
�

7KH�6WRU\�RI�D�)UDPHZRUN

&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ�

7KH�6WRU\�RI�D�)UDPHZRUN

'LUN�5LHKOH

6.<9$�,QWHUQDWLRQDO
ZZZ�VN\YD�FRP��ZZZ�VN\YD�GH��ZZZ�VN\YD�FK

GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ

0LQQHDSROLV��0,��2236/$�����
/DVW�XSGDWHG�$XJXVW���������

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ��RI����

3XUSRVH�$SSURDFK�RI�7XWRULDO

� 3XUSRVH��7XWRULDO
± WR�UHYLHZ�DQG�H[WHQG�RXU�YRFDEXODU\�IRU�GHVLJQLQJ�DQG�LPSOHPHQWLQJ�REMHFW�
RULHQWHG�IUDPHZRUNV�VR�WKDW�ZH�EHFRPH�PRUH�HIIHFWLYH�LQ�GHYHORSLQJ�WKHP

� $SSURDFK��7XWRULDO
± VKRZV�WKH�GHVLJQ�DQG�LPSOHPHQWDWLRQ�RI�D�IUDPHZRUN�XVLQJ�D�UXQQLQJ�DQG
HYROYLQJ�UHDO�ZRUOG�H[DPSOH
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7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ��RI����

7XWRULDO��6WUXFWXUH

� 3DUW�,��3URJUDPPLQJ�����PLQ��

� 3DUW�,,��'HVLJQ�����PLQ��

� 3DUW�,,,��)UDPHZRUNV�����PLQ��

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ��RI����

3DUW�,��3URJUDPPLQJ

'LUN�5LHKOH

6.<9$�,QWHUQDWLRQDO
ZZZ�VN\YD�FRP��ZZZ�VN\YD�GH��ZZZ�VN\YD�FK

GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ
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7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ��RI����

3DUW�,��7RSLFV

� &ODVVHV�DQG�LQWHUIDFHV

� ,QKHULWDQFH�DQG�FRGH�UHXVH

� 0HWKRG�W\SHV

� 8QLW�WHVWLQJ

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ��RI����

3DUW�,��2XWOLQH

� 6WHS����$�VLPSOH�FODVV

� 6WHS����$Q�LQWHUIDFH�DQG�WZR�FODVVHV

� 6WHS����$�FODVV�KLHUDUFK\�ZLWK�D�UHXVDEOH�VXSHUFODVV
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7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ��RI����

6WHS����7RSLFV

� *HQHULF1DPH�FODVV
± D�VLPSOH�FODVV�IRU�KDQGOLQJ�JHQHULF�QDPHV

� 0HWKRG�W\SHV
± TXHU\�PHWKRGV
± PXWDWLRQ�PHWKRGV
± KHOSHU�PHWKRGV

� 8QLW�WHVWLQJ
± VLPSOH�XQLW�WHVWLQJ�RI�LQGLYLGXDO�FODVVHV�XVLQJ�-8QLW

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ��RI����

+RPRJHQHRXV�*HQHULF�1DPHV

� 'HILQLWLRQ��+RPRJHQHRXV�*HQHULF�1DPH
± D�QDPH�WKDW�FRQVLVWV�RI�DQ�DUELWUDU\�QXPEHU�RI�FRPSRQHQWV
± KRPRJHQHRXV��EHFDXVH�FRPSRQHQWV�DUH�VWULQJV�DQG�QRW�LQWHUSUHWHG�IXUWKHU
± XVXDOO\�KDV�D�VWULQJ�UHSUHVHQWDWLRQ�ZLWK�GHVLJQDWHG�GHOLPLWHU�FKDU

� ([DPSOHV
± ��XVU�ORFDO�ELQ����aULHKOH�MDYD����&�?:,117?V\VWHP�
± �MDYD�ODQJ�XWLO����RUJ�MYDOXH�1DPH�

� &RXQWHUH[DPSOHV��KHWHURJHQHRXV�QDPHV�
± 85/
V�OLNH��KWWS���GHYHORSHU�MDYD�VXQ�FRP�GHYHORSHU�7HFK7LSV�LQGH[�KWPO�
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ��RI����

*HQHULF1DPH�&ODVV

� 7KH�*HQHULF1DPH�FODVV�SURYLGHV�RQH�ILHOG
± D�9HFWRU��KROGLQJ�WKH�QDPH�FRPSRQHQWV

� ,W�GHILQHV�GHIDXOW�GHOLPLWHU�DQG�HVFDSH�FKDUDFWHUV

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

*HQHULF1DPH��)LHOGV

public class GenericName {

public static final char DELIMITER_CHAR= ’#’;
public static final String DELIMITER_STRING= "#";

public static final char ESCAPE_CHAR= ’\\’;
public static final String ESCAPE_STRING= "\\”;

private Vector fComponents;

}
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

*HQHULF1DPH��%HKDYLRU

� *HQHULF1DPH�SURYLGHV�PHWKRGV�IRU
± FUHDWLQJ�D�QDPH
± TXHU\LQJ��FRPSDULQJ��DQG�UHSUHVHQWLQJ�WKH�QDPH
± FKDQJLQJ�WKH�QDPH

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

*HQHULF1DPH��0HWKRGV

public class GenericName {

public GenericName(String name) { ... }
public GenericName(Vector components) { ... }

public String asString() { ... }

public String asDataString() { ... }

public boolean isEmpty() { ... }

public String getFirstComponent() { ... }

public void setFirstComponent(String nc) { ... }
public String getLastComponent() { ... }

public void setLastComponent(String nc) { ... }
public String getComponent(int index) { ... ]

public void setComponent(int index, String nc) { ... }

...

}
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7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

0HWKRG�7\SHV

� 'HILQLWLRQ��0HWKRG�7\SH
± GHVFULEHV�SXUSRVH�RI�D�PHWKRG
± GHVFULEHV�ZKDW�D�FOLHQW�LV�WR�H[SHFW�IURP�D�PHWKRG

� 7KUHH�PDLQ�FDWHJRULHV
± TXHU\�PHWKRGV
± PXWDWLRQ�PHWKRGV
± KHOSHU�PHWKRGV

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

4XHU\�0HWKRGV

� 'HILQLWLRQ��4XHU\�0HWKRG��D�N�D��$VVHVVLQJ�0HWKRG�
± UHWXUQV�LQIRUPDWLRQ�DERXW�WKLV�REMHFW
± GRHV�QRW�FKDQJH�WKH�VWDWH�RI�WKLV�REMHFW

� 0HWKRG�W\SHV�LQ�WKLV�FDWHJRU\
± JHW�PHWKRGV��JHWWHUV���SUHIL[��JHW��LI�DQ\�
± ERROHDQ�TXHU\�PHWKRGV��SUHIL[��LV��KDV��PD\��RU�FDQ
± FRPSDULVRQ�PHWKRGV��SUHIL[��LV
± FRQYHUVLRQ�PHWKRGV��SUHIL[��DV��WR

� 6WDQGDUG�-DYD�H[DPSOHV
± 2EMHFW��KDVK&RGH����2EMHFW��JHW&ODVV����2EMHFW��HTXDOV��
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

0XWDWLRQ�0HWKRGV

� 'HILQLWLRQ��0XWDWLRQ�0HWKRG
± FKDQJHV�WKH�VWDWH�RI�WKLV�REMHFW
± XVXDOO\�GRHV�QRW�UHWXUQ�DQ\�LQIRUPDWLRQ

� 0HWKRG�W\SHV�LQ�WKLV�FDWHJRU\
± VHW�PHWKRGV��VHWWHU���SUHIL[��VHW��LI�DQ\�
± FRPPDQG�PHWKRGV��SUHIL[��KDQGOH��H[HFXWH
± LQLWLDOL]DWLRQ�PHWKRGV��SUHIL[��LQLW��LQLWLDOL]H

� 6WDQGDUG�-DYD�H[DPSOHV
± 9HFWRU��DGG(OHPHQW����9HFWRU��LQVHUW(OHPHQW$W����9HFWRU��UHPRYH(OHPHQW$W��
± -&RPSRQHQW��UHSDLQW����-&RPSRQHQW��VHW9LVLEOH����-&RPSRQHQW��DGG/LVWHQHU

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

+HOSHU�0HWKRGV

� 'HILQLWLRQ��+HOSHU�0HWKRG
± SHUIRUPV�VRPH�VXSSRUW�WDVN�IRU�WKLV�REMHFW
± GRHV�QRW�FKDQJH�VWDWH�RI�WKLV�REMHFW��EXW�RQO\�RI�DUJXPHQW�REMHFWV
± IUHTXHQWO\�D�VWDWLF�PHWKRG�SXW�LQWR�D�VHSDUDWH�KHOSHU�FODVV

� 0HWKRG�W\SHV�LQ�WKLV�FDWHJRU\
± JHQHUDO�KHOSHU�PHWKRGV��SUHIL[��QR�VSHFLILF
± IDFWRU\�PHWKRGV��SUHIL[��QHZ��FUHDWH��PDNH
± DVVHUWLRQ�PHWKRGV��SUHIL[��DVVHUW��HQVXUH��FKHFN

� 6WDQGDUG�-DYD�H[DPSOHV
± 6WULQJ��YDOXH2I��
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

8QLW�7HVWLQJ����

� :KDW�LV�XQLW�WHVWLQJ"
± XQLW�WHVWLQJ�WHVWV�TXDOLW\�RI�DQ�LPSOHPHQWDWLRQ�XQLW
± XQLW�PD\�EH�LQGLYLGXDO�FODVV��FRPSRQHQW��SDFNDJH
± XQLW�WHVWLQJ�LV�D�IRUP�RI�UHJUHVVLRQ�WHVWLQJ

� *RDOV�RI�XQLW�WHVWLQJ
± JDLQ�FRQILGHQFH�LQ�TXDOLW\�RI�LPSOHPHQWDWLRQ
± LQFUHDVH�GHVLJQ�WKURXJK�VHFRQG�VWUHDPOLQHG�YLHZ
± FRPPXQLFDWH�H[SHFWHG�EHKDYLRU��VSHFLILFDWLRQ�
± GLVFRYHU�DQG�LVRODWH�EXJV�TXLFNO\�DQG�HDUO\�RQ
± DXWRPDWH�WHVWLQJ�LWVHOI�DQG�PDNH�LW�UHSHDWDEOH

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

8QLW�7HVWLQJ����

� 3URFHVV�RI�XQLW�WHVWLQJ
± ZULWH�UHJXODU�FRGH�DQG�WHVW�FRGH�LQ�SDUDOOHO
± HYROYH�UHJXODU�FRGH�DQG�WHVW�FRGH�LQ�SDUDOOHO
± UXQ�WHVWV�DIWHU�HYHU\�QRQ�WULYLDO�FKDQJH
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

*HQHULF1DPH��7HVW�&DVH�6HWXS

import junit.framework.*;

import org.jvalue.value.name.*;

public class GenericNameTest extends TestCase {
protected GenericName fGN0; // ("")

protected GenericName fGN1; // ("##Eliot")
protected GenericName fGN2; // ("T.##Eliot")

protected GenericName fGN3; // ("T.#S.#Eliot")

protected void setUp() {

fGN0= createGenericName("");
fGN1= createGenericName("##Eliot");

fGN2= createGenericName("T.##Eliot");
fGN3= createGenericName("T.#S.#Eliot");

}

...

