU�EQIPKVKXG�NQCF�VJGQT[��
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9G�KPVTQFWEGF�CNUQ�WUG�ECUG�CPF�CEVKXKV[�FKCITCOU��6JG�GZRGTKGPEG�YKVJ�
VJGUG�VYQ�V[RGU�QH�FKCITCOU�YGTG�RQQT��6JG[�CTG�PQV�UQ�ENQUGN[�TGNCVGF�VQ�
VJG�RCTCFKIO�QH�QDLGEV�QTKGPVGF�FGUKIP��+�YQWNF�CXQKF�RTGUGPVKPI�VJKU�OC�
VGTKCN�KP�VJG�UCOG�EQWTUG�E[ENG�KP�VJG�HWVWTG��+�YQWNF�WUG�WUGT�UVQTKGU�KP�
UVGCF�QH�WUG�ECUGU��DGECWUG�UVWFGPVU�CNYC[U�VTKGF�VQ�FGHKPG�UGXGTCN�WUG�
ECUGU�GXGP�HQT�XGT[�UOCNN�RTQLGEVU��

����� %QPENWUKQP�
$CUGF�QP�TGRQTVGF�CPF�QYP�GZRGTKGPEG�+�ECP�UC[�VJCV�%4%�%CTFU�UWRRQTV�
VJG�NGCTPKPI�QH�DCUKE�EQPEGRVU�QH�QDLGEV�QTKGPVGF�RTQITCOOKPI��6JKU�IKXGU�
UWRRQTV�VQ�EQIPKVKXG�NQCF�VJGQT[��OCKPN[�DGECWUG�QH�%4%�%CTFU�IQCN�HTGG�
WUCIG��5QOG�FKCITCOU�QH�VJG�7PKHKGF�/QFGNNKPI�.CPIWCIG�ECP�JGNR�VQ�NGCTP�
UEJGOCVC�QH�QDLGEV�QTKGPVGF�RTQITCOOKPI��6JKU�KU�GURGEKCNN[�VTWG�HQT�UVCVG�
EJCTV�FKCITCOU��1VJGT�UVCVKE�CPF�F[PCOKE�FKCITCOU�UJQY�OQTG�KPVGTTGNCVGF�
GNGOGPVU��+PVTQFWEKPI�VJTGG�MKPF�QH�F[PCOKE�FKCITCOU��UVCVGEJCTV�FKC�
ITCOU��UGSWGPEG�FKCITCOU�CPF�EQNNCDQTCVKQP�FKCITCOU��YCU�TGFWPFCPV�CPF�
OKIJV�DG�C�TGCUQP�HQT�VJG�RQQT�RGTHQTOCPEG�YKVJ�VJKU�MKPF�QH�FKCITCO��
#NUQ�VJGUG�GZRGTKGPEGU�IKXG�UWRRQTV�HQT�EQIPKVKXG�NQCF�VJGQT[��

�� *LYLQJ�D�6LQJOH�6LPSOH�7DVN�ZLWKLQ�DQ�([LVWLQJ�2EMHFW�
2ULHQWHG�)UDPHZRUN�

6JGTG�CTG�VJTGG�OCKP�CRRTQCEJGU�QP�VJKU�RTQOKUKPI�VTCEM��1PG�KU�VQ�VCMG�CP�
TGCN�UKORNG�RTQLGEV�CPF�CUM�VJG�VTCKPGGU�VQ�UQNXG�QPG�UKPING�RTQDNGO�YKVJKP�
VJKU�RTQLGEV��6JG�UGEQPF�KU�VQ�YTKVG�WPKV�VGUVU�HKTUV�CPF�CUM�VJG�VTCKPGGU�FQ�
FGHKPG�ENCUUGU�QT�RCTV�QH�ENCUUGU�VJCV�EQORN[�YKVJ�VJGUG�VGUVU��6JG�VJKTF�
CPF�OQUV�KPVGTGUVKPI�CTG�OKETQYQTNFU�YJGTG�[QW�CUM�VJG�VTCKPGG�VQ�UQNXG�
RTQDNGOU�KP�VJG�OKETQYQTNF��6JGUG�VJTGG�RQUUKDKNKVKGU�CTG�GZRNCKPGF�KP�VJG�
PGZV�VJTGG�UGEVKQPU��6TCKPGGU�5QNXG�C�5KPING�2TQDNGO�YKVJKP�C�2TQLGEV��
5GVVKPI�WR�C�VGUV�ENCUU��CPF�7UKPI�/KETQYQTNFU�HQT�6TCKPKPI��

�� 7UDLQHHV�6ROYH�D�6LQJOH�3UREOHP�ZLWKLQ�D�3URMHFW�
���� -G[�+FGC�

+P�QDLGEV�QTKGPVGF�RTQITCOOKPI�TGURQPUKDKNKVKGU�CTG�UJCTGF��6JGTGHQTG�[QWT�
UVWFGPVU�OC[�YQTM�QP�C�UOCNN�RCTV�HTQO�C�NCTIGT�RTQLGEV��,QUGRJ�$GTIKP�
ECNNU�C�RTGFGHKPGF�CRRNKECVKQP�QT�HTCOGYQTM�CU�DCUKU�HQT�NGCTPKPI�CP�CTVG�
HCEV��*G�ECNNU�VJG�VGEJPKSWG�QH�HKZKPI�OKPQT�HNCYU�KP�VJKU�CTVGHCEV�C�(KZGT�
7RRGT��*G�OGPVKQPU�UGXGTCN�KFGCU�QH�JQY�VQ�WUG�KV��;QW�ECP�KORNGOGPV�
VJGUG�KFGCU�UKOWNVCPGQWUN[�UQOGVKOGU��$GTIKP�
������NKUVU�CPF�FGUETKDGU��
n�
�� 9JGP�VJG�CTVGHCEV�KU�KPVTQFWEGF�CV�VJG�DGIKPPKPI�QH�VJG�EQWTUG�CPF�
KPVTQFWEGU�VJG�MG[�KFGCU�QH�VJG�EQWTUG��VJGP�KV�KU�CNUQ�CP�'CTN[�$KTF�

�� 9JGP�VJG�CTVGHCEV�KU�XGT[�NCTIG�VJGP�KV�KU�CNUQ�CP�KPUVCPEG�QH�.CTIGT�
6JCP�.KHG�

�� +H�VJG�CTVGHCEV�KU�CNUQ�KNNWUVTCVKXG�QH�UQOG�KORQTVCPV�VQRKE��VJGP�KV�KU�
CNUQ�CP�KPUVCPEG�QH�6Q[�$QZ�
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�� 9JGP�VJG�CTVGHCEV�KNNWUVTCVGU�VJG�QXGTCNN�VQRKE�QH�KPVGTGUV�KP�VJG�
EQWTUG��KV�FGOQPUVTCVGU�.C[�QH�VJG�.CPF�

�� +H�VJG�TGRCKTGF�CTVGHCEV�KU�WUGHWN�KP�UQOG�NCTIGT�EQPVGZV�KV�ECP�CNUQ�
DG�C�6QQN�$QZ�KPUVCPEG��

�� 6JKU�JCU�UQOG�QH�VJG�UCOG�IQCNU�CU�/KUVCMG��VJQWIJ�KV�KU�CR�
RTQCEJGF�FKHHGTGPVN[��*GTG�YG�HKPF�GTTQTU��+P�/KUVCMG�YG�OCMG�URG�
EKHKE�GTTQTU��

�� 6JKU�RCVVGTP�KU�C�YC[�VQ�CEJKGXG�4GCF�$GHQTG�9TKVG��
��

(QT�CNN�VJKU�KFGCU�
VGCEJKPI�RCVVGTP��$GTIKP�GZRNCKPU�YJGP�CPF�JQY�VQ�WUG�
VJGO��#P�GZCORNG�QH�C�(KZGT7RRGT�EQWNF�DG�C�ENCUU�2GTUQP�YJGTG�VJG�CV�
VTKDWVG�HQT�VJG�NCUV�PCOG�KU�OKUUKPI��6JG�UVWFGPV�JCU�QVJGT�CVVTKDWVGU�YKVJ�
VJGKT�SWGT[�CPF�WRFCVG�OGVJQFU�CU�YQTMGF�GZCORNGU�CNTGCF[�YTKVVGP�KP�
VJG�ENCUU��0QY��JG�ECP�CFF�VJG�CVVTKDWVG�HQT�VJG�HKTUV�PCOG�YKVJ�VJG�TG�
NCVGF�OGVJQFU�YKVJ�XGT[�NKVVNG�EQIPKVKXG�NQCF����

���� 4GCF�$GHQTG�9TKVG�XGTUWU�*KFKPI�&GVCKNU�
$GTIKP�GORJCUKUGU�VJCV�NGCTPKPI�VQ�TGCF�
EQFG��DGHQTG�[QW�YTKVG�
EQFG��KU�
XGT[�WUGHWN�KP�VGCEJKPI�QDLGEV�QTKGPVGF�RTQITCOOKPI��#P�CFXGTUG�GZRGTK�
GPEG�QH�,CXC�VTCKPGTU�KU�VJCV�UVWFGPVU�NQQUG�C�NQV�QH�VKOG�UVWF[KPI�EQFG�
FGVCKNU�VJG[�FQ�PQV�WPFGTUVCPF�[GV��
%QIPKVKXG�NQCF�VJGQT[�UWIIGUVU�TCVJGT�JKFKPI�FGVCKNU�VJCV�UVWFGPVU�FQ�PQV�
WPFGTUVCPF�EQORNGVGN[��DGECWUG�VJG[�CFF�VQ�VJG�EQIPKVKXG�NQCF��
'ZRGTKGPEG�YKVJ�NCPIWCIG�VGCEJKPI�OC[�IKXG�UQOG�KFGC�YJ[�KV�OC[�DG�CNN�
TKIJV�VQ�TGXGCN�FGVCKNU��6JG�VGEJPKSWG�QH�6QVCN�+OOGTUKQP�
.KUVGPKPI�YKVJQWV�
WPFGTUVCPFKPI�HKTUVN[��DGHQTG�VCMKPI��VJCV�OGCPU�VJG�YC[�EJKNFTGP�NGCTP�
NCPIWCIGU��KU�C�IQQF�YC[�VQ�NGCTP�NCPIWCIGU��+V�OKIJV�DG�C�IQQF�YC[�VQ�
NGCTP�EQORWVGT�NCPIWCIGU�VQQ��
6JG�FKXGTUG�GZRGTKGPEGU�FGRGPF�OQUV�NKMGN[�QP�VJG�OCVGTKCN�[QW�RTQXKFG��+H�
VJG�OCVGTKCN�KU�GZEGNNGPV�6QVCN�+OOGTUKQP�
4GCF�$GHQTG�9TKVG��YQTMU�HKPG��
#EEQTFKPI�VQ�O[�GZRGTKGPEG�VJG�SWCNKV[�KU�DCUGF�QP��

�� %QPUKUVGPV�PCOKPI�CPF�EQFKPI�
�� %QFG�EQOOGPVU�YJGTG�PGGFGF�
�� 6JG�EQPVGZV�KU�GXKFGPV��HQT�KPUVCPEG�VJG�TGURQPUKDKNKV[�CPF�VJG�EQN�
NCDQTCVKQP�QH�VJG�ENCUU�CTG�GZRNCKPGF���

�� 6JG�EQFG�KU�EQPEKUG�DWV�CXQKFU�CDDTGXKCVKQPU�VJCV�GZGEWVG�VYQ�
UVGRU�KP�C�UKPING�EQOOCPF��(QT�KPUVCPEG��KV�UJQWNF�TCVJGT�TGGF�
« i++; while (i < max ) … » �VJCP�
« while (++i < max) … ». �

�� /GVJQFU�CTG�PQV�VQQ�NCTIG�
6JG�,CXC�6WVQTKCN�QH�5WP�/KETQU[UVGOU�EQPVCKPU�C�IQQF�GZCORNG�QH�WUGHWN�
EQFG�CU�UVCVGF�CDQXG��
#�NQV�QH�OCVGTKCN�KU�PQV�IQQF�GPQWIJ�HQT�4GCF�$GHQTG�9TKVG��6JGTGHQTG��[QW�
YQWNF�DGVVGT�PQV�IKXG�CEEGUU�VQ�VJG�UQWTEG�EQFG�QH�VJKU�RCTV�QH�VJG�RTQ�
LGEV��1VJGTYKUG��VTCKPGGU�NQQUG�NQVU�QH�VKOG�UVWF[KPI�EQFG�VJCV�FQGU�PQV�
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JCXG�VJG�SWCNKV[�VQ�DG�WUGF�HQT�4GCF�$GHQTG�9TKVG��6JKU�OKIJV�DG�XGT[�KPGH�
HKEKGPV��2NWU��KV�IKXGU�VTCKPGGU�C�DCF�OQFGN�QP�JQY�VQ�YTKVG�EQFG��

���� 5WRRQTV�HQT�%QIPKVKXG�.QCF�6JGQT[�
'XKFGPVN[��IKXKPI�VJG�VTCKPGGU�C�UKPING�RTQDNGO�YKVJKP�C�NCTIGT�RTQLGEV��JG�QT�
UJG�ECP�HQEWU�QP�URGEKHKE�RTQDNGOU�CPF�VJG�UEJGOCVC�VJCV�OC[�DG�CRRNKGF�
VQ�VJGO��6JG[�FQ�PQV�QPN[�NGCTP�VJG�UEJGOC�VQ�UQNXG�VJG�RTQDNGO��DWV�CNUQ�
VQ�TGEQIPK\G�VJG�UEJGOC�YKVJKP�C�TGCN�NKXG�UEGPCTKQ��$QVJ�VJKPIU�FQ�PQV�
KPXQNXG�WPPGEGUUCT[�TGFWPFCPE[��6JG�HKTUV�UEJGOC�KU�VQ�UECP�HQT�VJG�URG�
EKHKE�RTQDNGO��VJG�UGEQPF�VQ�UQNXG�VJG�URQVVGF�RTQDNGO��+H�VJG�VTCKPKPI�
EQPEGPVTCVGU�QP�QPG�CPF�QPN[�QPG�RTQDNGO�CV�C�VKOG��KV�KU�CP�CNOQUV�RGT�
HGEV�CRRNKECVKQP�QH�EQIPKVKXG�NQCF�VJGQT[��
#�NKVVNG�DKV�RW\\NKPI�KU�VJG�IQQF�GZRGTKGPEG�TGRQTVGF�D[�$GTIKP�QH�VJG�VGCEJ�
KPI�RCVVGTP�4GCF�$GHQTG�9TKVG��6Q�TGXGCN�FGVCKNU�UJQWNF�ECWUG�RTQDNGOU�
CEEQTFKPI�VQ�EQIPKVKXG�NQCF�VJGQT[��'ZRGTKGPEGU�QH�O[�EQNNGCIWGU�UWIIGUV�
TCVJGT�VJG�JKFKPI�QH�FGVCKNU�
RTQXKFKPI�ENCUUGU�QPN[�EQORKNGF��CPF�YKVJQWV�
CEEGUU�VQ�UQWTEG�EQFG���$GTIKP�TCVGU�VJG�XCNKFKV[�QH�JKU�RCVVGTP�YKVJ�\GTQ�VQ�
VYQ�UVCTU�4GCF�$GHQTG�9TKVG�JCU�C�QPG�UVCT�TCVKPI��YJKEJ�OGCPU�OGFKWO�
XCNKFKV[��

���� %QPENWUKQP�
(QEWUKPI�QP�QPG�RTQDNGO�YKVJKP�VJG�HTCOGYQTM�QH�C�NCTIGT�RTQLGEV�KU�CP�
GZEGNNGPV�GZCORNG�QH�VJG�CRRNKECVKQP�QH�VJG�EQIPKVKXG�NQCF�VJGQT[��+V�ECP�DG�
CUUQEKCVGF�VQ�VJG�YQTMGF�GZCORNG�GHHGEV��)KXKPI�CEEGUU�VQ�VJG�EQORNGVG�
UQWTEG�EQFG�QH�VJG�RTQLGEV�OKIJV�ECWUG�NQVU�QH�RTQDNGOU�KH�VJG�SWCNKV[�QH�
VJG�EQFG�KU�PQV�GZEGNNGPV��

�� 6HWWLQJ�XS�D�WHVW�FODVV�
���� 9JCV�KU�C�6GUV�%NCUU!�

#�VGUV�ENCUU�KU�C�ENCUU�VJCV�GZGEWVGU�CWVQOCVKECNN[�UGXGTCN�VGUVU�QP�CPQVJGT�
ENCUU�YKVJQWV�KPVGTTWRVKQP�CPF�TGRQTVU�CP[�WPGZRGEVGF�DGJCXKQWT�
HCKNWTG��
QT�TWP�VKOG�GTTQTU��
6JGTG�KU�C�URGEKCN�HTGG�VQQN�CXCKNCDNG�VQ�EQPUVTWEV�VGUV�ENCUUGU��+V�KU�ECNNGF�
,7PKV�
JVVR���YYY�LWPKV�QTI���6JG�VGUVGT�ECP�GZGEWVG�CU�OCP[�VGUV�UWKVGU�
CU�JG�NKMGU�KP�QPG�TWP��6JG�VQQN�CUUGODNGU�CNN�HCKNWTGU�CPF�GTTQTU�KP�VJG�VGUV�
TGUWNV��6JG�VGUV�TGUWNV�ECP�DG�EJGEMGF�KP�ECUG�QH�WPGZRGEVGF�DGJCXKQWT�

HCKNWTG��QT�QH�TWP�VKOG�GTTQTU��,CXCOU�EQORNGVG�UVCEM�VTCEG�KU�TGEQTFGF�CPF�
ECP�DG�EJGEMGF�HQT�CP[�HCKNWTG�QT�GTTQT��

���� *QY�6TCKPGTU�%CP�7UG�6GUV�%NCUUGU�
6JG�VTCKPGT�FGHKPGU�VJG�URGEKHKECVKQP�HQT�C�ENCUU��*G�UGVU�WR�QPG�QT�UGXGTCN�
VGUV�ENCUUGU��UQ�VJCV�CNN�OKUVCMGU�VJCV�JG�GZRGEVU�HTQO�VJG�VTCKPGGU�CTG�
EJGEMGF��+V�KU�KORQTVCPV�VQ�IKXG�CEEWTCVG�HGGFDCEM�KP�ECUG�VJCV�C�HCKNWTG�QT�
GTTQT�QEEWTU��6JG�VTCKPGT�CUMU�VJG�VTCKPGGU�VQ�YTKVG�VJG�EQFG�QH�VJG�ENCUU��
6TCKPGGU�FQ�VJGKT�EQFKPI�UQ�VJCV�VJG�URGEKHKECVKQP�UGV�WR�D[�VJG�VTCKPGT�KU�
OGV��6JG�,7PKV�(TCOGYQTM�KU�XGT[�EQPXGPKGPV�HQT�UWEJ�VTCKPKPIU��+V�IKXGU�
VJG�VTCKPGG�C�XKUWCN�HGGFDCEM��EQORNGVG�CEEGUU�VQ�VJG�UVCEM�VTCEG�KP�ECUG�
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QH�HCKNWTGU�CPF�VJG�VTCKPGT�ECP�FGHKPG�C�HGGFDCEM�VGZV�HQT�CP[�HCKNWTG�JG�
GZRGEVU��

���� #FXCPVCIG�QH�VJG�6GUV�%NCUU�#RRTQCEJ�
6JG�VTCKPGT�FQGU�PQV�PGGF�C�YJQNG�RTQLGEV��6JG�KFGC�QH�C�UKPING�ENCUU�CPF�
KVU�URGEKHKECVKQPU�CTG�UWHHKEKGPV��+H�VJG�ENCUU�UJQWNF�PQV�WUG�VJG�GZKUVKPI�
#2+��ENCUUGU�NKMG�n6GORGTCVWTG��VJCV�UVQTG�VJG�XCNWG�QH�VGORGTCVWTG��
n(TCEVKQP��VJCV�UVQTGU�VYQ�KPVGIGT�XCNWGU��QT�n#EEQWPV��VJCV�UVQTGU�CE�
EQWPV�PWODGTU�CPF�VJG�DCNCPEG�CTG�IQQF�GZCORNGU��
$[�UGVVKPI�WR�C�VGUV�ENCUU��[QW�ECP�UJQY�YJCV�URGEKHKECVKQPU�CTG�CPF�VJCV�
URGEKHKECVKQPU�OWUV�DG�OGV�CPF�VGUVGF��6JKU�ECP�DG�FQPG�D[�VJG�YC[�
YKVJQWV�NQQUKPI�VKOG�HQT�NQPI�VJGQTGVKECN�FKUEWUUKQPU�CDQWV�URGEKHKECVKQPU�
CPF�VGUVKPI��

���� 'ZRGTKGPEGU�YKVJ�VJKU�#RRTQCEJ�
+�WUGF�CP�GZCORNG�VJCV�YCU�VQQ�FKHHKEWNV�
&KTGEVKQP���6JG�ENCUU�n&KTGEVKQP��
UJQWNF�UVQTG�C�XCNWG�DGVYGGP���CPF��π�VQ�KPFKECVG�C�FKTGEVKQP��$GUKFGU�
UVCVKE�QRGTCVKQPU�NKMG�VJG�EQPXGTUKQP�QH�FGITGG�HQTOCVU��KV�RTQXKFGF�QRGTC�
VKQPU�NKMG�VWTP.GHV
FQWDNG�FGITGGU��CPF�VWTP4KIJV
FQWDNG�FGITGGU���6JG�
OCVJGOCVKECN�EQORNGZKV[�FKUEQWTCIGF�VJG�VTCKPGGU�CPF�FKUVTCEVGF�VJGO�
HTQO�NGCTPKPI�,CXC��$WV�+�YQWNF�FQ�KV�CICKP�YKVJ�C�OQTG�UWKVCDNG�ENCUU�UWEJ�
CU�n6GORGTCVWTG��QT�n(TCEVKQP���

���� #XQKF�/CVJGOCVKEU�KP�'ZCORNGU�
6TCKPGGU�QWVUKFG�VGEJPKECN�WPKXGTUKVKGU�WUWCNN[�JCXG�PQ�OCVJGOCVKECN�
MPQYNGFIG��'XGP�VTCKPGGU�YKVJ�C�HCKT�OCVJGOCVKECN�DCEMITQWPF�FQ�PQV�NKMG�
VQ�KPVGITCVG�OCVJGOCVKEU�KP�RTQITCOOKPI��6JGTG�KU�PQ�PGGF�HQT�GZVGPFGF�
OCVJGOCVKEU�CP[YC[��,QUGRJ�$GTIKP�CPF�QVJGT�CWVJQTU�CPF�VTCKPGTU�UJQY�
VJCV�KPUVGCF�QH�WUKPI�VJG�WVKNKV[�ENCUU�n/CVJ��CPF�OCVJGOCVKECN�QRGTCVKQPU�
QPG�ECP�QRGTCVG�QP�5VTKPI�CPF�5VTKPI$WHHGT��+PVGIGT�QRGTCVKQPU��CU�KP�(TCE�
VKQP��VJCV�UVWFGPVU�WUWCNN[�NGCTP�KP�VJGKT�UKZVJ�UEJQQN�[GCT�UGGO�VQ�DG�CN�
TKIJV��

���� %QIPKVKXG�.QCF�6JGQT[�CPF�6GUV�%NCUUGU�
#EEQTFKPI�VQ�EQIPKVKXG�NQCF�VJGQT[��YTKVKPI�ENCUUGU�CICKPUV�C�VGUV�ENCUU�
UJQWNF�DG�GXGP�DGVVGT�VJCP�HKZKPI�QPG�RTQDNGO�YKVJKP�C�NCTIG�HTCOGYQTM��
6JG�VTCKPGG�UVCTVU�C�ENCUU�HTQO�UETCVEJ��6JGTGHQTG��VJGTG�KU�PQ�TGFWPFCPE[���

���� %QPENWUKQP�
6JKU�CRRTQCEJ�KU�CP�KPVGTGUVKPI�CNVGTPCVKXG�VQ�HKZKPI�QPG�RTQDNGO�YKVJKP�C�
NCTIG�HTCOGYQTM��+V�CUMU�HQT�FKHHGTGPV�MG[�UMKNNU�CU�FQKPI�HKZGU�KP�CP�GZKUV�
KPI�RTQLGEV��+V�CUM�HQT�UMKNNU�UWEJ�CU�WPFGTUVCPFKPI�URGEKHKECVKQPU�CPF�OGGV�
VJGO��YTKVKPI�EQFG�HTQO�UETCVEJ��KPUVGCF�QH�UECPPKPI�HQT�C�RTQDNGO�CPF�HKZ�
KV��
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�� 8VLQJ�0LFURZRUOGV�IRU�7UDLQLQJ�
/KETQYQTNFU�JCXG�DGGP�YKFGN[�WUGF�HQT�VGCEJKPI�RTQITCOOKPI�RTQEGFWTCN�
RTQITCOOKPI��&KGVTKEJ�$QNGU�
������CFCRVGF�VJKU�GCTNKGT�YQTM�HQT�RTQEG�
FWTCN�RTQITCOOKPI�YKVJ�,CXC��,QUGRJ�$GTIKP�
������VQ�%

�CPF�VQ�QD�
LGEV�QTKGPVGF�RTQITCOOKPI�YKVJ�,CXC�
$GTIKP��WPRWDNKUJGF���

���� 5JQTV�1XGTXKGY�QH�VJG�6JTGG�'ZKUVKPI�9QTNFU�
-CTGN

��VJG�TQDQV��WUGU�C�OKETQYQTNF�YKVJ�TQDQVU�VJCV�FQ�VCUMU�YKVJ�
DGGRGTU��6JG[�ECP�YCNM��VWTP�NGHV��RKEM�WR�DGGRGTU�CPF�NC[�FQYP�DGGRGTU��
9CNNU�OCMG�VCUMU�OQTG�EQORNKECVGF��#U�KVU�PCOG�KORNKGU��-CTGN

�WUGU�C�
UKORNG�EQFG�YKVJ�UKOKNCTKVKGU�VQ�%

��
,�-CTGN��KU�CP�CFCRVCVKQP�QH�-CTGN

�VQ�,CXC��+V�WUGU�RWTG�,CXC�EQFG��6JKU�
OGCPU�VJG�TQDQVU�CTG�EQFGF�CU�TGIWNCT�,CXC�ENCUUGU��6JG�YQTNF�NQQMU�VJG�
UCOG�CU�KP�-CTGN

�CPF�VJG�VGZVDQQM�KU�DCUGF�QP�VJG�VGZVDQQM�HQT�-C�
TGN

��+V�JCU�PQV�DGGP�RWDNKUJGF�QHHKEKCNN[�[GV��6TCKPGGU�ECP�WUG�CNN�VJG�
RQYGT�QH�,CXC�YJGP�UWD�ENCUUKPI�VJG�$CUKE�4QDQV�ENCUUGU��6JG[�OC[�GZ�
RGTKOGPV�GXGP�YKVJ�OWNVKVJTGCFKPI�CPF�UQNXG�RTQDNGOU�YKVJ�UGXGTCN�TQDQVU�
TWPPKPI�KP�UGXGTCN�VJTGCFU��
9TKVVGP�KP�)GTOCP��VJGTG�GZKUVU�C�,CXC�RTQITCOOGF�YQTNF�VJCV�WUGU�C�
JCOUVGT�KPUVGCF�QH�C�TQDQV�CPF�PWVU�KPUVGCF�QH�DGGRGTU��DWV�VJG�RQUUKDNG�
VTCKPKPIU�TGOCKP�VJG�UCOG��6JKU�*COUVGT�/QFGN�GZRNCKPU�QPN[�RTQEGFWTCN�
RTQITCOOKPI��#P�GZVGPUKQP�KU�RNCPPGF�VJCV�VGCEJGU�QDLGEV�QTKGPVGF�RTQ�
ITCOOKPI��$WV�VJKU�GZVGPUKQP�YKNN�PQV�DG�HKPKUJGF�DGHQTG��������
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���� 6JGTG�CTG�5GXGTCN�1DXKQWU�#FXCPVCIGU�QH�/KETQYQTNFU�.KMG�-CTGN

�QT�
VJG�*COUVGT�/QFGN�
���6JG�VTCKPGG�ECP�UQNXG�C�IKXGP�RTQDNGO�YKVJ�C�UOCNN�COQWPV�QH�MPQYN�
GFIG��(QT�VJG�HKTUV�RTQDNGOU��VJG�VTCKPGG�JCU�QPN[�VQ�MPQY�VYQ�EQOOCPFU�
nRKEM7R
���CPF�nOQXG
����
���6JGTG�KU�PQV�C�DKI�QXGTJGCF�QH�HKNG�JCPFNKPI��RTQITCOOKPI�GPXKTQPOGPV�
QT�&15�7PKZ�EQOOCPF�NKPG�KPUVTWEVKQPU��+P�-CTGN

��VJG�WUGT�UGVU�WR�C�
YQTNF�QT�QRGPU�C�UCXGF�YQTNF�YKVJ�C�IKXGP�RTQDNGO��*G�GFKVU�VJG�RTQITCO�
EQFG�CPF�UVCTVU�VJG�RTQITCO��6JG�RTQITCO�OC[�DG�GZGEWVGF�UVGR�D[�UVGR�
QT�PQP�UVQR��6YQ�YKPFQYU�CTG�IKXKPI�HGGFDCEM�CDQWV�VJG�TQDQVU��VJGKT�
UVCVG�CPF�CDQWV�GTTQTU�QT�EQORNGVKQP��6JG�WUGT�ECP�EQODKPG�UGXGTCN�
ENCUUGU�D[�VJG�%

�MG[YQTF��KPENWFG��
$CUKE�GZCORNG�QH�-CTGN

�EQFG�
NGHV��CPF�OKETQYQTNF�YKVJ�RTQDNGO�VQ�
UQNXG��
/* Class and Method Declarations */  
 
/* Begin Task */  
 
task  
{ /* Declarations */  
  ur_Robot Karel (1, 2, East, 0);  
 
  /* Statements */  
  Karel.move();  
  Karel.move();  
  Karel.pickBeeper();  
  Karel.move();  
  Karel.turnLeft();  
  Karel.move();  
  Karel.move();  
  Karel.putBeeper();  
  Karel.move();  
  Karel.turnOff();  
}  
 
/* End Task */  
 
/* End Program */  

�
�

(KI������-CTGN�VJG�TQDQV�KP�CEVKQP�
���6JG�OKETQYQTNF�KU�C�ENQUGF�YQTNF��PQV�CP�XKUKDNG�UOCNN�RCTV�QH�C�DKIIGT�
RTQDNGO��6JGTGHQTG�VJG�VTCKPGG�FQGU�PQV�HGGN�VJG�PGGF�VQ�UGG�DGJKPF�VJG�
EWTVCKPU�QT�CTQWPF�VJG�EQTPGT��
���6JG�VTCKPGG�IGVU�UGPUKDNG�VCUMU�VQ�EQORNGVG��9KVJ�C�IKXGP�UOCNN�COQWPV�
QH�PGY�MPQYNGFIG��JG�KU�CDNG�VQ�EQORNGVG�VJG�VCUM��*G�ECP�GXGP�KPXGPV�JKU�
QYP�RTQDNGOU�CPF�UQNXG�VJGO��
���6JG�VTCKPGG�IGVU�KOOGFKCVG�HGGFDCEM��*G�UGGU�YJGTG�JKU�EQFG�TWPU�
UWEEGUUHWNN[�CPF�YJGTG�KV�HCKNU��
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���6JG�#2+�QH�VJG�OKETQYQTNF�KU�XGT[�UOCNN��+P�VJG�*COUVGT�/QFGN�VJG�
VTCKPGG�YQTMU�KP�C�RTGFGHKPGF�ENCUU�n*COUVGT���KP�-CTGN

�VJG�VTCKPGG�
UWDENCUUGU�QPG�QH�VYQ�DCUKE�ENCUUGU�QT�QPG�QH�JKU�QYP�ENCUUGU��5GG�VJG�
HQNNQYKPI�HKIWTG��

row  : int
colomn : int
beepers : int
direktion: {north,east,south,w est}

«constructor»
ur_Robot(street : int, avenue : int, direction, beepers : int)
«update»
turnLef t()
move()
pickBeeper()
placeBeeper()
«des tructor»
turnOf f ()

ur_Robot

«constructor»
ur_Robot(street : int, avenue : int, direction, beepers : int)
«query»
f rontIsClear() : boolean
nextToA Beeper() : boolean
nextToA Robot() : boolean
fac ingNorth() : boolean
fac ingSouth() : boolean
fac ingEast() : boolean
fac ingWest() : boolean
anyBeepers InBeeperBag() : boolean