}

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

*HQHULF1DPH��([DPSOH�7HVW�&DVHV

public void testAsString() {

assertEquals("", fGN0.asString());
assertEquals("Eliot", fGN1.asString());

}

public void testAsDataString() {
assertEquals("##", fGN0.asDataString());

assertEquals("##Eliot", fGN1.asDataString());

}

public void testSetLastComponent() {
fGN0.setLastComponent("Thoreau");

assertEquals(createGenericName("##Thoreau"), fGN0);
fGN1.setLastComponent("Thoreau");

assertEquals(createGenericName("##Thoreau"), fGN1);
}
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

java org.jvalue.value.name.test.GenericNameTest

...........

Time: 0.525

OK (11 tests)

*HQHULF1DPH��([DPSOH�7HVW�5XQ

� 7KH�RXWSXW�LV�VLPSOH�DQG�UHDVVXULQJ

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

6WHS����7RSLFV

� *HQHULF1DPH�LQWHUIDFH
± DQ�LQWHUIDFH�IRU�JHQHULF�QDPH�REMHFWV
± WZR�LPSOHPHQWDWLRQ�FODVVHV�6WULQJ1DPH�DQG�9HFWRU1DPH

� ,QWHUIDFH�FRQFHSW
± VHSDUDWLQJ�LQWHUIDFHV�IURP�LPSOHPHQWDWLRQV
± LQWHUIDFH�GHVLJQ��PHWKRG�W\SHV��GHVLJQ�E\�FRQWUDFW�

� 8QLW�7HVWLQJ
± WHVWLQJ�DQ�LQWHUIDFH
± WHVW�FDVH�DQG�WHVW�VHWXS�LQKHULWDQFH
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

,PSOHPHQWLQJ�*HQHULF�1DPHV

� 6WULQJ1DPH
± UHSUHVHQWV�D�JHQHULF�QDPH�DV�D�VLQJOH�VWULQJ
± H[DPSOH���MDYD�ODQJ�2EMHFW��UHSUHVHQWHG�DV��MDYD�ODQJ�2EMHFW�
± DGYDQWDJH��HIILFLHQW�PHPRU\�XVH
± GLVDGYDQWDJH��VORZ�DFFHVV�WR�LQGLYLGXDO�FRPSRQHQWV

� 9HFWRU1DPH
± UHSUHVHQWV�D�JHQHULF�VWULQJ�DV�D�9HFWRU�RI�VWULQJV
± H[DPSOH���MDYD�ODQJ�2EMHFW��UHSUHVHQWHG�DV�^��MDYD����ODQJ����2EMHFW��`
± DGYDQWDJH��IDVW�DFFHVV�WR�LQGLYLGXDO�FRPSRQHQWV
± GLVDGYDQWDJH��LQHIILFLHQW�PHPRU\�XVH

� :KLFK�FODVV�WR�FKRRVH"�:KDW�LI�\RX�QHHG�ERWK"

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

*HQHULF1DPH�,QWHUIDFH

� *HQHULF1DPH�LQWHUIDFH
± GHILQHV�WKH�JHQHULF�QDPH�DEVWUDFWLRQ
± KLGHV�GLIIHUHQW�LPSOHPHQWDWLRQ�FODVVHV�EHKLQG�VKDUHG�GHILQLWLRQ

� 6WULQJ1DPH�DQG�9HFWRU1DPH
± LPSOHPHQW�WKH�*HQHULF1DPH�LQWHUIDFH
± SURYLGH�EHKDYLRU�ZLWKLQ�WKH�OLPLWV�RI�WKH�*HQHULF1DPH�GHILQLWLRQ

� +RZ�WR�DEVWUDFW�IURP�6WULQJ1DPH�DQG�9HFWRU1DPH"

� +RZ�WR�PDNH�*HQHULF1DPH�FRQFUHWH�DV�LPSOHPHQWDWLRQV"
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

*HQHULF1DPH��,QWHUIDFH

public interface GenericName {

public String asString();
public String[] asStringArray();

public boolean isEmpty();

public String getComponent(int i);
public String getFirstComponent();

public String getLastComponent();

public NameEnumeration getComponents();
public int getNoComponents();

public void append(String component);

public void insert(int index, String component);
public void prepend(String component);

public void remove(int index);

...

}

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

6WULQJ1DPH��)LHOGV�DQG�0HWKRGV

public class StringName implements GenericName {

protected String fName;
protected int fNoComponents;

// implementation of GenericName interface

public int getNoComponents() {
if (fNoComponents == -1) {

if (!isEmpty()) {

fNoComponents= getNoChars(fName, getDelChar(), getEscChar())+1;
} else {

fNoComponents= 0;
}

}
return fNoComponents;

}
...

}
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

9HFWRU1DPH��)LHOGV�DQG�0HWKRGV

public class VectorName implements GenericName {

protected Vector fComponents;

// implementation of GenericName interface
public int getNoComponents() {

return fComponents.size();
}

...
}

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

,QWHUIDFHV

� 'HILQLWLRQ��,QWHUIDFH
± D�FRQWUDFW�EHWZHHQ�D�FOLHQW�DQG�D�VHUYLFH�REMHFW�WKDW�SURYLGHV�WKH�LQWHUIDFH
± DFWV�DV�WKH�FRXSOLQJ�OLQN�EHWZHHQ�DQRQ\PRXV�FOLHQW�DQG�VHUYLFH�REMHFW

� &RQWUDFWV�DUH�PXWXDO��WZR�SHUVSHFWLYHV�UHVXOW
± FOLHQW�SHUVSHFWLYH��H[WHUQDO�YLHZ
± LPSOHPHQWDWLRQ�SHUVSHFWLYH��LQWHUQDO�YLHZ

� -DYD�SURYLGHV�H[SOLFLW�LQWHUIDFH�FRQFHSW
± VWDWLFDOO\�W\SH�FKHFNHG�DQG�JXDUDQWHHG�E\�WKH�FRPSLOHU
± LQWHUIDFH�VSHFLILFDWLRQ�RQO\�RQ�WKH�OHYHO�RI�PHWKRG�VLJQDWXUHV
± SOHDVH�QRWH��XVHG�IRU�PDQ\�SXUSRVHV��ZH�IRFXV�RQ�RQH�XVH



��

7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

&OLHQW�DQG�,PSOHPHQWDWLRQ�3HUVSHFWLYHV

� &OLHQWV����
± PDNH�XVH�RI�WKH�LQWHUIDFH�RQO\
± PXVW�REVHUYH�FRQWUDFW�VSHFLILHG�E\�LQWHUIDFH
± PXVW�VWLFN�WR�WKH�LQWHUIDFH�DQG�LJQRUH�LPSOHPHQWDWLRQV
± DUH�XQNQRZQ�WR�LPSOHPHQWDWLRQV

� ,PSOHPHQWDWLRQV����
± SURYLGH�EHKDYLRU�GHILQHG�E\�WKH�LQWHUIDFH
± PD\�RQO\�YDU\�ZLWKLQ�WKH�OLPLWV�VHW�XS�E\�WKH�LQWHUIDFH
± DUH�XQNQRZQ�WR�FOLHQWV�WKDW�ZRUN�ZLWK�LQWHUIDFHV�RQO\

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

7HFKQLFDO�%HQHILWV�RI�,QWHUIDFHV

� ,PSOHPHQWDWLRQV�FDQ�EH�HYROYHG�ZLWKRXW�DIIHFWLQJ�FOLHQWV
± LPSURYHG�EHKDYLRU��VPDOOHU��IDVWHU�
± EXJ�IL[HV�EHKLQG�WKH�VFHQHV

� 1HZ�LPSOHPHQWDWLRQV�FDQ�EH�LQWURGXFHG�HDVLO\
± DQ�LQWHUIDFH�GHILQHV�QR�VXSHUIOXRXV�EDJJDJH
± VXSSRUWV�LQFUHPHQWDO�V\VWHP�HYROXWLRQ�GHOLYHU\

� ,PSOHPHQWDWLRQV�FDQ�EH�VHOHFWHG�G\QDPLFDOO\
± FOLHQW�JHWV�EHVW�VHUYLFH�DYDLODEOH�XSRQ�UHTXHVW
± DOORZV�IRU�G\QDPLF�ORDGLQJ�RI�VHUYLFHV



��

7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

2UJDQL]DWLRQDO�%HQHILWV�RI�,QWHUIDFHV

� 6XSSRUWV�WHDPZRUN
± V\VWHPV�DUH�VXEGLYLGHG�DORQJ�LQWHUIDFHV�LQWR�VXEV\VWHPV
± WHDPV�GHFRXSOH�WKHLU�ZRUN�WKURXJK�LQWHUIDFHV

� 6XSSRUWV�LQFUHPHQWDO�GHOLYHU\
± SURYLGH�VWDQGDUG�LPSOHPHQWDWLRQV�ILUVW
± ODWHU�LQWURGXFH�LPSOHPHQWDWLRQV�ZLWK�KLJKHU�TXDOLW\�RI�VHUYLFH

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

'LVDGYDQWDJHV�RI�,QWHUIDFHV

� ,QFUHDVHG�&RPSOH[LW\

� 0RUH�W\SLQJ



��

7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

8VH�RI�WKH�:RUG��,QWHUIDFH�

� ([SOLFLW�LQWHUIDFHV��D�-DYD�LQWHUIDFH�
± GHILQHG�XVLQJ�NH\ZRUG�LQWHUIDFH
± H[DPSOH��*HQHULF1DPH

� ,PSOLFLW�LQWHUIDFHV��LQWHUIDFH�RI�D�-DYD�FODVV�
± GHILQHG�E\�WKH�DYDLODEOH�PHWKRGV�RI�D�FODVV
± XVXDOO\�UHIHUHG�WR�DV��FODVV�LQWHUIDFH�
± H[DPSOH��LQWHUIDFH�RI�*HQHULF1DPH�FODVV

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

,QWHUIDFH�'HVLJQ

� 'HVLJQ�E\�&RQWUDFW
± GHILQH�VWDWH�VSDFH
± GHILQH�SRVVLEOH�WUDQVLWLRQV�LQ�VWDWH�VSDFH
± GHILQH�H[SHFWHG�FOLHQW�EHKDYLRU

� 0HWKRG�GHVLJQ
± PDNH�D�PHWKRG�VHUYH�RQH�DQG�RQO\�RQH�SXUSRVH
± GHILQH�SUHFRQGLWLRQV�H[FHSWLRQV



��

7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

0HWKRG�'HVLJQ

� 0HWKRGV�VHUYH�H[DFWO\�RQH�SXUSRVH
± TXHU\�PHWKRGV
± PXWDWLRQ�PHWKRGV
± KHOSHU�PHWKRGV

� 0L[LQJ�SXUSRVHV�VSHOOV�WURXEOH
± XQOHVV�\RX�IROORZ�ZHOO�HVWDEOLVKHG�LGLRPV�SDWWHUQV
± XQOHVV�\RXU�LQWHUIDFH�LV�YHU\�VLPSOH
± XQOHVV�\RX�ZDQW�WR�HQVXUH�DWRPLFLW\�RI�RSHUDWLRQ

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

6WULQJ1DPH��JHW&RPSRQHQW�LQW�LQGH[�

public String getComponent(int i) {
assertIsValidIndex(i);
return doGetComponent(i);

}

protected String doGetComponent(int i) {
int startPos= getStartPosOfComponent(i);
int endPos= getEndPosOfComponent(i);
String component= fName.substring(startPos, endPos);
return asUnmaskedString(component);

}



��

7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

9HFWRU1DPH��JHW&RPSRQHQW�LQW�LQGH[�

public String getComponent(int i) {
assertIsValidIndex(i);
return doGetComponent(i);

}

protected String doGetComponent(int i) {

return (String) fComponents.elementAt(i);
}

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

'HVLJQ�E\�3ULPLWLYHV

� 'HILQLWLRQ��3ULPLWLYH�0HWKRG
± GR�H[DFWO\�RQH�VSHFLILF��SULPLWLYH��WKLQJ
± HQFDSVXODWH�DFFHVV�WR�REMHFW
V�VWDWH

� 3ULPLWLYH�PHWKRGV����
± FDQ�EH�UHDGLO\�FRPSRVHG
± DUH�W\SLFDOO\�SURWHFWHG�DQG�QRW�DFFHVVHG�IURP�WKH�RXWVLGH
± UHO\�RQ�FRQWH[W�WR�PDNH�VXUH�SUHFRQGLWLRQV�RI�RSHUDWLRQ�DUH�PHW

� 'HILQLWLRQ��'HVLJQ�E\�3ULPLWLYHV
± EDVH�D�FODVV�LPSOHPHQWDWLRQ�RQ�SULPLWLYH�PHWKRGV
± FRPSRVH�FOLHQW�RULHQWHG�PHWKRGV�XVLQJ�SULPLWLYH�PHWKRGV



��

7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

6WULQJ1DPH��3ULPLWLYH�0HWKRGV

public StringName implements GenericName {

...

protected String doGetComponent(int i);
protected void doSetComponent(int i, String c);

protected void doInsert(int i, String c);
protected void doRemove(int i);

...

}

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

8QLW�7HVWLQJ�RI�,QWHUIDFHV

� 7HVWLQJ�LQWHUIDFHV�RU�LPSOHPHQWDWLRQV"
± WKH�TXDOLW\�RI�DQ�LPSOHPHQWDWLRQ
± WKH�FRPSOLDQFH�RI�DQ�LPSOHPHQWDWLRQ�WR�DQ�LQWHUIDFH

� +RZ�WR�WHVW�LPSOHPHQWDWLRQV�EHKLQG�LQWHUIDFHV
± ZULWH�WHVW�FRGH�DJDLQVW�WKH�LQWHUIDFH
± VXSSO\�REMHFWV�RI�GLIIHUHQW�LPSOHPHQWDWLRQV
± VHW�XS�WHVW�FDVHV�LQ�ZKLFK�GLIIHUHQW�LPSOHPHQWDWLRQV�DUH�PDWFKHG



��

7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

*HQHULF1DPH��7HVW�&DVH�6HWXS

public abstract class AbstractGenericNameTest extends TestCase {

protected GenericName fN0; // ("")
protected GenericName fN1; // ("org", ’.’)

protected GenericName fN2; // ("lang.Object", ’.’)
protected GenericName fN3; // ("java.lang.Object", ’.’)

protected void setUp() {

fN0= createGenericName("");

fN1= createGenericName("org", ’.’);
fN2= createGenericName("lang.Object", ’.’);

fN3= createGenericName("java.lang.Object", ’.’);
}

protected abstract GenericName createGenericName(String name);

protected abstract GenericName createGenericName(String name, char delChar);
protected abstract GenericName createGenericName(Vector components);

...

}

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

*HQHULF1DPH��([DPSOH�7HVW�&DVHV

// from AbstractGenericNameTest

public void testAsString() {
assertEquals("", fN0.asString());

assertEquals("Object", fN1.asString());
assertEquals("lang Object", fN2.asString());

assertEquals("java lang Object", fN3.asString());
}

// from AbstractGenericNameTest

public void testIsEqual() {
assertEquals(fN0, createGenericName(""));

assertEquals(fN1, createGenericName("Object"));
assertEquals(fN2, createGenericName("lang#Object"));

assertEquals(fN3, createGenericName("java#lang#Object"));
}



��

7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

6WHS����7RSLFV

� $EVWUDFW*HQHULF1DPH�VXSHUFODVV
± VKDULQJ�FRGH�WKURXJK�DQ�DEVWUDFW�VXSHUFODVV
± SURYLGLQJ�FRQYHQLHQW�VWDQGDUG�LPSOHPHQWDWLRQV
± PRYLQJ�FRPPRQ�KHOSHU�PHWKRGV�LQWR�KHOSHU�FODVVHV

� $EVWUDFW�VXSHUFODVVHV
± LQKHULWDQFH�LQWHUIDFH
± GHVLJQ�E\�SULPLWLYHV
± QDUURZ�LQKHULWDQFH�LQWHUIDFH�SULQFLSOH

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

([DPSOH�0HWKRG�,PSOHPHQWDWLRQV

public String getFirstComponent() {

return getComponent(0);
}

public void append(String component) {

insert(getNoComponents(), component);
}

public String asString(char delimiter, char escape) {
if (isEmpty()) { return ""; }

StringBuffer sb= new StringBuffer();
for (int i= 0; i<getNoComponents(); i++) {

sb.append(doGetComponent(i));
sb.append(String.valueOf(delimiter));

}
sb.setLength(sb.length()-1);

return sb.toString();

}



��

7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

$QDO\VLV�RI�0HWKRG�,PSOHPHQWDWLRQV

� 6LPLODULWLHV�EHWZHHQ�6WULQJ1DPH�DQG�9HFWRU1DPH�PHWKRGV
± PDQ\�VLPLODU�PHWKRG�LPSOHPHQWDWLRQV
± DOO�PHWKRG�LPSOHPHQWDWLRQV�EDVHG�RQ�VPDOO�VHW�RI�SULPLWLYH�PHWKRGV

� 2QO\�WKHVH�SULPLWLYH�PHWKRGV�XVH�LPSOHPHQWDWLRQ�VWDWH

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

$EVWUDFW*HQHULF1DPH�6XSHUFODVV

� $EVWUDFW*HQHULF1DPH�VXSHUFODVV
± LPSOHPHQWV�*HQHULF1DPH�LQWHUIDFH
± LPSOHPHQWV�DOO�PHWKRGV�H[FHSW�IRU�SULPLWLYH�RQHV
± GHFODUHV�SULPLWLYH�PHWKRGV�DV�DEVWUDFW

� 6WULQJ1DPH�DQG�9HFWRU1DPH
± DUH�VXEFODVVHV�RI�$EVWUDFW*HQHULF1DPH
± LPSOHPHQW�SULPLWLYH�PHWKRGV



��

7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

*HQHULF1DPH��&ODVV�0RGHO

AbstractGenericName

StringName VectorName

«interface»
GenericName

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

$EVWUDFW*HQHULF1DPH��&ODVV�'HILQLWLRQ

public abstract class AbstractGenericName implements GenericName {

public String asString() { ... }
public int getNoComponents() { ... };

public String getComponent(int i) { ... };
public void setComponent(int i, String c) { ... };

public NameEnumeration getComponents() { ... }
public void append(String component) { ... }

public void prepend(String component) { ... }

public void insert(int i, String c) { ... };
public void remove(int index) { ... };

...
}



��

7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

6WULQJ1DPH��GR*HW&RPSRQHQW�LQW�LQGH[�

class AbstractGenericName implements GenericName {

public String getComponent(int i) {
assertIsValidIndex(i);

return doGetComponent(i);

}
...

protected abstract String doGetComponent(int i);

...
}

class StringName extends AbstractGenericName {

protected String doGetComponent(int i) {
int startPos= getStartPosOfComponent(i);
int endPos= getEndPosOfComponent(i);
String component= fName.substring(startPos, endPos);
return asUnmaskedString(component);

}

...
}

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

9HFWRU1DPH��GR*HW&RPSRQHQW�LQW�LQGH[�

class AbstractGenericName implements GenericName {

public String getComponent(int i) {
assertIsValidIndex(i);

return doGetComponent(i);

}
...

protected abstract String doGetComponent(int i);

...
}

class VectorName extends GenericName {

protected String doGetComponent(int i) {

return (String) fComponents.elementAt(i);
}

...
}



��

7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

$EVWUDFW�6XSHUFODVVHV

� 'HILQLWLRQ��$EVWUDFW�&ODVV
± DQ�DEVWUDFW�FODVV�FDQQRW�EH�LQVWDQWLDWHG�� �LV�DEVWUDFW�
± LQ�-DYD��DEVWUDFW�FODVVHV�DUH�PDUNHG�E\�NH\ZRUG�DEVWUDFW
± DQ�DEVWUDFW�FODVV�LV�DOZD\V�PHDQW�WR�EH�D�VXSHUFODVV

� 3XUSRVH�RI�DEVWUDFW�VXSHUFODVVHV
± WR�EH�UHXVHG�E\�VXEFODVVHV
± WR�SURYLGH�FRPPRQ�FRGH�IRU�VXEFODVVHV
± WR�GHILQH�D�VNHOHWRQ�RI�FRQWURO�IORZ�IRU�VXEFODVVHV

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

,QKHULWDQFH�,QWHUIDFH

� 'HILQLWLRQ��,QKHULWDQFH�,QWHUIDFH
± VHW�RI�DEVWUDFW�PHWKRGV�GHILQHG�E\�DQ�DEVWUDFW�VXSHUFODVV
± LQKHULWDQFH�LQWHUIDFH�VHUYHV�DEVWUDFW�VXSHUFODVV
± WR�EH�LPSOHPHQWHG�E\�FRQFUHWH�VXEFODVVHV

� 'HVLJQ�RI�WKH�LQKHULWDQFH�LQWHUIDFH
± VKRXOG�FRQVLVW�RI�VLPSOH�PHWKRGV��GHVLJQ�E\�SULPLWLYHV�
± VKRXOG�EH�PLQLPDO��QDUURZ�LQKHULWDQFH�LQWHUIDFH�SULQFLSOH�



��

7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

$EVWUDFW*HQHULF1DPH��,QKHULWDQFH
,QWHUIDFH
public abstract class AbstractGenericName implements GenericName {

...

protected abstract String doGetComponent(int i);
protected abstract void doGetComponent(int i, String c);

protected abstract void doInsert(int i, String c);
protected abstract void doRemove(int i);

protected abstract GenericName createGenericName(String n);

...
}

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

'HIDXOW�YV��6SHFLILF�,PSOHPHQWDWLRQ

// from AbstractGenericName (default implementation)

public String asDataString() {
if (isEmpty()) {

return "";
}

StringBuffer sb= new StringBuffer();
for (NameEnumeration i= getComponents(); i.hasMoreElements();) {

String s= i.nextComponent();

s= maskString(s);
sb.append(s);

sb.append(DELIMITER_CHAR);
}

sb.setLength(sb.length() - 1);
return sb.toString();

}



��

7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

6SHFLILF�,PSOHPHQWDWLRQ

// from StringName (fast implementation)

public String asDataString() {
return fName.toString();

}

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

3DUW�,��6XPPDU\

� &ODVVHV�DQG�LQWHUIDFHV

� ,QKHULWDQFH�DQG�FRGH�UHXVH

� 0HWKRG�W\SHV

� 8QLW�WHVWLQJ



��

7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

3DUW�,,��'HVLJQ

'LUN�5LHKOH

6.<9$�,QWHUQDWLRQDO
ZZZ�VN\YD�FRP��ZZZ�VN\YD�GH��ZZZ�VN\YD�FK

GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

3DUW�,,��7RSLFV

� 9DOXH�REMHFWV

� 'HVLJQ�DVSHFWV

� 'HVLJQ�SDWWHUQV

� 5ROH�PRGHOLQJ

� 80/�FROODERUDWLRQV



��

7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

3DUW�,,��2XWOLQH

� 6WHS����9DOXH�2EMHFWV

� 6WHS����'HVLJQ�3DWWHUQV

� 6WHS����5ROH�0RGHOLQJ

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

6WHS����7RSLFV

� 9DOXH�REMHFWV
± YDOXHV�DQG�REMHFWV
± ZRUNLQJ�ZLWK�YDOXH�REMHFWV

� 9DOXH�REMHFW�GHVLJQ
± YDOXHV�DV�VKDUHG�LPPXWDEOH�REMHFWV
± ILUVW�WDNH�DW�D�YDOXH�IUDPHZRUN�GHVLJQ



��

7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

2EMHFW�YV��9DOXH�7\SHV

� 2EMHFW�W\SHV
± REMHFW�LGHQWLW\
± UHIHUHQFH�VHPDQWLFV
± UHIHUHQWLDO�LQWHJULW\

� 9DOXH�W\SHV��WKLQN�LQWV�DQG�IORDWV�
± QR�LGHQWLW\��RQO\��RFFXUUHQFHV�RI�UHSUHVHQWDWLRQV�
± YDOXH�VHPDQWLFV���FRS\�VHPDQWLFV��
± QR�LQWHJULW\�FRQVWUDLQWV�RQ�YDOXH�OHYHO