Robot

«update»
vor() {== move()}
linksUm() {== turnLef t()}
nimm() {== pick()}
gib() {== put()}
«query»
vornFrei() : boolean {== f rontIsClear()}
maulLeer() : boolean {== mouthEmpty()}
kornDa() : boolean {== isSeedThere()}

Ham s te r

(KI������VJG�#RRNKECVKQP�2TQITCOOKPI�+PVGTHCEG�
#2+��QH�-CTGN

�CPF�VJG�*CO�
UVGT�/QFGN�

���6JG�WUGT�ECP�GZRGTKOGPV�YKVJ�VJG�OKETQYQTNF�CPF�NGCTP�VJGTG�VJG�DCUKE�
MPQYNGFIG�QH�QDLGEV�QTKGPVGF�RTQITCOOKPI��+�YKNN�FKUEWUU�VJKU�KP�VJKU�UVWF[�
QP�VJG�HQNNQYKPI�RCIGU��

���� 6GCEJKPI�2QN[OQTRJKUO�YKVJ�VJG�/KETQYQTNF�-CTGN

�
$GTIKP�
������UJQYU�KP�EJCRVGT�����R�����JQY�VQ�QXGTTKFG�KPJGTKVGF�QRGTC�
VKQPU�YKVJ�FKHHGTGPV�OGVJQFU�CPF�JQY�VQ�ECNN�VJG�KPJGTKVGF�OGVJQF�VQ�WUG�KV�
YKVJKP�VJG�PGY�FGHKPGF�OGVJQFOU�DQF[��
+P�EJCRVGT�����
$GTIKP�������R�����������UJQYU�JQY�VQ�WUG�QPG�RQKPVGT�
VQ�C�4QDQV�VQ�CFFTGUU�4QDQVU�YKVJ�FKHHGTGPV�DGJCXKQWT��*QYGXGT�VJG�GZ�
CORNG�$GTIKP�WUGU�KU�PQV�EQPXKPEKPI��7PNKMG�HQT�KPUVCPEG�VJG�#EEQWPV�GZ�
CORNG��KV�OKUUGU�VQ�FGOQPUVTCVG�CP�QDXKQWU�CFXCPVCIG�QH�RQN[OQTRJKUO��
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���� 6GCEJKPI�%QNNCDQTCVKQP�YKVJ�6JG�/KETQYQTNF�QH�-CTGN

�
$GTIKP�QPN[�FGXQVGU�C�UOCNN�EJCRVGT�
$GIKP������������4QDQV�VGCOU��R��
��L����VQ�VJG�VQRKE�QH�EQNNCDQTCVKQP��*G�FGOQPUVTCVGU�YKVJ�VJKU�UOCNN�
EJCRVGT��VJCV�[QW�ECP�KPVTQFWEG�MG[�EQPEGRVU�QH�QDLGEV�QTKGPVGF�RTQITCO�
OKPI�TKIJV�CV�VJG�DGIKPPKPI��
(QT�OG��VJG�EQNNCDQTCVKQP�QH�QDLGEVU�KU�CU�ETWEKCN�HQT�VJG�RCTCFKIO�QH�QD�
LGEV�QTKGPVGF�RTQITCOOKPI�CU�RQN[OQTRJKUO�KU��+H�[QW�EJGEM�HQT�KPUVCPEG�
VJG�FGUKIP�RCVVGTPU�KP�VJG�HCOQWU�DQQM�n&GUKIP�2CVVGTPU��
)COOC�'��CPF�
QVJGTU��������[QW�YKNN�UGG�VJCV�KP�OQUV�RCVVGTPU�EQNNCDQTCVKQP�QH�UGXGTCN�
QDLGEVU�CPF�UWD�V[RKPI�IQGU�JCPF�KP�JCPF��5Q�KH�VJGTG�KU�C�UGTKQWU�ETKVKEKUO�
CDQWV�-CTGN

��KV�KU�VJG�HCEV�VJCV�KV�FQGU�PQV�FQ�OQTG�GHHQTV�KP�VGCEJKPI�
JQY�VQ�UGV�WR�CIITGICVKQPU�QH�4QDQVU�VJCV�YQTM�VQIGVJGT��

���� 7UGT�(GGFDCEM�CDQWV�9QTMKPI�YKVJ�/KETQYQTNFU�
6JG�HGGFDCEM�HQT�VJG�)GTOCP�XGTUKQP�VJCV�EQXGTU�QPN[�RTQEGFWTCN�RTQ�
ITCOOKPI�KU�GPVJWUKCUVKE�QP�YYY�COC\QP�FG��6JG�HGGFDCEM�HQT�VJG�'PI�
NKUJ�XGTUKQP�KU�OKZGF�QP�YYY�COC\QP�EQO��$QVJ�HGGFDCEMU�CTG�PQV�UKI�
PKHKECPV�
QPN[��L��TCVKPIU���1DXKQWUN[��VJG�'PINKUJ�XGTUKQP�YKVJ�-CTGN

�
FKF�PQV�OGGV�VJG�TGCFGTOU�GZRGEVCVKQPU�EQORNGVGN[��
&GURKVG�VJG�)GTOCP�*COUVGT�/QFGN�QPN[�EQXGTU�RTQEGFWTCN�RTQITCOOKPI��
KV�YCU�JKIJN[�GUVKOCVGF��6JG�GPVJWUKCUVKE�TGCFGT�EQOOGPVU�RTQXG�VJCV�VJG�
CRRTQCEJ�JCU�DGGP�CRRTGEKCVGF��
6JG�'PINKUJ�4QDQV�OKETQYQTNF�UJQYU�VJCV�[QW�ECP�VGCEJ�CNUQ�QDLGEV�
QTKGPVGF�RTQITCOOKPI�YKVJ�OKETQYQTNFU��5QOG�UJQTVEQOKPI�QH�VJG�DQQM�
-CTGN

�FQGU�PQV�NC[�YKVJKP�KVU�IGPGTCN�CRRTQCEJ��6JG�DQQM�KU�PQV�CU�YGNN�
GFKVGF�CU�VJG�)GTOCP�DQQM�CDQWV�VJG�*COUVGT�/QFGN��'ZCORNGU�CTG�
NGPIVJ[��6JG�XKUWCN�QTICPKUCVKQP�QH�VJG�DQQM�KU�HCKT�DWV�PQV�IQQF�QT�GZEGN�
NGPV��+�TGCF�UQOG�EQOOGPVU�ETKVKEK\KPI�VJCV�VJG�DQQM�YCU�VQQ�DCUKE�QT�CN�
OQUV�VQQ�IGPVNG�CU�RQUKVKXG��PQV�CU�PGICVKXG�HGGFDCEM��
/KETQYQTNFU�CTG�WUGF�CV�EQNNGIGU�CPF�WPKXGTUKVKGU�YKVJ�UWEEGUU��

���� &GUKIP�(NCYU�QH�VJG�/KETQYQTNFU�
6JGTG�NKGU�C�OKPQT�KPJGTGPV�FGUKIP�HNCY�KP�VJGUG�OKETQYQTNFU��7UWCNN[��KP�
QDLGEV�QTKGPVGF�RTQITCOOKPI��[QW�JCXG�GKVJGT�WRFCVG�QT�SWGT[�OGVJQFU��
9JCV�KU�VJG�FKHHGTGPEG�DGVYGGP�WRFCVG�CPF�SWGT[!�M1DLGEVU�EQPVCKP�KP�
HQTOCVKQP��(QT�KPUVCPEG�VJG�RQUKVKQP�QH�C�TQDQV�KP�-CTGN

�CPF�KVU�FKTGE�
VKQP�CTG�KPHQTOCVKQP�EQPVCKPGF�KP�VJG�TQDQV��2QUKVKQP�CPF�FKTGEVKQP�CTG�
ECNNGF�CVVTKDWVGU�QT�HKGNFU�QH�VJG�TQDQV��'KVJGT��[QW�WRFCVG�VJKU�KPHQTOCVKQP�
D[�OGVJQFU�NKMG�OQXG
��QT�VWTP.GHV
��QT�[QW�SWGT[�VJKU�KPHQTOCVKQP�D[�
OGVJQFU�NKMG�KU(CEKPI0QTVJ
���3WGT[�OGVJQFU�TGVWTP�C�XCNWG��KP�-CTGN

�
VJG�$QQNGCP�XCNWGU�VTWG�CPF�HCNUG��
+P�QDLGEV�QTKGPVGF�RTQITCOOKPI��WUWCNN[��[QW�FQ�PQV�WUG�WRFCVG�OGVJQFU�KH�
[QW�FGHKPG�PGY�SWGT[�OGVJQFU��$GTIKP�
�������RCIG�����GZRNCKPU�JQY�VQ�
FGHKPG�PGY�RTGFKECVGU�
SWGT[�OGVJQFU���(QT�FGHKPKPI�CP�QRGTCVKQP�nTKIJV+U�
%NGCT
����JG�WUGU�VJG�WRFCVG�OGVJQF�nVWTP.GHV
���KP�VJKU�OGVJQF��6JGTGHQTG�
CHVGT�VJTGG�VWTPU�VQ�VJG�NGHV�CPF�EJGEMKPI�nHTQPV+U%NGCT
���]���nTKIJV+U�
%NGCT
��_�VJG�TQDQV�KU�HCEKPI�VQ�VJG�TKIJV��5Q�JG�JCU�VQ�VWTP�KV�CICKP�VQ�VJG�
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NGHV�VQ�CXQKF�C�UKFG�GHHGEV��#�UKFG�GHHGEV�KU�CP�WPKPVGPFGF�WRFCVG�QH�KPHQT�
OCVKQP�EQPVCKPGF�KP�CP�QDLGEV�
CP�CVVTKDWVG��YKVJKP�C�SWGT[�OGVJQF��
+P�C�WUWCN�RTQLGEV��[QW�YQWNF�RTQITCO�C�OGVJQF�nTKIJV+U%NGCT
���FKTGEVN[�
D[�SWGT[KPI�VJG�RQUKVKQP�CPF�FKTGEVKQP�QH�VJG�4QDQV�CPF�EJGEMKPI�YJGVJGT�
VJGTG�KU�C�YCNN�QT�VJG�DQTFGTNKPG�QH�VJG�OKETQYQTNF�VQ�VJG�TGNCVKXG�TKIJV�QH�
VJG�TQDQV��5KFG�GHHGEVU�CTG�PQV�EQXGTGF�KP�C�IQQF�EWTTKEWNWO�HQT�QDLGEV�
QTKGPVGF�RTQITCOOKPI��$WV��KORNKEKVN[��[QW�VGCEJ��n0GXGT�GXGT�WUG�CP�WR�
FCVG�OGVJQF�HQT�C�SWGT[�OGVJQF���CU�VJG�IQNFGP�TWNG�HQT�CXQKFKPI�UKFG�GH�
HGEVU��

���� 5QNWVKQPU�VQ�VJKU�&GUKIP�(NCY�
$QNGU�
������WUGU�VJKU�GHHGEV�VQ�GZRNCKP�VJG�EQPEGRV�QH�UKFG�GHHGEVU��YJKEJ�
KU�KORQTVCPV�KP�RTQEGFWTCN�RTQITCOOKPI��#U�$QNGU�GZRNCKPU�KP�%JCRVGT���
RTQEGFWTCN�RTQITCOOKPI�DGHQTG�KPVTQFWEKPI�QDLGEV�QTKGPVGF�RTQITCOOKPI�KP�
VJG�HQNNQYKPI�EJCRVGTU��YJKEJ�YKNN�PQV�DG�CXCKNCDNG�DGHQTG�[GCT�������VJKU�
YQTM�CTQWPF�KU�CFGSWCVG��5KFG�GHHGEVU�CTG�CP�KORQTVCPV�VQRKE�KP�RTQEGFWTCN�
RTQITCOOKPI��+P�RTQEGFWTCN�RTQITCOOKPI��VJKU�RTQDNGO�ECPPQV�DG�CF�
FTGUUGF�D[�VJG�UKORNG�VGEJPKSWG�QH�PQV�WUKPI�WRFCVG�OGVJQFU�HQT�C�SWGT[��
$GTIKP�
������WUGU�VJKU�WPKPVGPFGF�GHHGEV�VQ�GZRNCKP�VJG�HCEV�VJCV�VJG�TG�
VWTP�UVCVGOGPV�VGTOKPCVGU�KOOGFKCVGN[�GZGEWVKQP��#PF��VJGTGHQTG��[QW�
ECPPQV�RWV�VJG�NCUV�VWTP.GHV
��QRGTCVKQP�CHVGT�VJG�TGVWTP�UVCVGOGPV��#U�UKFG�
GHHGEVU�FQ�PQV�QEEWT�KP�QDLGEV�QTKGPVGF�RTQITCOOKPI�WUWCNN[��$GTIKP�

������FQGU�PQV�FKUEWUU�UKFG�GHHGEVU��

���� /KETQYQTNFU�KP�VJG�8KGY�QH�%QIPKVKXG�.QCF�6JGQT[�
$[�TGFWEKPI�VJG�RTQDNGO�FQOCKP�VQ�C�OKETQYQTNF��VJG�KPVTKPUKE�EQIPKVKXG�
NQCF�KU�TGFWEGF�FTCOCVKECNN[��6JG�VTCKPGG�ECP�HQEWU�QP�VJG�CNIQTKVJOKE�CPF�
FGUKIP�UEJGOC�JG�JCU�VQ�NGCTP��6JG�KOOGFKCVG�XKUWCN�HGGFDCEM�FKUEJCTIGU�
VJG�DTCKP�HTQO�VJG�VCUM�QH�TGNCVKPI�WPKPVGPFGF�TGUWNVU�VQ�EQFKPI�GTTQTU��
-CTGN

��YKVJ�KVU�%

�NKMG�EQFG��CFFU�UQOG�TGFWPFCPE[��6JG�FKURNC[�QH�
VJG�GZGEWVGF�EQFG��PQV�QP�VJG�CEVKPI�TQDQV�QT�JCOUVGT��DWV�KP�C�UGRCTCVG�
YKPFQY�FQGU�URNKV�CVVGPVKQP��

���� %QPENWUKQP�
$[�FTCOCVKECNN[�NQYGTKPI�VJG�COQWPV�QH�KPVTKPUKE�EQIPKVKXG�NQCF��OK�
ETQYQTNFU�UGGO�VQ�DG�VJG�QPN[�YC[�HQT�C�SWKEM�KPVTQFWEVKQP�VQ�VJG�MG[�
KFGCU�QH�QDLGEV�QTKGPVGF�RTQITCOOKPI��5VKNN��EQPUKFGTKPI�VJG�EQIPKVKXG�NQCF�
VJGQT[��VJG�FGUKIP�QH�GZKUVKPI�OKETQYQTNFU�PGGFU�KORTQXGOGPVU��

��� 3URJUDPPLQJ�LQ�3DLUV�
6YQ�RGTUQPU�YQTMKPI�CV�VJG�UCOG�EQORWVGT�
RTQITCOOKPI�KP�RCKTU�QT�RCKT�
RTQITCOOKPI��KU�WUGF�KP�VJG�UQHVYCTG�KPFWUVT[�VQ�KORTQXG�GHHKEKGPE[��+V�JCU�
C�VGCEJKPI��EQCEJKPI�GHHGEV�VJCV�OKIJV�DG�WUGF�HQT�VTCKPKPI��VQQ��

����� &GHKPKVKQP�QH�2TQITCOOKPI�KP�2CKTU�KP�5QHVYCTG�+PFWUVT[�
2TQITCOOKPI�KP�RCKTU�KU�FGUETKDGF�KP�VJG�YGD�
UGG�
JVVR���E��EQO�EIK�YKMK!2TQITCOOKPI+P2CKTU���
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n6JKU�YCU�ECNNGF��2TQITCOOKPI�+P�2CKTU��KP�KVU�HKTUV�RWDNKUJGF�
FGUETKRVKQP�
D[�,KO%QRNKGP��UGG�*KUVQTKECN�0QVG�DGNQY���+V	U�
OQTG�EQOOQPN[�ECNNGF�2CKT2TQITCOOKPI�VJGUG�FC[U��PQVCDN[�D[�
VJG�'ZVTGOG2TQITCOOKPI�EQOOWPKV[�� 
%QPVGZV��;QW�JCXG�UGXGTCN�RGQRNG�YQTMKPI�QP�C�RTQLGEV��'XGT[�
QPG	U�TGEGKXGF�VJG�DCUKE�VTCKPKPI�PGEGUUCT[�VQ�FQ�VJG�LQD��5QOG�
CTG�
KPGXKVCDN[��OQTG�QT�NGUU�GZRGTKGPEGF�VJCP�QVJGTU��;QW�JCXG�
2CKT2TQITCOOKPI(CEKNKVKGU���
(QTEGU��;QW�YCPV�VQ�IGV�OQTG�FQPG�VJCP�[QWT�OQUV�RTQFWEVKXG�
RGTUQP�ECP�FQ��;QW�YCPV�[QWT�NGUU�GZRGTKGPEGF�RGQRNG�VQ�NGCTP�
HTQO�[QWT�OQTG�GZRGTKGPEGF�RGQRNG��;QW�YCPV�VQ�UVTWEVWTG�
[QWT�QTICPK\CVKQP�VQ�CXQKF�PGGFKPI��P�USWCTGF��EQOOWPKEC�
VKQPU�EJCPPGNU���
6JGTGHQTG��2CKT�WR�[QWT�RGQRNG��9JGP�CRRNKECDNG��GCEJ�RCKT�
UJQWNF�JCXG�C�TGNCVKXGN[�GZRGTKGPEGF�CPF�C�TGNCVKXGN[�KPGZRGTK�
GPEGF�RGTUQP��(QT�YQTM�DGKPI�FQPG�CV�C�EQORWVGT��RWV�VJG�TGNC�
VKXGN[�KPGZRGTKGPEGF�RGTUQP�CV�VJG�MG[DQCTF��UQ�GXGT[VJKPI�VJG�
GZRGTKGPEGF�RGTUQP�UC[U�JCU�VQ�HNQY�VJTQWIJ�VJG�PQXKEG�VQ�VJG�
EQORWVGT��6JG�RQKPV�KU�PQV�HQT�VJG�IWTW�VQ�FKEVCVG�VQ�VJG�ITGGP�
JQTP��QP�VJG�EQPVTCT[��RWVVKPI�VJG�PQXKEG�CV�VJG�MG[DQCTF�KU�
OGCPV�VQ�MGGR�JKO�QT�JGT�OQTG�KP�VJG�NQQR��9JGP�
CU�JCRRGPU�
QEECUKQPCNN[��VJCV�FQGUP	V�RTQXKFG�GPQWIJ�DCPFYKFVJ��VJG�GZ�
RGTKGPEGF�RGTUQP�YKNN�UC[���.GV�OG�FTKXG��
VJCV	U�PQV�C�RTGUETKR�
VKQP��VJCV	U�YJCV	U�HTGSWGPVN[�UCKF���CPF�YKNN�UJQY�UQOGVJKPI�
KPUVGCF�QH�VGCEJKPI�KV�CV�C�OQTG�NGKUWTGN[�RCEG��9JGP�QPG�
OGODGT�QH�VJG�RCKT�KU�PQV�HQNNQYKPI�YJCV	U�IQKPI�QP��JG�QT�UJG�
ECP�CUM�VQ�FTKXG����

����� +ORCEV�QH�2TQITCOOKPI�KP�2CKTU�
%QNNCDQTCVKXG�.GCTPKPI�KU�UVWFKGF�YGNN�CPF�UJQYU�KP�IGPGTCN�C�RQUKVKXG�GH�
HGEV��#�PGICVKXG�GHHGEV�QH�EQNNCDQTCVKXG�NGCTPKPI�KU�VJG�HCEV�VJCV�NQY�
CEJKGXGTU�RTQITGUUKXGN[�DGEQOG�RCUUKXG�
&KNNGPDQWTI��������R���L�����
6JGTGHQTG��KV�KU�C�IQQF�KFGC�VJCV�VJG�NGUU�GZRGTKGPEGF�UJQWNF�FTKXG�
UKV�CV�
VJG�MG[DQCTF�����
%QIPKVKXG�NQCF�VJGQT[�JCU�VYQ�GZRNCPCVKQPU�HQT�VJG�GHHGEVKXGPGUU�QH�RTQ�
ITCOOKPI�KP�RCKTU��(KTUVN[��DGECWUG�QH�VJG�CUUKUVCPEG�QH�C�UGEQPF�VTCKPGG�
VJG�EQIPKVKXG�NQCF�KU�TGFWEGF��6YQ�VTCKPGGU�JQNF�OQTG�KPHQTOCVKQP�VJCP�
QPG��5Q��VQIGVJGT��VJG[�CTG�CDNG�VQ�HKNN�ICRU�KP�VJG�MPQYNGFIG�QPG�VTCKPGG�
CNQPG�YQWNF�UWHHGT��6JGTG�KU�NGUU�DCEM�CPF�HQTVJ�
CVVGPVKQP�URNKV��DGVYGGP�
UETGGP��VGZVDQQM�CPF�QPNKPG�VWVQTKCN��5GEQPFN[��CEEQTFKPI�VQ�VJG�OQFCNKV[�
GHHGEV��VJG�CWTCN�GZRNCPCVKQPU�QH�VJG�UGEQPF�UVWFGPV�OKIJV�GZRCPF�YQTMKPI�
OGOQT[�YJKNG�UVWF[KPI�VJG�VGZVWCN�KPHQTOCVKQP�QP�UETGGP��

����� 2TCEVKECN�2TQDNGO�KP�'FWECVKQP�
6JG�OCKP�RTCEVKECN�RTQDNGO�CTG�VJG�VTCKPGGU�VJGOUGNXGU��#U�PQYCFC[U�
GXGT[�UVWFGPV�JCU�C�2%��WUWCNN[��KV�KU�PQV�GCU[�VQ�OQVKXCVG�JKO�QT�JGT�VQ�
YQTM�VQIGVJGT�CV�QPG�2%��
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5GXGTCN�RTGECWVKQPU�JGNR�VQ�QXGTEQOG�VJKU�RTQDNGO��
• /CMG�VGCOU�YJGTG�C�DGVVGT�UVWFGPV�YQTMU�VQIGVJGT�YKVJ�C�YGCMGT�
NGCTPGT��

• $WV�FQ�PQV�OCMG�VJG�FKHHGTGPEG�VQQ�DKI��&Q�PQV�CUUKIP�VJG�DGUV�VTCKPGG�
VQ�VJG�YGCMGUV��

• +PUVTWEV�VJGO�VQ�WUG�QPG�2%�HQT�DTQYUKPI�OCPWCNU�CPF�VJG�QVJGT�HQT�
RTQITCOOKPI��

• +P�ECUG�QH�PQP�PCVKXG�'PINKUJ�URGCMKPI�UVWFGPVU��QPG�QH�VJG�VTCKPGGU�
UJQWNF�MPQY�'PINKUJ�YGNN��6JKU�TGFWEGU�VJG�EQIPKVKXG�NQCF�CFFGF�D[�
VJG�'PINKUJ�NCPIWCIG��

'ZRGTKGPEGU�CV�QWT�KPUVKVWVKQP�HQT�CFWNV�GFWECVKQP�
9JGP�YG�OCPCIGF�VQ�OQVKXCVG�UVWFGPVU�VQ�RTQITCO�KP�RCKTU�YG�HQWPF�KV�
XGT[�GHHKEKGPV��#U�C�TWNG�QH�VJWOD��VJG�OQTG�YG�OCPCIGF�VQ�IGV�VJG�UVW�
FGPVU�VQ�RTQITCO�KP�RCKTU��VJG�OQTG�VJG[�NGCTPGF�CPF�VJG�NGUU�YG�IQV�UVW�
FGPVU�VJCV�FKF�PQV�NGCTP�CV�CNN��6JKU�GZRGTKGPEG�IKXGU�UQOG�UWRRQTV�VQ�VJG�
EQIPKVKXG�NQCF�VJGQT[��

����� %QPENWUKQP�
2TQITCOOKPI�KP�RCKTU�KU�CP�GHHKEKGPV�YC[�VQ�KORTQXG�VGCEJKPI�YKVJQWV�CP[�
CFFKVKQPCN�GHHQTV��6GCO�DWKNFKPI�ECWUGU�UQOG�RTQDNGOU��6JG�GHHGEVKXGPGUU�
QH�VJKU�CRRTQCEJ�IKXGU�UQOG�UWRRQTV�VQ�EQIPKVKXG�NQCF�VJGQT[��*QYGXGT��
QVJGT�NGCTPKPI�VJGQTKGU�RTGFKEV�VJKU�GHHGEVKXGPGUU��VQQ��

��� 5HYLHZ�4XHVWLRQV�
%QIPKVKXG�NQCF�VJGQT[�KORNKGU�VQ�RTGHGT�QHHNKPG�VGCEJKPI��)KXKPI�UQWPF�VJGQ�
TGVKECN�DCEMITQWPF�CPF�YQTMKPI�YKVJ�%4%�%CTFU�CPF�FKCITCOU�QH�VJG�7PK�
HKGF�/QFGNNKPI�.CPIWCIG�YCU�FKUEWUUGF�KP�RTGXKQWU�UGEVKQPU��7UKPI�TGXKGY�
SWGUVKQPU�KU�VJG�QHHNKPG�VGEJPKSWG�VJCV�KU�WUGF�TGIWNCTN[��

����� 4GXKGY�3WGUVKQPU�
;QW�OC[�HKPF�C�IQQF�GZCORNG�HQT�EJGEM�WR�SWGUVKQPU�KP�VJG�DQQM�QH�
5EJKNFV�
�������5EJKNFV�KPUGTVGF�C�UQ�ECNNGF�1PG�/KPWVG�&TKNN�YJGP�GXGT�JG�
GZRNCKPGF�VJTGG�WPKVU�QH�KPHQTOCVKQP�VJCV�JG�ECP�CUM�HQT�KP�C�QPG�NKPG�SWGU�
VKQP�CPF�IKXG�C�QPG�UGPVGPEG�CPUYGT��*G�TGRGCVU�VJKU�EJGEM�WR�SWGUVKQPU�
CV�VJG�GPF�QH�GCEJ�OQFWNG��9KVJ�VJG�1PG�/KPWVG�&TKNNU�JG�CXQKFU�VQ�QXGT�
NQCF�VJG�OKPF�QH�JKU�TGCFGTU��9KVJ�VJG�OQFWNG�EJGEM�WR�JG�HQTEGU�JKU�
TGCFGTU�VQ�C�UGEQPF�TGRGVKVKQP��6JG�EQOOGPVU�QP�COC\QP�EQO�UJQY�VJCV�
VJGUG�EJGEMU�WRU�CTG�JKIJN[�GUVKOCVGF��

����� (NCUJ�%CTFU�
+P�C�NKXG�GFWECVKQPCN�UGVVKPI�VJG�VTCKPGT�EQWNF�WUG�HNCUJ�ECTFU�QT�OKPF�OCRU�
HQT�TGRGVKVKQPU�QH�DCUKE�MPQYNGFIG��(NCUJECTFU�JCXG�C�TGXKGY�SWGUVKQP�KP�
HTQPV�CPF�VJG�CPUYGT�VQ�KV�QP�KVU�DCEM��%CTFU�UJQWNF�DG�UOCNN��CDQWV���
VKOGU���EO��UQ�VJCV�VJG�SWGUVKQP�CPF�VJG�CPUYGT�CTG�PQV�NQPIGT�VJCP�QPG�
VQ�VJTGG�UGPVGPEGU��1HVGP�VJG[�JQNF�QPN[�MG[�YQTFU��6JG�HNCUJECTFU�CTG�
RTQXKFGF�D[�VJG�VGCEJGT�QT�YTKVVGP�D[�VJG�UVWFGPVU�VJGOUGNXGU�YJCV�PGGFU�
VTCKPKPI��
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����� /KPF�OCRU�
/KPF�OCRU�JQNF�QPN[�MG[YQTFU��6JG[�CTG�C�XKUWCN�TGRTGUGPVCVKQP�QH�CNN�VJG�
PQFGU�QH�VJG�VGEJPKECN�VGTOU�CPF�VJG�MPQYNGFIG�QH�C�VQRKE��
6JGTG�KU�URGEKCN�UQHVYCTG�HQT�OKPF�OCRRKPI��5VWFGPVU�PGGF�KPUVTWEVKQPU�
YJGP�VJG[�UJQWNF�WUG�OKPF�OCRRKPI�HQT�VJGOUGNXGU��

����� 'XCNWCVKQP�QH�%QPVTQN�3WGUVKQPU��(NCUJECTFU�CPF�/KPF�/CRU�
6JG�MPQYNGFIG�VTCKPKPI�QH�VJKU�MKPF�TGOCKPU�QP�C�NQY�EQIPKVKXG�NGXGN��6JG�
VTCKPGG�QPN[�JCU�VQ�TGECNN�YJCV�JG�JCU�NGCTPGF��0GXGTVJGNGUU��KV�KU�KORQT�
VCPV�HQT�VJG�VTCKPGG�VQ�PCOG�VJKPIU�EQTTGEVN[��VQ�TGECNN�EQFG�GNGOGPVU�D[�
JGCTV�CPF�VQ�TGOGODGT�VJG�OQUV�KORQTVCPV�RTQDNGOU�CPF�CFXCPVCIGU��6JKU�
JGNRU�JKO�VQ�CESWKTG�VJG�EQORNGZ�UEJGOC��'XGT[�PCOG�HQT�C�PQF�KP�VJG�
MPQYNGFIG�VTGG�QH�QDLGEV�QTKGPVGF�RTQITCOOKPI�TGKPHQTEGU�NQPI�VGTO�
OGOQT[�CPF�JGNRU�VQ�TGFWEG�VJG�EQIPKVKXG�NQCF��#U�VJGUG�VGEJPKSWGU�CTG�
KPVGITCVGF�KP�C�EQWTUG�QT�DQQM��KV�YQWNF�DG�DCTG�URGEWNCVKQP�VQ�UC[�CP[�
VJKPI�CDQWV�VJGKT�GHHKEKGPE[�DCUGF�QP�GZRGTKGPEG�QT�TGCFGT�HGGFDCEM�QP�
COC\QP�EQO��

����� %QPENWUKQP�
4GXKGY�SWGUVKQPU��HNCUJ�ECTFU�QT�OKPF�OCRRKPI�UJQWNF�DG�WUGF�TGIWNCTN[�KP�
C�EQWTUG�VQ�JGNR�CESWKTG�EQORNGZ�UEJGOCVC�D[�TGKPHQTEKPI�NQPI�VGTO�OGO�
QT[���

��� $QDO\VLQJ�&RGH�DQG�&KHFN�ZLWK�0XOWLSOH�&KRLFH�4XHVWLRQV�
#P�QHHNKPG�VTCKPKPI�QP�C�JKIJGT�EQIPKVKXG�NGXGN�VJCP�TGXKGY�SWGUVKQPU�CTG�
OWNVKRNG�EJQKEG�SWGUVKQPU�YJGTG�VJG�VTCKPGG�UVWFKGU�EQFG�GZCORNGU��

����� 'ZCORNGU�QH�5WEJ�3WGUVKQPU�
6JG�OWNVKRNG�EJQKEG�SWGUVKQPU�WUGF�KP�VJG�GZCOU�HQT�C�5WP�EGTVKHKGF�RTQ�
ITCOOGT�QT�FGXGNQRGT��OC[�CNUQ�DG�WUGF�KP�VTCKPKPI��;QW�OC[�HKPF�UWEJ�
FTKNN�SWGUVKQP�HQT�KPUVCPEG�KP�VJG�$QQM�QH�$QQP�
�������6JG�TGRGVKVKQP�QT�
EJGEM�WR�NQQMU�NKMG�VJKU��(KTUVN[��VJG�VTCKPGG�IGVU�C�SWGUVKQP�CPF�C�EQFG�
GZCORNG�QH�WR�VQ����NKPGU�CU�RTQORV��6JGP��JG�IGVU�C�SWGUVKQP�YKVJ�C�UGV�
QH�HQWT�CPUYGTU��#OQPI�VJG�CPUYGTU�VJGTG�CTG�CNYC[U�QPG�QTG�VYQ�
EJQKEGU�YJ[�VJG�EQFG�UJQWNF�PQV�EQORKNG��6JGTG�OC[�CNUQ�DG�QPG�EJQKEG�
VJCV�VJG�EQFG�FQGU�PQV�EQORKNG�HQT�CP[�TGCUQP��#P�GZCORNG�NQQMU�NKMG�VJKU�

$QQP��������R�������
5RGEKH[KPI�VJKU�NKPG�CV�VJG�VQR�QH�[QWT�UQWTEG�HKNG�
package awt;  

C��TGUWNVU�KP�C�EQORKNG�VKOG�GTTQT�DGECWUG�,CXC�CNTGCF[�FGHKPGU�CP�awt �
RCEMCIG��
D��URGEKHKGU�VJCV�CNN�QH�[QWT�ENCUUGU�KP�VJKU�HKNG�UJQWNF�IQ�VQ�KPVQ�,CXCOU�
awt �RCEMCIG��
E��URGEKHKGU�VJCV�CNN�QH�[QWT�ENCUUGU�KP�VJKU�HKNG�UJQWNF�IQ�KPVQ�[QWT�QYP�
awt �RCEMCIG��
F��KORQTVU�CNN�QH�VJG�ENCUUGU�KP�[QWT�QYP�awt �RCEMCIG��
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����� %QIPKVKXG�.GXGN�CPF�%QIPKVKXG�.QCF�
5WEJ�OWNVKRNG�EJQKEG�SWGUVKQPU�CTG�VTCKPKPI�QP�C�JKIJ�EQIPKVKXG�NGXGN��6JG�
VTCKPGG�JCU�VQ�CRRN[�JKU�MPQYNGFIG�VQ�C�PGY�UKVWCVKQP��6JG�GZVTKPUKE�EQIPK�
VKXG�NQCF�KU�NQY��DGECWUG�CVVGPVKQP�KU�PQV�URNKVVGF�CU�OWEJ�CU�KV�YQWNF�DG�
KP�CP�QPNKPG�VTCKPKPI�UKVWCVKQP��2NWU��KP�QPNKPG�VTCKPKPI��UGXGTCN�UVGRU�CTG�
PGGFGF�VQ�IGV�HGGFDCEM��1HVGP��VJG�VTCKPGG�JCU�VQ�CUM�HQT�UWRRQTV��VQ�IGV�
CP�CEEWTCVG�HGGFDCEM��(QT�KPUVCPEG�DGECWUG�VJG�EQFG�CDQXG�FKF�PQV�YJCV�
JG�JCU�GZRGEVGF�KV�VQ�FQ��
6JG�GHHGEVKXGPGUU�QH�VJKU�CRRTQCEJ�IKXGU�UQOG�UWRRQTV�VQ�EQIPKVKXG�NQCF�
VJGQT[��$WV��GURGEKCNN[�VQ�VJKU�CRRTQCEJ��VJGTG�CTG�QVJGT�VJGQTKGU�VJCV�CRRN[�
CU�YGNN��6JKU�MKPF�QH�OWNVKRNG�EJQKEG�SWGUVKQPU�KU�FGTKXGF�HTQO�DGJCXKQWTCN�
RU[EJQNQI[��+V�KU�MPQYP�CU�n&KUETKOKPCVKQP�(TCOG�5GSWGPEG��
'URKEJ��
������R����������

����� 5KOKNCT�%JGEM�7R�3WGUVKQPU�
+P�C�NKXG�GFWECVKQPCN�UGVVKPI��[QW�ECP�KORNGOGPV�VJKU�MKPF�QH�OWNVKRNG�
EJQKEG�VTCKPKPIU�KP�XCTKQWU�YC[U��&ÑTKI�CPF�9CKDGN�GZRNCKP�VJG�ITQWR�CE�
VKXKVKGU�DGNQY�KP�&ÑTKI�
�������6JGTG�CTG�ITQWR�CEVKXKVKGU�VJCV�WUG�FKUETKOK�
PCVKQP��/WNVKRNG�EJQKEG�SWGUVKQPU�ECP�CNUQ�DG�WUGF�HQT�HNCUJ�ECTFU���

����� )TQWR�#EVKXKV[�+ORGTCVQT�
;QW�ECP�IKXG�UJQTV�EQFG�GZCORNGU�VQ�VJG�VTCKPGGU�CPF�CUM�VJGO�VQ�FGEKFG�
YJGVJGT�KV�EQORKNGU�QT�PQV��YJGVJGT�KV�ETGCVGU�VJG�QWVRWV�[QW�YCPV�QT�PQV��
+P�C�ITQWR�QH�[QWPIUVGTU�KV�KU�JKIJN[�CRRTGEKCVGF�VQ�FGEKFG�[GU�QT�PQ�D[�
VJWOD�WR�CPF�FQYP��6JG�VTCKPGT�QT�OQFGTCVQT�CUMU�VJG�SWGUVKQPU�CPF�CH�
VGT�UQOG�UGEQPFU�QT�OKPWVGU�QH�TGHNGEVKQP�JG�CUMU�HQT�VJG�FGEKUKQP��+H�
VTCKPGGU�FQ�PQV�CITGG�CDQWV�TKIJV�QT�YTQPI��VJG�ITQWR�FKUEWUUGU�VJG�UQNW�
VKQP��

����� )TQWR�#EVKXKV[�$NCEM�5JGGR�
$NCEM�UJGGR�KU�UKOKNCT�VQ�KORGTCVQT��6JG�UVKOWNWU�KU�PQV�QPG�EQFG�GZCORNG�
DWV�FKHHGTGPV�UQNWVKQPU��1PG�QH�VJG�UQNWVKQPU��VJG�DNCEM�UJGGR��KU�YTQPI��
6JG�VTCKPGGU�JCXG�VQ�FGEKFG�YJKEJ�QPG��#U�KP�KORGTCVQT��KP�ECUG�QH�
FKUCITGGOGPV��VJG�UQNWVKQP�KU�FKUEWUUGF��

����� +PFKXKFWCN�#EVKXKV[�(NCUJ�%CTFU�
(NCUJECTFU�YKVJ�OWNVKRNG�EJQKEG�SWGUVKQPU�CTG�RQUUKDNG��6JG�RTQDNGO�KU�
VJCV�VJG�VTCKPGG�OKIJV�TGOGODGT�VJG�TKIJV�CPUYGT�D[�JCTF�KPUVGCF�QH�TGE�
TGCVKPI�VJG�CPUYGT�D[�TGHNGEVKQP��6JCV�OGCPU�JG�TGOCKPU�QP�VJG�NQY�EQIPK�
VKXG�NGXGN�QH�TGECNN�KPUVGCF�QH�CRRN[KPI�DCUKE�MPQYNGFIG�VQ�C�PGY�UKVWCVKQP��
6JG�ETGCVKQP�QH�HNCUJ�ECTFU�D[�RGGTU�CPF�GZEJCPIKPI�VJKU�HNCUJECTF�ECP�
QXGTEQOG�VJKU�RTQDNGO���

����� %TGCVKPI�QYP�'ZCORNGU�
6JG�VTCKPGT�ECP�CUM�VJG�VTCKPGGU�VQ�KPXGPV�VJGKT�QYP�GZCORNGU�HQT�KORGT�
CVQT��DNCEM�UJGGR�QT�YTKVG�VJGKT�QYP�HNCUJECTFU��(KPFKPI�GZCORNGU�KU�QP�VJG�
UCOG�EQIPKVKXG�NGXGN�VJCP�CRRN[KPI�DCUKE�MPQYNGFIG�VQ�PGY�UKVWCVKQPU��5GG�
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VJG�GXCNWCVKQP�QH�/GV\IGT�G��C��
������R������DCUGF�QP�VJG�VCZQPQO[�QH�
$NQQO�
�������

����� %QPENWUKQP�
%QIPKVKXG�NQCF�ECP�DG�TGFWEGF�D[�UGXGTCN�QHHNKPG�CEVKXKVKGU��5QOG�QH�VJGO�
OC[�CRRN[�VQ�FKUVCPV�NGCTPKPI��UQOG�CTG�FGUKIPGF�HQT�ITQWR�CEVKXKVKGU��
$WKNFKPI�UEJGOCVC�YKVJ�UWEJ�CEVKXKVKGU�KU�QHVGP�OQTG�GHHGEVKXG�VJCP�QPNKPG�
RTQDNGO�UQNXKPI��#V�NGCUV�VJGTG�KU�NGUU�TKUM�VJCV�PGY�KVGOU�QH�KPHQTOCVKQP�
UWRGTUGFG�YQTMKPI�OGOQT[���

��� &KDSWHU�6XPPDU\�
/C[�YG�TGNC[�QP�GZRGTKGPEG�CPF�GUVKOCVKQPU��&QPOV�YG�PGGF�RTQQH!�

����� 'UVKOCVKQPU�CPF�'ZRGTKGPEG�HTQO�VJG�#PCN[UKU�QH�'ZKUVKPI�/CVGTKCN�
#�NQV�QH�GZRGTKGPEG�QP�VGCEJKPI�,CXC�UWRRQTVU�EQIPKVKXG�NQCF�VJGQT[��6JGTG�
KU�PQ�RTQQH�QH�VJG�EQTTGEVPGUU�QH�EQIPKVKXG�NQCF�VJGQT[��$WV��VJG�EQIPKVKXG�
NQCF�VJGQT[�UGGOU�VQ�DG�CP�CRRTQRTKCVG�OQFGN�HQT�VJG�GXCNWCVKQP�CPF�FG�
UKIP�QH�JKIJN[�KPVGTTGNCVGF�VQRKEU�NKMG�VGCEJKPI�QDLGEV�QTKGPVGF�RTQITCOOKPI�
YKVJ�,CXC����
$QQMU�CPF�ENCUUTQQO�CEVKXKVKGU�EQWNF�DG�FGUKIPGF�VQ�DG�OQTG�GHHGEVKXG��
2NCPPGF�DQQMU��UETKRVU�CPF�ENCUUTQQO�CEVKXKVKGU�UJQWNF�DG�EJGEMGF�HQT�
EQIPKVKXG�NQCF��%QIPKVKXG�NQCF�VJGQT[�OC[�IKXG�WU�JKPVU�VQ�KORTQXG�VGCEJ�
KPI�CPF�VQ�FGUKIP�KORTQXGF�GFWECVKQPCN�OCVGTKCN��
#OQPI�VJG�OQUV�GHHKEKGPV�CRRTQCEJGU�VQ�TGFWEG�EQIPKVKXG�NQCF�VJGTG�CTG��
• /KETQYQTNFU�
• $QQMU�VJCV�WUG�C�URKTCN�CRRTQCEJ�
• 4GKPHQTEKPI�MPQYNGFIG�CESWKUKVKQP�D[�HNCUJ�ECTFU��OKPF�OCRU�CPF�UJQTV�
TGXKGY�SWGUVKQPU�

• .GCTPKPI�VQ�CRRN[�MPQYNGFIG�VQ�EQFG�D[�EJGEMKPI�EQFG�GZCORNGU��GK�
VJGT�KP�C�VGZVDQQM�QP�C�HNCUJ�ECTF�QT�KP�C�ITQWR�CEVKXKV[��

• (KZKPI�CPF�KORTQXKPI�EQFG�YJKNG�HQEWUKPI�QP�URGEKHKE�RTQDNGOU�CPF�
UOCNN�VCUMU��

����� &Q�9G�0QV�0GGF�2TQQH!�
+�OGPVKQPGF�KP�VJG�DGIKPPKPI�VJG�OGVCRJQT�QH�C�TCEKPI�ECT�YJGTG�DGJCX�
KQWTKUO��EQIPKVKXKUO�CPF�EQPUVTWEVKXKUO�CTG�NKMG�VJG�GPIKPG�VJCV�RQYGTU�
QWT�ECT��DWV�VJG�EQIPKVKXG�NQCF�VJGQT[�KU�NKMG�YGKIJV�CPF�CGTQF[PCOKEU�VJCV�
UNQY�FQYP�QWT�TCEKPI�ECT��1HVGP��YG�FQ�PQV�JCXG�VJG�VKOG�CPF�VJG�OQPG[�
VQ�RTQXG�VJCV�TGRNCEKPI�UQOG�OCVGTKCN�D[�NKIJVGT�OCVGTKCN�QT�OCMKPI�C�
UOQQVJGT�UJCRG�TGCNN[�FQGU�OCMG�QWT�ECT�HCUVGT��0GXGTVJGNGUU��KV�KU�KORQT�
VCPV�VQ�VJKPM�CDQWV�UWEJ�KORTQXGOGPVU�RGTOCPGPVN[��9G�OKIJV�IGV�UWT�
RTKUGF�UQOGVKOGU��6JG�YJQNG�U[UVGO�OKIJV�PQV�TGCEV�CU�RTGFKEVGF��(QT�
KPUVCPEG��YG�OKIJV�NQQUG�VTCEVKQP�YJGP�YG�TGOQXG�UQOG�YGKIJV�CV�VJG�
YTQPI�RNCEG��
5Q�KV�KU�YKVJ�EQIPKVKXG�NQCF��(QT�KPUVCPEG��5YGNNGT�
������R�������TGRQTVU�
QH�YQTMGF�GZCORNGU�YKVJQWV�RQUKVKXG�YQTMGF�GZCORNGU�GHHGEV�KP�IGQOG�
VT[��6JG�KPGHHKEKGPE[�QH�VJG�YQTMGF�GZCORNG�GHHGEV�KP�VJKU�GZCORNGU��CU�JG�
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EQWNF�RTQXG�KP�VJKU�NCVGT�UVWF[�
5YGNNGT���������YCU�CEEQTFKPI�VQ�VJG�URNKV�
CVVGPVKQP�GHHGEV��

����� %QWPVKPI�QT�4CVKPI�
5YGNNGT�
������R�������KU�EQWPVKPI�VJG�EQIPKVKXG�NQCF�HQT�C�OCVJGOCVKE�
VCUM�DCUGF�QP�VJG�PWODGT�QH�
���UVCVGOGPVU��
���RTQFWEVKQPU��
���E[ENGU�VQ�
UQNWVKQP��
���EQPFKVKQPU��$GECWUG�QH�VJG�JGCX[�EQIPKVKXG�NQCF��+�EQWNF�PQV�
SWKVG�HQNNQY�JKU�ECNEWNCVKQPU��#P[YC[��OQUV�QH�VJG�VKOG��KP�RTCEVKEG�+�
YQWNF�UWIIGUV�VQ�TCVG�VJG�COQWPV�QH�EQIPKVKXG�NQCF��#U�VGCEJGT��YG�ECP�
OCMG�UQOG�GUVKOCVKQP�YJCV�QWT�UVWFGPVU�MPQY�YJGP�VJG[�UVCTV�C�EQWTUG��
YG�ECP�CNUQ�HKIWTG�QWV�YJGVJGT�VJG�COQWPV�QH�PGY�QT�KPVGTTGNCVGF�KPHQTOC�
VKQP�KU�JKIJ��9KVJ�UQOG�GORCVJ[�YG�ECP�CNUQ�TCVG�JQY�OWEJ�EQIPKVKXG�
NQCF�QWT�KPUVTWEVKQPCN�FGUKIP�CFFU�VQ�VJG�NGCTPKPI�UKVWCVKQP��
#U�.CPIGT��G��C��
������RQKPV�KV�QWV��QHVGP��TCVKPI�KU�OWEJ�OQTG�CEEWTCVG�
VJCP�EQWPVKPI��6JG�PWODGT�QH�YQTFU�KP�C�UGPVGPEG�FQGU�PQV�KORN[�VJCV�
VJKU�UGPVGPEG�KU�FKHHKEWNV�VQ�TGCF��(QT�KPUVCPEG��[QW�ECP�TGRNCEG�nVQ�IGV�
CTQWPF��D[�nEKTEWOXGPV��CPF�UCXG�VYQ�YQTFU��DWV�VJG�UGPVGPEG�IGVU�
TCVJGT�OQTG�EQORNKECVGF�VJCP�UKORNGT��
6JGTGHQTG��TCVKPI�VJG�EQIPKVKXG�NQCF��KU�CP�CEEWTCVG�OGCP�KP�RTCEVKEG��+H�
VJGTG�CTG�VKOG�CPF�OQPG[��JQYGXGT��KV�YQWNF�CNYC[U�DG�PKEG�VQ�EJGEM�D[�
VGUVKPI�YJGVJGT�QWT�GZRGEVCVKQP�CTG�OGV��/QUV�QHVGP��VJKU�KU�PQV�RQUUKDNG�
VQ�FQ��CPF�OQUV�QHVGP��YG�YKNN�PQV�HCKN�YKVJ�QWT�TCVKPI�PGKVJGT�
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 Chapter 5: Existing 
microworlds for teaching 
Java 
6JKU�EJCRVGT�OGPVKQPU�VJG�KPKVKCN�KFGCU�DGJKPF�OKETQYQTNFU��IKXGU�C�UJQTV�
JKUVQT[�CDQWV�NGCTPKPI�VQ�RTQITCO�YKVJ�OKETQYQTNFU��CPF�GXCNWCVGU�VJG�
GZKUVKPI�OKETQYQTNFU��

�� 0RWLYDWLRQ�IRU�0LFURZRUOGV�LQ�WKH�)LHOG�RI�3URJUDPPLQJ�
���� #�.QQM�CV�VJG�2TGHCEG�QH�VJG�'ZKUVKPI�9QTNFU�

6JG�KPKVKCN�KFGC�QH�OKETQYQTNFU�KU�VQ�RTQXKFG�UVWFGPVU�C�HCOKNKCT�GPXKTQP�
OGPVCN��6JG[�UJQWNF�PQV�DG�HQTEGF�VQ�VJKPM�KP�DKVU�CPF�D[VGU��PWODGTU�CPF�
EJCTCEVGTU��6JGTG�KU�CNTGCF[�C�NCTIG�COQWPV�QH�PGY�KPHQTOCVKQP��PGY�EQP�
EGRVU�CPF�PGY�RTQEGFWTGU�VQ�NGCTP��6JG�FCPIGT�VQ�NQQUG�UKIJV�QH�VJG�GU�
UGPVKCN�KP�RTQITCOOKPI��VJCV�KU�RTQDNGO�UQNXKPI��KU�JKIJ��5VWFGPVU�IGV�NQUV�
KP�U[PVCEVKECN�CPF�VGEJPKECN�FGVCKN��
$QNGU�
������RCIG����CFFU�VQ�JKU�KPKVKCN�VJQWIJVU�XGT[�HKIWTCVKXGN[��

n&GT�-CORH�OKV�FGO�%QORKNGT�DGMQOOV�UQOKV�JÑJGTG�2TKQTKV¼V�
CNU�FGT�2TQITCOOGPVYWTH�CP�UKEJ�WPF�MCPP�HT×J\GKVKI�\WT�(TWUV�
TCVKQP�H×JTGP���
6TCPUNCVKQP��n6JG�HKIJV�CICKPUV�VJG�EQORKNGT�IGVU�JKIJGT�RTKQTKV[�
VJCP�RTQITCO�FGUKIP�CPF��UQQP��OC[�NGCF�VQ�HTWUVTCVKQP���

$GTIKP�
������R�XKK��YTKVGU�KP�JKU�RTGHCEG�UKOKNCTN[��
*QYGXGT��VJG�EQPEGRVU�QH�-CTGN�CTG�UVKNN�CU�XKDTCPV�CPF�XCNKF�CP�
KPVTQFWEVKQP�VQ�VJG�RTQITCOOKPI�CPF�RTQDNGO�UQNXKPI�RTQEGUUGU�
CU�VJG[�YGTG�YJGP�HKTUV�KPVTQFWEGF��W�*GTG��VJG�QDLGEVU�CTG�
TQDQVU�VJCV�GZKUV�KP�C�UKORNG�YQTNF��6JGTG�ECP�DG�QPG�QT�UGXGTCN�
TQDQVU�CUUKIPGF�VQ�C�VCUM��6JG�RTQITCOOKPI�VCUM�KU�FKXKFGF�KPVQ�
VYQ�RCTVU��6JG�HKTUV�RCTV�KU�FGHKPKPI�VJG�ECRCDKNKVKGU�QH�VJG�TQ�
DQVU�VJCV�CTG�PGGFGF��6JG�UGEQPF�KU�RTQXKFKPI�C�FGUETKRVKQP�QH�
VJG�VCUM�HQT�VJG�TQDQVU�VQ�RGTHQTO��6JG�RTQITCOOGT�WUGU�JKU�QT�
JGT�RTQDNGO�UQNXKPI�UMKNNU�QP�DQVJ�RCTVU�QH�VJKU�VCUM��

���� 5JQTV�*KUVQT[�QH�/KETQYQTNFU�
-CTGN�VJG�TQDQV�YCU�ETGCVGF�KP������VQ�VGCEJ�2CUECN�
$GTIKP��������R�XKK��
KV�YCU�CFCRVGF�VQ�%

�D[�$GTIKP�KP�������$GTIKP�CFCRVGF�KV�VQ�,CXC�VQQ�
DWV�FKF�PQV�QHHKEKCNN[�RWDNKUJ�KV��DWV�C�XGTUKQP�ECP�DG�HQWPF�QP�VJG�YGD�

$GTIKP������C����
$QNGU�TGHGTU�VQ�VYQ�TQQVU�HQT�VJG�*COUVGT�/QFGN��6JG�OKETQYQTNFU�DCUGF�
QP�.1)1�
4QUU��������CPF�-CTGN�VJG�TQDQV��6JG�NCVGT�YCU�HKTUV�CFCRVGF�VQ�
'.#0�
1RRQT��������-NKPIGP�������CPF��������C�RTQEGFWTCN�RTQITCOOKPI�
NCPIWCIG��CPF�NCVGT�VQ�,CXC��$QNGU�WUGU�,CXC�VQ�KPVTQFWEG�RTQEGFWTCN�
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RTQITCOOKPI�EQPEGRVU�QPN[��6JG�RNCPGF�GZVGPUKQP�VQ�UJQY�QDLGEV�QTKGPVGF�
RTQITCOOKPI�YCU�RQUVRQPGF�VQ�������
6JG�KFGC�DGJKPF�.1)1�KU�UVCVGF�KP�2CRGTV�
�������6JG�GPVJWUKCUVKE�GZRGE�
VCVKQP�QH�2CRGTV��VQ�JCXG�.1)1�CU�C�VQWEJCDNG�CPF�NQXGCDNG�OCVJ�YQTNF��
YJKEJ�YQWNF�CNNQY�CNN�EJKNFTGP�VQ�GPVGT�JKU�HCUEKPCVKPI�YQTNF�QH�OCVJGOCV�
KEU��YGTG�PQV�OGV�
/GPFGNUQJP���������1T��OC[�DG��FQ�YG�PQV�MPQY�
CDQWV�VJGKT�NQPI�VGTO�GHHGEV!�M�$WV�CV�NGCUV��2CRGTV�UJQYGF�WU�VJCV�RTQ�
ITCOOKPI�ECP�DG�C�EJKNFTGPOU�RNC[��*QYGXGT��.1)1�KU�PQV�LWUV�C�VQ[��KV�KU�
CP�GXGP�OQTG�RQYGTHWN�NCPIWCIG�CU�VJG�RTQEGFWTCN�RTQITCOOKPI�NCP�
IWCIGU�UWEJ�CU�$#5+%�QH�VJQUG�FC[U��6JG�KFGC�QH�VJG�NQXGCDNG�CPF�VQWEJ�
CDNG�JCU�DGGP�OCKPVCKPGF�KP�-CTGN

�CPF�GURGEKCNN[�KP�VJG�*COUVGT�
9QTNF��$WV�KV�KU�WUGF�PQV�HQT�EJKNFTGP��KV�KU�WUGF�HQT�UVWFGPVU��

���� 9;5+9*C�KPUVGCF�QH�9;5+9K)�
4CLCP�
������TGHGTU�VQ�,QPGU�
������R��������CPF�TGRQTVU�VJCV�URGEKCN�
RTQDNGOU�CTG�TGNCVGF�VQ�VJG�HNQY�QH�EQPVTQN��/KUUKPI�MPQYNGFIG�CDQWV�HNQY�
QH�EQPVTQN�JKPFGTU�UVWFGPVU�HTQO�YTKVKPI�RTQITCOU�CPF�WPFGTUVCPFKPI�RTQ�
ITCOU��
4CLCP�
������R��������VJGTGHQTG��YCPVU�HQT�RTQITCOOGTU�9;5+9*C��9JCV�
[QW�UGG�KU�YJCV�JCRRGPU��KP�CPCNQI[�VQ�VJG�9;5+9K)�
9JCV�[QW�UGG�KU�
YJCV�[QW�IGV��QH�GPF�WUGT�CRRNKECVKQPU��#�OKETQYQTNF�QHHGTU�GZCEVN[�VJKU�
9;5+9*C��#NN�YJCV�JCRRGPU��JCRRGPU�KP�VJG�OKETQYQTNF�CPF�ECP�DG�UGGP�����

���� %QPENWUKQP�
6JG�CWVJQTUO�OCKP�OQVKXCVKQP�KU�VQ�KPVTQFWEG�RTQDNGO�UQNXKPI�CPF�RTQITCO�
FGUKIP�GCTN[�KP�VJG�VGCEJKPI�RTQEGUU��#�NQPI�VTCFKVKQP�QH�.1)1�RTQITCO�
OKPI�YKVJ�EJKNFTGP�CPF�UVWFGPVU�GFWECVKQP�YKVJ�YQTNFU�HQT�2CUECN�CPF�
QVJGT�RTQEGFWTCN�NCPIWCIGU�YCU�UWEEGUUHWN�VQ�FQ�UQ��4GFWEKPI�EQIPKVKXG�
NQCF�KU�RCTV�QH�VJKU�CRRTQCEJ��'URGEKCNN[�$QNGU�KU�CYCTG�QH�VJG�KORQTVCPEG�
VQ�TGFWEG�QVJG�PWODGT�QH�EQPEGRVU�VJCV�PGGF�CVVGPVKQP�CV�VJG�UCOG�VKOG�R�

�� 0LFURZRUOG��3UREOHP�6ROYLQJ�DQG�2EMHFW�2ULHQWHG�'HVLJQ�
#U�RTQDNGO�UQNXKPI�CPF�FGUKIP�KU�VJG�OCKP�HKGNF�QH�KPVGTGUV��9G�VCMG�C�NQQM�
CV�YJCV�OKETQYQTNFU�OC[�RTQXKFG��

���� 5QHVYCTG�&GXGNQROGPV�KU�C�2TQDNGO�5QNXKPI�2TQEGUU�
&KGVTKEJ�$QNGU�
������EJCRVGT����n2TQITCOOGPVYKEMNWPI���R������CPF�,Q�
UGRJ�$GTIKP�
������EJCRVGT������n6QQNU�HQT�FGUKIPKPI�CPF�YTKVKPI�TQDQV�
RTQITCOU���DQVJ�CTG�FTKXGP�D[�VJG�KFGC�VJCV�VJG�VTCKPGG�UJQWNF�NGCTP�HTQO�
VJG�XGT[�DGIKPPKPI�VJCV�UQHVYCTG�FGXGNQROGPV�KU�C�RTQDNGO�UQNXKPI�RTQE�
GUU��*G�QT�UJG�UJQWNF�NGCTP�PQV�QPN[�DTKEMU�QH�,CXC�DWV�RGTOCPGPVN[�GZ�
RGTKGPEG�RTQITCOOKPI�CU�C�RTQEGUU�QH�RTQDNGO�UQNXKPI��6JG�VTCKPGG�UJQWNF�
NGCTP�VJG�VGEJPKSWGU�VQ�FQ�KV�KP�VJG�DGIKPPKPI�CPF�CRRN[�VJGO�VJTQWIJQWV�
VJG�GPVKTG�EQWTUG��
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���� 5EGPCTKQU�7UGF�VQ�6GCEJ�5QHVYCTG�
&GXGNQROGPV�
,QUGRJ�$GTIKP�WUGU�VYQ�DCUKE�RTQDNGOU�VQ�
VGCEJ�RTQDNGO�UQNXKPI�YKVJ�QDLGEV�QTKGPVGF�
RTQITCOOKPI��1PG�RTQDNGO�KU�VQ�FGUKIP�C�
JQWUG�D[�RNCEKPI�DGGRGTU��8CTKCVKQPU�CTG�RNCE�
KPI�DGGRGTU�VQ�HQTO�FKIKVCN�FKIKVU��QT�RNCEKPI�
DGGRGTU�CTQWPF�YCNNU��
6JG�QVJGT�RTQDNGO�KU�VQ�JCTXGUV�C�HKGNF�QH�
DGGRGTU��6Q�UJQY�VJG�CFXCPVCIGU�QH�C�IQQF�
FGUKIP��VJG�RTQDNGO�KU�CNVGTPCVGF��4QDQVU�
UJQWNF�FTCY�FKHHGTGPV�V[RG�QH�JQWUGU�D[�RNCE�
KPI�DGGRGTU��QT�VJG�UK\G�QH�VJG�DGGRGT�HKGNF�KU�
EJCPIGF��
$QVJ�RTQDNGOU�ECP�DG�FQPG�KP�UGXGTCN�YC[U�����
1PG�4QDQV��QPG�ENCUU��UGXGTCN�OGVJQFU�����1PG�4QDQV��UGXGTCN�ENCUUGU����
TQDQV�VGCOU��

���� 1PG�4QDQV�1PG�%NCUU�5VTCVGI[�
1PG�TQDQV�KP�QPG�QRGTCVKQP�EQWNF�FQ�VJG�GPVKTG�LQD��$GTIKP�NGVU�VJG�UVW�
FGPVU�HKTUV�FQ�VJG�YJQNG�JCTXGUV�VCUM�KP�QPG�OGVJQF��
#HVGTYCTFU��VJG�LQD�KU�CPCN[UGF��4GRGVKVKXG�UGEVKQPU�CTG�UGRCTCVGF�CPF�FG�
HKPGF�KP�OGVJQFU��9KVJ�VJKU�RTGFGHKPGF�OGVJQFU��QPG�TQDQV�FQGU�VJG�LQD�D[�
GZGEWVKPI�C�OCKP�OGVJQF�VJCV�ECNNU�UWD�OGVJQFU��(QT�CNVGTPCVKQPU�C�UGV�QH�
FKHHGTGPV�DCUKE�OGVJQF�UJQWNF�DG�UGV�WR��6JG�UOCNNGT�CPF�GCUKGT�VQ�TGCF�
VJG�DCUKE�OGVJQFU�CTG��VJG�NGUU�FKHHGTGPV�OGVJQFU�CTG�PGGFGF��VJG�DGVVGT�
VJG�UQNWVKQP�KU��6JKU�KU�VJG�RTQEGFWTCN�RTQITCOOKPI�CRRTQCEJ��

���� 1PG�4QDQV�&KHHGTGPV�%NCUUGU�5VTCVGI[�
8CTKCVKQPU�KP�TQDQVU�DGJCXKQWT�ECP�DG�OCFG�D[�UWDENCUUGU��+P�VJG�JCTXGUV�
GZCORNG�FKHHGTGPV�V[RGU�QH�JCTXGUVGT�EQWNF�JCXG�CNN�VJGKT�QYP�OGVJQF�VQ�
JCTXGUV�C�TQY��5QOG�TQDQV�ENCUUGU�JCTXGUV�C�NQPI�TQY��UQOG�C�UJQTV�TQY��
1PN[�VJKU�OGVJQF�KU�FKHHGTGPV�HTQO�QPG�JCTXGUVGT�VQ�VJG�QVJGT��6JG�OCKP�
VCUM�OGVJQF�KU�VJG�UCOG�HQT�CNN�TQDQV�ENCUUGU��
+P�VJG�JQWUG�RCKPVKPI�GZCORNG��C�DCUKE�TQQHGT�ENCUU�VJCV�RCKPVU�C�UVCPFCTF�
TQQH�OC[�DG�UWD�ENCUUGF�D[�TQQHGTU�VJCV�RCKPV�C�HNCV�TQQH�QT�C�UVGGR�TQQH��

���� 4QDQV�6GCOU��%QNNCDQTCVKQP�5VTCVGI[�
+P�VJG�JCTXGUV�GZCORNG��YG�ECP�JCXG�C�VGCO�QH�TQDQVU�JCTXGUVKPI�VJG�HKGNF��
VJG�OQTG�TQYU�C�HKGNF�JCU��VJG�OQTG�TQDQVU�YG�PGGF�VQ�FQ�VJG�LQD��
+P�VJG�JQWUG�RCKPVKPI�GZCORNG��+PUVGCF�QH�JCXKPI�QPG�TQDQV�VJCV�OCMGU�
YCNNU��FQQTU��YKPFQYU�CPF�TQQHU��YG�WUG�C�VGCO�QH�FKHHGTGPV�TQDQVU�VQ�FQ�
VJG�LQD��6JKU�GZCORNG�KU�XGT[�HKIWTCVKXG��DGECWUG��CU�$GTIKP�UJQYU��YG�ECP�
JCXG�C�ECTRGPVGT��C�TQQHGT��C�OCUQP��CPF�C�EQPVTCEVQT�YJQ�EQQTFKPCVGU�VJG�
VGCO��

(KI������FTCYKPI�YKVJ�
DGGRGTU�
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���� .KPM�VQ�1DLGEV�1TKGPVGF�&GUKIP�
4QDQV�PCOGU�CPF�OGVJQF�PCOGU�CTG�ETWEKCN�HQT�YTKVKPI�TGCFCDNG�EQFG��6JG�
VTCKPGG�UGGU�VJG�CFXCPVCIG�QH�WUKPI�VCNMKPI�PCOGU�HQT�ENCUUGU�CPF�OGVJ�
QFU��(QT�KPUVCPEG�C�4QQHGT(QT(NCV4QQHU�IGVU�VJG�KPUVTWEVKQP�VQ�
nOCMG�7PKVU4QQH
����8CTKCVKQPU�KP�DGJCXKQWT�QH�UKPING�TQDQVU�CTG�WUWCNN[�
FQPG�D[�UWD�V[RKPI�
RQN[OQTRJKUO���PQV�D[�RTQXKFKPI�OQTG�OGVJQFU�HQT�
QPG�UKPING�V[RG�QH�TQDQV��$[�UGVVKPI�WR�FKHHGTGPV�TQDQV�VGCOU�HQT�FKHHGTGPV�
JQWUGU�QPG�ECP�UGG�VJG�RQYGT�QH�CIITGICVKQP��9KVJ�TQDQV�VGCOU�
CIITGIC�
VKQP��QPG�ECP�EQODKPG�FKHHGTGPV�V[RGU�QH�TQQHU��YKPFQYU��YCNNU�CPF�FQQTU�
VQ�EQPUVTWEV�C�XKFG�XCTKCVKQP�QH�JQWUGU��

���� #FXCPVCIG�QH�/KETQYQTNFU�
+P�VJG�OKETQYQTNF�[QW�IGV�CNN�VJG�RQYGT�VQ�UQNXG�C�IKXGP�UKORNG�RTQDNGO�KP�
C�XCTKGV[�QH�YC[U��6JGTG�KU�PQ�YC[�QWVUKFG�OKETQYQTNFU�VQ�UJQY�FKHHGTGPV�
YC[U�QH�RTQDNGO�UQNXKPI�HTQO�VJG�XGT[�DGIKPPKPI��9KVJQWV�OKETQYQTNFU�
VJG�VTCKPGGU�NGCTP�KP�VJG�DGIKPPKPI�VJG�VJGQT[�CDQWV�JQY�KPIGPKQWU�QDLGEV�
QTKGPVGF�RTQITCOOKPI�KU��9KVJ�OKETQYQTNFU�JG�ECP�
WUG�GHHGEVKXGN[�QDLGEV�QTKGPVGF�RTQITCOOKPI�VGEJ�
PKSWGU�YKVJ�XGT[�NKVVNG�VTCKPKPI��-KPIOU�
������GZEGN�
NGPV�DQQM�PGGFU�����RCIGU�DGHQTG�IGVVKPI�VQ�VJG�
VQRKE�QH�UWD�V[RKPI��#PF�YKVJQWV�OKETQYQTNFU�VJKU�KU�
VJG�YC[�QPG�UJQWNF�IQ�VQ�GHHGEVKXGN[�VGCEJ�KV�YGNN��

���� /QTG�8CTKCVKQPU��/QTG�6TCKPKPI�CPF�6TCPUHGT�
6JG�VGCEJGT�ECPU�UGV�WR�PGY�RTQDNGOU�GCUKN[��+P�VJG�
JCTXGUV�RTQDNGO��HQT�KPUVCPEG��WUKPI�XCTKCVKQPU�QH�
DGGRGT�HKGNFU�ECP�UJQY�VJG�PGGF�HQT�UWD�V[RKPI��+P�
VJG�DCUKE�HKGNF��VJGTG�KU�C�DGGRGT�QP�GXGT[�HKGNF��
;QW�ECP�FGHKPG�HKGNFU�QH�DGGRGTU�YKVJ�C�DGGRGT�QP�
GXGT[�UGEQPF�EGNN�
XGTVKECN�CPF�QT�JQTK\QPVCNN[��QT�
YKVJ�VYQ�DGGRGTU�QP�GXGT[�UGEQPF�EGNN��

���� %QPENWUKQP�
6JGTG�KU�XGT[�NKVVNG�EQIPKVKXG�NQCF��VJKU�YC[�VJG�UVWFGPV�ECP�UVWF[�CPF�WUG�
GHHGEVKXGN[�MG[�EQPEGRVU�QH�QDLGEV�QTKGPVGF�RTQITCOOKPI�NKMG�KPJGTKVCPEG�
CPF�EQNNCDQTCVKQP�CHVGT�C�XGT[�UJQTV�VKOG�QH�VTCKPKPI��*G�FQGU�VJKPM�CDQWV�
QDLGEV�QTKGPVGF�FGUKIP�HTQO�VJG�XGT[�DGIKPPKPI�YKVJQWV�GZRGTKGPEKPI�VJCV�
VJKU�UJQWNF�DG�UQOGVJKPI�FKHHKEWNV�QT�EWODGTUQOG��

�� 2WKHU�(OHPHQWV�RI�7HDFKLQJ�
6GCEJKPI�EQPVTQN�UVTWEVWTGU�KU�PQV�C�DKI�RTQDNGO�KP�QDLGEV�QTKGPVGF�RTQ�
ITCOOKPI��+V�ECP�DG�VCWIJV�CNUQ�D[�VTCFKVKQPCN�GZGTEKUGU�GCUKN[��+V�KU�UVKNN�
IQQF�VQ�MPQY�VJCV�$GTIKP�
������R�����VQ������CPF�$QNGU�
����VQ������
UJQY�C�NQV�QH�GZCORNGU�VJCV�CTG�HWP��

���� 6JG�+H�5VCVGOGPV�)KXGU�4QDQVU�C�/QTG�(NGZKDNG�$GJCXKQWT�
6JG�KH�UVCVGOGPV�OCMGU�VJG�JCTXGUV�GCUKGT��+H�VJGTG�KU�C�DGGRGT�JCTXGUV�KV��
6JKU�YC[��TQDQVU�ECP�JCTXGUV�HKGNFU�YJGTG�UQOG�DGGRGTU�CTG�OKUUKPI��

(KI������XCTKCVKQPU�QH��
JCTXKGUV�RTQDNGO�
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$GTIKP�
������R���������WUGU�JWTFNGU�VQ�KPVTQFWEG�VJG�+H�'NUG�UVCVGOGPV��

�
+H�VJGTG�KU�C�JWTFNG��LWOR�QXGT�KV��GNUG�IQ�CJGCF��

���� 5CXG�1RGTCVKPI�
;QW�ECP�FGHKPG�OGVJQFU�VJCV�CXQKF�TQDQVU�ETCUJKPI��DGECWUG�VJG[�TWP�QWV�
QH�DGGRGTU�VQ�RWV��VT[�VQ�JCTXGUV�C�DGGRGT�VJCV�KU�PQV�VJGTG��QT�TWP�KPVQ�C�
YCNN�QT�CPQVJGT�TQDQV��6JKU�KU�C�XGT[�IQQF�GZCORNG�QH�VJG�KH�UVCVGOGPV��
DGECWUG�CXQKFKPI�GZEGRVKQPU�D[�EJGEMKPI�YJGVJGT�VJG�PGEGUUCT[�EQPFK�
VKQPU�HQT�CP�QRGTCVKQP�CTG�OGV��KU�CP�KORQTVCPV�UVTCVGI[�VQ�YTKVG�PKEGN[�TWP�
PKPI�CRRNKECVKQPU��

���� 9JKNG�5VCVGOGPV�
)QQF�GZCORNGU�HQT�VJG�WUCIG�QH�YJKNG�UVCVGOGPVU�CTG�HKGNFU�QH�XCTKCDNG�
UK\G�
YJKNG�HKGNF�JCU�PQV�GPFGF��CPF�YKVJ�CP�WPMPQYP�PWODGT�QH�DGGRGTU�
QP�QPG�EGNN�
YJKNG�VJGTG�CTG�DGGRGTU���;QW�ECP�UGV�C�YCNN�UWTTQWPFKPI�C�
TCPIG�VJCV�JCU�PQ�DGGRGTU�QP�UQOG�EGNNU��

�
(KI������OQWPVCKPU�QH�XCTKCDNG�JGKIJV��QT�UKPMU�VQ�VGUV�YJKNG�NQQR�

9CNMKPI�QXGT�C�OQWPVCKP�QH�WPFGHKPGF�JGKIJV�
YJKNG�OQWPVCKP�UVKNN�IQGU�
WR��KU�CNUQ�C�IQQF�GZCORNG�HQT�WUCIG�QH�VJG�YJKNG�UVCVGOGPV��
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���� (QT�5VCVGOGPV�
+PUVGCF�QH�VJG�(QT�UVCVGOGPV�YKVJ�KVU�EQORNKECVGF�U[PVCZ�$GTIKP�
������R��
���������WUGU�VJG�.QQR�UVCVGOGPV��$QNGU�
������CXQKFU�NQQRKPI�CV�CNN��

���� 4GEWTUKQP�
$GTIKP�CPF�$QNGU�DQVJ�FKUEWUU�TGEWTUKQP�YKVJ�IQQF�GZCORNGU��#U�TGEWTUKQP�
FQGU�PQV�QEEWT�KP�QDLGEV�QTKGPVGF�RTQITCOOKPI��+�TGICTF�VJKU�GZCORNGU�CU�
QDUQNGVG��+�FQ�PQV�TGEQOOGPF�WUKPI�VJGO�KP�C�EQWTUG�CDQWV�QDLGEV�
QTKGPVGF�RTQITCOOKPI��

���� %QPENWUKQP�
#U�$GTIKP�
������UJQYU�WU��KORQTVCPV�EQPEGRVU�QH�QDLGEV�QTKGPVGF�RTQ�
ITCOOKPI�CPF�QDLGEV�QTKGPVGF�FGUKIP�ECP�DG�VGCEJGF�GHHKEKGPVN[�YKVJ�OK�
ETQYQTNFU��9KVJ�UQOG�KORTQXGOGPVU�KP�VJG�EJQKEG�QH�GZGTEKUGU��YG�EQWNF�
FQ�GXGP�DGVVGT��

�� 'LVDGYDQWDJHV�RI�([LVWLQJ�:RUOGV�
6JGTG�CTG�UQOG�FKUCFXCPVCIGU�QH�VJG�GZKUVKPI�YQTNFU��

���� &KUCFXCPVCIG�QH�6JG�*COUVGT�/QFGN�
6JG�*COUVGT�9QTNF�KU�PQV�QDLGEV�QTKGPVGF��#U�RTQDNGO�UQNXKPI�KU�TCVJGT�
FKHHGTGPV�KP�RTQEGFWTCN�RTQITCOOKPI�CPF�VJG�OCKP�KFGC�QH�OKETQYQTNFU�KU�
VGCEJKPI�RTQDNGO�UQNXKPI�OGVJQFU��VJG�*COUVGT�9QTNF�KU�PQV�UWKVGF�HQT�C�
UJQTV�EQWTUG�KP�QDLGEV�QTKGPVGF�RTQITCOOKPI��
6JG�CFXCPVCIG�QH�VJG�*COUVGT�9QTNF�KU�KVU�PKEG�KPVGTHCEG�CPF�VJG�WUCIG�QH�
RWTG�,CXC�EQFG��

���� -CTGN

�
6JKU�KU�RTQDCDN[�VJG�DGUV�VQQN�HQT�C�HKTUV�EQPVCEV�YKVJ�QDLGEV�QTKGPVGF�RTQ�
ITCOOKPI��6JG�EQFG�KU�OQTG�%

�NKMG�CU�,CXC�NKMG��6JKU�CFFU�C�NKVVNG�TG�
FWPFCPE[��6JKU�HCEV�CFFU�UQOG�GZVTC�VTCKPKPI�CV�VJG�VKOG��YJGP�VJG�EQWTUG�
NGCXGU�VJG�OKETQYQTNF�CPF�TGCN�,CXC�EQFKPI�UVCTVU��
9JCV�+�OKUU�OQUV�KP�-CTGN

�CTG�VYQ�VJKPIU��CVVTKDWVGU�CPF�CTIWOGPVU��
$QVJ�GNGOGPVU�CTG�ETWEKCN�HQT�VJG�EQNNCDQTCVKQP�QH�TQDQVU��#U�+�TGICTF�EQN�
NCDQTCVKQP�CU�VJG�OQUV�KORQTVCPV�CURGEV�KP�QDLGEV�QTKGPVGF�RTQITCOOKPI�+�
OKUU�VJKU�HGCVWTG�DCFN[��

���� ,-CTGN�
6JG�VGZVDQQM�VQ�,-CTGN�KU�EQORNGVGN[�DCUGF�QP�-CTGN

��$WV��,-CTGN�ECP�
OWEJ�OQTG��,-CTGN�KU�YTKVVGP�KP�RWTG�,CXC�CPF�EQORNGVGN[�QDLGEV�QTKGPVGF��
6JG�TQDQVU�QH�,-CTGN�CTG�FGHKPGF�KP�TGIWNCT�,CXC�ENCUUGU�VJCV�KORNGOGPV�
VJG�KPVGTHCEG�&KTGEVKQP��,-CTGN�GXGP�CNNQYU�OWNVKVJTGCFKPI��
6JG�FKUCFXCPVCIG�QH�,-CTGN�KU�GZCEVN[�KVU�UVTGPIVJ��6JG�WUGT�YQTMU�KP�C�
,CXC�ENCUU�CPF�UGGU�VJGTG�UQOG�QH�VJKU�EQPHWUKPI�EQFG�GNGOGPVU�VJCV�+�
YQWNF�TCVJGT�NKMG�VQ�JKFG�HTQO�JKO��*G�UGGU�HQT�KPUVCPEG�VJG�UVCVKE�OGVJQF�
nOCKP
����QT�VJG�KORQTV�QH�VJG�RCEMCIG�nMCTGNVJGTQDQV���6JG�ENCUU�OWUV�DG�
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UCXGF�CU�n/CKP�LCXC���GZGEWVKQP�UVCTVU�KP�VJG�OGVJQF�nOCKP
���QH�VJKU�
ENCUU��6JG�ENCUU�JCU�VQ�DG�EQORKNGF��GVE��

���� %QPENWUKQP�
#NN�VJTGG�YQTNFU�NCEM�UQOG�KORQTVCPV�HGCVWTGU��6JG�*COUVGT�/QFGN�KU�PQV�
QDLGEV�QTKGPVGF��-CTGN

�JCU�PQ�CVVTKDWVGU�CPF�PQ�RCTCOGVGT�RCUUKPI��
,-CTGN�FQGU�PQV�JKFG�YGNN�GPQWIJ�VJG�WIN[�QDLGEV�QTKGPVGF�QXGTJGCF��
5VCTVKPI�YKVJ�-CTGN

�CPF�UYKVEJKPI�VQ�,-CTGN�UGGOU�VQ�DG�CP�QRVKQP��
6JG�FTCY�DCEM�QH�VJKU�KFGC�KU�VJCV�[QW�CTG�UYKVEJKPI�VJG�NGCTPKPI�GPXKTQP�
OGPV�VYKEG��(TQO�-CTGN

�VQ�,-CTGN��HTQO�,-CTGN�VQ�TGIWNCT�,CXC���
+�FGEKFGF�VQ�UVCTV�C�PGY�YQTNF��DGECWUG�+�JCF�UQOG�CFFKVKQPCN�KFGCU�HQT�
KORTQXGOGPVU�



�

� ���

 Chapter 6: Reducing 
cognitive load in Roboworld 
#U�+�FGEKFGF�VQ�FGUKIP�C�PGY�OKETQYQTNF�
4QDQYQTNF��VQ�QXGTEQOG�FKUCF�
XCPVCIGU�QH�VJG�GZKUVKPI�QPEG��+�EQPUKFGTGF�CNUQ�TGFWEKPI�EQIPKVKXG�NQCF�
GXGP�OQTG�VJCP�VJG�GZKUVKPI�YQTNFU�FQ��'XGT[VJKPI�VJCV�FKUVTCEVU�UVWFGPVU�
HTQO�NGCTPKPI�UJQWNF�DG�QOKVVGF�YJKNG�OCKPVCKP�EQORCVKDKNKV[�VQ�VJG�RTQ�
ITCOOKPI�NCPIWCIG�,CXC��
9JCV�VJKU�YQTNF�UJQWNF�RTQXKFG�VQ�NQYGT�EQIPKVKXG�NQCF��

�� +DVVOH�)UHH�)LOH�+DQGOLQJ�
'ZKUVKPI�YQTNFU�WUG�QRGP�CPF�UCXG�CEVKQPU�HQT�UEGPCTKQU�CPF�HQT�ENCUUGU��
6JG�CFXCPVCIG�QH�VJKU�KU�HNGZKDKNKV[��VJG�FKUCFXCPVCIG�KU��VJCV�VJGTG�KU�PQ�NKUV�
QH�UEGPCTKQU��#�NKUV�QH�UEGPCTKQU�NGVU�WUGTU�SWKEMN[�UYKVEJ�UEGPCTKQU�CPF�
IKXGU�VJGO�CP�QXGTXKGY��

���� #FXCPVCIGU�
#�VTCKPGG�OKIJV�NKMG�VQ�NQQM�WR�C�UEGPCTKQ�VQ�GZCOKPG�ENCUUGU�JG�JCU�YTKV�
VGP�VJGTG��#�NKUV�QH�UEGPCTKQU�JGNRU�JKO�VQ�HKPF�VJG�UEGPCTKQ��4GVTKGXKPI�C�
HKNG�HTQO�VJG�HKNG�U[UVGO�KU�OQTG�EWODGTUQOG��

�
(KI������.KUV�QH�UEGPCTKQU��YKNN�DG�NKUVGF�CNRJCDGVKECNN[�KP�VJG�HKPCN�XGTUKQP�

4GVTKGXKPI�HKNGU�OKIJV�CNUQ�CFF�VQ�EQIPKVKXG�NQCF�KH�VJG�VTCKPGG�KU�PQV�CDUQ�
NWVGN[�HCOKNKCT�YKVJ�HKNG�JCPFNKPI�RTQEGFWTGU��
3WKEMN[�DTQYUKPI�UEGPCTKQU�KU�PQV�RQUUKDNG��VJKU�CFFU�VQ�VJG�EQIPKVKXG�NQCF��
6JKU�KU�GURGEKCNN[�VTWG�YJGP�ENCUUGU�CPF�UEGPCTKQU�CTG�UCXGF�UGRCTCVGN[���
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���� 1XGTEQOKPI�VJG�&KUCFXCPVCIG�QH�VJKU�#RRTQCEJ�
6JG�FKUCFXCPVCIG�QH�O[�UQNWVKQP�KU�NQQUKPI�HNGZKDKNKV[��;QW�ECPPQV�KORQTV�C�
UKPING�UEGPCTKQ��+�RNCP�VQ�CFF�VJKU�HNGZKDKNKV[�NCVGT�D[�RTQXKFKPI�KORQTV�CPF�
GZRQTV�HWPEVKQPU�HQT�UKPING�ENCUUGU�CPF�UEGPCTKQU��;GV��HQT�C�DGIKPPGTOU�
EQWTUG��VJKU�HGCVWTG�KU�PQV�QH�JKIJ�RTKQTKV[��

���� 'ZRGEVCVKQP��%QPENWUKQP�
#�NKUV�QH�UEGPCTKQU�UJQWNF�PQV�OCMG�C�DKI�FKHHGTGPEG��$WV��CU�VJG�YQTMKPI�
OGOQT[�KU�XGT[�NKOKVGF��YG�UJQWNF�RTQHKV�CNUQ�HTQO�UNKIJV�CFXCPVCIGU��9KVJ�
QPN[�CDQWV���KVGOU�TGOGODGTGF�CV�VJG�UCOG�VKOG�KP�YQTMKPI�OGOQT[��CP[�
NKVVNG�KORTQXGOGPV�EQWPVU���

�� $�6LPSOH�3DUVHU�&RPSLOHU�
-CTGN

�WUGU�KVU�QYP�EQFG�CPF�EQORKNGT��+�NKMG�VJKU�HGCVWTG��DGECWUG��VJKU�
NGVU�[QW�YQTM�YKVJ�C�UKORNGT�EQFG��#NUQ��WUKPI�VJG�,CXC�EQORKNGT�OC[�CFF�
RTQDNGOU��(QT�KPUVCPEG��VJG�*COUVGT�9QTNF�KU�PQV�EQORKNGCDNG�QHHNKPG�QP�C�
/CEKPVQUJ�EQORWVGT��

���� )KXKPI�4GOGFKCN�+PHQTOCVKQP�
6JG�RCTUGT���EQORKNGT�ECP�IKXG�QVJGT�KPHQTOCVKQP�VJCP�VJG�,CXC�EQORKNGT��
+PHQTOCVKQP�ECP�CFFTGUU�DGIKPPGTUO�RTQDNGOU��+V�OC[�CNNQY�VQ�HQTIKXG�OQTG�
OKUVCMGU�QT�VQ�WUG�UKORNGT�MG[YQTFU��UWEJ�CU�nNQQR��KPUVGCF�QH�nHQT���(QT�
VTCKPGGU�HTQO�HQTGKIP�NCPIWCIGU��VJG�VGCEJGT�OKIJV�VTCPUNCVG�GTTQT�OCU�
UCIGU�CPF�YCTPKPIU��
)QQF�TGOGFKCN�KPHQTOCVKQP�ECPPQV�DG�EQORNGVGN[�KORNGOGPVGF�KP�VJG�DG�
IKPPKPI��+�RNCP�VQ�YCVEJ�VTCKPGGU�ENQUGN[�FWTKPI�ENCUUTQQO�VTCKPKPI�CPF�
EJGEM�HQT�VJG�OQUV�EQOOQP�HCKNWTGU��6JGUG�HCKNWTGU��+�RNCP�VQ�ECVEJ�CV�
EQORKNG�VKOG�CPF�IKXG�VTCKPGGU�VJG�OQUV�CEEWTCVG�TGOGFKCN�KPHQTOCVKQP��
+P�C�NCVGT�XGTUKQP��CNN�TGOGFKCN�KPHQTOCVKQP�UJQWNF�DG�MGRV�KP�C�VGZV�HKNG�VJCV�
VJG�RTQITCO�KORQTVU�CV�UVCTV�WR��6JKU�YC[��VJG�TGOGFKCN�KPHQTOCVKQP�ECP�
DG�VTCPUNCVGF�KPVQ�FKHHGTGPV�NCPIWCIGU��
2TQDCDN[�VJG�DGUV�UQNWVKQP�YQWNF�DG�VQ�JCXG�VJG�TGOGFKCN�KPHQTOCVKQP�URQ�
MGP�VQ�VJG�UVWFGPV��5Q�JG�QT�UJG�EQWNF�NKUVGP�VQ�VJG�KPHQTOCVKQP�YJKNG�HKZ�
KPI�VJG�EQFG��6JKU�YC[�YG�EQWNF�RTQHKV�HQTO�VJG�OQFCNKV[�GHHGEV��

�� $�3DQHO�WR�VHW�XS�D�6FHQDULR��:RUOG�:LWK�%HHSHUV�DQG�
:DOOV��

#U�KP�VJG�GZKUVKPI�YQTNFU��VJG�UEGPCTKQ�YKVJ�DGGRGTU�
PWVU��CPF�YCNNU�KU�UGV�
WR�D[�ENKEMKPI��1VJGT�VJCP�VJG�*COUVGT�/QFGN��VJG�UEGPCTKQ�UJQYU�TQYU�
CPF�EQNWOPU��1VJGT�VJCP�KP�-CTGN

��TQYU�CPF�EQNWOPU�CTG�PQV�TGHGTTGF�
VQ�D[�UVTGGVU�CPF�CXGPWGU��+V�WUGU�VJG�URTGCFUJGGV�OGVCRJQT��

���� 6JG�5RTGCFUJGGV�/GVCRJQT�
6JG�TGCUQP�HQT�VJG�WUCIG�QH�VJG�URTGCFUJGGV�OGVCRJQT�KU�VJCV�RGQRNG�QWV�
UKFG�6JG�7PKVGF�5VCVGU�CTG�PQV�WUGF�VQ�UVTGGVU�CPF�CXGPWGU�VJCV�DWKNF�
DNQEMU��6JGTGHQTG�VJKU�OGVCRJQT�OKIJV�CFF�EQIPKVKXG�NQCF�HQT�VTCKPGGU�QWV�
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UKFG�6JG�7PKVGF�5VCVGU��5RTGCFUJGGVU�CTG�YKFGN[�WUGF�CPF�RGQRNG�CTG�HC�
OKNKCT�YKVJ�VJGO��5RTGCFUJGGVU�TGHGT�VQ�EQNWOPU�D[�NGVVGT��6JG�PWODGT�QH�
EQNWOPU�C�TQDQV�YCNMU�KU�FKHHKEWNV�VQ�EQWPV�YKVJ�NGVVGTU��6JGTGHQTG��+�TGHGT�
VQ�EQNWOPU�D[�PWODGT�PQV�D[�NGVVGT��6JKU�YC[��UVWFGPVU�ECP�CFF�WR�QT�
FKUEQWPV�VJGO��

�
(KI������2CPGN�HQT�EJCPIKPI�VJG�OKETQYQTNF�

���� /QTG�(WPEVKQPCNKV[�
/QTG�HWPEVKQPCNKV[�YKNN�DG�CFFGF�NCVGT�VQ�VJKU�RCPGN��&TCYKPI�9CNNU�HTQO�
RQKPV�VQ�RQKPV��TGOQXKPI�CNN�DGGRGTU��UGVVKPI�C�RTGFGHKPGF�COQWPV�QH�DGGR�
GTU��UGVVKPI�CP�KPHKPKVG�PWODGT�QH�DGGRGTU�CTG�CNN�HGCVWTGU�VJCV�YKNN�DG�
CFFGF�NCVGT��

���� $GVVGT�7UGT�+PVGTHCEG�
6JG�WUGT�KPVGTHCEG�UJQWNF�DG�KORTQXGF�CU�YGNN��6JG�UQNWVKQP��PQY��KU�SWKEM�
CPF�GHHKEKGPV��$WV�+�MPQY��UGVVKPI�WR�C�YQTNF�YKVJ�KEQPU�CPF�D[�FTCI�CPF�
FTQR�YQWNF�DG�UVCVG�QH�VJG�CTV�VQFC[��#NUQ�VJKU�UQNWVKQP��CU�KV�KU��FQGU�PQV�
UWRRQTV�VJG�UWDLGEV�RTGFKECVG�NQIKE�QH�ITCRJKECN�WUGT�KPVGTHCEGU��+�KPVGPF�VQ�
OCMG�NCVGT�C�WUGT�KPVGTHCEG�YJGTG�VJG�QRVKQPU�YQTM�NKMG�RCKPVKPI�VQQNU��

���� %QPENWUKQP�
+�FKF�PQV�KPXGUV�OWEJ�KP�VJG�UGV�WR�HWPEVKQPU�QH�UEGPCTKQU��#U�VJKU�KU�UQOG�
VJKPI�UKORNG��KV�UJQWNF�PQV�FQ�CP[�JCTO���

�� $�3DQHO�WR�0DQXDOO\�,QVWDQWLDWH�5RERWV�DQG�WR�&DOO�8S�
WKHLU�0HWKRGV�

���� /QVKXCVKQP�HQT�VJKU�(GCVWTG�
6JG�GZKUVKPI�OKETQYQTNFU�WUG�C�OCKP�VCUM�VJCV�ECNNU�VJG�QVJGT�OGVJQFU�QH�
VJG�JCOUVGT�QT�TQDQV��-CTGN

�WUGU�C�UVCVKE�VCUM��YJKEJ�KPUVCPVKCVGU�QPG�
QT�UGXGTCN�TQDQVU��+P�VJG�*COUVGT�/QFGN��VJG�TQDQV�JCU�DGGP�KPUVCPVKCVGF�
CNTGCF[�D[�ENKEMKPI��#P�KPUVCPEG�OGVJQF�nOCKP
���KU�VTKIIGTGF�YJGP�VJG�
WUGT�EJQQUGU�VQ�TWP�JKU�UQNWVKQP��
(QT�OG��DQVJ�UQNWVKQPU�UGGO�PQV�XGT[�CRRGCNKPI��6JG�CFXCPVCIG�QH�VJG�
UQNWVKQP�QH�VJG�*COUVGT�/QFGN�KU�KVU�UKORNKEKV[��$WV��KV�PGGFU�PQ�HWTVJGT�
FKUEWUUKQP��+V�JCU�PQVJKPI�KP�EQOOQP�YKVJ�QDLGEV�QTKGPVGF�RTQITCOOKPI��
6JG�UQNWVKQP�QH�-CTGN

�IKXGU�VJG�VTCKPGG�VJG�YTQPI�KORTGUUKQP�VJCV�
VJGTG�OWUV�DG�C�OCKP�VCUM��$WV��VJG�OQFWNCT�VJKPMKPI�QH�QDLGEV�QTKGPVGF�
RTQITCOOKPI�UJQWNF�VGCEJ�VJCV�VJGTG�KU�PQ�OCKP�VCUM��2NWU��KV�PGGFU�HWT�
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VJGT�OCPKRWNCVKQPU�YJGP�VJG�UVWFGPVU�NKMG�VQ�VGUV�C�UKPING�OGVJQF�VJG[�
JCXG�YTKVVGP��

���� 5QNWVKQP�2CTV�1PG��CP�+PUVCPVKCVKQP�6QQN�

�
(KI������VJG�KPUVCPVKCVKQP�VQQN�

6JG�HKIWTG�CDQXG�UJQYU�VJG�KPUVCPVKCVKQP�VQQN��6JG�WUGT�OC[�EJQQUG�HTQO�
CP[�QH�VJG�TQDQV�V[RGU�JG�JCU�FGHKPGF�KP�C�ENCUU�QT�JG�OC[�WUG�VJG�DCUKE�
#2+�ENCUU�7T4QDQV��9KVJ�VJG�HQWT�CTIWOGPVU�JG�OC[�URGEKH[�EQNWOP��TQY��
FKTGEVKQP�CPF�PWODGT�QH�DGGRGTU�VJCV�VJG�TQDQV�KU�ECTT[KPI��
6JG�ITCRJKECN�FKURNC[�QH�VJG�KPUVCPVKCVKQP�VQQN�HQNNQYU�VJG�U[PVCZ�QH�,CXC��
+V�FQGU�PQV�HQNNQY�VJG�UWDLGEV�RTGFKECVG�NQIKE��6JKU�KU�FQPG�QP�RWTRQUG��

���� 5QNWVKQP�2CTV�6YQ��$GVVGT�6TKIIGT�&KHHGTGPV�1RGTCVKQPU�/CPWCNN[�VJCP�
4WPPKPI�,WUV�1PG�/CKP�6CUM�VQ�4GKPHQTEG�VJG�2CTCFKIO�QH�1DLGEV�1TKGPVGF�
2TQITCOOKPI�
#EEQTFKPI�VQ�VJG�RCTCFKIO�QH�QDLGEV�QTKGPVGF�RTQITCOOKPI��TQDQVU�UJQWNF�
DG�DWKNV�VQ�FQ�UGXGTCN�VCUMU�CPF�VJGUG�VCUMU�CTG�OQTG�QT�NGUU�GSWKXCNGPV��
WUWCNN[��5Q��VJG�WUGT�UJQWNF�DG�CDNG�VQ�VTKIIGT�FKHHGTGPV�VCUMU�OCPWCNN[��6Q�
DWKNF�C�DCVEJ�QH�CNN�RTQITCOOGF�QRGTCVKQPU�VQ�EQORNGVGMC�QPG�CPF�QPN[M
OCLQT�VCUM�UJQWNF�DG�VJG�GZEGRVKQP�PQV�VJG�TWNG��#�QPG�CPF�QPN[�OCKP�VCUM�
UWRRQTVU�RTQEGFWTCN�VJKPMKPI�CPF�VJKU�KU�LWUV�YJCV�YG�YCPV�VQ�CXQKF��

���� 6JG�2QUUKDKNKV[�VQ�6TKIIGT�CP[�1RGTCVKQP�4GFWEGU�%QIPKVKXG�.QCF�
2TQEGFWTCN�VJKPMKPI�OGCPU�VQ�FQ�[QWT�RNCPPKPI�HTQO�VJG�YJQNG�
VJG�VQR��VQ�
VJG�FGVCKNU�
VJG�DQVVQO���6JKU�GZCEVN[�RTQFWEGU�C�NQV�QH�EQIPKVKXG�NQCF�HQT�
VJG�UCOG�TGCUQP�CU�VJG�IQCN�HTGG�GHHGEV�FQGU��6JG�PQXKEG�UJQWNF�NQQM�HQT�
UQNWVKQPU�DQVVQO�WR��HKPFKPI�OGVJQFU�VJCV�FQ�UQOG�QH�VJG�LQD��GZRGTKOGPV�
KPI�YKVJ�VJGO��VGUVKPI�VJGO��CPF�KORTQXKPI�VJGO��+V�KU�ETWEKCN�VJCV�JG�ECP�
ECNN�WR�CNN�VJKU�OGVJQFU�OCPWCNN[��
#NUQ��VJKU�DQVVQO�WR�KFGC��TGHNGEVU�VJG�KFGC�QH�2CRGTV�
�������%JKNFTGP�
QT�
UVWFGPVU��UJQWNF�GZRGTKOGPV��$WKNF�WR�VJGKT�MPQYNGFIG�CPF�GZRGTKGPEG�
FTKXGP�HTQO�VJGKT�QYP�FGUKTG��2NC[KPI�CTQWPF�CHHGEVU�UVWFGPVU�CPF�EJKNFTGP�
OWEJ�OQTG�VJCP�UQNXKPI�C�RTQDNGO��

���� 5QNWVKQP�2CTV�6JTGG��6JG�/CETQ�.KMG�.GCTP�/QFG�

�
(KI������TQDQV�EQPVTQN�EGPVTG�YKVJ�NGCTP�OQFG�
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6Q�JGNR�UVWFGPVU�GXGP�OQTG��+�CFFGF�C�OCETQ�NKMG�NGCTP�OQFG��+P�VJKU�
OQFG��GXGT[�OGVJQF�VJCV�JCU�DGGP�ECNNGF�WR�YKNN�DG�YTKVVGP�KPVQ�VJG�EQFG�
QH�VJG�ENCUU�VJCV�KU�EWTTGPVN[�QRGP�HQT�GFKVKPI��

���� 9J[�+PUVCPVKCVKPI�C�4QDQV�/CPWCNN[!�
(KTUVN[��KPUVCPVKCVKPI�OCPWCNN[�NGV�[QW�CXQKF�VJG�PGY�UVCVGOGPV�KP�VJG�DG�
IKPPKPI��6JG�WUGT�ECP�GZRGTKOGPV�YKVJ�TQDQVU�YKVJQWV�MPQYKPI�JQY�VQ�UGV�
WR�VJG�EQFG�HQT�KPUVCPVKCVKQP��$WV��JG�ECP�UGG�YJCV�VJG�EQOOCPF�nPGY��
FQGU��KV�EQPUVTWEVU�C�PGY�TQDQV��+V�RNCEGU�VJG�TQDQV�CV�VJG�RNCEG�CPF�KP�VJG�
FKTGEVKQP�URGEKHKGF�KP�VJG�EQPUVTWEVQT��
.CVGT��YJGP�QPG�TQDQV�YQTMU�VQIGVJGT�YKVJ�QVJGTU��VJG�UVWFGPV�JCU�PQV�
QPN[�VQ�MPQY�JQY�VQ�EQPUVTWEV�C�TQDQV�YKVJ�C�EQOOCPF�NKPG��JG�CNUQ�JCU�
VQ�MPQY�JQY�TQDQVU�TGOGODGT�YKVJ�YJQO�VJG[�CTG�YQTMKPI�CPF�JQY�VQ�
HQTYCTF�EQOOCPFU�VQ�VJGKT�EQNNGCIWGU��6JGTGHQTG��KV�KU�RTGHGTCDNG�VJCV�VJG�
VTCKPGG�CNTGCF[�MPQYU�VJG�UEJGOC�QH�KPUVCPVKCVKQP�YJGP�JG�IGVU�VQ�VJKU�
JKIJN[�KPVGTTGNCVGF�VQRKE��

���� %QPENWUKQP�
+PUVCPVKCVKPI�C�TQDQV�OCPWCNN[�VGCEJGU�C�HWPFCOGPVCN�UEJGOC�GCTN[��GCUKN[��
CPF�HKIWTCVKXGN[�CPF��YJCV�KU�VJG�OQUV�KORQTVCPV��UGRCTCVGN[�HTQO�CP[�
QVJGT�VQRKE��

�� 9LVXDOLVH�WKH�([FKDQJH�RI�0HVVDJHV�:LWKRXW�6SOLWWHG�
$WWHQWLRQ�

/GVJQF�ECNNUMQT�VJG�GZEJCPIG�QH�OCUUCIGUMCTG�C�DCUKE�EQPEGRV�QH�DQVJ�
UVTWEVWTGF�RTQITCOOKPI�CPF�QDLGEV�QTKGPVGF�RTQITCOOKPI��6JGTG�CTG�VYQ�
OGCPU�VQ�UJQY�VJG�GZEJCPIG�QH�OGUUCIGU�YKVJQWV�URNKV�CVVGPVKQP��6JKU�
ECP�DG�FQPG�KP�C�VGZVDQQM�QT�FKTGEVN[�QP�VJG�OKETQYQTNF��

���� 8KUWCNK\CVKQP�KP�C�6GZVDQQM�

�
(KI������-KPI�
������R������
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6JG�HKIWTG�CDQXG�UJQYU�C�IQQF�GZCORNG�VQ�XKUWCNKUG�OGVJQF�ECNN�CPF�TG�
VWTP�XCNWG�KP�C�VGZVDQQM��#EEQTFKPI�VQ�URNKV�CVVGPVKQP�GHHGEV��VJG�GZRNCPC�
VKQP�YQWNF�DG�DGVVGT�ENQUG�VQ�VJG�CTTQYU�CPF�PQV�KP�C�UGRCTCVG�VGZV��

���� 8KUWCNK\CVKQP�KP�'ZKUVKPI�9QTNFU�
6JG�*COUVGT�/QFGN�IKXGU�C�QPG�NKPG�HGGF�
DCEM�CDQWV�GZGEWVKQP�CV�VJG�DQVVQO�QH�VJG�
YKPFQY��
6JG�XKUWCNK\CVKQP�QH�-CTGN

�KU�OQTG�
GNCDQTCVGF��+V�WUGU�VJG�YC[�FGDWIIGTU�
UJQY�EQFG�GZGEWVKQP��

(KI������*COUVGT�/QFGN�
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�
(KI������(GGFDCEM�CDQWV�GZGEWVKQP�KP�-CTGN

�

#NUQ�HGGFDCEM�CDQWV�GZGEWVKQP�KU�OQTG�UQRJKUVKECVGF�KP�-CTGN

��KV�YQTMU�
YKVJ�URNKVVGF�CVVGPVKQP��6JG�CVVGPVKQP�IQGU�DCEM�CPF�HQTVJ�DGVYGGP�-CTGN�
KP�VJG�TKIJV�YKPFQY�CPF�VJG�UGSWGPVKCN�GZGEWVKQP�UJQYP�KP�VJG�YKPFQY�VQ�
VJG�NGHV��6JG�YKPFQY�VQ�VJG�NGHV�YKVJ�VJG�EQFG�LWORU�WR�CPF�FQYP�VQ�FKU�
RNC[�CNYC[U�VJG�EWTTGPV�NKPG�QH�EQFG��YJKEJ�YKNN�DG�GZGEWVGF�PGZV��
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���� +ORTQXGOGPV�

�� ��

�� ��

#U�VJG�HQWT�ITCRJ�
KEU�UJQY��GZGEW�
VKQP�KU�FKURNC[GF�CU�
OGUUCIGU�DGVYGGP�
TQDQVU��%CNNKPI�KU�
XKUWCNKUGF�D[�TGF�
EQNQWT��TGVWTPKPI�D[�
DNCEM�EQNQWT��6JG�
ECNNKPI�TQDQV�VWTPU�
ITGGP�VQ�UJQY�VJCV�
KV�KU�UVKNN�TWPPKPI��
6JG�KPCEVKXG�TQDQV�
UVC[U�DNCEM��6JGTG�
KU�PQ�URNKV�CVVGPVKQP�
CPF�PQ�KPCFGSWCVG�
WUCIG�QH�EQNQWTU��

(KI������5GPFGT�CPF�.KUVGPGT�GZEJCPIKPI�OGUUCIGU�
6JKU�YC[��VJG�OQUV�KPHQTOCVKQP��CDQWV�VJG�GZEJCPIG�QH�OGUUCIGU��KU�
YJGTG�KV�QWIJV�VQ�DG��QP�VJG�ITCRJKE��6JG�VTCKPGG�UJQWNF�DG�CDNG�VQ�UGG�
GXGT[�UKPING�UVGR�KP�VJG�RTQEGUU��#�OGVJQF�ECNN�KU�PQV�QPN[�VJG�RCUUKPI�QH�
EQPVTQN��KV�KU�VJG�RCUUKPI�QH�XCNWGU��VQQ��6JG�TGVWTP�QH�VJG�OGVJQF�KU�PQV�
QPN[�VJG�RCUUKPI�QH�EQPVTQN�DCEM��KV�OC[�DG�VJG�RCUUKPI�QH�VJG�TGVWTP�XCNWG��
6JKU�TGVWTP�XCNWG�OC[�DG�WUGF�FKTGEVN[��QT��KV�OC[�DG�CUUKIPGF�VQ�C�XCTK�
CDNG��#NN�VJKU�UKPING�UVGRU�UJQWNF�DG�XKUWCNKUGF��

���� )KXKPI�/QTG�%QORTGJGPUKXG�(GGFDCEM�CDQWV�VJG�5GSWGPVKCN�'ZGEWVKQP�
6JGTG�KU�GXGP�OQTG�PGGF�HQT�KPHQTOCVKQP�CDQWV�VJG�UGSWGPVKCN�GZGEWVKQP�
RTQEGUU��

�
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(KI������5GSWGPVKCN�HGGFDCEM�CDQWV�GZGEWVKQP�
6JKU�HGGFDCEM�KU�IKXGP�KP�VJG�RCPGN�CV�VJG�DQVVQO�TKIJV��6JG�WUGT�ECP�EQO�
RCTG�GZGEWVKQP�QH�VJG�OGVJQF�CPF�VJG�FGHKPKVKQP�QH�VJG�OGVJQF�KP�KVU�ENCUU��
9GNN��VQ�JCXG�VJTGG�RCPGNU�UJQYKPI�VJTGG�UKIJVU�QH�VJG�UCOG��QPG�UKIJV�CU�
ENCUU�FGHKPKVKQP��QPG�CU�UGSWGPVKCN�GZGEWVKQP�CPF�QPG�CU�TQDQVU�KP�CEVKQPU�
CTG�PQV�CEEWTCVG�CEEQTFKPI�VQ�TGFWPFCPE[�GHHGEV��6JKU�OKIJV�DG�C�HKGNF�HQT�
HWTVJGT�KORTQXGOGPVU��(QT�KPUVCPEG��+�EQPUKFGT�FKURNC[KPI�VJG�UGSWGPVKCN�
GZGEWVKQP�CU�C�RQR�WR�VGZV�YJGP�ENKEMKPI�QP�C�OGVJQF�QT�QP�C�TQDQV��

���� #EMPQYNGFIGOGPV�
6JKU�KFGC�KU�DCUGF�QP�,QUGRJ�$GTIKPU��n1DLGEVU�KP�#EVKQP��
$GTIKP��
�����D���$GTIKP�YTKVGU���

n+V�KU�WUGHWN�VQ�VJKPM�QH�CP�GZGEWVKPI�QDLGEV�QTKGPVGF�RTQITCO�CU�
C�ITCRJ�QT�YGD�QH�QDLGEVU�
PQFGU��CPF�EQOOWPKECVKQP�RCVJU�

CTEU���#P�QDLGEV�EQOOWPKECVGU�YKVJ�CPQVJGT�D[�UGPFKPI�KV�C�
OGUUCIG��6JKU�OGUUCIG�KU�C�TGSWGUV�HQT�UGTXKEG��6JG�UGPFGT�KU�
VJG�ENKGPV�CPF�VJG�TGEGKXGT�KU�VJG�UGTXGT��6JG�TGEGKXGT�YKNN�HWNHKN�
VJG�UGTXKEG�TGSWGUV�CPF�RGTJCRU�TGVWTP�KPHQTOCVKQP�VQ�VJG�
UGPFGT��1HVGP�VJG�UGTXGT�OWUV�TGN[�QP�QVJGT�QDLGEVU�VQ�JGNR�KV�
HWNHKNU�VJG�UGTXKEG�TGSWGUV��+V�VJGP�KVUGNH�CEVU�CU�C�ENKGPV�VQ�VJGUG�
QVJGT�QDLGEVU�YJKEJ�CEV�CU�UGTXGTU�HQT�KV��%QPVTQN�TGVWTPU�VQ�VJG�
OGUUCIG�UGPFGT�GXGP�KH�PQ�KPHQTOCVKQP�KU�TGVWTPGF���

$GTIKP�FKURNC[U�
�����D��CP�CPKOCVGF�)+(�VJCV�ICXG�OG�VJG�KPKVKCN�KFGC�HQT�
VJG�XKUWCNK\CVKQP�+�WUGF�KP�4QDQYQTNF��

���� %QPENWUKQP�
&GURKVG�VJG�RQUUKDKNKV[�QH�HWTVJGT�KORTQXGOGPVU��+�DGNKGXG�VJCV�VJG�ITCRJKECN�
CPF�VGZVWCN�HGGFDCEM�JGNRU�VQ�CESWKTG�UEJGOCVC�QH�EQNNCDQTCVKPI�QDLGEVU��
/CPWCN�KPUVCPVKCVKQP�QH�TQDQVU��NGCTP�OQFG�CPF�VJG�RQUUKDKNKV[�VQ�RNC[�CPF�
GZRGTKOGPV�IQCN�HTGG�CTQWPF�YKVJ�TQDQVU�OKIJV�TGFWEG�EQIPKVKXG�NQCF��
/QUV�KORQTVCPV��CU�+�DGNKGXG��KU�VJG�ITCRJKPI�QH�OGUUCIGU�DGVYGGP�TQDQVU��
6JGTG��VJG�OQUV�KORQTVCPV�JCRRGPU��VJGTGKP��+�HGGN��NKGU�VJG�JGCXKGUV�EQIPK�
VKXG�NQCF��

�� 'HILQH�$WWULEXWHV�WKDW�5HIHUHQFH�5RERWV�DQG�WKH�
,QVWDQWLDWLRQ�RI�5RERWV�ZLWKLQ�3URJUDP�&RGH�

6JG�CUUQEKCVKQP�DGVYGGP�QDLGEVU�KU�FQPG�D[�CVVTKDWVGU��6JKU�DCUKE�EQPEGRV�
UJQWNF�DG�KORNGOGPVGF�KP�VJG�OKETQYQTNF��VQQ��

���� 'ZKUVKPI�9QTNFU�
'ZKUVKPI�YQTNFU�CTG�PQV�QDLGEV�QTKGPVGF�
*COUVGT�9QTNF���WUG�QPN[�NQECN�
XCTKCDNGU�QT�HQWT�RTGFGHKPGF�CVVTKDWVGU�
-CTGN

���QT�CTG�YTKVVGP�KP�,CXC�
ENCUUGU�
,-CTGN���
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���� /QVKXCVKQP�
#U�CPCN[UGF�KP�RTGXKQWU�EJCRVGT��CVVTKDWVGU�
CNUQ�ECNNGF�HKGNFU�QT�KPUVCPEG�
XCTKCDNGU��CTG�UQ�KORQTVCPV�VQ�QTICPK\G�EQNNCDQTCVKQPU��RNWU��CTG�GZVTGOGN[�
KPVGTTGNCVGF�VQ�QVJGT�VQRKEU��VJG[�UJQWNF�DG�CXCKNCDNG�KP�OKETQYQTNFU��
6Q�TGFWEG�EQIPKVKXG�NQCF��+�WUG�QPN[�CVVTKDWVGU��#V�VJG�OQOGPV��KV�KU�QPN[�
RQUUKDNG�VQ�TGHGTGPEG�TQDQVU��$WV��VJG�KFGC�KU��VJCV�KV�UJQWNF�DGEQOG�RQUUK�
DNG�VQ�RCUU�TQDQV�TGHGTGPEGU�D[�OGUUCIGU�CPF�UVQTG�VJGO�KP�CVVTKDWVGU��
6JKU�YC[�C�NQV�QH�FGUKIP�EQPEGRVU�CPF�GZGEWVKQP�UEJGOCVC�EQWNF�DG�
NGCTPGF�KP�VJG�OKETQYQTNF��$[�FKURNC[KPI�VJG�OGUUCIG�YKVJ�VJG�XCNWG�UGPV�
HTQO�TQDQV�VQ�TQDQV��VJG�VTCKPGG�FQGU�PQV�PGGF�VQ�KOCIKPG�VJKU�XCNWG��CU�KV�
KU�VJG�ECUG�QWVUKFG�VJG�OKETQYQTNF��1DLGEV�TGHGTGPEGU�CTG�XKUWCNKUGF�CU�
UGTKCN�PWODGTU�QH�VJG�QDLGEV��6JGTGHQTG��KV�KU�GCU[�VQ�UGG�HQT�VJG�VTCKPGG��
VJCV�VJG�TGEGKXGT�QH�VJG�OGUUCIG�PQY�MPQYU�VJG�TGHGTGPEG�PWODGT�UGPV�VQ�
KV��*G�QPN[�PGGFU�VQ�CUUKIP�KV�VQ�CP�CVVTKDWVG��
6JG�GZCORNG��YKVJ�VJG�UGPFGT�CPF�VJG�VYQ�TGEGKXGTU��OKIJV�IKXG�C�HKTUV�
INCPEG�QP�VJG�RQYGTHWN�VQQN�4QDQYQTNF�YKNN�DGEQOG�YJGP�KV�PQV�QPN[�ECP�
CUUKIP�TQDQV�TGHGTGPEGU�VQ�CP�CVVTKDWVG�VQ�TGHGT�VQ�QVJGT�TQDQVU��DWV�CNUQ�
ECP�RCUU�QDLGEV�TGHGTGPEGU�HTQO�QPG�TQDQV�VQ�VJG�QVJGT����

���� %QPENWUKQP�
9QTMKPI�YKVJ�KPUVCPEG�XCTKCDNGU�
CVVTKDWVGU��CPF�QPN[�VJGO�ECWUGU�C�OKPK�
OWO�QH�EQIPKVKXG�NQCF�CPF�GPCDNGU�C�OCZKOWO�QH�UEJGOC�VQ�DG�NGCTPV��

�� 'HILQLQJ�&ODVVHV�
6Q�NQYGT�EQIPKVKXG�NQCF��VJGTG�KU�C�VGORNCVG�ENCUU�VQ�FGHKPG�PGY�V[RGU�QH�
TQDQVU�
QDLGEVU���6JG�VTCKPGG�ECP�WUG�VJKU�VGORNCVG��WUG�VJG�NGCTP�
OCETQ��
HGCVWTG�VQ�CFF�QRGTCVKQP�ECNNU��5Q��YKVJ�CNOQUV�PQ�VTCKPKPI��JG�YTKVGU�JKU�
QYP�ENCUUGU�VJCV�FQ�KPVGTGUVKPI�VJKPIU��6JKU�YC[�JG�QT�UJG�ECP�FKTGEVN[�
GZRGTKGPEG�YJCV�C�ENCUU�FQGU�CPF�YJCV�KV�KU�HQT��6JG�MG[YQTFU�CTG�NKOKVGF�
VQ�nENCUU���nGZVGPFU���CPF�nXQKF��CV�VJG�DGIKPPKPI��$GUKFGU�VJKU�MG[�
YQTFU�VJG�WUGT�NGCTPU�JQY�C�UKORNG�ENCUU�JGCF�CPF�DQF[�NQQMU�NKMG��JQY�C�
UKORNG�OGVJQF�JGCF�CPF�DQF[�NQQMU�NKMG�CPF�JQY�C�ECNN�VQ�C�DCUKE�QRGTC�
VKQP�NQQMU�NKMG��*G�QT�UJG�ECP�UQQP�ECNN�HTQO�QPG�QH�JKU�QRGTCVKQPU�C�UGNH�
FGHKPGF�QRGTCVKQP��6JCPMU�VQ�VJG�VGORNCVG�OGVJQF��VJGTG�KU�PQY�PGGF�VQ�
NGCTP�CP[VJKPI�D[�JCTF��'XGT[VJKPI�KU�QDXKQWU��EQPETGVG�CPF�WPFGTUVCPF�
CDNG��9JCV�C�FKHHGTGPEG�VQ�VJG�JGNNQ�YQTNF�CRRNKECVKQP�VJCV�UJQYU�QFF�
VJKPIU��UWEJ�CU�UVCVKE�OGVJQFU��CEEGUU�OQFKHKGTU��CTTC[�FGHKPKVKQPU�CPF�
YKVJ�5[UVGO�QWV�RTKPVNP
��C�TGHGTGPEG�VQ�VJG�UVCPFCTF�QWVRWV�UVTGCO�XKC�C�
UVCVKE�XCTKCDNG�QH�VJG�RTGFGHKPGF�ENCUU�5[UVGO��
+�KORNGOGPVGF�CP�CNN�KP�QPG�YKPFQY�UQNWVKQP��6JG�WUCIG�QH�OWNVKRNG�YKP�
FQYU�CU�KP�VJG�*COUVGT�/QFGN�QT�KP�-CTGN

�URNKVU�CVVGPVKQP�WPPGEGUUCT�
KN[��
1H�EQWTUG��HWTVJGT�KORTQXGOGPVU�CTG�RQUUKDNG��HQT�KPUVCPEG��VJG�*COUVGT�
/QFGN�WUGU�EQNQWT�EQFKPI�HQT�MG[YQTFU��OGVJQFU�CPF�ENCUUGU��C�RQR�WR�
OGPW�HQT�MG[YQTFU�YQWNF�DG�CP�KFGC�VJCV�+�EQWNF�KORNGOGPV�GCUKN[��
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6Q�EQPENWFG��#NTGCF[�VJG�GZKUVKPI�OKETQYQTNFU�QOKVVGF�C�NQV�QH�EQIPKVKXG�
NQCF��+ORNGOGPVKPI�C�NGCTP�OQFG�CPF�C�CNN�KP�QPG�YKPFQY�UQNWVKQP��+�EQWNF�
FKOKPKUJ�VJG�EQIPKVKXG�NQCF�GXGP�OQTG��

�� &DOO�D�2YHUULGGHQ�0HWKRGV�LQ�WKH�6XSHU�&ODVV�
6JKU�KU�ETWEKCN�KP�VJG�OKETQYQTNF��1VJGTYKUG�KV�KU�PQV�RQUUKDNG�VQ�UJQY�VJCV�
FKHHGTGPV�V[RGU�QH�QDLGEVU�OC[�OQXG�FKHHGTGPVN[�HQT�KPUVCPEG��+PJGTKVCPEG��
CEEQTFKPI�VQ�O[�GZRGTKGPEG��FQGU�PQV�RTQXQMG�C�JGCX[�EQIPKVKXG�NQCF�CP[�
YC[��
#U�QXGTTKFKPI�OGVJQFU�KU�CNTGCF[�CDUQNWVGN[�EQPXKPEKPI�KP�-CTGN

��CN�
OQUV�PQ�KORTQXGOGPVU�OWUV�DG�OCFG��
+�QPN[�OCFG�C�OKPQT�KORTQXGOGPV��DGECWUG�QVJGT�VJCP�-CTGN

��
4QDQYQTNF�FQGU�PQV�FKURNC[�VJG�GZGEWVGF�EQFG�UGIOGPV��6JGTGHQTG��+�UGV�
KPHQTOCVKQP�CDQWV�VJG�V[RG�QH�TQDQV�C�OGVJQF�DGNQPIU�VQ�KPVQ�VJG�UGSWGP�
VKCN�HGGFDCEM��(QT�KPUVCPEG��VJG�HGGFDCEM�NKPG�EQWNF�NQQM�NKMG�VJKU��
������� .KUVGPGT"������E����T����FKT���ECTTKGU���VWTP.GHV
��CU�7T4QDQV�
n.KUVGPGT"������KU�VJG�ENCUU�CPF�VJG�UGTKCN�PWODGT�QH�VJG�TQDQV��
n�E����T����FKT���ECTTKGU����KU�VJG�UVCVG�QH�VJG�TQDQV��
n�VWTP.GHV
��CU�7T4QDQV��PQV�QPN[�VGNNU�VJG�OGVJQF��DWV�CNUQ�KP�YJKEJ�ENCUU�
VJG�OGVJQF�KU�FGHKPGF��nVWTP.GHV
���KP�VJKU�ECUG�KU�KPJGTKVGF�HTQO�ENCUU�7T�
4QDQV��
6Q�EQPENWFG��IGPGTCNN[��VJGTG�KU�PQ�GXKFGPV�PGGF�VQ�TGFWEG�EQIPKVKXG�NQCF�
YJKNG�VGCEJKPI�VJKU�VQRKE��$WV��FKURNC[KPI�VJG�ENCUU�VJCV�C�OGVJQF�DGNQPIU�
VQ��CV�TWPVKOG��OKIJV�TGFWEG�VJG�EQIPKVKXG�NQCF�KP�EQORNGZ�UKVWCVKQPU��

�� &RQWURO�6WDWHPHQWV��,I��:KLOH��/RRS��
*GTG�VYQ�SWGUVKQPU�CTKUG��HKTUVN[��YJCV�HGCVWTGU�UJCNN�YG�UWRRQTV��CPF�UGE�
QPFN[�JQY�UJCNN�YG�FGCN�YKVJ�C�HKZGF�PWODGT�QH�TGRGVKVKQPU�
NQQRU�!�

���� 'ZKUVKPI�9QTNFU�
6JGTG�CTG�VYQ�UQNWVKQPU��-CTGN

�VJCV�QPN[�UWRRQTVU�KH��YJKNG�CPF�WUGU�
NQQR�KPUVGCF�QH�VJG�HQT�UVCVGOGPV�CPF�,-CTGN�CPF�VJG�*COUVGT�/QFGN�VJCV�
CTG�YTKVVGP�KP�RWTG�,CXC��

���� 5QNWVKQP�KP�VJG�5RKTKV�QH�%QIPKVKXG�.QCF�#YCTGPGUU�
6JG�UQNWVKQP�QH�-CTGN

��WUKPI�QPN[�VJTGG�EQPFKVKQPCN�DTCPEJKPI�EQPVTQN�
UVTWEVWTGU�KU�VJG�EJQKEG��#XQKFKPI�VJG�5YKVEJ�UVCVGOGPV�KU�GXKFGPV��1PEG�
DCUKE�CTG�NGCTPGF��VJGTG�YKNN�DG�CP�GZCORNG��YJGTG�VJG�VGCEJGT�ECP�KPVTQ�
FWEG�VJG�5YKVEJ�UVCVGOGPV�CU�CP�GNGICPV�YC[�VQ�WUG�C�ENGCT�CPF�GCU[�
EQFG��6JGTG�KU�PQ�PGGF�VQ�KPVTQFWEG�5YKVEJ�GCTN[��+V�GXGP�FQGU�PQV�KPVTQ�
FWEG�CP[�UEJGOC��1PG�ECP�GCUKN[�UWDUVKVWVG�VJG�5YKVEJ�UVCVGOGPV�D[�
PGUVGF�+H�UVCVGOGPVU��
#NUQ�VJG�(QT�UVCVGOGPV�QH�,CXC�KU�CNYC[U�KPVGNNKIKDN[�TGRNCEGCDNG�D[�C�
9JKNG�UVCVGOGPV��6JG�(QT�UVCVGOGPV�KP�KVU�HWNN�RQYGT�KU�TGFWPFCPV��$WV��
NQQRKPI�C�HKZGF�PWODGT�QH�VKOGU�PGGFU�C�SWKVG�EQORNKECVGF�EQFKPI��6JGTG�
HQTG��KPVTQFWEKPI�C�.QQR�UVCVGOGPV�YKVJ�C�XGT[�UKORNG�EQFG�UQWPFU�UGPUK�
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DNG��+V�KPVTQFWEGU�C�UEJGOC�
GZGEWVKPI�C�HKZGF�PWODGT�QH�NQQRU��YKVJ�C�
XGT[�UKORNG�EQFG��5Q��GXGP�CU�VJGTG�KU�PQ�.QQR�UVCVGOGPV�QWVUKFG�QH�OK�
ETQYQTNFU��VJGTG�KU�C�NQQR�UEJGOC�VJCV�KU�WUGF�TCVJGT�HTGSWGPVN[��

��� )HHGEDFN�LQ�&DVH�RI�1HYHU�(QGLQJ�5HFXUVLRQ�
����� /QVKXCVKQP�

+P�VJG�EJCRVGT�YGTG�+�CPCN[UGF�FKHHGTGPEGU�DGVYGGP�QDLGEV�QTKGPVGF�RTQ�
ITCOOKPI�CPF�RTQEGFWTCN�RTQITCOOKPI��+�UVCVGF�VJCV�TGEWTUKXG�RTQEGFWTG�
ECNN�KU�PQV�C�RCTCFKIO�QH�QDLGEV�QTKGPVGF�RTQITCOOKPI��+�CNUQ�GZRNCKPGF�VJCV�
GZVGPUKXG�WUCIG�QH�EQPVTQN�UVTWEVWTGU�KU�C�ENGCT�UKIP�QH�VJG�CDUGPEG�QH�QD�
LGEV�QTKGPVGF�RTQITCOOKPI��$WV��PGXGT�GPFKPI�NQQRU�OC[�JCRRGP�KP�QDLGEV�
QTKGPVGF�RTQITCOOKPI��CU�VJG[�QEEWT�KP�RTQEGFWTCN�RTQITCOOKPI��
#FFKPI�KPHQTOCVKQP�CDQWV�JQY�OCP[�NQQRU�CNTGCF[�JCXG�DGGP�GZGEWVGF�
ECP�IKXG�VJG�VTCKPGG�C�HGGFDCEM�CDQWV�UWEJ�GTTQTU��

����� 5QNWVKQP�
+P�4QDQYQTNF��VJGTGHQTG��+�IKXG�C�HGGFDCEM�CDQWV�VJG�PWODGT�QH�NQQRU�VJCV�
NQQMU�CU�HQNNQYU��

.QQR�����GPVGT�VTWG�
+P�VJG�ECUG�QH�VJG�UGPFGT�VJCV�YCKVU�HQT�VJG�WUGT�VQ�CFF�DGGRGTU�VJG�PGXGT�
GPFKPI�NQQR�YCU�OCFG�QP�RWTRQUG��$WV�VTCKPGGU�EQWNF�TWP�KPVQ�UWEJ�RTQD�
NGOU�D[�OKUVCMG��)GPVN[�IKXKPI�HGGFDCEM�CDQWV�GTTQTU�FQGU�NQYGT�VJG�EQI�
PKVKXG�NQCF��VQQ��DGECWUG�VJG�VTCKPGG�FQGU�PQV�JCXG�VQ�MGGR�VJKU�URGEKCN�
GTTQT�KP�OKPF�YJGP�UGCTEJKPI�RTQITCOOKPI�GTTQTU��*G�RGTEGKXGU�VJG�GTTQT�
GCUKN[��

��� /RZHU�&RJQLWLYH�/RDG�E\�2PLWWLQJ�'HWDLO�
/WEJ�FGVCKN�PGGF�PQV�DG�VGCEJGF�KP�VJG�DGIKPPKPI��

����� 8CTKCDNGU�CPF�1RGTCVKQPU�6JCV�#TG�0QV�'UUGPVKCN�HQT�1DLGEV�1TKGPVGF�
2TQITCOOKPI�
.QECN�XCTKCDNGU��ENCUU�XCTKCDNGU�CPF�ENCUU�QRGTCVKQPU�CTG�PQV�PGGFGF�VQ�WP�
FGTUVCPF�QDLGEV�QTKGPVGF�RTQITCOOKPI��#NUQ��QVJGT�RTKOKVKXG�V[RGU�VJCP�
$QQNGCP�CPF�+PVGIGT��CTG�PQV�GUUGPVKCN�CV�CNN��

����� #EEGUU�/QFKHKGTU�
#EEGUU�OQFKHKGTU�CTG�PQV�PGGFGF�DGECWUG�VJGTG�KU�PQ�CEEGUU�VQ�CVVTKDWVGU�
CP[YC[�CPF�VJGTG�KU�PQ�GXKFGPV�FGOCPF�HQT�RTKXCVG�OGVJQFU��9G�ECP�DCP�
VJGUG�HGCVWTGU�HTQO�OKETQYQTNFU��1VJGT�YQTNFU�RTQXKFG�OQTG�HGCVWTGU��+�
UWIIGUV�UYKVEJKPI�VQ�,-CTGN�CU�UQQP�CU�VJGTG�KU�PGGF�HQT�CEEGUU�OQFKHKGTU���

����� 1RGTCVQTU�#TG�0QV�'UUGPVKCN�
1RGTCVQTU�CU����
�������CTG�PQV�KORNGOGPVGF��'XGP�YKVJQWV�UWEJ�QRGTCVQTU�
QPG�ECP�FQ�OCVJGOCVKECN�VCUMU�NKMG�EQPXGTVKPI�C�DKPCT[�PWODGT�UGV�D[�
DGGRGTU��HQT�KPUVCPEG�DGGRGT��DGGRGT��PQ�DGGRGT��DGGRGT�KP�VJG�FGEKOCN�
PWODGT����
�
�
�
���KH�VJGTG�KU�UQOG�PGGF�VQ�FQ�OCVJGOCVKECN�GZGT�



%JCRVGT����4GFWEKPI�EQIPKVKXG�NQCF�KP�4QDQYQTNF�

����

EKUGU��#PQVJGT�KPVGTGUVKPI�DWV�XGT[�FGOCPFKPI�OCVJGOCVKECN�GZGTEKUG�
YQWNF�DG�VQ�QRGTCVG�CP�CDCEWU�YKVJ�DGGRGTU��;QW�ECP�UWDUVKVWVG�$QQNGCP�
QRGTCVKQPU�D[�PGUVGF�+H�UVCVGOGPVU��

����� 6[RG�5CHGV[�
6[RG�UCHGV[�FGOCPFU�SWKVG�CP�QXGTJGCF�QH�MPQYNGFIG��*QY�VQ�FGHKPG�CP�
KPVGTHCEG��FGENCTG�KORNGOGPVCVKQP��FQ�VJG�KORNGOGPVCVKQP��WUG�VJG�+P�
UVCPEGQH�QRGTCVQT��QT��WPFGTUVCPFKPI�VJG�GTTQT�OGUUCIGU�KP�ECUG�QH�V[RG�
KPEQORCVKDKNKV[��6[RG�UCHGV[�KU�PQV�PGGFGF��DGECWUG�VJG�VTCKPGG�ECP�TGCNKUG�
V[RGU�TCVJGT�VJCP�FGHKPKPI�VJGO�GZRNKEKVN[�CU�KPVGTHCEGU�CPF�KORNGOGPV�
VJGO��+P�ECUG�QH�ECNNKPI�CP�QRGTCVKQP�VJCV�C�TQDQV�FQGU�PQV�TGCNKUG��JG�UGGU�
GZCEVN[�YJGP�CPF�YJ[�JKU�QT�JGT�CRRNKECVKQP�ETCUJGU��5Q�VJG�IQCN�KU�TCVJGT�
VQ�GZRGTKGPEG�VJG�PGGF�HQT�V[RG�UCHGV[�VJCP�VQ�YQTM�YKVJ�VJG�VQQNU�
KPVGT�
HCEG��KORNGOGPVCVKQP��QH�V[RG�UCHGV[��
6Q�EQPENWFG��VJG�VGCEJGT�ECP�KPVTQFWEG�VJG�UEJGOCVC�TGNCVGF�VQ�V[RGU��(QT�
KPUVCPEG��KP�VJG�GZCORNG�QH�QPG�UGPFGT�CPF�VYQ�NKUVGPGTU��YG�EQWNF�JCXG�
VYQ�FKHHGTGPV�ENCUUGU�QH�NKUVGPGT�VJCV�DQVJ�KORNGOGPV�FKHHGTGPV�OGVJQFU�QH�
nDGGRGT2KEMGF
����9G�ECP�VGCEJ��VJCV�KP�VJKU�ECUG��DQVJ�TQDQVU�JCXG�VJG�
UCOG�V[RG�.KUVGPGT��GXGP�KH�VJG[�CTG�PQV�QH�ENCUU�NKUVGPGT����

����� #TTC[U�
#TTC[U�CTG�PQV�KORNGOGPVGF��#U�CP�CTTC[�KU�PQVJKPI�DWV�C�TQDQV�YKVJ�C�
HKZGF�PWODGT�QH�NKPMU��[QW�ECP�FGHKPG�[QWT�QYP�CTTC[U��,WUV�FGHKPG�C�PGY�
TQDQV�ENCUU�CPF�CFF�VJG�PWODGT�QH�CVVTKDWVGU�[QW�NKMG��2TQXKFG�C�OGVJQF�VQ�
RTGUGV�YKVJ�YJKEJ�QH�VJG�TQDQVU�KP�VJG�CTTC[�[QW�YQTM�YKVJ�EWTTGPVN[��
1XGTTKFG�CNN�QRGTCVKQPU�QH�VJG�TQDQV�V[RG�[QW�NKMG�VQ�TGCNKUG�KP�VJKU�CTTC[��#NN�
QXGTTKFFGP�QRGTCVKQPU�LWUV�ECNN�VJG�QRGTCVKQP�YKVJ�VJG�UCOG�PCOG�QH�VJG�
EWTTGPV�TQDQV��6JKU�YC[�[QW�JCXG�CP�CTTC[�LWUV�NKMG�VJG�QPEG�WUGF�D[�,CXC��
QPN[�VJCV�[QW�FQ�PQV�WUG�VJG�URGEKCN�CTTC[�VQQNU�DWV�[QW�WUG�[QWT�QYP�
OGVJQFU�VQ�RTQXKFG�CTTC[�HWPEVKQPCNKV[��

����� )CTDCIG�%QNNGEVKQP�
6JG�TGOQXCN�QH�TQDQVU�VJCV�QPG�FQGU�PQV�PGGF�CP[�OQTG�KU�FQPG�D[�ECNN�QH�
CP�QRGTCVKQP��1H�EQWTUG�KV�KU�OQTG�YQTM�VQ�ECNN�CP�QRGTCVKQP�VQ�TGOQXG�C�
TQDQV�VJCP�VQ�LWUV�UGVVKPI�VJG�TGHGTGPEG�VQ�KV�VQ�CPQVJGT�TQDQV�QT�VQ�PWNN��
$WV�VJG�RTQEGUU�QH�HKPCNK\CVKQP�CPF�ICTDCIG�EQNNGEVKQP�KP�,CXC�KU�SWKVG�FKHHK�
EWNV�VQ�GZRNCKP�CPF�WPFGTUVCPF��6JGTGHQTG��+�RTGHGTTGF�OCPWCN�ENGCP�WR�KP�
O[�OKETQYQTNF��6JG�WUGT�IGVU�VQ�MPQY�VJG�RTQDNGO�QH�ENGCP�WR�CPF�JG�
GZRGTKGPEGU�CP�WPFGTUVCPFCDNG�YC[�VQ�UQNXG�KV��$CUGF�QP�VJKU�GZRGTKGPEG��
VJG�VTCKPGG�ECP�NGCTP�VJG�OQTG�UQRJKUVKECVGF�OGVJQF�VJCV�,CXC�WUGU�NCVGT�
GCUKN[��

����� %QPENWUKQP�
#�DKI�UVTGPIVJ�QH�OKETQYQTNFU�KU�VJGKT�OKPKOCNKUO��#PF�VJKU�UJQWNF�PQV�DG�
EJCPIGF�VQ�CXQKF�DTKPIKPI�DCEM�KP�EQIPKVKXG�NQCF��
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��� 'RHV�5RERZRUOG�6ROYH�1RYLFHV¶�3UREOHPV"�
+P�%JCRVGT����-G[�RTQDNGOU�QH�VGCEJKPI�QDLGEV�QTKGPVGF�RTQITCOOKPI��+�RKP�
RQKPVGF�VQ�UQOG�OCLQT�RTQDNGOU�QH�PQXKEGUO�YKVJ�,CXC��&QGU�4QDQYQTNF�
JGNR�WU�VQ�QXGTEQOG�VJGUG�RTQDNGOU!�

����� 7PFGTUVCPFKPI�8CTKCDNGU�KP�,CXC�
8CTKCDNGU�CTG�XGT[�FKHHGTGPV�KP�QDLGEV�QTKGPVGF�RTQITCOOKPI��/QUV�KORQT�
VCPV�CTG�KPUVCPEG�XCTKCDNGU��6JG[�OC[�JQNF�XCNWGU��UWEJ�CU�TQY��EQNWOP��
FKTGEVKQP��6JKU�XCNWGU�CTG�WRFCVGF�CPF�SWGTKGF�D[�OGVJQFU��(QT�VJGUG�WR�
FCVG�CPF�SWGT[�QRGTCVKQPU�+�KPJGTKVGF�VJG�EQPXKPEKPI�UQNWVKQP�QH�-CTGN

��
9JCV�-CTGN

�NCEMU�CTG�KPUVCPEG�CVVTKDWVGU�
ECNNGF�HKGNFU�KP�,CXC��VJCV�
JQNF�TGHGTGPEGU�VQ�QVJGT�TQDQVU��6JKU�XGT[�KORQTVCPV�HGCVWTG�VQ�TGCNN[�YQTM�
YKVJ�EQNNCDQTCVKPI�TQDQVU�JCU�DGGP�CFFGF��
%QPENWUKQP��5VWFGPVU�ECP�UVWF[�VJG�VYQ�OCLQT�V[RGU�QH�XCTKCDNGU�
XCNWGU�
CPF�TGHGTGPEGU�VQ�QDLGEVU��CU�KPUVCPEG�XCTKCDNGU�
HKGNFU���6JKU�YC[��+�JQRG�
JCXKPI�UGV�C�UGEWTG�DCUG�HQT�WPFGTUVCPFKPI�XCTKCDNGU�KP�,CXC��

����� 7PFGTUVCPFKPI�2QKPVGTU�QT�1DLGEV�4GHGTGPEGU��
+P�4QDQYQTNF�UVWFGPVU�EJQQUG�TQDQVU�D[�UGNGEVKPI�VJGO�HTQO�VJG�NKUV�QH�
KPUVCPVKCVGF�TQDQVU��+P�VJKU�NKUV��TQDQVU�CTG�PQV�TGHGTGPEGF�D[�PCOG�DWV�D[�
V[RG�CPF�PWODGT��6JG�U[PVCEVKECN�TGRTGUGPVCVKQP�QH�V[RG�CPF�PWODGT�KU�
CDQWV�VJG�UCOG�CU�D[�,CXCOU�FGHCWNV�nVQ5VTKPI
���OGVJQF��6JKU�YC[�TGHGT�
GPEGU�UJQWNF�DGEQOG�CNN�PCVWTCN�HQT�UVWFGPVU��6JG�YKNN�DG�VCWIJV�VJCV�C�
HKGNF�
KPUVCPEG�XCTKCDNG��QH�C�TQDQV�JQNFU�VJCV�TGHGTGPEG�PWODGT��6JKU�PWO�
DGT�OC[�DG�WUGF�HQT�7/.�FKCITCOU�CU�YGNN��KPUVGCF�QH�XCTKCDNG�PCOGU�VQ�
UWRRQTV�VJKU�EQPEGRV�GXGP�OQTG��
%QPENWUKQP��1DLGEV�TGHGTGPEG�UJQWNF�DGEQOG�GCUKGT�VQ�NGCTP�D[�OCMKPI�
VJGO�XKUKDNG��

����� 7PFGTUVCPFKPI�#TIWOGPV�2CUUKPI�YKVJ�/GUUCIGU�
#V�VJG�OQOGPV��QPN[�RCUUKPI�C�$QQNGCP�XCTKCDNG�CU�TGVWTP�XCNWG�KU�KORNG�
OGPVGF��6JG�KORNGOGPVCVKQP�QH�RCUUKPI�QPG�CTIWOGPV�HQTVJ�C�DCEM�QH�CP[�
V[RG�YKNN�DG�CFFGF��
2CTCOGVGT�RCUUKPI�JCRRGPU�XKUKDN[�YKVJ�FTCYP�OGUUCIGU�DGVYGGP�TQDQVU��
#NTGCF[�VJG�XKUKDNG�GZEJCPIG�QH�OGUUCIGU�YKNN�JGNR�VQ�WPFGTUVCPF�CTIW�
OGPV�RCUUKPI�DGVVGT��5VWFGPV�IGV�CP�KORTGUUKQP�QH�TGSWGUV�CPF�CPUYGT�
DGVYGGP�ENKGPV�CPF�UGTXGT��
%QPENWUKQP��(QT�OG��VJKU�KU�C�KORQTVCPV�HGCVWTG�QH�4QDQYQTNF��+V�JCU�HKTUV�
RTKQTKV[�YJGP�GZVGPFKPI�VJG�HGCVWTGU�QH�VJG�GZKUVKPI�XGTUKQP��

����� )TCURKPI�VJG�+FGC�QH�1DLGEV�1TKGPVCVGF�2TQITCOOKPI�
+�UVCVGF�CPF�OQVKXCVGF�VJCV�VJTGG�VJKPIU�CTG�KORQTVCPV�VQ�ITCUR�VJG�KFGC�QH�
QDLGEV�QTKGPVGF�RTQITCOOKPI��
��� 0QV�HCNNKPI�DCEM�KPVQ�VJG�RCTCFKIO�QH�RTQEGFWTCN�RTQITCOOKPIOU�QXGTCNN�
EQPVTQN�CPF�VJGTGHQTG�CDWUKPI�UVCVKE�CVVTKDWVGU�CPF�UVCVKE�OGVJQFU��

��� %QNNCDQTCVKQP�CPF�GPECRUWNCVKQP��



%JCRVGT����4GFWEKPI�EQIPKVKXG�NQCF�KP�4QDQYQTNF�

����

��� +PJGTKVCPEG�CPF�2QN[OQTRJKUO�

���1XGTEQOKPI�QXGTCNN�EQPVTQN��6JG�KPUVCPVKCVKQP�VQQN��VJG�RQUUKDKNKV[�VQ�
VTKIIGT�CP[�QRGTCVKQP�OCPWCNN[�CPF�VJG�CDUGPEG�QH�C�OCKP�VCUM�OGVJQF�
JGNR�VQ�QXGTEQOG�VJKU�RTQDNGO��+�UWIIGUV�VQ�NGV�VJG�UVWFGPVU�RNC[�CTQWPF�
YKVJ�4QDQYQTNF�VJG�YC[�2CRGTV�FGUETKDGU�JQY�EJKNFTGP�WUG�.1)1OU�VWTVNG��
6JKU�YC[�UVWFGPVU�OKIJV�IGV�CYC[�HTQO�VJG�KFGC�QH�QXGTCNN�EQPVTQN�GXGP�
OQTG��

���%QNNCDQTCVKQP�CPF�GPECRUWNCVKQP��'PECRUWNCVKQP�YCU�CNTGCF[�FGOQP�
UVTCVGF�KP�-CTGN

��DGECWUG�VJGTG�KU��CHVGT�KPUVCPVKCVKQP��PQ�FKTGEV�CEEGUU�
VQ�VJG�TQDQVOU�CVVTKDWVGU��%QNNCDQTCVKQP�KU�KORTQXGF�D[�VYQ�OGCPU��(KTUVN[��
TQDQVU�XKUKDN[�GZEJCPIG�OGUUCIGU��5GEQPFN[��VJG�CUUQEKCVKQPU�DGVYGGP�
TQDQVU�CTG�OCKPVCKPGF�DGVYGGP�VQ�OCPWCN�ECNNU�VQ�VJG�TQDQVU�QRGTCVKQP�D[�
CVVTKDWVGU��

���+PJGTKVCPEG�CPF�RQN[OQTRJKUO�CTG�KORNGOGPVGF��$WV��VJGTG�KU�PQ�V[RG�
UCHGV[��OKUUKPI�QRGTCVKQPU�YKNN�RTQXQMG�C�TWPVKOG�GTTQT��5VWFGPVU�UJCNN�IGV�
VJG�RWPKUJOGPV�QH�V[RG�WPUCHGV[��UQ�VJG[�YKNN�CRRTGEKCVG�,CXCOU�V[RG�
UCHGV[�YJGP�VJG[�YKNN�NGCTP�CDQWV�KV��
%QPENWUKQP��6JGTG�CTG�UQNWVKQPU�HQT�VJKU�VJTGG�EGPVTCN�RTQDNGOU�KP�
4QDQYQTNF��/QUV�QH�VJGO�CTG�PQV�UQNXGF�CU�YGNN�KP�-CTGN

��CPF�QVJGT�
YQTNFU�CTG�VQ�EQORNKECVGF�HQT�DGIKPPGTU��
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 Chapter 7: Explaining basic 
concepts with Roboworld 
6JG�RQYGT�QH�VJG�OKETQYQTNF�KU�KVU�ITCRJKECN�WUGT�KPVGTHCEG��+V�NGVU�WUGTU�
KPVGTCEV�YKVJ�CDUVTCEV�EQPEGRVU�KP�C�HCOKNKCT�EQPVGZV��'XGT[VJKPI�KU�VJGTG�KP�
VJG�OKETQYQTNF�UQ�[QW�ECP�PCOG�VJG�VJKPIU�CPF�GZRNCKP�VJGO�HKIWTCVKXGN[���

�� 3ULPLWLYH�'DWD�7\SHV��'DWD�,QSXW�DQG�2XWSXW�DQG�6WRUDJH�
���� &CVC�

$GGRGTU�CTG�VJG�DCUKE�MKPF�QH�FCVC�KP�VJG�OKETQYQTNF��$GGRGTU�CTG�QH�V[RG�
RQUKVKXG�KPVGIGT�YKVJQWV�\GTQ��6JKU�FCVC�V[RG�KU�VJG�VTCFKVKQPCN�FCVC�V[RG�
CPF�YCU�KP�'WTQRG�VJG�QPN[�FCVC�V[RG�WUGF�WPVKN�VJG���VJ�EGPVWT[��6JGTG�
HQTG��HQT�KPUVCPEG��CEEQWPVKPI�WUGU�QPN[�VJKU�FCVC�V[RG��+P�OCVJGOCVKEU��
WUWCNN[��UVWFGPVU�UVWF[�VJKU�V[RG�CV�HKTUV��6JGTG��PWODGTU�QH�VJKU�V[RG�CTG�
ECNNGF�VJG�PCVWTCN�PWODGTU��9G�ECP�EQPENWFG�VJCV�VJKU�FCVC�V[RG�KU�VJG�
OQUV�GXKFGPV�CPF�HCOKNKCT�FCVC�V[RG��
9G�ECP�CNUQ�TGRTGUGPV�DKPCT[�FCVC�YKVJ�DGGRGTU��+H�YG�WUG�QPN[�QPG�
DGGRGT�HQT�GCEJ�HKGNF�KP�CP�CTGC��YG�ECP�TGRTGUGPV�DKPCT[�FCVC���

���� &CVC�5VQTCIG�
$GGRGTU�ECP�DG�JCPFNGF��$GGRGTU�CTG�VJG�DCUKE�FCVC�VCMGP�HTQO�GZVGTPCN�
UVQTCIG�CPF�RWV�KPVQ�KPVGTPCN�UVQTCIG�QH�VJG�TQDQV��9KVJ�YCNNU�YG�OC[�UGV�
NKOKVCVKQPU�KP�UK\G�HQT�GZVGTPCN�FCVC�UVQTCIG��6JG�XKUWCN�TGRTGUGPVCVKQP�YKVJ�
DNQEMU�QH�TQY�CPF�CTTQYU�TGRTGUGPVU�VJG�PCVWTG�QH�EQORWVGT�FCVC�KP�IGP�
GTCN��'ZVGTPCN�FCVC�UVQTCIG�EQPUKUVU�QH�OWNVKRNG�UGTKGU�QH�UGSWGPVKCN�FCVC��
9G�ECP�GXGP�OCMG�C�TGRTGUGPVCVKQP�QH�QPN[�UGSWGPVKCNN[�CEEGUUKDNG�FCVC�
D[�NKOKVKPI�CEEGUU�VQ�FCVC�WUKPI�YCNNU��

�
(KI������UGSWGPVKCNN[�CEEGUUKDNG�FCVC�

���� &CVC�1WVRWV�
,QUGRJ�$GTIKP�
������R������WUGF�VJG�TQDQVU�VQ�FQ�RCKPVKPIU�YKVJ�DGGRGTU��
+�VJKPM�VJKU�KU�C�GZEGNNGPV�KFGC��DGECWUG�KV�TGRTGUGPVU�FCVC�QWVRWV��6Q�GP�
JCPEG�VJG�RQUUKDKNKVKGU�VQ�XKUWCNKUG�CURGEVU�QH�FCVC�QWVRWV��+�CFFGF�VJG�HGC�
VWTG�QH�UGVVKPI�EQNQWTU�YKVJ�DGGRGTU��+�WUG�VYQ�EQNQWT�UEJGOGU��
6JG�HKTUV�WUGU���VQ���DGGRGTU��6JG�HKTUV�EQNQWT�OGCPU�YJKVG��VJG�UGEQPF�
DNCEM��VJG�PGZV�UKZ�DGGRGTU�RCKPV�VJG�EQNQWT�EKTENG�
TGFM[GNNQYMITGGPM
DNWGMOCIGPVC���9KVJ�VJKU�EQNQWT�UEJGOG�UVWFGPVU�OC[�DG�CUMGF�VQ�FQ�
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EQNQWT�RCKPVKPIU�QT�GXGP�YTKVG�RTKOKVKXG�FTCYKPI�CRRNKECVKQPU��+P�UWEJ�CP�
CRRNKECVKQP��VYQ�TQDQVU�OC[�YQTM�VQIGVJGT��VJG�HKTUV�KU�TGURQPUKDNG�HQT�C�
HKIWTG��VJG�UGEQPF�HQT�VJG�EQNQWT��
6JG�UGEQPF�EQNQWT�EQFKPI�UVCTVU�CV�VJG�PWODGT�QH�PKPG�DGGRGTU��5GVVKPI���
DGGRGTU�OGCPU�DNCEM�
PQ�NKIJV�CV�CNN���#FFKPI�QPG�DGGRGT�OGCPU�CFFKPI�
DNWG��[QW�TGVWTP�HTQO�EQORNGVG�DNWG�VQ�PQ�DNWG��CFFKPI���DGGRGTU�OGCPU�
CFFKPI�ITGGP��[QW�TGVWTP�HTQO�EQORNGVG�ITGGP�VQ�PQY�ITGGP��CFFKPI����
DGGRGTU�OGCPU�CFFKPI�TGF��/C[�DG�[QW�TGEQIPK\G�VJKU�CU�VJG�����YGD�
EQNQWTU��EQFGF�YKVJ�DGGRGTU��
6JKU�YC[�[QW�OC[�XKUWCNKUG�VJCV�FKHHGTGPV�XCNWGU�ECP�OGCP�FKHHGTGPV�QWV�
RWV�FGRGPFKPI�QP�VJG�U[UVGO�GPXKTQPOGPV��5Q�YG�JCXG�FKHHGTGPV�XCNWGU�
UVQTGF�CPF�FKHHGTGPV�XCNWGU�VTKIIGTKPI�QWVRWV�VQ�UETGGP��

���� &CVC�+PRWV��'XGPV�&TKXGP�#RRNKECVKQPU�
6JG�WUGT�ECP�CFF�CPF�TGOQXG�DGGRGTU�OCPWCNN[�YJKNG�VJG�CRRNKECVKQP�KU�
TWPPKPI��5Q�JG�ECP�GXGP�IKXG�KPRWV�YJKNG�VJG�TQDQV�KU�OQXKPI��6JKU�YC[��
JG�ECP�EQOOWPKECVG�YKVJ�VJG�TQDQV�D[�KPRWVVKPI�TCY�FCVC�
CU�DGGRGTU���
;QW�ECP�UGV�WR�UEGPCTKQU�YJGTG�VJG�TQDQVU�YQTM�GXGPV�FTKXGP��,WUV�NGV�VJG�
TQDQVU�NQQR�HQT�GXGT��YCKVKPI�HQT�GXGPVU��UWEJ�CU�CFFKPI�CPF�TGOQXKPI�
DGGRGTU�OCPWCNN[��5GVVKPI�C�DGGRGT�KU�NKMG�ENKEMKPI��5GVVKPI�C�YCNN�KU�NKMG�
RTGUUKPI�C�OQFKHKGT�MG[��
+P�VJG�GZCORNG�QH�UGPFGT�NKUVGPGT�
(KI������5GPFGT�CPF�.KUVGPGT�GZEJCPIKPI�
OGUUCIGU��R������VJG�WUGT�ECP�CFF�C�DGGRGT�VQ�VJG�HKGNF�YJGTG�VJG�UGPFGT�
KU��6JG�UGPFGT�EJGEMU�HQT�VJG�DGGRGT��TGOQXGU�KV�CPF�UGPFU�C�OGUUCIG�VQ�
VJG�NKUVGPGT��6JKU�GZCORNG�IKXGU�UVWFGPVU�PQV�QPN[�C�UKORNG�GZCORNG�QH�VJG�
UGPFGT�NKUVGPGT�EQPEGRV�WUGF�KP�,CXC�
5YKPI�QT�#96���DWV�CNUQ�C�EQPETGVG�
KFGC�JQY�VJKU�UGPFGT�NKUVGPGT�EQPEGRV�OKIJV�DG�KORNGOGPVGF�KP�VJG�,CXC�
TWPVKOG�GPXKTQPOGPV�
,4'���

�� 2EMHFWV��5RERWV���2SHUDWLRQV��0HWKRGV��&ODVVHV�
4QDQVU�UVCPF�HQT�QDLGEVU��+U�VJKU�C�CEEWTCVG�OGVCRJQT!�

���� 4QDQVU�#TG�C�2GTHGEV�/GVCRJQT�HQT�1DLGEVU�
4QDQVU�CTG�RTQITCOOCDNG�KP�VJG�TGCN�YQTNF�CPF�KP�VJG�OKETQYQTNF��6JGTG�
HQTG��UVWFGPVU�CTG�HCOKNKCT�YKVJ�VJG�KFGC�QH�YTKVKPI�RTQITCOU�HQT�C�V[RG�QH�
TQDQV��6JKU�OGCPU�C�ENCUU��YJKEJ�KU�VJG�YTKVVGP�RTQITCO�HQT�C�V[RG�QH�TQ�
DQVU��UGGOU�VQ�DG�CP�CNN�PCVWTCN�KFGC��
6JGTG�CTG�FKHHGTGPV�V[RGU�QH�QDLGEVU�CU�VJGTG�CTG�FKHHGTGPV�V[RGU�QH�TQDQVU��
#NUQ�VJG�DGJCXKQWT�QH�QDLGEVU�CTG�FGHKPGF�KP�ENCUUGU�CU�VJG�DGJCXKQWT�QH�
TQDQVU�KU�FGHKPGF�YKVJ�VJGO��4QDQVU�CPF�QDLGEVU�DQVJ�UVQTG�FCVC�KPVGTPCNN[��
&CVC�VJCV�KU�NQUV�YJGP�VJG�TQDQV�QT�QDLGEV�KU�FKUECTFGF��
1DLGEVU�CPF�TQDQVU�DQVJ�GZEJCPIG�OGUUCIGU��K��G��ECNN�QRGTCVKQPU�QH�QVJGT�
QDLGEVU�
TQDQVU���9JGP�C�TQDQV�
QDLGEV��TGEGKXGU�C�OGUUCIG�
C�ECNN�VQ�QPG�
QH�KVU�QRGTCVKQPU���KV�RGTHQTOU�VJG�OGVJQF�KV�JCU�DGGP�VTCKPGF�
RTQ�
ITCOOGF���
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���� 6JG�+FGC�QH�4QDQVU�/C[�*GNR�7PFGTUVCPF�1DLGEVU�'XGP�$GVVGT�
+P�TGCN�,CXC�CRRNKECVKQPU��[QW�ECP�VJKPM�QH�TQDQV�VGCOU�YQTMKPI�QP�FCVC��
XKGYU�CPF�EQPVTQNU��6JG�TQDQVOU�PCOG�
KFGPVKHKGT��KORNKGU�HQT�YJKEJ�QDLGEV�
QT�VCUMU�VJG�TQDQV�VCMGU�TGURQPUKDKNKV[��9JGP�YG�UC[�VJCV�C�QDLGEV�KU�FQKPI�
UQOGVJKPI��VJGP�YG�ECP�VJKPM�QH�C�TQDQV�VQ�DG�KP�CEVKQP�VJCV�KU�TGURQPUKDNG�
HQT�VJKU�QDLGEV��(QT�KPUVCPEG��C�TQDQV�QH�ENCUU�6GZV(KGNF�KU�TGURQPUKDNG�HQT�
VJG�6GZV(KGNF��9JGP�JG�IGVU�VJG�KPUVTWEVKQP�UGV6GZV
Q*GNNQ�9QTNF�R���JG�
EJCPIGU�VJG�VGZV�FKURNC[GF�KP�VJG�6GZV(KGNF�HQT�YJKEJ�JG�KU�TGURQPUKDNG��
6JG�KFGC�QH�TQDQVU�DGKPI�KP�CEVKQP�KPUVGCF�QH�QDLGEVU�DGKPI�KP�CEVKQP�OKIJV�
QXGTEQOG�VJG�PCVWTCN�DNQEMCFG�QH�UVWFGPVU�YJGP�VJG[�JCXG�VQ�FQ�YKVJ�
WPCPKOCVGF�QDLGEVU��+�OGCP�QDLGEVU�VJCV�UVWFGPVU�FQ�PQV�CUUQEKCVG�CV�CNN�
YKVJ�CP[�CEVKXKV[��+�TGOGODGT�KP�C�EQWTUG�YJGTG�YG�YGTG�OQFGNNKPI�C�
YCUJKPI�OCEJKPG�VJCV�UVWFGPVU�FKF�PQV�NKMG�VQ�CYCTF�CP[�TGURQPUKDKNKV[�VQ�
VJG�NCWPFT[��1DLGEVU�CTG�C�FCVC�OQFGN�QH�VJG�TGCNKV[�VJCV�YG�CTG�OQFGNNKPI��
#U�C�TGUWNV��YG�ECP�KOCIKPG�VJCV�VJGTG�KU�HQT�CP[�QDLGEV�C�TQDQV�KP�CEVKQP��
6JKU�TQDQV�OCPCIGU�VJG�FCVC�QH�KVU�QDLGEV��.CVGT�YG�OC[�OGTIG�VJG�KFGC�QH�
VJG�TQDQV�CPF�KVU�QDLGEV�VQ�QPG�KFGC��VJG�KFGC�QH�VJG�QDLGEV�KP�QDLGEV�
QTKGPVGF�RTQITCOOKPI��

���� #VVTKDWVGU��#UUQEKCVKQP��#IITGICVKQP��%QNNCDQTCVKQP�
+PHQTOCVKQP�KU�UVQTGF�KP�TQDQVOU�CVVTKDWVGU��6JGUG�CVVTKDWVGU�TQY��EQNWOP��
FKTGEVKQP��PWODGT�QH�DGGRGTU�CTG�XKUKDNG�HTQO�VJG�XGT[�DGIKPPKPI��9KVJ�CN�
OQUV�PQ�RTGTGSWKUKVGU��CHVGT�UQOG�DCUKE�KPUVTWEVKQPU�JQY�VQ�QRGTCVG�KP�VJG�
OKETQYQTNF��VJG�VTCKPGG�ECP�UGG�JQY�QRGTCVKQP�ECNNU�EJCPIG�VJG�KPHQTOC�
VKQP�KP�VJG�CVVTKDWVGU��*G�CNUQ�UGGU��VJCV�VJG�ECNN�VQ�WRFCVG�QRGTCVKQP�KU�VJG�
QPN[�YC[�VQ�EJCPIG�VJG�QDLGEVU�CVVTKDWVGU��6JGTG�KU�PQY�YC[�VQ�EJCPIG�
QDLGEVU�CVVTKDWVGU�FKTGEVN[��
1PG�KORQTVCPV�KPHQTOCVKQP�VJCV�OKIJV�DG�UCXGF�KP�CP�CVVTKDWVG�KU�VJG�NKPM�VQ�
QVJGT�TQDQVU�KH�VJGTG�CTG�TQDQV�VGCOU�KP�CEVKQP��1VJGT�VJCP�KP�VJG�GZKUVKPI�
YQTNF�
-CTGN