� 3URJUDPPLQJ�ODQJXDJHV�VKRXOG�SURYLGH�YDOXH�FRQFHSW
± SOHDVH�QRWH�WKH��HIILFLHQW�FODVVHV�SURSRVDO��IRU�-DYD�E\�-DPHV�*RVOLQJ

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

3URJUDPPLQJ�ZLWK�%LJ,QWHJHU

// helper method: sums up list of BigInteger objects

public static BigInteger sum(Vector biList) {
BigInteger result= BigInteger.valueOf(0);

Enumeration i= biList.elements();
while(i.hasMoreElements()) {

BigInteger element= (BigInteger) i.nextElement();
result= result.add(element);

}

return result;
}



��

7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

3URJUDPPLQJ�ZLWK�3RLQW

// how it should be with Point objects... but isn’t.

public void move(Point delta) {
fOrigin= fOrigin.add(delta);

// rather than: fOrigin.x+= delta.x, fOrigin.y+= delta.y
}

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

&DWHJRULHV�RI�9DOXH�7\SHV

� 3ULPLWLYH�YDOXH�W\SHV
± &KDUDFWHU��,QWHJHU��6WULQJ��HWF�

� %XVLQHVV�GRPDLQ�YDOXH�W\SHV
± *HQHULF1DPH��$GGUHVV��&XUUHQF\��0RQH\��HWF�

� 7HFKQLFDO�GRPDLQ�YDOXH�W\SHV
± )LOH1DPH��85/��,3$GGUHVV��6HFXULW\7LFNHW��HWF�



��

7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

+RZ�WR�,PSOHPHQW�9DOXH�2EMHFWV

� ,PPXWDEOH�REMHFWV
± QR�PXWDWLRQ�PHWKRGV
± RQO\�TXHU\�DQG�KHOSHU��IDFWRU\��PHWKRGV

� 6KDUHG�REMHFWV
± XVH�PDQDJHU�REMHFW�WR�FRQWURO�LQVWDQFHV
± SURWHFW�FRQVWUXFWRUV

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

:K\�8VH�9DOXH�2EMHFWV"

� /HVV�SURJUDPPLQJ�HUURUV
± QR�VLGH�HIIHFWV��

� %HWWHU�LQ�PHPRU\�SHUIRUPDQFH
± VKDULQJ�REMHFWV��KHDS�DOORFDWHG�
± FRS\LQJ�REMHFWV��VWDFN�DOORFDWHG��VHH�HIILFLHQW�FODVVHV�SURSRVDO�
± FRQFXUUHQF\��QR�ORFNLQJ�RYHUKHDG

� %HWWHU�SHUIRUPDQFH�DFURVV�SURFHVV�ERXQGDULHV
± VHULDOL]DWLRQ��DOZD\V�FRS\��QR�QHHG�WR�FKHFN�UHIHUHQFHV
± SHUVLVWHQFH��QR�QHHG�WR�PDLQWDLQ�UHIHUHQWLDO�LQWHJULW\
± GLVWULEXWLRQ��DOZD\V�FRS\��QR�QHHG�WR�ZRUU\�DERXW�UHIHUHQFHV



��

7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

9DOXH�,QWHUIDFH�+LHUDUFK\
«interface»

Value

«interface»
Magnitude

«interface»
Name

«interface»
GenericNameCurrency Money PersonName

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

9DOXH�&ODVV�+LHUDUFK\�,PSOHPHQWDWLRQ
«interface»

Value

«interface»
Magnitude

AbstractValue

AbstractMagnitude

Money
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7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

9DOXH��,QWHUIDFH

public interface Value {

public String asDataString();
public String asString();

public boolean isEqual(Value value);
public boolean isValid();

public String getTypeName();
...

}

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

0DJQLWXGH��,QWHUIDFH

public interface Magnitude extends Value {

public boolean isGreater(Magnitude value);
public boolean isGreaterOrEqual(Magnitude value);

public boolean isLess(Magnitude value);
public boolean isLessOrEqual(Magnitude value);

}
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7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

0RQH\��&ODVV�'HILQLWLRQ

public class Money extends AbstractMagnitude {

protected Currency fCurrency;
protected double fAmount;

protected Money() { ... }

public double getAmount() { ... }

public Currency getCurrency() { ... }

public Money add(Money m) { ... }

public Money subtract(Money money) { ... }
public Money multiply(double multiplier) { ... }

public Money divide(double divisor) { ... }
public Money negate() { ... }

}

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

3URJUDPPLQJ�ZLWK�0RQH\

public class Account {

public Money getBalance() {
return fBalance;

}

public void deposit(Money deposit) {
// checking, logging, ...

doSetbalance(getBalance().add(deposit));

}

protected void doSetBalance(Money balance) {
fBalance= balance;

}

...
}



��

7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

9DOXH0DQDJHU

� $�YDOXH�PDQDJHU���
± PDLQWDLQV�OLVW�RI�YDOXH�REMHFW�IRU�JLYHQ�W\SH
± UHWXUQV�YDOXH�REMHFW�XSRQ�UHTXHVW
± UHJLVWHUV�QHZ�YDOXH�REMHFWV

� $��SURWR���YDOXH���
± VHUYHV�DV�D�SODFHKROGHU�XQWLO�QHZ�YDOXH�REMHFW�LV�UHTXHVWHG
± LV�UHWXUQHG�DV�QHZ�YDOXH�REMHFW

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

9DOXH0DQDJHU��&ODVV�0RGHO
«interface»

Value

«interface»
Magnitude

«interface»
ValueManager

AbstractValueManager

StandardValueManager

-manager

1

-element

*
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7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

9DOXH0DQDJHU��,QWHUIDFH

public interface ValueManager {

public int getNoDistinctValues();
public int getNoTotalValues();

public Value getProtoValue();

public void setProtoValue(Value pv);

public Value getValue(Value value);

...

}

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

9DOXH�2EMHFW�5HWULHYDO�&UHDWLRQ

� &OLHQW�UHTXHVWV�QHZ�YDOXH�REMHFW
� 9DOXH�LQLWLDOL]HV�SURWR�YDOXH
� 9DOXH�FDOOV�RQ�YDOXH�PDQDJHU�IRU�UHDO�YDOXH�REMHFW
� 9DOXH�PDQDJHU�UHWXUQV�QHZ�PDWFKLQJ�YDOXH�REMHFW�RU�QXOO
� ,I�QXOO��SURWR�YDOXH�LV�UHWXUQHG



��

7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

6WHS����7RSLFV

� 'HVLJQ�DVSHFWV
± VKDULQJ�W\SH�LQIRUPDWLRQ��7\SH�2EMHFW
± PDQDJLQJ�REMHFWV�RI�VDPH�W\SH��0DQDJHU
± SURYLGLQJ�FRQYHQLHQW�DFFHVV��6LQJOHWRQ
± UHDGLQJ�ZULWLQJ�YDOXH�REMHFWV��6HULDOL]HU

� 'HVLJQ�SDWWHUQV
± FRQFHSW�RI�GHVLJQ�SDWWHUQV
± SDWWHUQ�H[DPSOHV

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

'HVLJQ�$VSHFW��9DOXH�7\SH�,QIRUPDWLRQ

� 1HHG�WR�SURYLGH�W\SH�LQIRUPDWLRQ
± QDPH�RI�YDOXH�W\SH
± FDUGLQDOLW\�ILQLWH�LQILQLWH
± GHIDXOW�FRPSDULVRQ�DOJRULWKP

� 2QH�SRVVLEOH�VROXWLRQ
± LPSOHPHQW�W\SH�LQIRUPDWLRQ�DV�VWDWLF�PHWKRGV
± EXW��\RX�SURJUDP�ZKHUH�\RX�VKRXOG�MXVW�SURYLGH�LQIRUPDWLRQ
± DOVR��SURJUDPPLQJ�LV�PRUH�HUURU�SURQH



��

7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

9DOXH7\SH

� 9DOXH7\SH�LQVWDQFH
± UHSUHVHQWV�YDOXH�W\SH��FODVV�
± SURYLGHV�W\SH�LQIRUPDWLRQ�IRU�RQH�YDOXH�W\SH
± FHQWUDOL]HV�DOO�W\SH�LQIRUPDWLRQ�FRPPRQ�WR�WKDW�VSHFLILF�YDOXH�W\SH
± LV�FRQILJXUHG�DW�UXQWLPH

� 9DOXH7\SH�SURYLGHV�RSHUDWLRQV
± WR�DFFHVV�WKH�W\SH�QDPH
± WR�GHWHUPLQH�ZKHWKHU�YDOXH�W\SH�LV�RI�ILQLWH�FDUGLQDOLW\
± WR�DFFHVV�DQG�FKDQJH�WKH�FXUUHQW�YDOXH�LPSOHPHQWDWLRQ�VWDWXV
± DQG�PRUH��DV�WKH�YDOXHV�DUH�XVHG�LQ�PRUH�FRQWH[WV��*8,��HWF��

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

9DOXH7\SH��&ODVV�0RGHO

«interface»
ValueType

«interface»
Value

«interface»
ValueManager

-manager

1

-element

*

-type1

-instance*
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7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

9DOXH7\SH��,QWHUIDFH

public interface ValueType {

public String getName();

public boolean hasFiniteCardinality();
public boolean hasInfiniteCardinality();

...

}

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

$EVWUDFW9DOXH��7\SH�2EMHFW�$FFHVV

public AbstractValue implements Value {

public String getTypeName() {
return getTypeObject().getName();

}

public ValueType getTypeObject() {
return getValueManager().getValueType();

}

...

}
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

'HVLJQ�$VSHFW��0DQDJLQJ�2EMHFWV

� +RZ�WR�OHDUQ�DERXW�YDOXH�W\SHV"
± QHHG�FRQYHQLHQW�DFFHVV�WR�YDOXH�W\SHV�E\�VWULQJ��W\SH�QDPH�

� +RZ�WR�OHDUQ�DERXW�DYDLODEOH�YDOXH�W\SHV"
± QHHG�WR�LWHUDWH�RYHU�DOO�YDOXH�W\SHV

� 8VHG�LQ�*8,¶V��IRU�VHULDOL]DWLRQ��HWF�

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

9DOXH7\SH0DQDJHU

� 9DOXH7\SH0DQDJHU
± PDLQWDLQHV�9DOXH7\SH�REMHFWV
± VHUYHV�DV�FRQYHQLHQW�DFFHVV�SRLQW��E\�W\SH�QDPH�
± OHWV�\RX�LWHUDWH�RYHU�DYDLODEOH�YDOXH�W\SHV

� 1RW�DQ�LQWHUIDFH��EXW�D�VLQJOH�FODVV
± EHFDXVH�LW�LV�VR�VLPSOH
± EHFDXVH�LW�LV�XQOLNHO\�WR�EH�H[WHQGHG�DQ\�WLPH�VRRQ



��
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

9DOXH7\SH0DQDJHU��&ODVV�0RGHO

«interface»
ValueType

«interface»
Value

«interface»
ValueManager

-manager

1

-element

*

1
-type1

-instance*

-manager

1

-element

*

ValueTypeManager

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

9DOXH7\SH0DQDJHU��&ODVV�'HILQLWLRQ

public final class ValueTypeManager {

protected Hashtable fValueTypes;
protected static ValueTypeManager sInstance= null;

public ValueTypeManager() { ... }

public boolean hasValueType(String name) { ... }

public ValueType setValueType(String name) { ... }

public synchronized void addValueType(ValueType vt) { ... }

public Enumeration getValueTypes() { ... }

public static final ValueTypeManager getInstance() { ... }
}
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7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

'HVLJQ�$VSHFW��&RQYHQLHQW�$FFHVV

� +RZ�WR�DFFHVV�9DOXH7\SH0DQDJHU�REMHFW"
± \RX�ZDQW�RQO\�RQH�LQVWDQFH�WKDW�PXVW�EH�VKDUHG�E\�DOO�FOLHQWV
± SDVVLQJ�LW�DV�DQ�RSHUDWLRQ�SDUDPHWHU�WR�HYHU\�FOLHQW�EORDWV�PHWKRG�VLJQDWXUHV

� 3URYLGH�JOREDO�DFFHVV�SRLQW�WR�VLQJOH�LQVWDQFH
± DFFHVV�SRLQWV�HQVXUHV�WKDW�WKHUH�LV�RQO\�RQH�LQVWDQFH
± PXOWLWKUHDGLQJ�PD\�UHTXLUH�RQH�LQVWDQFH�SHU�WKUHDG�RSHUDWLRQDO�FRQWH[W

� 6LQJOH�LQVWDQFH�LV�FDOOHG�D�6LQJOHWRQ

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

9DOXH7\SH0DQDJHU��$FFHVV

public final class ValueTypeManager {

protected static ValueTypeManager sInstance= null;

// see Double-Checked Locking pattern by Schmidt et al.
public static final ValueTypeManager getInstance() {

if (sInstance == null) {
synchronized(ValueTypeManager.class) {

if (sInstance == null) {

sInstance= new ValueTypeManager();
}

}
}

return sInstance;
}

...

}
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

'HVLJQ�$VSHFW��6HULDOL]DWLRQ�RI�9DOXHV

� +RZ�WR�UHDG�DQG�ZULWH�YDOXH�REMHFWV"
± \RX�QHHG�GLIIHUHQW�IRUPDWV�IRU�GLIIHUHQW�SXUSRVHV�EDFNHQGV
± \RX�GRQ
W�ZDQW�WR�FKDQJH�YDOXH�W\SH�LPSOHPHQWDWLRQV�IRU�D�QHZ�EDFNHQG
± \RX�GRQ
W�ZDQW�FOLHQWV�WR�GHSHQG�RQ�VSHFLILF�YDOXH�W\SHV

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

9DOXH5HDGHU�9DOXH:ULWHU��&ODVV�0RGHO

«interface»
ValueReader

«interface»
Value

«interface»
ValueWriter
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

9DOXH:ULWHU��,QWHUIDFH

public interface ValueWriter {

public void writeBoolean(String fieldName, boolean value) throws IOException;
public void writeBoolean(String fieldName, Boolean value) throws IOException;

...

public void writeString(String fieldName, String value) throws IOException;
public void writeVector(String fieldName, Vector value) throws IOException;

...

public void writeInitialValue(Value value) throws IOException;

public void writeValue(String fieldName, Value value) throws IOException;
...

}

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

0RQH\��ZULWH2Q�9DOXH:ULWHU�

public void writeOn(ValueWriter writer) throws IOException {

writer.writeValue("currency", fCurrency);
writer.writeDouble("amount", fAmount);

}



��

7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

6HULDOL]DWLRQ��:ULWLQJ�D�9DOXH�2EMHFW

� &OLHQW�UHWULHYHV�FUHDWHV�9DOXH:ULWHU�REMHFW
� &OLHQW�FDOOV�ZULWH,QLWLDO9DOXH�RQ�ZULWHU�ZLWK�YDOXH�DV�DUJXPHQW
� :ULWHU�FDOOV�ZULWH2Q�RQ�YDOXH�ZLWK�LWVHOI�DV�DUJXPHQW
� 9DOXH�FDOOV�ZULWH�PHWKRGV�RI�ZULWHU�REMHFW

� 5HFXUVLYH�GHVFHQW�LV�HQGHG�E\�SULPLWLYH�YDOXH�W\SHV

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

'HVLJQ�3DWWHUQV

� 'HILQLWLRQ��'HVLJQ�3DWWHUQ
± WKH�DEVWUDFWLRQ�IURP�D�UHFXUULQJ�IRUP�LQ�D�VSHFLILF�FRQWH[W
± IRUP�LV�IUHTXHQWO\�D�SUREOHP�VROXWLRQ��EXW�QRW�DOZD\V��
± JURZ�RXW�RI�H[SHULHQFH�ZLWK�GHVLJQLQJ�DQG�LPSOHPHQWLQJ�V\VWHPV
± DUH�GRFXPHQWHG�LQ�D�VWUXFWXUHG�IRUP��VHH�'HVLJQ�3DWWHUQV�ERRN�

� ([SHULHQFH�DQG�GHVLJQ�SDWWHUQV
± \RX�QHHG�H[SHULHQFH�WR�XQGHUVWDQG�DQG�DSSO\�D�GHVLJQ�SDWWHUQ
± GHVLJQ�SDWWHUQV�DUH�VHOGRP�KHOSIXO�WR�QRYLFHV��RU�DV�WHDFKLQJ�GHYLFHV�
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

7\SH�2EMHFW��([SODQDWLRQ

� ,QWHQW��7\SH�2EMHFW
± UHSUHVHQW�W\SH�DV�REMHFW�WR�GHFRXSOH�LQVWDQFHV�IURP�WKHLU�FODVVHV
± EH�DEOH�WR�FKDQJH�W\SH�DQG�FUHDWH�QHZ�W\SHV�DW�UXQWLPH

� 'HILQLWLRQ��7\SH�2EMHFW
± LV�DQ�REMHFW�WKDW�UHSUHVHQWV�D�JLYHQ�W\SH
± LV�LQGHSHQGHQW�RI�WKH�LPSOHPHQWLQJ�FODVV

� ([DPSOHV
± 9DOXH7\SH
± �&ODVV��0HWKRG��HWF��

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

7\SH�2EMHFW�3DWWHUQ��6WUXFWXUH�'LDJUDP

Type Instance+type

1

+instance

*
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

7\SH�2EMHFW��$SSOLFDELOLW\

� $SSOLFDELOLW\��ZKHQ�WR�XVH�
± LI�\RX�QHHG�WR�IOH[LEO\�SURYLGH�W\SH�LQIRUPDWLRQ
± LI�\RX�KDYH�D�SUROLIHUDWLRQ�RI�VXEFODVVHV
± LI�\RX�QHHG�WR�FUHDWH�QHZ�W\SHV�G\QDPLFDOO\
± ���

� &RQVHTXHQFHV
± \RX�FRQILJXUH�W\SHV�UDWKHU�WKDQ�SURJUDP�WKHP
± \RX�DYRLG�VXEFODVV�SUROLIHUDWLRQ
± \RX�FDQ�FKDQJH�W\SHV�G\QDPLFDOO\
± \RX�LQFUHDVH�GHVLJQ�FRPSOH[LW\
± ���

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

0DQDJHU��([SODQDWLRQ

� ,QWHQW��0DQDJHU
± HQFDSVXODWH�WKH�PDQDJHPHQW�RI�LQVWDQFHV�RI�D�FODVV�LQ�D�PDQDJHU�REMHFW
± EH�DEOH�WR�YDU\�PDQDJHPHQW�EHKDYLRU�LQGHSHQGHQWO\�RI�PDQDJHG�REMHFWV

� 'HILQLWLRQ��0DQDJHU
± LV�DQ�REMHFW�WKDW�FHQWUDOLVHV�PDQDJHPHQW�RI�VHW�RI�PDQDJHG�REMHFWV
± PD\�FRPSULVH�IXOO�OLIH�F\FOH��FUHDWLRQ��DFFHVV��GHOHWLRQ

� ([DPSOHV
± 9DOXH0DQDJHU��9DOXH7\SH0DQDJHU
± �MDYD�DZW�&RQWDLQHU��MDYD�UPL�5HJLVWU\�
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7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ���RI����

0DQDJHU��6WUXFWXUH�'LDJUDP

Manager Element-manager

1

-element

*

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

0DQDJHU��$SSOLFDELOLW\

� $SSOLFDELOLW\��ZKHQ�WR�XVH�
± LI�HOHPHQWV�RI�VHW�RI�REMHFWV�QHHG�WR�EH�PDQDJHG�SURSHUO\
± LI�\RX�ZDQW�WR�VHSDUDWH�PDQDJHPHQW�IURP�PDQDJHG�REMHFWV
± ���

� &RQVHTXHQFHV
± PDQDJHPHQW�LV�KDQGOHG�H[SOLFLWO\�UDWKHU�WKDQ�EXULHG�LQ�FRGH
± PDQDJHPHQW�FDQ�EH�FKDQJHG�ZLWKRXW�DIIHFWLQJ�PDQDJHG�REMHFWV
± ���
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

6LQJOHWRQ��([SODQDWLRQ

� ,QWHQW��6LQJOHWRQ
± HQVXUH�WKDW�D�FODVV�KDV�RQO\�RQH�LQVWDQFH
± SURYLGH�D�JOREDO�SRLQW�RI�DFFHVV�WR�LW

� 'HILQLWLRQ��6LQJOHWRQ
± LV�D�JOREDOO\�DFFHVVLEOH�RQH�RI�D�NLQG�REMHFW
± LQ�PXOWLWKUHDGHG�V\VWHPV��WKHUH�PD\�EH�VLQJOHWRQV�SHU�WKUHDG��HWF�

� ([DPSOHV
± 9DOXH7\SH0DQDJHU

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

6LQJOHWRQ��6WUXFWXUH�'LDJUDP

Client Singleton-client

*

-singleton

1
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

6LQJOHWRQ��$SSOLFDELOLW\

� $SSOLFDELOLW\��ZKHQ�WR�XVH�
± LI�WKHUH�PXVW�EH�H[DFWO\�RQH�LQVWDQFH�RI�D�FODVV��LQ�D�JLYHQ�FRQWH[W�
± LI�\RX�ZDQW�WR�FKDQJH�LPSOHPHQWDWLRQV�ZLWKRXW�DIIHFWLQJ�FOLHQWV

� &RQVHTXHQFHV
± \RX�JHW�FRQWUROOHG�DFFHVV�WR�WKH�VLQJOHWRQ
± \RX�FDQ�FKDQJH�LPSOHPHQWDWLRQV�ZLWKRXW�DIIHFWLQJ�FOLHQWV
± WKH�VLQJOHWRQ�LV�JOREDOO\�DFFHVVLEOH
± ���

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

6HULDOL]HU��([SODQDWLRQ

� ,QWHQW��6HULDOL]HU
± HQFDSVXODWH�UHDGLQJ�ZULWLQJ�DOJRULWKP�RI�REMHFW�VWUXFWXUHV�LQ�GHGLFDWHG
REMHFWV

± WKHUHE\��HIILFLHQWO\�UHDG�DQG�ZULWH�REMHFW�VWUXFWXUHV�IURP�YDU\LQJ�EDFNHQGV
± EDFNHQGV�PD\�EH�IODW�ILOHV��UHODWLRQDO�GDWDEDVHV��DOO�NLQGV�RI�EXIIHUV��HWF�

� 'HILQLWLRQ��6HULDOL]HU
± LV�DQ�REMHFW�WKDW�HLWKHU�UHDGV��5HDGHU��RU�ZULWHV��:ULWHU��DQ�REMHFW�VWUXFWXUH

� ([DPSOHV
± 9DOXH�9DOXH5HDGHU�9DOXH:ULWHU
± 6HULDOL]DEOH�2EMHFW,QSXW6WUHDP�2EMHFW2XWSXW6WUHDP
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

6HULDOL]HU��6WUXFWXUH�'LDJUDP

ConcreteReader ConcreteSerializable ConcreteWriter

«interface»
Reader

«interface»
Serializable

«interface»
Writer

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

6HULDOL]HU��$SSOLFDELOLW\

� $SSOLFDELOLW\��ZKHQ�WR�XVH�
± LI�\RX�QHHG�WR�UHDG�ZULWH�REMHFWV�LQ�YDU\LQJ�IRUPDWV
± LI�\RX�QHHG�WR�DGG�QHZ�IRUPDWV�ZLWKRXW�DIIHFWLQJ�WKH�REMHFWV�WR�EH
UHDG�ZULWWHQ

± ���

� &RQVHTXHQFHV
± LW�LV�HDV\�WR�DGG�QHZ�FKDQJH�H[LVWLQJ�IRUPDWV�DQG�EDFNHQGV
± PDNHV�SULPDU\�REMHFWV�VLPSOHU�WR�LPSOHPHQW
± UHTXLUHV�LPSOHPHQWDWLRQ�RI�D�6HULDOL]DEOH�LQWHUIDFH
± ZHDNHQV�HQFDSVXODWLRQ�GXH�WR�JHQHULF�ILHOG�DFFHVV�SURWRFRO
± ���
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

9DOXH��2YHUDOO�&ODVV�0RGHO
«interface»
ValueType

«interface»
Value

«interface»
ValueManager

«interface»
ValueReader

«interface»
ValueWriter

«interface»
Magnitude

-manager

1

-element

*

1
-type1

-instance*

-manager

1

-element

*

ValueTypeManager

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

9DOXH�&ODVV�0RGHO��+LJK�3DWWHUQ�'HQVLW\

� 6KDULQJ�W\SH�LQIRUPDWLRQ��7\SH�2EMHFW

� 0DQDJLQJ�REMHFWV�RI�VDPH�W\SH��0DQDJHU

� 3URYLGLQJ�FRQYHQLHQW�DFFHVV��6LQJOHWRQ

� 5HDGLQJ�ZULWLQJ�YDOXH�REMHFWV��6HULDOL]HU

� $QG�RWKHUV�PRUH���
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

«interface»
ValueType

«interface»
Value

«interface»
ValueManager

«interface»
ValueReader

«interface»
ValueWriter

«interface»
Magnitude

-manager

1

-element

*

1
-type1

-instance*

-manager

1

-element

*

ValueTypeManager

7\SH�2EMHFW�$VSHFW

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

0DQDJHU�$VSHFW
«interface»
ValueType

«interface»
Value

«interface»
ValueManager

«interface»
ValueReader

«interface»
ValueWriter

«interface»
Magnitude

-manager

1

-element

*

1
-type1

-instance*

-manager

1

-element

*

ValueTypeManager
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

6LQJOHWRQ�$VSHFW
«interface»
ValueType

«interface»
Value

«interface»
ValueManager

«interface»
ValueReader

«interface»
ValueWriter

«interface»
Magnitude

-manager

1

-element

*

1
-type1

-instance*

-manager

1

-element

*

ValueTypeManager

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

6HULDOL]DWLRQ�$VSHFW
«interface»
ValueType

«interface»
Value

«interface»
ValueManager

«interface»
ValueReader

«interface»
ValueWriter

«interface»
Magnitude

-manager

1

-element

*

1
-type1

-instance*

-manager

1

-element

*

ValueTypeManager
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

«interface»
ValueType

«interface»
Value

«interface»
ValueManager

«interface»
ValueReader

«interface»
ValueWriter

«interface»
Magnitude

-manager

1

-element

*

1
-type1

-instance*

-manager

1

-element

*

ValueTypeManager

9DOXH�2EMHFWV��3DWWHUQ�$QQRWDWLRQ
7\SH�2EMHFW��7\SH

0DQDJHU��(OHPHQW

7\SH�2EMHFW��,QVWDQFH

)O\ZHLJKW��)O\ZHLJKW

6HULDOL]HU��6HULDOL]DEOH

6HULDOL]HU��:ULWHU6HULDOL]HU��5HDGHU

)O\ZHLJKW��)DFWRU\

0DQDJHU��0DQDJHU

6LQJOHWRQ��6LQJOHWRQ

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

6WHS����7RSLFV

� 5ROH�PRGHOLQJ
± REMHFW�UROH�SOD\
± REMHFW�FROODERUDWLRQ

� 80/�FROODERUDWLRQV
± FROODERUDWLRQ�VSHFLILFDWLRQV
± GHVFULELQJ�GHVLJQ�SDWWHUQV
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

0RQH\��'HVLJQ�$VSHFWV

� 'HVLJQ�SDWWHUQV��DV�GLVFXVVHG�
± )O\ZHLJKW��7\SH�2EMHFW��0DQDJHU��6LQJOHWRQ��6HULDOL]HU

� 'HVLJQ�DVSHFWV��QRW�GLVFXVVHG�
± 9DOXH�LPSOHPHQWV�MDYD�LR�6HULDOL]DEOH

� 'HVLJQ�DVSHFWV��LQKHULWHG�IURP�2EMHFW�
± NH\DEOH��FRPSDUDEOH��SULQWDEOH��PXOWL�WKUHDGHG

� +LGGHQ�GHVLJQ�DVSHFWV��ZLWKRXW�PHWKRGV�
± LPPXWDEOH

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

&RPSOH[LW\��$VSHFWV�,QWHUDFW

� 9DOXH
± FUHDWH9DOXH��3URWR9DOXH�DVSHFW��DQG�KDVK&RGH��NH\DEOH�DVSHFW�
± LQLWLDOL]LQJ�D�9DOXH�ZLWK�QHZ�GDWD�FKDQJHV�WKH�KDVKFRGH

� 2EMHFW
± KDVK&RGH��NH\DEOH�DVSHFW��DQG�HTXDOV��FRPSDUDEOH�DVSHFW�
± HTXDO�REMHFWV�PXVW�SURYLGH�VDPH�KDVKFRGH

� 6WLOO��DVSHFWV�FDQ�EH�VHSDUDWHG�
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7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

5ROHV��$VSHFWV�RI�D�6SHFLILF�.LQG

� 'HILQLWLRQ��5ROH
± DQ�REVHUYDEOH�EHKDYLRUDO�DVSHFW�RI�DQ�REMHFW�LQ�D�VSHFLILF�FRQWH[W

� 'HILQLWLRQ��5ROH�W\SH
± D�W\SH�WKDW�GHILQHV�WKH�EHKDYLRU�RI�D�UROH�DQ�REMHFW�PD\�SOD\
± PD\�RU�PD\�QRW�KDYH�PHWKRGV

� 2EMHFWV�DQG�UROHV��P�WR�Q�UHODWLRQVKLS
± REMHFWV�SOD\�UROHV�WR�DFW�LQ�GLIIHUHQW�FRQWH[WV
± D�UROH�PD\�EH�SOD\HG�E\�GLIIHUHQW�REMHFWV�RYHU�WLPH��WKLQN�FDOO�FHQWHU�

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

5ROHV��7\SH�,QVWDQFH�'LVWLQFWLRQ

USD42 : Money
Money

can be calculated with

can be serialized

can provide type object

is calculated with

is serialized

acts according to
 type object

GHVFULEHV

GHVFULEHV

GHVFULEHV

GHVFULEHV

&ODVV ,QVWDQFH

5ROH�7\SH 5ROH
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7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

80/�DQG�5ROH�0RGHOLQJ

� 80/�SURYLGHV�VXSSRUW�IRU�UROH�PRGHOLQJ���
± EXW�LW�LV�QRW�FRPSOHWH
± V\QWD[�DQG�VHPDQWLFV�GRFXPHQW�FRQWUDGLFW�HDFK�RWKHU
± VHPDQWLFV�GRFXPHQW�LV�PXFK�PRUH�SUHFLVH�WKDQ�V\QWD[�GRFXPHQW

� +HDWHG�GHEDWHV�DERXW�ZKDW�FRQVWLWXWHV�UROH�PRGHOLQJ
± HYHQ�DIWHU�����UHOHDVH��RU��SHUKDSV��MXVW�WKHQ�

� 0DMRU�LQIOXHQFHV�RQ�UROH�FRQFHSW�LQ�80/
± 7U\JYH�5HHQVNDXJ��22UDP

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

80/��&ODVVLILHU5ROHV

� 80/�FRQFHSW�IRU�UROH��QRQH
± QR�LQVWDQFH�OHYHO�FRQFHSW�IRU�UROHV
± REMHFWV�LQWHUDFW��EXW�WKLV�LV�QRW�ILOWHUHG�WKURXJK�UROHV

� 80/�FRQFHSW�IRU�UROH�W\SH��&ODVVLILHU5ROH
± D�&ODVVLILHU5ROH�LV�D�&ODVVLILHU
± D�&ODVVLILHU5ROH�LV�DWWDFKHG�WR�D�&ODVVLILHU
± D�&ODVVLILHU�PD\�KDYH�VHYHUDO�&ODVVLILHU5ROHV
± &ODVVLILHU5ROHV�DUH�XVHG�LQ�FROODERUDWLRQV��GLVFXVVHG�ODWHU�

� 1RWDWLRQ��2EMHFW���&ODVVLILHU5ROH���&ODVVLILHU
± UHPLQGHU��D�&ODVVLILHU�PD\�EH�D�FODVV�RU�DQ�LQWHUIDFH�RU�D�GDWDW\SH�RU����
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

MDYD�ODQJ�2EMHFW��&ODVVLILHU5ROHV

/ Printable :

Object

/ Keyable : / Comparable :

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

0RQH\��&ODVVLILHU5ROHV

Object/ Keyable : / Printable :

Value

Money

/ Instance : / Serializable :

/ Monetary :



��

7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

%HQHILWV�RI�0RGHOLQJ�ZLWK�5ROHV

� 5HGXFHV�FRPSOH[LW\
± E\�EUHDNLQJ�XS�FRPSOH[��FODVV��LQWHUIDFHV�LQWR�SDUWV

� ,QFUHDVHV�UHXVH
± E\�VHSDUDWLQJ�UROHV�IURP�FODVVHV��ZH�FDQ�UHXVH�WKHP

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

,PSOHPHQWLQJ�5ROHV

� 9DULDQW����DV�D�VHW�RI�PHWKRGV�LQ�D�FODVV
± VLPSOH�EXW�HIILFLHQW�LPSOHPHQWDWLRQ
± DFFRXQWV�IRU�DERXW�����RI�DOO�FDVHV

� 9DULDQW����DV�D�GHGLFDWHG�LQWHUIDFH
± OHWV�\RX�UHXVH�UROH�IRU�GLIIHUHQW�FODVVHV
± DFFRXQWV�IRU�DERXW�����RI�DOO�FDVHV

� 9DULDQW����DV�D�UROH�REMHFW�FODVV
± OHWV�\RX�G\QDPLFDOO\�DWWDFK�UROHV�DW�UXQWLPH
± DFFRXQWV�IRU�DERXW����RI�DOO�FDVHV
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