��*COUVGT�/QFGN��CVVTKDWVGU�NKPM�VQ�QVJGT�TQDQVU��5Q�QPG�
ECP�UJQY�VJG�KORQTVCPV�HCEV�JQY�CUUQEKCVKQPU�CTG�JCPFNGF�CHVGT�C�UJQTV�
VKOG�QH�KPUVTWEVKQP��

���� +PUVCPVKCVKQP�QH�4QDQVU�
;QW�ECP�IGV�C�PGY�EQR[�
KPUVCPEG��QH�C�TQDQV��D[�UGVVKPI�KVU�KPKVKCN�XCNWGU�
CPF�ECNN�HQT�C�PGY�TQDQV��6JKU�KPUVCPVKCVKQP�ECP�DG�FQPG�OCPWCNN[��5Q�VJG�
VTCKPGGU�UGGU�HKTUV�YJCV�nPGY��OGCPU�CPF�VJCV�CP�KPUVCPEG�KU�PQVJKPI�GNUG�
VJCP�C�PGY�EQR[�QH�CP�QDLGEV��*G�QT�UJG�UGGU�VJG�UGTKCN�PWODGT�CPF�VJG�
ENCUU�QH�VJG�TQDQV�YJGP�JG�QT�UJG�EJQQUGU�VJG�TQDQV�HTQO�VJG�NKUV�QH�TQ�
DQVU��6JKU�KPHQTOCVKQP�KU�CNUQ�XKUKDNG�KP�VJG�UGSWGPVKCN�QWVRWV�VJCV�JG�QT�UJG�
UGGU�KP�VJG�RCPG�CV�VJG�NQYGT�TKIJV�QH�VJG�YKPFQY��#NN�VJKU�JGNRU�VJG�UVW�
FGPV�VQ�IGV�C�TGRTGUGPVCVKQP�QH�TQDQVU�
CPF�QDLGEVU��CU�KPUVCPEG�QH�C�ENCUU��

���� +PJGTKVCPEG��1XGTTKFKPI��2QN[OQTRJKUO�
'XGP�VJG�HKTUV�TQDQV�KPJGTKVU�HTQO�n7T4QDQV��VJG�DCUKE�CVVTKDWVGU�CPF�
OGVJQFU��9KVJ�NKVVNG�KPHQTOCVKQP�
MG[�YQTF�nUWRGT���VJG�VTCKPGG�ECP�CNVGT�

QXGTTKFG��VJG�KPJGTKVGF�OGVJQFU��HQT�KPUVCPEG�VQ�FGHKPG�C�TQDQV��n&QW�
DNG5VGRRGT��QT�n/KNG9CNMGT���VJCV�OCMGU�VYQ�QT�OQTG�UVGRU�YJGP�KV�IGVU�
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VJG�KPUVTWEVKQP�VQ�OQXG��6JG�OKETQYQTNF�UJQYU�KP�VJG�HGGFDCEM�CTGC�VQ�
VJG�NQYGT�TKIJV�QH�VJG�UETGGP�HTQO�YJCV�ENCUU�QH�TQDQV�VJG�CRRNKGF�OGVJQF�
KU�VCMGP��+PJGTKVCPEG��VJKU�YC[��DGEQOGU�CP�CNN�HCOKNKCT�KFGC��

���� %QPENWUKQP�
4QDQVU�CTG�VJG�OQUV�CEEWTCVG�XKUKDNG�TGRTGUGPVCVKQP�QH�QDLGEVU�KP�QDLGEV�
QTKGPVGF�RTQITCOOKPI��6JG[�CTG�VJG�OQUV�RQYGTHWN�OGVCRJQT�HQT�VJGO�
VJCV�YG�ECP�VJKPM�QH��

�� $SSOLFDWLRQ�3URJUDPPLQJ�,QWHUIDFH��$3,��
+V�KU�CNYC[U�FKHHKEWNV�VQ�IGV�CP�KFGC�YJCV�CP�CRRNKECVKQP�RTQITCOOKPI�KPVGT�
HCEG�
#2+��KU�HQT��+P�C�OKETQYQTNF��VJKU�KU�GCU[�VQ�UGG��+H�VJGTG�YQWNF�PQV�DG�
VJG�ENCUU�7T4QDQV��VJG�DCUKE�OGVJQFU�HQT�OCPKRWNCVKPI�VJG�TQDQVU�YQWNF�
DG�OKUUKPI��9G�PGGF�VJKU�DCUKE�QRGTCVKQPU�VQ�FQ�CP[VJKPI�KP�VJG�YQTNF��
6JKU�KU�VJG�UOCNNGUV�CPF�VJG�OQUV�HKIWTCVKXG�GZCORNG�QH�CP�CRRNKECVKQP�RTQ�
ITCOOKPI�KPVGTHCEG�VJCV�+�ECP�VJKPM�QH��

�� &RQFOXVLRQ�
#�OKETQYQTNF�QH�TQDQVU�KU�C�OQUV�CEEWTCVG�TGRTGUGPVCVKQP�PQV�QPN[�QH�QD�
LGEVU�KP�QDLGEV�QTKGPVGF�RTQITCOOKPI�DWV�CNUQ�QH�QVJGT�DCUKE�EQPEGRVU�UWEJ�
CU�FCVC�UVQTCIG��FCVC�KPRWV�CPF�QWVRWV��UGSWGPVKCNN[�CPF�TCPFQON[�CEEGU�
UKDNG�FCVC��QT�VJG�CRRNKECVKQP�RTQITCOOKPI�KPVGTHCEG��#U�CEEWTCVG�OGVC�
RJQTU�UWRRQTV�NGCTPKPI�
+FKPI���������VJKU�OKIJV�DG�CP�KPVGTGUVKPI�UKFG�GH�
HGEV�QH�4QDQYQTNF�



�
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 Chapter 8: Supporting the 
Unified Modelling Language 
&Q�YG�PGGF�VJG�FKCITCOU�QH�VJG�7PKHKGF�/QFGNNKPI�.CPIWCIG�
7/.���QT�FQ�
VJGUG�FKCITCOU�CFF�WPPGEGUUCT[�TGFWPFCPE[!�+H�YG�PGGF�VJGO��JQY�FQGU�
4QDQYQTNF�UWRRQTVU�NGCTPKPI�VJG�FKCITCOU�QH�VJG�7PKHKGF�/QFGNNKPI�.CP�
IWCIG��

�� ,V�WKH�8QLILHG�0RGHOOLQJ�/DQJXDJH��80/��D�6XEMHFW�IRU�D�
-DYD�6KRUW�&RXUVH"�

���� 7PKHKGF�/QFGNNKPI�.CPIWCIG�
7/.��KP�VJG�5QHVYCTG�+PFWUVT[�
6JG�7/.�FKCITCOU�CTG�YKFGN[�WUGF�KP�VJG�UQHVYCTG�KPFWUVT[��6JG[�CTG�
WUGF�FWTKPI�VJG�RTQEGUU�QH�CPCN[UKU��6JG�FGXGNQRGT�ETGCVGU�C�OQFGN�QH�VJG�
RTQDNGO�FQOCKP�FGUETKDGF�D[�VJG�RTQDNGO�FQOCKP�GZRGTV��6JKU�OQFGN�KU�
YTKVVGP�YKVJ�7/.�FKCITCOU��
6JGTG�CTG�FGUKIP�RCVVGTPU�VJCV�CTG�WUGF�KP�CP[�NCTIG�RTQLGEV��6JG�FGXGNQRGT�
YKNN�EQPUKFGT�VJGO�CNTGCF[��YJKNG�JG�KU�OQFGNNKPI�VJG�RTQDNGO�FQOCKP��+I�
PQTKPI�VJGO�TGUWNVU�KP�UQHVYCTG�VJCV�KU�CNOQUV�PQV�OCPCIGCDNG��)TCF[�
$QQEJ�YTKVGU�KP�VJG�HQTGYQTF�VQ�)COOC�
������R��ZKKK���

n#NN�YGNN�UVTWEVWTGF�QDLGEV�QTKGPVGF�CTEJKVGEVWTGU�CTG�HWNN�QH�RCV�
VGTPU��+PFGGF��QPG�QH�VJG�YC[U�VJCV�+�OGCUWTG�VJG�SWCNKV[�QH�CP�
QDLGEV�QTKGPVGF�U[UVGO�KU�VQ�LWFIG�YJGVJGT�QT�PQV�KVU�FGXGNQR�
GTU�JCXG�RCKF�ECTGHWN�CVVGPVKQP�VQ�VJG�EQOOQP�EQNNCDQTCVKQPU�
COQPI�KVU�QDLGEVU��(QEWUKPI�QP�UWEJ�C�OGEJCPKUO�FWTKPI�C�
U[UVGOOU�FGXGNQROGPV�ECP�[KGNF�CP�CTEJKVGEVWTG�VJCV�KU�UOCNNGT��
UKORNGT��CPF�HCT�OQTG�WPFGTUVCPFCDNG�VJCP�KH�VJGUG�RCVVGTPU�CTG�
KIPQTGF���

6JG�OKUUKPI�MPQYNGFIG�QH�FGUKIP�RCVVGTP�KU�TGRQTVGF�D[�(QYNGT�
������
EJCRVGT������UGG�VGZV�KP�DQZ��CU�QPG�QH�VJG�OCKP�RTQDNGOU�KP�RTQLGEV�
VGCOU��
*WPV�
������R������GZRNCKPU�UQOG�QH�VJG�FTCY�DCEMU�QH�RQQT�QDLGEV�QTK�
GPVGF�FGUKIP��JG�GZRNCKPU�GURGEKCNN[�VJG�RTQDNGOU�QH�KPJGTKVCPEG��+PJGTK�
VCPEG�ECP�TGFWEG�EQORTGJGPUKDN[�QH�EQFG�GZVTGOGN[��6Q�TGXKUG�VJG�UG�
SWGPVKCN�GZGEWVKQP�QH�EQFG��VJG�FGXGNQRGT�JCU�VQ�NQQM�WR�OGVJQFU�KP�FKH�
HGTGPV�ENCUUGU��6JG�EQIPKVKXG�NQCF�QH�VJKU�LQD�KU�GZVTGOGN[�JKIJ��+H�VJG�FG�
UKIP�KU�RQQT�VJG�QPN[�YC[�VQ�UQNXG�RTQDNGOU�QH�VJKU�MKPF�KU�TGHCEVQTKPI��

���� 7PKHKGF�/QFGNNKPI�.CPIWCIG�
7/.��CU�C�/GCP�VQ�7PFGTUVCPF�VJG�
#RRNKECVKQP�2TQITCOOKPI�+PVGTHCEG�
#2+��
9KVJQWV�WPFGTUVCPFKPI�FGUKIP�RCVVGTPU��VJG�UVWFGPV�YKNN�JCXG�FKHHKEWNVKGU�VQ�
WPFGTUVCPF�NCTIG�RCTVU�QH�VJG�CRRNKECVKQP�RTQITCOOKPI�KPVGTHCEG��6JG�,CXC�
#2+�WUGU�QHVGP�CIITGICVKQP��5VWFGPVU�YJQ�MPQY�VJG�WPFGTN[KPI�EQPEGRV�QH�
CIITGICVKQP�YKNN�JCXG�NGUU�RTQDNGO�VQ�WUG�VJGUG�RCTVU�QH�VJG�#2+��6JG[�
TGEQIPK\G�VJG�RCVVGTP�CPF�ECP�OCMG�WUG�QH�KVU�UEJGOC��(QT�KPUVCPEG��
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MPQYKPI�VJG�UEJGOC�nEJCKP�QH�TGURQPUKDKNKV[��VJCV�KU�WUGF�HQT�KPRWV�CPF�
QWVRWV�UVTGCOU�YKVJ�,CXC�TGFWEGU�FTCOCVKECNN[�VJG�EQIPKVKXG�NQCF�YJGP�
NGCTPKPI�CDQWV�UVTGCOU��+H�+�ECP�VGNN�C�UVWFGPV�VJCV�KPRWV�CPF�QWVRWV�WUGU�
EJCKP�QH�TGURQPUKDKNKV[��JG�QT�UJG�YKNN�JCXG�OWEJ�NGUU�RTQDNGO�VQ�WUG�VJG�
#2+�ENCUUGU�VQ�UGV�WR�KPRWV�CPF�QWVRWV�RTQEGFWTGU��6JGTG�CTG�QPN[�HQWT�
KVGOU�QH�MPQYNGFIG�PGGFGF�DGUKFGU�VJKU�UEJGOC�VQ�FQ�VJG�LQD��&KHHGTGPEG�
DGVYGGP�n5VTGCO��CPF�n4GCFGT�9TKVGT���FKHHGTGPEG�DGVYGGP�UQWTEG��CPF�
QDLGEV�UVTGCO��FKHHGTGPEG�DGVYGGP�KPRWV�CPF�QWVRWV��CPF�VJCV�[QW�WUWCNN[�
UGV�WR�C�EJCKP�QH�TGURQPUKDKNKV[�QH�QPG�UQWTEG�UVTGCO�CPF�QPG�QTG�OQTG�
QDLGEV�UVTGCOU��0QV�MPQYKPI�VJG�FGUKIP�RCVVGTP�OKIJV�DG�YJCV�QXGTNQCFU�
VJG�YQTMKPI�OGOQT[�CPF�JKPFGT�NGCTPKPI��

���� +U�VJG�8KUWCN�4GRTGUGPVCVKQP�0GGFGF!�
6JGQTGVKECNN[��FGUKIP�RCVVGTPU�ECP�DG�NGCTPGF�YKVJQWV�XKUWCN�TGRTGUGPVC�
VKQP��6JG�XKUWCN�TGRTGUGPVCVKQP�QH�EQPEGRVU�CPF�UEJGOC�KU�PQV�UQOG�CKF�
VJCV�KU�UGNH�GZRNCKPKPI��+V�KU�UQOGVJKPI�YG�OWUV�NGCTP�KH�YG�YKNN�WUG�KV��&W�
XCN�
������OCFG�GZVGPUKXG�UVWFKGU�CDQWV�VJKU�HCEV��
6JG�7PKHKGF�/QFGNNKPI�.CPIWCIG�
7/.��FQGU�PQV�WUG�C�NQV�QH�UGOCPVKE�
GNGOGPVU��DWV�QVJGT�U[UVGO�VQ�XKUWCNKUG�EQORNGZ�HCEVU�WUG�VJGO�PGKVJGT��
9JCV�7/.�OCMGU�FKHHKEWNV�KU�VJG�U[PVCEVKECN�XCTKCVKQP�QH�KVU�UKIPU�KP�TCVJGT�
NCTIG�PWODGT�QH�FKCITCOU��&KCITCOU��VJCV�CTG�UKOKNCT�KP�YJCV�VJG[�UJQY��
DWV�NCTIGN[�FKHHGTGPV�KP�VJG�RQKPV�QH�XKGY�VJG[�CTG�TGRTGUGPVKPI�KV��(QT�KP�
UVCPEG��CP�QDLGEVU�FKCITCO��C�UGSWGPEG�FKCITCO�CPF�C�EQNNCDQTCVKQP�FKC�
ITCO�UJQY�CNN�QDLGEVU�KP�EQNNCDQTCVKQP��6JG�QDLGEVU�FKCITCO�UJQYU�VJCV�
QDLGEVU�CTG�EQNNCDQTCVKPI��DWV�PQV�YJGP�CPF�JQY��VJG�UGSWGPEG�FKCITCO�
GORJCUKUGU�VJG�UGSWGPVKCN�GZGEWVKQP�QH�VJG�EQNNCDQTCVKQP��YJGTG�VJG�XGTVK�
ECN�CZKU�KU�VJG�VKOG�CZKU��VJG�EQNNCDQTCVKQP�FKCITCO�FKURNC[U�VJG�UCOG��DWV�
WUGU�UGSWGPVKCN�PWODGTU�HQT�VJG�OGUUCIGU�UGPV��
#�UOCNN�DWV�PCUV[�RTQDNGO�KU�VJCV�HQT�UQOG�FGVCKNU�
V[RG��KFGPVKHKGT��7/.�
FGXKCVGU�HTQO�VJG�U[PVCZ�QH�,CXC��(QT�KPUVCPEG��nDCNNCPEG���KPV��KP�7/.�KU�
YTKVVGP�nKPV�DCNNCPEG��KP�,CXC�U[PVCZ��#PF�KV�WUGU�QVJGT�PCOGU�HQT�KP�
UVCPEG�CVVTKDWVGU�CTG�ECNNGF�HKGNFU�KP�,CXC��

���� 5GOKQVKE�4GUGCTEJ�QP�/CVJGOCVKECN�5KIP�5[UVGOU�
(TQO�VJG�UGOKQVKE�RQKPV�QH�XKGY��VJG�7PKHKGF�/QFGNNKPI�.CPIWCIG�KU�C�UKIP�
U[UVGO��(QNNQYKPI�VJG�CTIWOGPVCVKQP�QH�&WXCN�
������VJG�TGUWNVU�HTQO�VJG�
GZVGPUKXG�TGUGCTEJ�HQT�UKIP�U[UVGOU�KP�CNIGDTC�CPF�IGQOGVT[�OWUV�DG�
VTCPUHGTCDNG�VQ�VJG�7PKHKGF�/QFGNNKPI�.CPIWCIG��
&WXCN�
������R������GZRNCKPU�VJG�ETWEKCN�RQKPVU�DCUGF�QP�UVWFKGU�QH�
OCVJGOCVKEU��
���'XGP�PQY�VJG�VGCEJGT�WUGU�FKHHGTGPV�UKIP�U[UVGOU�
TGIKU�
VTG�FG�TGRTÃUGPVCVKQP���UVWFGPVU�YKNN�PQV�DG�CDNG�VQ�EQQTFKPCVG�VJGO��
���
*GPEG��OQUV�QH�VJG�VKOG��NGCTPKPI�YKNN�VCMG�RNCEG�QPN[�KP�QPG�UKIP�U[UVGO��

���/QUV�KORQTVCPV��6JKU�WPFGTUVCPFKPI�KP�QPN[�QPG��UKIP�U[UVGO�
EQO�
RTÃJGPUKQP�OQPQTGIKUVTG��KU�C�OCLQT�JCPFKECR��CU�UQQP�CU�UVWFGPVU�NGCXG�
VJG�EQPVGZV�KP�YJKEJ�NGCTPKPI�VQQM�RNCEG��OQUV�QH�VJGO�YKNN�DG�PQV�CDNG�VQ�
WUG�VJGKT�MPQYNGFIG��JQYGXGT��VJG[�CEVWCNN[�MPQY�KV��
&WXCN�EQPENWFGU�
������R��������
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n2NWU�IÃPÃTCNGOGPV�WPG�EQORTÃJGPUKQP�OQPQTGIKUVTG�GUV�WPG�
EQORTÃJGPUKQP�SWK�PG�RGTOGV�CWEWP�VTCPUHGTV��5GWN�WPG�
EQORTÃJGPUKQP�KPVÃITCVKXG��EOGUV�´�FKTG�WPG�EQORTÃJGPUKQP�
HQPFÃG�UWT�WPG�EQQTFKPCVKQP�FG�TGIKUVTGU�FQPPG�EGU�RQUUKDKNKVÃU�
FG�VTCPUHGTV���
6TCPUNCVKQP��#P�WPFGTUVCPFKPI�DCUGF�QPN[�QP�QPG�UKIP�U[UVGO�
KU�CP�WPFGTUVCPFKPI�VJCV�CNNQYU�PQ�VTCPUHGT�CV�CNN��1PN[�CP�KPVG�
ITCVKXG�WPFGTUVCPFKPI��VJKU�OGCPU�CP�WPFGTUVCPFKPI�DCUGF�QP�
VJG�EQQTFKPCVKQP�QH�UKIP�U[UVGOU�OCMGU�VTCPUHGT�RQUUKDNG��

6JKU�EQPENWUKQPU�KU�CNUQ�UWRRQTVGF�D[�VJG�TGXKGY�QH�+FKPI�
������R�������
HQT�VJG�WUCIG�QH�CPCNQIKGU�VQ�WPFGTUVCPF�VGEJPKECN�YTKVKPIU��5GG�#DQWV�
'HHGEVKXGPGUU�QH�/GVCRJQTU��R������
6Q�EQPENWFG��VJG�7PKHKGF�/QFGNNKPI�.CPIWCIG��CU�+�DGNKGXG��KU�KPGXKVCDNG�HQT�
VYQ�TGCUQPU��(KTUVN[��KV�KU�WUGF�HQT�EQOOWPKECVKQP��KP�DQQMU��COQPI�FGXGN�
QRGTU��KP�ENCUUTQQO��HQT�FQEWOGPVCVKQP�
UGG�HQT�KPUVCPEG�$GEM���������
5GEQPFN[��KV�KU�PGGFGF�D[�VJG�UVWFGPV�JKOUGNH�CU�UQQP�CU�JG�QT�UJG�UVCTVU�
VQ�FGUKIP�CPF�KORNGOGPV�OQTG�EQORNGZ�UVTWEVWTGU��6JGTG�YKNN�DG�CNOQUV�PQ�
EJCPEG�VQ�VTCPUHGT�VJG�MPQYNGFIG�VQ�VJKU�PGY�UKVWCVKQPU�KH�UVWFGPVU�FQ�PQV�
JCXG�CP�KPVGITCVGF�WPFGTUVCPFKPI�QH�VJG�RCTCFKIO�QH�QDLGEV�QTKGPVGF�RTQ�
ITCOOKPI�KP�FKHHGTGPV�UKIP�U[UVGOU�CPF�CTG�CDNG�VQ�UYKVEJ�HTQO�VJG�QPG�VQ�
VJG�QVJGT���

���� %QPENWUKQP�
5VWFGPVU�ECP�WUG�VJG�7PKHKGF�/QFGNNKPI�.CPIWCIG�HQT�EQOOWPKECVKQP��HQT�
RGTUQPCN�PQVGU��CPF�VQ�DWKNF�CP�KPVGITCVGF�WPFGTUVCPFKPI�QH�QDLGEV�QTKGPVGF�
RTQITCOOKPI�KP�FKHHGTGPV�UKIP�U[UVGOU��#U�FGUKIP�RCVVGTPU�JGNR�VQ�TGFWEG�
EQIPKVKXG�NQCF�FTCOCVKECNN[�YJGP�UVWF[KPI�VJG�#2+��HQT�KPUVCPEG�VJG�RCTVU�
VQ�UGV�WR�VJG�ITCRJKECN�WUGT�KPVGTHCEG�YKVJ�5YKPI�QT�#96��QT�KPRWV�CPF�
QWVRWV�UVTGCOU��+�UVTQPIN[�TGEQOOGPF�VQ�UVCTV�NGCTPKPI�VJG�OQUV�EQOOQP�
FGUKIP�RCVVGTP�CPF�VJGKT�XKUWCN�TGRTGUGPVCVKQP�YKVJ�7PKHKGF�/QFGNNKPI�.CP�
IWCIG�DGHQTG�NGCTPKPI�VJGUG�RCTVU�QH�VJG�#2+��

�� /HDUQLQJ�'HVLJQ�3DWWHUQV�DQG�8QLILHG�0RGHOOLQJ�/DQJXDJH�
ZLWK�5RERZRUOG��

���� /QVKXCVKQP�
#U�VJKPIU�CTG�QDXKQWU�CPF�UKORNG�VJG�VGCEJGT�ECP�KPVTQFWEG�VJG�FKCITCOU�
QH�VJG�7PKHKGF�/QFGNNKPI�.CPIWCIG�
7/.��GCUKN[��6JKU�YC[�QPG�ECP�DWKNF�KP�
VJG�VTCKPGGOU�OKPF�C�XKUWCN�TGRTGUGPVCVKQP�QH�VJG�RCVVGTPU�WUGF�KP�VJG�UQNW�
VKQPU�UGV�WR�KP�VJG�OKETQYQTNF��6JG�VTCKPGG�YKNN�TGNC[�QP�VJKU�U[UVGO�NCVGT��
YJGP�FGUKIPKPI�EQORNGZ�CPF�CDUVTCEV�CRRNKECVKQPU�QT�YJKNG�TGCFKPI�FGUKIP�
QT�CPCN[UG�RCVVGTPU��+V�KU�SWKVG�FKHHKEWNV�VQ�DWKNF�UWEJ�C�TGRTGUGPVCVKQP�QH�
RCVVGTPU�HQT�ENCUUGU�CPF�QDLGEVU��YJGP�VJGTG�CTG�PQ�UKORNG�CPF�WPFGT�
UVCPFCDNG�GZCORNGU��'ZCORNGU��VJCV�CTG�ENQUG�VQ�RTQITCOOKPI�RTQDNGOU��
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���� &GUKIP�2CVVGTPU�
;QW�ECP�WUG�CPF�FKUEWUU�FGUKIP�RCVVGTPU�HTQO�VJG�XGT[�DGIKPPKPI��(QT�KP�
UVCPEG�HQT�VJG�TQQHKPI�YG�OC[�WUG�VJG�RCVVGTP�nVGORNCVG�OGVJQFU���+�
YQWNF�UVTQPIN[�TGEQOOGPF�VQ�WUG�7/.�FKCITCOU�CPF�PCOG�VJG�FGUKIP�
RCVVGTPU�WUGF�KP�VJG�RTQEGUU�QH�RTQDNGO�UQNXKPI��+�YQWNF�CNUQ�UWIIGUV�VQ�
VJKPM�CDQWV�UEGPCTKQU�YJGTG�FKHHGTGPV�V[RGU�QH�FGUKIP�RCVVGTPU�EQWNF�CEVW�
CNN[�DG�WUGF��
6JKU�YC[�VJG�XKUWCN�TGRTGUGPVCVKQP�YKVJ�7/.�ECP�DG�NGCTPGF�UVGR�D[�UVGR��
5VCTVKPI�YKVJ�C�UKORNG�ENCUU�DQZ��VQ�UJQY�VJG�TQDQVU�CVVTKDWVGU�CPF�DCUKE�
QRGTCVKQPU��#HVGTYCTFU��YG�ECP�CFF�VJG�U[ODQN�HQT�KPJGTKVCPEG�CPF�HQT�
CUUQEKCVKQPU�CU�UQQP�CU�YG�PGGF�VJGO��9JGP�YG�FQ�VJKU�VQ�UWOOCTKUG�
YJCV�YG�JCXG�FQPG�VQ�UQNXG�C�RTQITCOOKPI�RTQDNGO��YG�TGKPHQTEG�VJG�
CYCTGPGUU�HQT�UVTCVGIKGU�YG�WUGF��CPF�KPVTQFWEG�VJG�7/.�FKCITCOU�
PGGFGF�CV�VJG�UCOG�VKOG��

���� +PVGTCEVKQP�&KCITCOU�
7UG�VJG�XKUWCN�QWVRWV�KP�VJG�UEGPCTKQ�VQ�FTCY�EQNNCDQTCVKQP�FKCITCOU��#U�KP�
C�EQNNCDQTCVKQP�FKCITCO��YG�ECP�RNCEG�VJG�U[ODQNU�HQT�VJG�QDLGEVU�YJGTG�
YG�NKMG��YG�ECP�FTCY�C�EQNNCDQTCVKQP�FKCITCO�VJCV�TGRTGUGPVU�CEVWCNN[�C�
QPG�VQ�QPG�UVCVKE�RKEVWTG�QH�VJG�F[PCOKE�KPVGTCEVKQP��

#14 : Sender

#15 : Listener #16 : Listener

1: *
areThereBeepers

2: [beeper true]
pickBeeper

3: [beeper picked]
beeperGetted

4: trunLef t

5: [beeper picked]
beeperGetted

6: trunLef t

�
(KI������UGPFGT�NKUVGPGT�CU�EQNNCDQTCVKQP�FKCITCO�

.CVGT�[QW�OC[�OQVKXCVG�VJG�VTCKPGGU�VQ�FGUKIP�EQNNCDQTCVKQPU�QT�UGSWGPEGU�
KP�CFXCPEG�CPF�UGG�YJGVJGT�VJG�TQDQVU�OGGV�VJGKT�GZRGEVCVKQPU��
6JKU�YC[��VJG�UVWFGPVU�NGCTP�EQNNCDQTCVKQP�FKCITCOU�GCUKN[��&TCYKPI�VJG�
FKCITCO�YKNN�GPJCPEG�VJGKT�WPFGTUVCPFKPI�QH�VJG�KPVGTCEVKQP��6JG[�ECP�
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NGCTP�CPF�VTCKPMDCUGF�QP�GCU[�GZCORNGUMF[PCOKE�7/.�FKCITCOU��6JG�
DKI�CFXCPVCIG�QH�EQNNCDQTCVKQP�FKCITCOU�QXGT�UGSWGPEG�FKCITCOU�KU�VJCV�
VJG[�FQ�PQV�XKUWCNKUG�C�RTQITCO�HNQY��5Q�EQNNCDQTCVKQP�FKCITCOU�GORJCUKUG�
GZEJCPIG�QH�OGUUCIGU�CPF�EQNNCDQTCVKQP�QH�QDLGEVU�TCVJGT�VJCP�RTQITCO�
OKPI�UGSWGPEGU��6JGTGHQTG��HTQO�VJG�FKFCEVKECN�RQKPV�QH�XKGY��+�RTGHGT�EQN�
NCDQTCVKQP�FKCITCOU�QXGT�UGSWGPEG�FKCITCOU��

���� 5GSWGPEG�&KCITCOU��
5GSWGPEG�FKCITCOU�CTG�YKFGN[�WUGF��(QT�KPUVCPEG�)COOC��G��C��
������
WUGF�VJGO��6JGTGHQTG��VJG�MPQYNGFIG�QH�UGSWGPEG�FKCITCOU�KU�KORQTVCPV��
JQYGXGT��VJG[�UGGO�VQ�DG�TGFWPFCPV��DGECWUG�VJG[�UJQY�PQVJKPI�GNUG�
VJCP�VJG�EQNNCDQTCVKQP�FKCITCOU�FQ��
9JGP�UVWFGPVU�JCXG�NGCTPGF�VQ�FTCY�EQNNCDQTCVKQP�FKCITCOU��YG�OC[�UVCTV�
VGCEJKPI�VJG�UGSWGPEG�FKCITCO��VQQ��CU�CP�CNVGTPCVKXG�VQ�EQNNCDQTCVKQP�FKC�
ITCOU��
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6Q�UVCTV�YKVJ�UGSWGPEG�FKCITCOU��UVWFGPVU�OC[�RTKPV�QWV�VJG�QWVRWV�QH�VJG�
KPVGTCEVKQP�CPF�WUG�VJKU�DCVEJ�VQ�FTCY�C�UGSWGPEG�FKCITCO��

5GPFGT"������E�����T�����FKT���ECTTKGU����TGCF[�VQ�TWP��YCKV(QT7UGT
��
� 5GPFGT"������E�����T�����FKT���ECTTKGU����YCKV(QT7UGT
��CU�5GPFGT�
���� 5GPFGT"������E�����T�����FKT���ECTTKGU����KU(TQPV%NGCT
��CU�7T4QDQV�
���VTWG���5GPFGT"������E�����T�����FKT���ECTTKGU����KU(TQPV%NGCT
��CU�7T4QDQV�
.QQR���GPVGT�VTWG�
���� 5GPFGT"������E�����T�����FKT���ECTTKGU����CTG6JGTG$GGRGTU
��CU�7T4QDQV�
���HCNUG��5GPFGT"������E�����T�����FKT���ECTTKGU����CTG6JGTG$GGRGTU
��CU�7T4QDQV�
���� 5GPFGT"������E�����T�����FKT���ECTTKGU����KU(TQPV%NGCT
��CU�7T4QDQV�
���VTWG���5GPFGT"������E�����T�����FKT���ECTTKGU����KU(TQPV%NGCT
��CU�7T4QDQV�
.QQR���GPVGT�VTWG�
���� 5GPFGT"������E�����T�����FKT���ECTTKGU����CTG6JGTG$GGRGTU
��CU�7T4QDQV�
���VTWG���5GPFGT"������E�����T�����FKT���ECTTKGU����CTG6JGTG$GGRGTU
��CU�7T4QDQV�
.QQR���GPVGT�VTWG�
���� 5GPFGT"������E�����T�����FKT���ECTTKGU����IGV$GGRGT
��CU�7T4QDQV�
���FQPG���5GPFGT"������E�����T�����FKT���ECTTKGU����IGV$GGRGT
��CU�7T4QDQV�
���� .KUVGPGT"������E����T����FKT���ECTTKGU���DGGRGT)GVVGF
��CU�.KUVGPGT�
������� .KUVGPGT"������E����T����FKT���ECTTKGU���VWTP.GHV
��CU�7T4QDQV�
������FQPG���.KUVGPGT"������E����T����FKT���ECTTKGU���VWTP.GHV
��CU�7T4QDQV�
���FQPG���.KUVGPGT"������E����T����FKT���ECTTKGU���DGGRGT)GVVGF
��CU�.KUVGPGT�
���� .KUVGPGT"������E����T����FKT���ECTTKGU���DGGRGT)GVVGF
��CU�.KUVGPGT�
������� .KUVGPGT"������E����T����FKT���ECTTKGU���VWTP.GHV
��CU�7T4QDQV�
������FQPG���.KUVGPGT"������E����T����FKT���ECTTKGU���VWTP.GHV
��CU�7T4QDQV�
���FQPG���.KUVGPGT"������E����T����FKT���ECTTKGU���DGGRGT)GVVGF
��CU�.KUVGPGT�
���� 5GPFGT"������E�����T�����FKT���ECTTKGU����CTG6JGTG$GGRGTU
��CU�7T4QDQV�
���HCNUG���5GPFGT"������E�����T�����FKT���ECTTKGU����CTG6JGTG$GGRGTU
��CU�7T4QDQV�

(KI������NKUVKPI�QH�VJG�UGSWGPVKCN�GZGEWVKQP�QH�EQNNCDQTCVKPI�TQDQVU�
6JKU�QWVRWV�KU�C�IQQF�UVCTVKPI�RQKPV��5VWFGPVU�ECP�VTCPUNCVG�VJKU�UGSWGPEG�
QH�ECNNU�VQ�TQDQVU�KPVQ�C�UGSWGPEG�FKCITCO��#NN�YJCV�VJG�UVWFGPVU�JCXG�VQ�
FQ�KU�VQ�FGUKIP�KP�VQR�VJG�VJTGG�QDLGEVU��CPF�UVCTV�FTCYKPI�HTQO�VQR�VQ�DQV�
VQO�VJG�OGUUCIGU�UGPV�DGVYGGP�VJG�TQDQVU��5GG�(KI�����DGNQY��

#14 : Sender #15 : Lis tener #16 : Lis tener

w aitForUser

[beeper] beeperGetted

turnLef t

« return »

[beeper] beeperGetted

turnLef t

« return »

�
(KI������UGPFGT���NKUVGPGTU�CU�UGSWGPEG�FKCITCO�
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#NUQ��KP�VJG�ECUG�QH�UGSWGPEG�FKCITCOU��CHVGT�UQOG�VTCKPKPI��UVWFGPVU�OC[�
YTKVG�FQYP�VJG�KPVGTCEVKQP�VJG[�GZRGEV�YKVJ�C�UGSWGPEG�FKCITCO��CPF�XGT�
KH[�YJGVJGT�VJGKT�GZRGEVCVKQPU�CTG�OGV���

���� 5VCVGEJCTV�&KCITCOU�
'XGP�CU�YQTNFU�CTG�UKORNG��VJG[�UVKNN�CTG�TKEJ��6JGTG�KU�KPJGTKVCPEG�CPF�CI�
ITGICVKQP��6CNMKPI�CDQWV�UVCVGEJCTV�FKCITCOU��VJGTG�CTG�XGT[�KPVGTGUVKPI�
UVCVGU��#�HWNN�UVCVGEJCTV�FKCITCO�EQWNF�NQQM�NKMG�VJG�HKIWTG�DGNQY��
�

Ope r ating

 [f ac ing occupied cell]

do/turnLef t

Block e d

do/move
do/turnLef t

Fr e e

[f ac ing f ree cell] 
[f ac ing occupied 

cell] 

 [fac ing f ree cell]

Em pty

Loade d

pickBeeper
[carring one 

beeper] 
putBeeper 

 [carring tw o or more beepers ] putBeeper

new

des troy()

On be e pe r  ce ll

On  e m pty ce ll

[las t beeper]
pickBeeper putBeeper 

[empty  cell
ahead]
move

[beeper 
cell ahed]

move

(KI������UVCVGEJCTV�FKCITCO�QH�C�TQDQV�
+�YQWNF�UVTQPIN[�TGEQOOGPF�VQ�CPCN[UG�VJKU�EQPEWTTGPV�UVCVGU�KPFKXKFWCNN[�
KP�VJG�DGIKPPKPI�CPF�VQ�EQORKNG�VJGO�VQ�QPG�FKCITCO�NCVGT�KP�VJG�EQWTUG�
YJGP�KPVTQFWEKPI�EQPEWTTGPV�UVCVGU�KP�C�UVCVGEJCTV��



%JCRVGT����5WRRQTVKPI�VJG�7PKHKGF�/QFGNNKPI�.CPIWCIG�

����

���� %NCUU�&KCITCOU�
&TCYKPI�ENCUU�FKCITCOU�KU�CNUQ�UQOGVJKPI�KORQTVCPV��9G�ECP�UJQY�VJG�
UVWFGPVU�VJCV�YG�OGPVKQP�KP�C�ENCUU�FKCITCO�CNN�YG�VJKPM�KU�KORQTVCPV��CPF�
VJCV�YG�FQ�PQV�PGGF�VQ�YTKVG�FQYP�GXGT[�FGVCKN��

beeperGetted()

Lis te ne r

new Lis teners()
w aitForUser()

Se nde r

direction : int {0,1,2,3}

turnLef t()
pickBeeper()

UrRobot

1 *

�
(KI������%NCUU�&KCITCO�HQT�5GPFGT���.KUVGPGTU�GZCORNG�

#�UWIIGUVGF�TGRTGUGPVCVKQP�HQT�VJG�GZCORNG�YKVJ�UGPFGT�CPF�NKUVGPGTU�
UJQYU�VJG�KPJGTKVGF�QRGTCVKQPU�CPF�CVVTKDWVGU��#VVTKDWVGU�CPF�QRGTCVKQPU�
VJCV�CTG�PQV�TGNGXCPV�HQT�QWT�GZCORNG�CTG�QOKVVGF��6JG�CVVTKDWVGU�DGGR�
GT.KUVGPGT��CPF�DGGRGT.KUVGPGT��CTG�TGRTGUGPVGF�VJTQWIJ�VJG�CUUQEKCVKQP�
CPF�VJG�CTTQY�VJCV�KPFKECVGU�KP�YJCV�FKTGEVKQP�VJG�OGUUCIG�KU�UGPV��

�� &RQFOXVLRQ�
&KHHGTGPV�UKIP�U[UVGO�CTG�ETWEKCN�HQT�VJG�VTCPUHGT�QH�MPQYNGFIG�VQ�PGY�
UKVWCVKQPU��#PCNQIKGU�QHVGP�DTCMG�CPF�CTG�VJGTGHQTG�PQV�CNYC[U�CU�CFG�
SWCVG�CU�7/.�FKCITCOU��
/KETQYQTNFU�JCXG�PQV�OCP[�FGVCKNU��DWV�VJG[�EQPVCKP�CNN�GUUGPVKCN�EQP�
EGRVU��6JGTGHQTG��VJG[�CTG�GZEGNNGPV�GZCORNGU�HQT�CNN�FKHHGTGPV�MKPFU�QH�
7/.�FKCITCOU��7/.�FKCITCOU�ECP�DG�WUGF�HQT�TGHNGEVKQP�CPF�TGRGVKVKQPU��
9G�ECP�JQRG�UQ�VJCV�UVWFGPVU�NGCTP�VJG�XKUWCNKUGF�EQPEGRVU�DGVVGT��6JG�
WUCIG�QH�CVVTKDWVGU��XKUWCNKUGF�OGUUCIGU�CPF�C�UGSWGPVKCN�VQR�VQ�DQVVQO�
QWVRWV�KP�4QDQYQTNF�UWRRQTVU�VJG�NGCTPKPI�QH�7/.�FKCITCOU�DGVVGT�VJCP�
GZKUVKPI�YQTNFU�FQ�
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 Chapter 9: Overall 
conclusion 
+U�VJGTG�GXKFGPEG�HQT�VJG�GHHGEVKXGPGUU�QH�4QDQYQTNF��CPF�YJCV�ECP�YG�
NGCTP�HTQO�VJG�CPCN[UKU�KP�VJKU�VJGUKU�CPF�HTQO�VJG�FGUKIP�QH�4QDQYQTNF�
CDQWV�EQIPKVKXG�NQCF�VJGQT[!�

�� 0LVVLQJ�WHVWV��EXW�VRPH�HYLGHQFH�IRU�XVHIXOQHVV�RI�
5RERZRUOG�

6JGTG�KU�C�OCLQT�HNCY�QH�VJKU�/CUVGT�VJGUKU��+�FKF�PQV�JCXG�VJG�VKOG�VQ�VGUV�
4QDQYQTNF�KP�ENCUUTQQO��[GV��$WV�+�CO�SWKVG�EQPHKFGPV�HQT�VYQ�TGCUQPU��

���� 6JGTG�+U�1PN[�)QQF�(GGFDCEM�CDQWV�-CTGN

�7UGF�KP�%NCUUTQQO�
-CTGN

�VJG�TQDQV�KU�WUGF�CV�UGXGTCN�KPUVKVWVKQPU�HQT�JKIJGT�GFWECVKQP��+�
HQWPF�PQYJGTG�CP[�PGICVKXG�HGGFDCEM�CDQWV�WUKPI�-CTGN

�KP�ENCUUTQQO��
.CTT[�$WTMU�C�VGCEJGT�HTQO�*CTXCTF�7PKXGTUKV[�)TCFWCVG�5EJQQN�QH�&GUKIP�
YTKVGU�CDQWV�-CTGN

��

n+�YCU�NQQMKPI�HQT�C�YC[�VQ�KPVTQFWEG�O[�UVWFGPVU�VQ�QDLGEV�
QTKGPVGF�RTQITCOOKPI�YKVJQWV�UECTKPI�VJGO�QWV�QH�VJG�ENCUU�KP�
VJG�HKTUV����OKPWVGU��-CTGN�VJG�4QDQV�KU�C�RQYGTHWN�CKF�VQ�VGCEJ�
KPI�DGECWUG�KV�JCU�C�XGT[�NKOKVGF�XQECDWNCT[��YJKEJ�KU�GCUKN[�GZ�
VGPUKDNG�CPF�GPEQWTCIGU�UVWFGPVU�VQ�DWKNF�VJGKT�QYP�EQORQ�
PGPVU�SWKEMN[��+V�KU�C�ITGCV�YC[�VQ�KPVTQFWEG�EQPEGRVU�VJCV�YKNN�
DG�FKTGEVN[�CPCNQIQWU�KP�%

�CPF�,CXC���

%CVJ[�.G$NCPE��#UUKUVCPV�2TQHGUUQT�QH�%QORWVGT�5EKGPEG�2N[OQWVJ�5VCVG�
%QNNGIG��2N[OQWVJ��0*�WUGU�OKETQYQTNFU�CNUQ�CU�RTQLGEV�KFGC�KP�JGT�
EQWTUGU��5JG�YTQVG�CDQWV�-CTGN

��

n9G	XG�WUGF�-CTGN�VJG�TQDQV�CPF�JCXG�JCF�ITGCV�UWEEGUU�YKVJ�
DGIKPPKPI UVWFGPVU�VT[KPI�VQ�NGCTP�VQ�RTQITCO�����

2GQRNG�KP�VJKU�DWUKPGUU�JCXG�C�PCTTQY�UEJGFWNG��6JGTGHQTG��+�EQWNF�PQV�IGV�
CP[�HGGFDCEM�KP�VJKU�UJQTV�VKOG�GNCRUGF��UKPEG�+�JCXG�UGV�WR�C�HKTUV�RTG�
TGNGCUG�YKVJ�UQOG�UEGPCTKQU��

���� (QWT�+ORTQXGOGPVU�QH�4QDQYQTNF�%QORCTGF�VQ�-CTGN

�
6JG�UGEQPF�TGCUQP�KU��KP�EQORCTKUQP�VQ�-CTGN

�+�CFFGF�VJTGG�GPJCPEG�
OGPV�VJCV�+�VJKPM�CTG�ETWEKCN�HQT�VJG�GHHGEVKXGPGUU�QH�C�OKETQYQTNF�CU�UVGR�
RKPIUVQPG�KPVQ�QDLGEV�QTKGPVGF�RTQITCOOKPI��
(KTUVN[��GNGOGPVU�VQ�GORJCUKUG�VJG�KFGC�QH�EQNNCDQTCVKPI�QDLGEVU��6JGUG�
GNGOGPVU�CTG�
���VJG�KPUVCPVKCVKQP�VQQN��
���VJG�VQQN�VJCV�NGVU�WUGT�QRGTCVG�
VJG�TQDQVU�OCPWCNN[�VQ�VGUV�UKPING�QRGTCVKQPU��
���CVVTKDWVGU�VJCV�NGVU�TQ�
DQVU�TGOGODGT�GCEJ�QVJGT�CPF�DWKNF�CUUQEKCVKQPU��CPF�
���VJG�XKUWCN�TGRTG�
UGPVCVKQP�QH�OGUUCIGU�DGVYGGP�TQDQVU��5GG�%JCRVGT����4GFWEKPI�EQIPKVKXG�
NQCF�KP�4QDQYQTNF��UVCTVKPI�CV�RCIG�����



%JCRVGT����1XGTCNN�EQPENWUKQP�

����

5GEQPFN[��OQTG�EQORCVKDKNKV[�YKVJ�,CXC��+�WUG�C�UKORNKHKGF�,CXC�EQFG��PQV�
C�OKZVWTG�QH�,CXC�CPF�%

��6JGTG�CTG�CNUQ�FGVCKNU�TGNCVGF�VQ�,CXC��6JG�
TQDQVU�KFGPVKHKECVKQP�
ENCUU�CPF�UGTKCN�PWODGT��KU�UKOKNCT�VQ�,CXC��2QUKVKQPU�
CPF�FKTGEVKQPU�WUG�VJG�UCOG�NQIKE�CU�,CXCOU�ENCUU�n)TCRJKE����
6JKTFN[��GNGOGPVU�VQ�UWRRQTV�VJG�7PKHKGF�/QFGNNKPI�.CPIWCIG�
7/.���6JG�
7/.�KU�KORQTVCPV�VQ�IGV�C�VTCPUHGT�GHHGEV�HTQO�VJG�OKETQYQTNF�VQ�QVJGT�
FGUKIP�VCUMU��9KVJQWV�VJG�UVWFGPVU�CDKNKV[�VQ�EQQTFKPCVG�FKHHGTGPV�UKIP�U[U�
VGOU�UWEJ�CU�4QDQVU�KPVGTCEVKQPU��,CXC�EQFG��TQNG�RNC[�YKVJ�%4%�%CTFU�

FGUKIP�D[�YCNMKPI�CTQWPF���EQNNCDQTCVKQP�FKCITCOU��UGSWGPEG�FKCITCOU��
ENCUU�FKCITCOU��VJGTG�KU�NGUU�VTCPUHGT�QH�MPQYNGFIG��#U�VJKU�KU�VTWG�HQT�
OCVJGOCVKEU�KV�OWUV�DG�VTWG�CNUQ�HQT�EQORWVGT�UEKGPEG��DGECWUG�VJG�WP�
FGTN[KPI�RTQDNGO�QH�MPQYNGFIG�CPF�EQORTGJGPUKQP�KU�VJG�UCOG��5GG�
%JCRVGT����5WRRQTVKPI�VJG�7PKHKGF�/QFGNNKPI�.CPIWCIG��UVCTVKPI�CV�
RCIG�������

�� &RQFOXVLRQ�IURP�WKLV�7KHVLV�
6JG�SWGUVKQP�+�CUMGF�KP�VJG�DGIKPPKPI�YCU��YJGVJGT�EQIPKVKXG�NQCF�VJGQT[�
ECP�DG�VJKU�nTQVG�TWNGU�VQ�CRRN[��CU�9KNUQP�
������OGPVKQPGF��5QOGVJKPI�
WUGF�NKMG�VJG�HQWT�HCEVQTU�HQT�TGCFCDNG�)GTOCP�VGZV�KP�.CPIGT�
�������+P�
VJKU�ECUG��+�UJQWNF�JCXG�DGGP�CDNG�VQ�CPCN[UG�CPF�VQ�KORTQXG�GZKUVKPI�KP�
UVTWEVKQPCN�OCVGTKCN��

���� #PCN[UKPI�'ZKUVKPI�+PUVTWEVKQPCN�/CVGTKCN�
+�CPCN[UGF�GZKUVKPI�OGVJQFU�VQ�IGV�CTQWPF�RTQDNGOU�GPEQWPVGTGF�YJKNG�
VGCEJKPI�,CXC��+�TCVGF�VJG�EQIPKVKXG�NQCF��PQV�FKUVKPIWKUJKPI�DGVYGGP�KP�
VTKPUKE�CPF�GZVTCPGQWU�EQIPKVKXG�NQCF��+�WUGF�O[�KPVWKVKQP�VQ�FQ�UQ��$WV��O[�
KPVWKVKQP�QH�EQIPKVKXG�NQCF�EQWNF�DG�TGRTGUGPVGF�KP�C�UECNG��UKOKNCT�VQ�VJG�
UECNGU�WUGF�D[�.CPIGT�
�������+V�OKIJV�NQQM�NKMG�VJKU��
*GCX[�EQIPKVKXG�NQCF�
• WPMPQYP�KVGOU�
• JGCXKN[�TGNCVGF�KVGOU�
• UGXGTCN�UQWTEGU�QH�KP�
HQTOCVKQP��PGGFU�URNKV�
VGF�CVVGPVKQP�

• TGFWPFCPV�KVGOU�YKVJQWV�
GORJCUKU�QP�VJG�KORQT�
VCPV�KPHQTOCVKQP�

• KVGOU�CTG�QWV�QH�QTFGT�
• KORQTVCPV�KVGOU�CTG�PQV�
OCTMGF�WR�

• UGXGTCN�KVGOU�OWUV�DG�
EQPUKFGTGF�UKOWNVCPG�
QWUN[��DGECWUG�VJGTG�CTG�
UGXGTCN�UVGRU�VQ�VJG�IQCN��

� .QY�EQIPKVKXG�NQCF�
• MPQYP�KVGOU�
• KVGOU�ECP�DG�EQPUKF�
GTGF�UGRCTCVGN[��

• QPG�UQWTEG�QH�KPHQTOC�
VKQP�

• PQ�TGFWPFCPV�KVGOU�QT�
GORJCUKU�QP�KORQTVCPV�
KPHQTOCVKQP�

• KVGOU�CTG�KP�C�NQIKECN�
QTFGT�

• UVTCKIJV�HQTYCTF�
OGVJQF�VQ�UQNXG�VJG�
RTQDNGO�ECP�DG�CR�
RNKGF��

• QTCN�CPF�XKUWCN�KPHQT�
OCVKQP�VJCV�IQ�VQ�
IGVJGT�YGNN�
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%JCRVGT����1XGTCNN�EQPENWUKQP�

����

�

6JG�VJGUKU�KU��6JG�JGCXKGT�VJG�EQIPKVKXG�NQCF�TCVGF�VJKU�YC[�KU��VJG�OQTG�
UVWFGPVU�YKNN�HCKN�VQ�NGCTP��
+�HQWPF�SWKVG�QHVGP�VJCV�+�EQWNF�TGNCVG�RTQDNGOU�GZRGTKGPEGF�FWTKPI�VGCEJ�
KPI�VQ�EQIPKVKXG�NQCF��#PF��VJCV�KPUVTWEVKQPCN�OCVGTKCN�VJCV�YCU�GZRGTKGPEGF�
CU�DGKPI�GHHKEKGPV��QHVGP��JCF�GNGOGPVU�QH�NQYGT�EQIPKVKXG�NQCF��5QOG�
VKOGU��+�EQWNF�TGNC[�PQV�QPN[�QP�O[�GZRGTKGPEG��DWV�CNUQ�QP�GZRGTKGPEG�QH�
QVJGT�VGCEJGTU�QT�UVWFGPVU��(QT�KPUVCPEG��QP�TGCFGTUO�TCVKPIU�QH�DQQMU�QP�
COC\QP�EQO��
$CUGF�QP�VJKU�GXCNWCVKQP�+�YQWNF�UC[�VJCV�VJG�EQIPKVKXG�NQCF�VJGQT[�KU�C�
XCNWCDNG�VQQN�VQ�CPCN[UG�KPUVTWEVKQPCN�OCVGTKCN��+V�OKIJV�DG�WUGF�VQ�EJQQUG�
VJG�OCVGTKCN�VQ�EQPUKFGT�CPF�YJCV�VQ�RWV�CYC[��5GG�%JCRVGT����%QIPKVKXG�
NQCF�KP�C�,CXC�UJQTV�EQWTUG��UVCTVKPI�CV�RCIG����CPF�%JCRVGT����'ZKUVKPI�
UQNWVKQPU�VQ�QXGTEQOG�VJG�RTQDNGO�QH�EQIPKVKXG�NQCF��UVCTVKPI�CV�RCIG�����

���� +ORTQXKPI�+PUVTWEVKQPCN�/CVGTKCN��
+�EJGEMGF�4QDQYQTNF��YJKEJ�DCUKE�KFGC�YCU�VQ�JCXG�C�OQTG�,CXC�QTKGPVGF�
UKORNGT�XGTUKQP�QH�-CTGN

��HQT�EQIPKVKXG�NQCF��+�HQWPF�FKHHGTGPV�VJKPIU�
VJCV�PGGFU�VQ�DG�HKZGF�QT�TGEQPUKFGTGF��6JWU��+�YQWNF�UC[�EQIPKVKXG�NQCF�
VJGQT[�OKIJV�DG�WUGF�VQ�SWCNKV[�EJGEM�KPUVTWEVKQPCN�OCVGTKCN�WPFGT�EQP�
UVTWEVKQP��#NUQ��+�EQWNF�VJKPM�CDQWV�DTKPIKPI�KPHQTOCVKQP�VQIGVJGT��GNKOKPCV�
KPI�TGFWPFCPE[��QT�CTTCPIKPI�IQCN�HTGG�UKVWCVKQPU��
6Q�EQPENWFG��+��YQWNF�UVCVG�VJCV�EQIPKVKXG�NQCF�VJGQT[�ECP�TGCNN[�DG�WUGF�
CU�TQVG�TWNG�VQ�CRRN[�VQ�KPUVTWEVKQPCN�OCVGTKCN�CPF�VGCEJKPI��5GG�%JCRVGT����
4GFWEKPI�EQIPKVKXG�NQCF�KP�4QDQYQTNF��UVCTVKPI�CV�RCIG�����

���� %QIPKVKXG�.QCF�6JGQT[�CPF�1VJGT�.GCTPKPI�6JGQTKGU�
+P�C�TCEKPI�ECT��VJGTG�KU�CP�GPIKPG�VJCV�RWUJGU�VJG�ECT�HQTYCTF��$WV��VJGTG�
CTG�YGKIJV�CPF�CGTQF[PCOKEU�VJCV�JCXG�VQ�DG�EQPUKFGTGF�VQQ��DGECWUG�
VJG[�OKIJV�UNQY�FQYP�VJG�ECT��+P�CPCNQI[�VQ�UWEJ�C�TCEKPI�ECT��YG�OC[�
UGG�DGJCXKQWTKUO��EQIPKVKXKUO�CPF�EQPUVTWEVKXKUO�CU�VJG�GPIKPG�CPF�EQIPK�
VKXG�NQCF�VJGQT[�CU�YGKIJV�CPF�CGTQF[PCOKEU��
#�V[RKECN�GZCORNG�KU�VJG�HCOQWU�nEQPUVTWEVGF�TGURQPUG�HTCOG�UGSWGPEGU��
$GJCXKQWTKUVU�NQXGF�VQ�WUG�KV�HQT�VJGKT�FTKNN�CPF�RTCEVKEG��$GECWUG�QH�VJGKT�
TGFWPFCPE[��VJGUG�UGSWGPEGU�CTG�KPGHHKEKGPV��$WV�VJG[�ECP�GCUKN[�DG�TG�
RNCEGF�D[�HNCUJECTFU��6JGUG�HNCUJECTFU�
ECTFU�YKVJ�SWGUVKQP�KP�HTQPV�CPF�
CPUYGT�KP�VJG�DCEM��WUG�VJG�UCOG�UKNN[�FTKNN�CPF�RTCEVKEG�CU�VJG�nEQP�
UVTWEVGF�TGURQPUG�HTCOG�UGSWGPEG���1PN[��VJG[�JCXG�NGUU�EQIPKVKXG�NQCF��
#PQVJGT�GZCORNG��+PVGTGUVKPI�OCVGTKCN�HQT�GZRNQTCVKXG�NGCTPKPI�ECP�DG�
EJGEMGF�YJGVJGT�KV�KU�PQV�VQQ�JGCX[�HQT�VJG�UVWFGPVU��#�IQCN�HTGG�VCUM�
OKIJV�TGFWEG�KP�UWEJ�CP�GZRNQTCVKXG�NGCTPKPI�GPXKTQPOGPV�VJG�EQIPKVKXG�
NQCF��
5GOKQVKEU�GORJCUKUGU�VJCV�UVWFGPVU�OWUV�WUG�FKHHGTGPV�UKIP�U[UVGOU�HQT�
TGCN�WPFGTUVCPFKPI��$WV�VJG�UKIP�U[UVGOU�OWUV�DG�KPVTQFWEGF�VJG�YC[�VJG[�
ECP�DG�KPVGITCVGF�YKVJQWV�QXGTNQCFKPI�VJG�YQTMKPI�OGOQT[��
4GFWEKPI�EQIPKVKXG�NQCF�YKNN�VJGTGHQTG�PQV�IGV�KP�VJG�YC[�QH�QVJGT�NGCTPKPI�
VJGQTKGU��+V�YKNN�QPN[�TGHWVG�UQOG�QH�VJGKT�RTCEVKEGU�
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 Appendix A: User Manual 
���� +PUVCNNCVKQP�

#�,CXC�TWPVKOG�GPXKTQPOGPV�OWUV�DG�KPUVCNNGF�CV�HKTUV��6JGP��
��� %QR[�VJG�HQNNQYKPI�VYQ�HKNGU�VQ�VJG�UCOG�HQNFGT��UEGPCTKQU�OYU��
TQDQYQTNF�LCT��

��� 9KVJ�9KPFQYU�QRGTCVKPI�U[UVGO��FQWDNG�ENKEM�TQDQYQTNF�LCT�
6JG�CRRNKECVKQP�UVCTVU�WR�CPF�UJQYU�VJG�NKUV�QH�VJG�GZKUVKPI�UEGPCTKQU��

�
���5GNGEV�QPG�QH�VJG�UEGPCTKQU��/QUV�GXKFGPV�GZCORNGU�CTG�
S&GOQ�QH�VYQ�
EQNNCDQTCVKPI�TQDQVUQ��S5GPFGT�.KUVGPGT����.KUVGPGTUQ��S+PJGTKVCPEG�MG[�
YQTF�UWRGTQ�CPF�S'TTQPGQWU�4QDQVU�YKVJ�PGXGT�GPFKPI�GZGEWVKQPR��#DQWV�
VJG�UEGPCTKQ�S5GPFGT�.KUVGPGT����.KUVGPGTUQ�[QW�HKPF�HWTVJGT�KPHQTOCVKQP�QP�
RCIG����+P�CNN�QVJGT�GZCORNGU�TQDQVU�CTG�KPUVCPVKCVGF��+P�VJG�NQYGT�NGHV�RCTV�
QH�VJG�YKPFQY�[QW�UGNGEV�C�TQDQV�KP�VJG�NKUV��S%JQQUG�4QDQVQ�CPF�CHVGT�
VJCV�CP�QRGTCVKQP�KP�VJG�NKUV�S%JQQUG�1RGTCVKQPQ��(QT�KPUVCPEG��
5EGPCTKQ�0COG�� 4QDQV� 1RGTCVKQP�
'TTQPGQWU�4QDQVU�
YKVJ�PGXGT�GPFKPI�
GZGEWVKQP�

'TTQPGQWU4QDQV"����� GPFNGUU.QQR
��
FQ5RGEKCN6WTP
��

&GOQ�QH�VYQ�EQNNCDQ�
TCVKPI�TQDQVU�

&GOQ4QDQV"����� FQ6CUM
��
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 Appendix B: Service Class 
for easy input, output in 
Java 
/[�UWIIGUVKQP�HQT�C�ECTGHWNN[�EQOOGPVGF�5GTXKEG�ENCUU�NQQMU�NKMG�VJKU��;QW�
OC[�CFF�QVJGT�HWPEVKQPCNKV[�NKMG�KPRWVVKPI�CPF�QWVRWVVKPI�VQ�HKNG�KPUVGCF�QH�
KPRWV�HTQO�MG[DQCTF�QT�QWVRWV�VQ�UETGGP��

import java.io.*; 
 
/** this class provides basic input and output Services and  
makes it possible to halt execution for some time.*/ 
abstract public class Services 
{ 
 /** execution sleeps for a second  
 @see sleep(double sec) for shorter or longer sleep times*/ 
 static public void sleep() 
 { 
  sleep(1.0); // call method sleep(double sec) here after 
 } 
 
 /** execution sleeps for number of seconds 
 @param sec number of seconds, should be grater than 0.01 on most systems */ 
 static public void sleep(double sec) 
 { 
  try  
  { 
   // Thread.sleep may thorw the InteruptedException 
   Thread.sleep((int) sec*1000); 
  } 
  catch (InterruptedException e) 
  { 
   // The InterruptedException must be caught even if you do nothing in 
   // case of a Interruption 
  } 
 } 
  
 /** write a line of code to standard output. This operation is called  
 writeLine(), because this complies with java's naming convention.*/ 
 static public void writeLine(String s) 
 { 
  System.out.println(s); // System.out refers to the standard output (the screen) 
 } 
 
 /** write some text to standard output (the screen)*/ 
 public static void write(String s) 
 { 
  System.out.print(s); 
 } 
 
 /** promts for input and gets it. Input-Output-Exceptions that can 
 occure with any access to your computer are caught (handeled) within  
 this method. 
 @param prompt the prompt to be presented to the user  
 @return the input as String */ 
 public static String readLine(String pmt) 
 { 
  /* for decent input java uses a chain of responsibility 
   - object InputStream (System.in) is in contact with your computer and 
     is responsible for getting Keyboard input (a 8-Bit Ascii) 
   - the InputStreamReader transfers 8-bit ASCII-Code to 16-bit Unicode 
   - the BufferedReader provides methods like readLine so you do not  
     have to process any single character. *read() means that the method 
     read() is called repeatedly until the line is done. 
 
     readLine()   ______________________  *read() __________________________  read()    ___________________________ 
     ---------->  | br : BufferdReader | -------->| isr : InputStreamReader | --------> | System.in : InputStream | 
     <-Entire Line|____________________| <-Unicode|_________________________| <- ASCII  |_________________________| 
  */ 
  InputStreamReader isr = new InputStreamReader(System.in); 
   // the constructor is ClassName( InputStream nextObjectInTheChainOfResponibility) 
   // so the chain is constructed from the end to the beginning 
  BufferedReader br = new BufferedReader(isr); 
  write(pmt); //calls write(String pmt) here after 
  try 
  { 
   // all access to your coumputers input-output devices may throw a IOException 
   String l;   
   l = br.readLine(); 
   if (l.equalsIgnoreCase("exit")) 
   { 
    System.exit(0); 
   } 
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   return l; 
  } 
  catch(IOException e) 
  { 
   // the trown IOException is caught here 
   // return the name of the thrown exception instead of the line 
   return e.toString(); 
  } 
 } 
 
 /** promts for input of a number and gets it. Mal-formed-Number-Exceptions that 
 might occure are caught (handeled) within this method. 
 @param pmt the prompt to be presented to the user  
 @return the input as a Number */ 
 public static double readNumber(String pmt) 
 { 
  String s = readLine(pmt); 
  double out; 
  try 
  { 
   // the entry of the user might not be a number 
   // in this case a exception is thrown 
   out = (Double.valueOf(s)).doubleValue(); 
   return out; 
  } 
  catch (Exception e) 
  { 
   // the exception is caught here and written to screen 
   System.out.println(e); 
   // the return value is Not a Number because 0 would not be accurate 
   return Double.NaN; 
  } 
 } 
 
} 

�
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