,PSOHPHQWDWLRQ�'HSHQGHQFLHV

� 5ROHV�RI�RQH�REMHFW�LQWHUDFW
± RWKHUZLVH��WKHUH�ZRXOG�EH�QR�V\QHUJ\
± D�FODVV�LV�PRUH�WKDQ�WKH�VXP�RI�LWV�UROHV

� 'HSHQGHQFLHV�H[DPSOH
± NH\DEOH��KDVK&RGH���SURYLGHV�KDVK�FRGH
± HTXDOLW\��HTXDOV���PXVW�PDWFK�KDVKFRGH�IRU�ORRNXS�LQ�KDVKWDEOHV
± VKDUHG�LPPXWDEOH��HTXDOV���FDQ�EH�UHGXFHG�WR�FKHFNLQJ�REMHFW�LGHQWLWLHV

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

0RQH\��&ROODERUDWLRQ�,QVWDQFHV

USD42 / Comparable : Money

USD42 / Serializable : Money

USD42 / Monetary : Money

anAccount / Client : Account

anAccount / Client : Account

aReader / ValueReader : RDBMSSerializer
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

0RQH\��&ROODERUDWLRQ�6SHFLILFDWLRQV

/ Client :

/ Client : / Comparable :

/ Monetary :

/ Serializable :

Money

/ ValueReader :

RDBMSSerializer

Account

Value

Object

/ ValueWriter :

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

80/��&ROODERUDWLRQV

� 'HILQLWLRQ��&ROODERUDWLRQ�,QVWDQFH
± VHW�RI�REMHFWV�WKDW�FROODERUDWH�E\�SOD\LQJ�UROHV
± %RRFK���EHKDYLRUDO�SDUW�RI�D�FROODERUDWLRQ�
± 80/�������FROODERUDWLRQ�RQ�DQ�LQVWDQFH�OHYHO�

� 'HILQLWLRQ��&ROODERUDWLRQ�6SHFLILFDWLRQ
± VHW�RI�FODVVLILHUV�WKDW�UHODWH�WR�HDFK�RWKHU�WKURXJK�FODVVLILHU�UROHV
± %RRFK���VWUXFWXUDO�SDUW�RI�D�FROODERUDWLRQ�
± 80/�������FROODERUDWLRQ�RQ�D�VSHFLILFDWLRQ�OHYHO�

� 3OHDVH�QRWH�W\SH�LQVWDQFH�GLVWLQFWLRQ�DJDLQ
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7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

0RQH\��&ROODERUDWLRQ�6SHFLILFDWLRQV

/ Client :

/ Client : / Keyable :

/ Monetary :

/ Serializable :

Money

/ ValueReader :

Value

Object

/ ValueWriter :

/ Comparable : / Client :

/ Element : / Manager :

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

%HQHILWV�RI�&ROODERUDWLRQ�6SHFLILFDWLRQV

� 5HGXFHV�FRPSOH[LW\
± E\�EUHDNLQJ�XS�FRPSOH[�FROODERUDWLRQV�LQWR�SDUWV

� ,QFUHDVHV�UHXVH
± E\�VHSDUDWLQJ�FROODERUDWLRQV�IURP�FODVV�UHODWLRQVKLSV��ZH�FDQ�UHXVH�WKHP



��

7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

80/��(OOLSVH�6KRUWKDQG

«interface»
Value

«interface»
ValueManager

«interface»
ValueReader

«interface»
ValueWriter

«interface»
Magnitude

-manager

1

-element

*

Serialization

Management

Quantification

ValueReader ValueWriter

Manager Element

Client

Quantifiable

Serializable

/ Client :

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

'HVLJQ�3DWWHUQV�DQG�&ROODERUDWLRQ
6SHFLILFDWLRQV

� 'HVLJQ�SDWWHUQ
± DQ�LGHD�RI�D�SUREOHP�VROXWLRQ
± LQILQLWH�DQG�XQFRQVWUDLQHG�YDULDWLRQ�LQ�LPSOHPHQWDWLRQ

� 'HVLJQ�WHPSODWH
± D�WHPSODWH�IRU�D�VSHFLILF�GHVLJQ�VROXWLRQ
± LQILQLWH�EXW�FRQVWUDLQHG�YDULDWLRQ�LQ�LPSOHPHQWDWLRQ

� 'HVLJQ�IUDJPHQW
± D�VSHFLILF�GHVLJQ�VROXWLRQ�DSSOLHG�LQ�WKH�FRQWH[W�RI�D�ODUJHU�V\VWHP
± H[DFWO\�RQH�LPSOHPHQWDWLRQ
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7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

9DOXH��2YHUDOO�&ODVV�0RGHO

«interface»
ValueType

«interface»
Value

«interface»
ValueManager

«interface»
ValueReader

«interface»
ValueWriter

«interface»
Magnitude

-manager

1

-element

*

1
-type1

-instance*

-manager

1

-element

*

ValueTypeManager

Serialization

Management

Quantification

ValueReader ValueWriter

Manager
Element

Client

Quantifiable

Serializable

/ Client :

Singleton

Singleton

Client

Management

Manager Element

Typing

Instance

Type

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

3DUW�,,��6XPPDU\

� 9DOXH�REMHFWV

� 'HVLJQ�DVSHFWV

� 'HVLJQ�SDWWHUQV

� 5ROH�PRGHOLQJ

� 80/�FROODERUDWLRQV
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7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

3DUW�,,,��)UDPHZRUNV

'LUN�5LHKOH

6.<9$�,QWHUQDWLRQDO
ZZZ�VN\YD�FRP��ZZZ�VN\YD�GH��ZZZ�VN\YD�FK

GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

6WHS����7RSLFV

� 9DOXH�IUDPHZRUN
± LQWHUIDFH�DUFKLWHFWXUH
± LPSOHPHQWDWLRQ�DUFKLWHFWXUH

� )UDPHZRUN�W\SHV
± EODFN�ER[�IUDPHZRUNV
± ZKLWH�ER[�IUDPHZRUNV

� )UDPHZRUN�FOLHQWV
± LQKHULWDQFH�FOLHQWV
± XVH�FOLHQWV
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7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

)UDPHZRUN��7UDGLWLRQDO�'HILQLWLRQ�

� 'HILQLWLRQ��)UDPHZRUN
± D�UHXVDEOH�GHVLJQ�DQG�LPSOHPHQWDWLRQ�WKDW�FRYHUV�D�SDUWLFXODU�GRPDLQ
± FRQVLVWV�RI�DQ�LQWHUIDFH�DUFKLWHFWXUH�DQG�D��SDUWLDO��LPSOHPHQWDWLRQ

� 3XUSRVH�RI�IUDPHZRUNV
± KLJKHU�SURGXFWLYLW\
± VKRUWHU�WLPH�WR�PDUNHW
± OHVV�EXJV
± PRUH�KRPRJHQHRXV�DSSOLFDWLRQ�VXLWH

� %HFDXVH�RI�LPSURYHG�GHVLJQ�DQG�FRGH�UHXVH

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

,QWHUIDFH�$UFKLWHFWXUH

� 'HILQLWLRQ��,QWHUIDFH�$UFKLWHFWXUH
± VHW�RI�LQWHUIDFHV�WKDW�GHWHUPLQHV�RYHUDOO�VWUXFWXUH�DQG�EHKDYLRU
± SUHVFULEHV�DUFKLWHFWXUH�IRU�JLYHQ�GRPDLQ�RU�DVSHFW�WKHUHRI

� $�N�D��DEVWUDFW�GHVLJQ
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7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

9DOXH�)UDPHZRUN��,QWHUIDFH�$UFKLWHFWXUH
«interface»
ValueType

«interface»
Value

«interface»
ValueManager

«interface»
ValueReader

«interface»
ValueWriter

«interface»
Magnitude

-manager

1

-element

*

1
-type1

-instance*

-manager

1

-element

*

ValueTypeManager

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

,PSOHPHQWDWLRQ�$UFKLWHFWXUH

� 'HILQLWLRQ��,PSOHPHQWDWLRQ�$UFKLWHFWXUH
± VHW�RI�DEVWUDFW�DQG�FRQFUHWH�FODVVHV�WKDW�LPSOHPHQW�DQ�LQWHUIDFH�DUFKLWHFWXUH
± SURYLGHV�UHDGLO\�XVDEOH�FODVVHV�DV�ZHOO�DV�KDOI�IDEULFDWHG�FXVWRPL]DEOH�FODVVHV

� $�N�D��FRQFUHWH�GHVLJQ��LPSOHPHQWDWLRQ
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

9DOXH�&ODVV�+LHUDUFK\�,PSOHPHQWDWLRQ

«interface»
Value

«interface»
Magnitude

AbstractValue

AbstractMagnitude

Money

«interface»
ValueManager

AbstractValueManager

StandardValueManager

-manager

1

-element

*

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

9DOXH0DQDJHU�,PSOHPHQWDWLRQ

«interface»
Value

«interface»
Magnitude

AbstractValue

AbstractMagnitude

Money

«interface»
ValueManager

AbstractValueManager

StandardValueManager

-manager

1

-element

*
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

9DOXH7\SH0DQDJHU�,PSOHPHQWDWLRQ

«interface»
ValueType

AbstractValueType

StandardValueType

ValueTypeManager -manager

1

-element

*

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

9DOXH7\SH�,PSOHPHQWDWLRQ

«interface»
ValueType

AbstractValueType

StandardValueType

ValueTypeManager -manager

1

-element

*
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

6HULDOL]DWLRQ�,PSOHPHQWDWLRQ

«interface»
ValueReader

«interface»
Value

«interface»
ValueWriter

StringValueReader StringValueWriter

«interface»
BufferValueReader

«interface»
BufferValueWriter

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

,PSOHPHQWDWLRQ�9DULDQWV

� 6LQJOH�FODVV
± 9DOXH7\SH0DQDJHU

� 6LQJOH�LQWHUIDFH���FRQFUHWH�FODVV
± 5HDGHU��:ULWHU

� 6LQJOH�LQWHUIDFH���DEVWUDFW�FODVV���FRQFUHWH�FODVVHV
± 9DOXH
± 9DOXH7\SH
± 9DOXH0DQDJHU
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7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

)UDPHZRUN�7\SHV

� :KLWH�ER[�IUDPHZRUNV

� %ODFN�ER[�IUDPHZRUNV

� *UD\�ER[�IUDPHZRUNV

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

:KLWH�%R[�)UDPHZRUNV

� 'HILQLWLRQ��:KLWH�%R[�)UDPHZRUN
± D�IUDPHZRUN�WKDW�SURYLGHV�DEVWUDFW�VXSHUFODVVHV�IRU�VXEFODVVLQJ
± H[WHQVLRQ�FOLHQWV�ILUVW�XVH�LQKHULWDQFH�WR�FXVWRPL]H�IUDPHZRUN
± XVH�FOLHQWV�WKHQ�FRPSRVH�REMHFWV�WR�DSSO\�IUDPHZRUN

� ([DPSOHV
± -DYD�2EMHFW�IUDPHZRUN
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7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

%ODFN�%R[�)UDPHZRUNV

� 'HILQLWLRQ��%ODFN�%R[�)UDPHZRUN
± D�IUDPHZRUN�WKDW�SURYLGHV�UHDGLO\�XVDEOH�FODVVHV
± XVH�FOLHQWV�XVH�REMHFW�FRPSRVLWLRQ�WR�DSSO\�WKH�IUDPHZRUN

� ([DPSOHV
± 6ZLQJ��PRVW�PDWXUH�*8,�IUDPHZRUNV�

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

*UD\�%R[�)UDPHZRUNV

� 'HILQLWLRQ��*UD\�%R[�)UDPHZRUN
± D�IUDPHZRUN�WKDW�LV�ERWK�D�EODFN�ER[�DQG�D�ZKLWH�ER[�IUDPHZRUN
± PRVW�IUDPHZRUNV�DUH�JUD\�ER[�IUDPHZRUNV��H[FHSW�IRU�YHU\�PDWXUH�RQHV�

� ([DPSOHV
± 9DOXH�IUDPHZRUN
± 6ZLQJ

� &ODVVLILFDWLRQ�LV�QRW�VR�LPSRUWDQW

� 0RUH�LPSRUWDQW�LV�KRZ�WR�XVH�D�IUDPHZRUN
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7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

8VLQJ�)UDPHZRUNV

� ,QKHULWDQFH�FOLHQWV
± XVH�LQKHULWDQFH�LQWHUIDFH

� 8VH�FOLHQWV
± XVH�FROODERUDWLRQ�VSHFLILFDWLRQV

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

)UDPHZRUN��([WHQGHG�'HILQLWLRQ�

� 'HILQLWLRQ��)UDPHZRUN��WUDGLWLRQDO�
± D�UHXVDEOH�GHVLJQ�DQG�LPSOHPHQWDWLRQ�WKDW�FRYHUV�D�SDUWLFXODU�GRPDLQ
± FRQVLVWV�RI�DQ�LQWHUIDFH�DUFKLWHFWXUH�DQG�D��SDUWLDO��LPSOHPHQWDWLRQ

� 'HILQLWLRQ��)UDPHZRUN��H[WHQGHG�
± WKH�FODVV�PRGHO�RI�WKH�IUDPHZRUN�SURYLGHV

� DQ�H[WHQVLRQ�SRLQW�FODVV�VHW

� D�IUHH�FODVVLILHU�UROH�VHW

� D�EXLOW�RQ�FODVV�VHW
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

)UDPHZRUN�([WHQVLRQ

� 'HILQLWLRQ��)UDPHZRUN�([WHQVLRQ
± D�VHW�RI�LQWHUIDFHV�DQG�FODVVHV�WKDW�VXEFODVV�D�IUDPHZRUN
± FRQVLVWV�RI�DQ�LQWHUIDFH�DUFKLWHFWXUH�DQG�D��SDUWLDO��LPSOHPHQWDWLRQ
± PD\�EH�DQ�DSSOLFDWLRQ�VSHFLILF�H[WHQVLRQ�RU�D�IUDPHZRUN�LWVHOI

� ([DPSOHV
± 9DOXH�IUDPHZRUN�H[WHQVLRQ�IRU�EDQNLQJ�GRPDLQ
± 9DOXH�IUDPHZRUN�IRU�LQWHUQHW�QDPLQJ�GRPDLQ

� $�N�D��IUDPHZRUN�DSSOLFDWLRQ
± EDG�QDPLQJ�WKRXJK��EHDUV�ULVN�RI�FRQIXVLRQ

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

)UDPHZRUN�([WHQVLRQ��)LQDQFH�&XUUHQF\
9DOXH�)UDPHZRUN

)LQDQFH�([WHQVLRQ�RI�9DOXH�)UDPHZRUN

«interface»
Value

«interface»
ValueManager

«interface»
Magnitude

1 *

CurrencyValueManager Currency Money InterestRate

Percentage
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

([WHQVLRQ�3RLQW��&ODVVHV�

� 'HILQLWLRQ��([WHQVLRQ�3RLQW��&ODVV�
± D�IUDPHZRUN�FODVV�WKDW�PD\�EH�VXEFODVVHG�E\�IUDPHZRUN�H[WHUQDO�FODVVHV
± GHILQH�LQKHULWDQFH�LQWHUIDFH�WR�IUDPHZRUN�H[WHQVLRQV

� 'HILQLWLRQ��([WHQVLRQ�3RLQW�&ODVV�6HW
± VHW�RI�H[WHQVLRQ�SRLQW�FODVVHV�RI�D�IUDPHZRUN

� 'HILQLWLRQ��([WHQVLRQ�&ODVV
± FODVV�RI�D�IUDPHZRUN�H[WHQVLRQ�WKDW�VXEFODVVHV�DQ�H[WHQVLRQ�SRLQW�FODVV
± PDNH�XVH�RI�D�IUDPHZRUN
V�LQKHULWDQFH�LQWHUIDFH

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

9DOXH�)UDPHZRUN��([WHQVLRQ�3RLQWV

([WHQVLRQ

)UDPHZRUN

«interface»
Value

«interface»
Magnitude

AbstractValue

AbstractMagnitude

Money

«interface»
ValueManager

AbstractValueManager

StandardValueManager

-manager

1

-element

*
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

)UDPHZRUN�8VH�E\�8VH�&OLHQWV

� 8VH�FOLHQWV�FUHDWH�IUDPHZRUN�REMHFWV
± IURP�IUDPHZRUN�FODVVHV
± IURP�IUDPHZRUN�H[WHQVLRQ�FODVVHV

� 8VH�FOLHQWV�FRPSRVH�IUDPHZRUN�REMHFWV

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

)UDPHZRUN�8VH�&OLHQWV��)LQDQFH�$FFRXQW
8VH�&OLHQWV )UDPHZRUN

«interface»
Value

«interface»
Account

«interface»
Magnitude

AccountManager

Currency Money

-manager1

-element*
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7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

'HILQLWLRQ��)UHH�&ODVVLILHU5ROH

� 'HILQLWLRQ��)UHH�&ODVVLILHU�5ROH��RI�D�)UDPHZRUN�
± D�FODVVLILHU�UROH��&ODVVLILHU5ROH��WKDW�LV�DYDLODEOH�WR�XVH�FOLHQWV
± XVH�FOLHQW�FODVVHV�SLFN�XS�IUHH�FODVVLILHU�UROHV�WR�PDNH�XVH�RI�D�IUDPHZRUN

� 'HILQLWLRQ��)UHH�&ROODERUDWLRQ�6SHFLILFDWLRQ��RI�D�)UDPHZRUN�
± D�FROODERUDWLRQ�VSHFLILFDWLRQ�WKDW�SURYLGHV�IUHH�FODVVLILHU�UROHV

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

8VH�&OLHQWV�ZLWK�)UHH�&ODVVLILHU�5ROHV
)UHH�&ODVVLILHU
5ROHV

8VH�&OLHQWV )UDPHZRUN

([WHQVLRQ
)UHH
&ODVVLILHU�5ROHV8VH�&OLHQWV

«interface»
Value

«interface»
Account

AccountManager

Currency

Money

/ ValueReader : Serializable

/ Client : / Convertible :

/ Client : / Monetary :
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

8VH�&OLHQWV )UDPHZRUN

8VH�&OLHQWV�ZLWK�(OOLSVH�6KRUWKDQG

8VH�&OLHQWV ([WHQVLRQ

«interface»
Value

«interface»
Account

AccountManager

Currency

Money

Monetary

Convertible

Serializable

ValueReader

Serializable

Client Convertible

Monetary

Client

ValueWriter

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

+RZ�WR�'RFXPHQW�D�)UDPHZRUN

� 6SHFLI\�WKH�XVH�FOLHQW�LQWHUIDFH
± GHWHUPLQH�DQG�SXEOLVK�RQO\�IUHH�FODVVLILHU�UROHV�WR�FOLHQWV
± GRFXPHQW�FROODERUDWLRQ�ZLWK�IUHH�FROODERUDWLRQ�VSHFLILFDWLRQV

� 6SHFLI\�LQKHULWDQFH�LQWHUIDFH
± GHWHUPLQH�H[WHQVLRQ�SRLQW�FODVV�VHW�DQG
± GRFXPHQW�LQKHULWDQFH�LQWHUIDFHV�RI�H[WHQVLRQ�SRLQW�FODVVHV

� 6SHFLI\�GHSHQGHQFLHV
± GHWHUPLQH�FODVVHV�D�IUDPHZRUN�LWVHOI�EXLOGV�RQ
± GRFXPHQW�UHODWLRQVKLS�ZLWK�EXLOW�RQ�FODVVHV�XVLQJ�FROODERUDWLRQ�VSHFLILFDWLRQV
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7KH�6WRU\�RI�D�)UDPHZRUN

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

3DUW�,,,��6XPPDU\

� 9DOXH�IUDPHZRUN
± LQWHUIDFH�DUFKLWHFWXUH
± LPSOHPHQWDWLRQ�DUFKLWHFWXUH

� )UDPHZRUN�W\SHV
± EODFN�ER[�IUDPHZRUNV
± ZKLWH�ER[�IUDPHZRUNV

� )UDPHZRUN�FOLHQWV
± LQKHULWDQFH�FOLHQWV
± XVH�FOLHQWV

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

-9DOXH��$�-DYD�9DOXH�2EMHFW�)UDPHZRUN

� 7KH�9DOXH�2EMHFW�IUDPHZRUN�H[LVWV��-9DOXH
± DYDLODEOH�XVLQJ�WKH�/*3/����
± FRQWULEXWLRQV�ZHOFRPH�

� 3OHDVH�VHH��KWWS���ZZZ�MYDOXH�RUJ
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

/LWHUDWXUH��,QWHUIDFHV�DQG�&ODVVHV

� 'LUN�5LHKOH�DQG�(ULFD�'XEDFK���:RUNLQJ�ZLWK�-DYD�,QWHUIDFHV
DQG�&ODVVHV��+RZ�WR�6HSDUDWH�,QWHUIDFHV�IURP
,PSOHPHQWDWLRQV���-DYD�5HSRUW�������-XO\�������

� 'LUN�5LHKOH�DQG�(ULFD�'XEDFK���:RUNLQJ�ZLWK�-DYD�,QWHUIDFHV
DQG�&ODVVHV��+RZ�WR�0D[LPL]H�'HVLJQ�DQG�&RGH�5HXVH�LQ�WKH
)DFH�RI�,QKHULWDQFH���-DYD�5HSRUW��������2FWREHU�������

� KWWS���ZZZ�ULHKOH�RUJ�MDYD�UHSRUW

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

/LWHUDWXUH��0HWKRG�7\SHV�DQG�3URSHUWLHV

� 'LUN�5LHKOH���0HWKRG�7\SHV�LQ�-DYD���-DYD�5HSRUW�����
�)HEUXDU\�������

� 'LUN�5LHKOH���0HWKRG�3URSHUWLHV�LQ�-DYD���-DYD�5HSRUW�����
�0D\�������

� KWWS���ZZZ�ULHKOH�RUJ�MDYD�UHSRUW
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

/LWHUDWXUH��8QLW�7HVWLQJ

� .HQW�%HFN�DQG�(ULFK�*DPPD���7HVW�,QIHFWHG��3URJUDPPHUV
/RYH�WR�:ULWH�7HVWV��
KWWS���PHPEHUV�SLQJQHW�FK�JDPPD�MXQLW�KWP

� 6RXUFH�FRGH�IRU�-8QLW�
KWWS���ZZZ�[SURJUDPPLQJ�FRP�VRIWZDUH

� KWWS���F��FRP�FJL�ZLNL"8QLW7HVWV

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

/LWHUDWXUH��9DOXH�2EMHFWV

� 'LUN�%lXPHU�HW�DO��9DOXHV�LQ�2EMHFW�6\VWHPV��8ELODE�7HFKQLFDO
5HSRUW����������6ZLW]HUODQG��8%6�$*�������
KWWS���ZZZ�ULHKOH�RUJ�SDSHUV������XELODE�WU�����������KWPO

� :DUG�&XQQLQJKDP��7KH�&+(&.6�3DWWHUQ�/DQJXDJH�RI
,QIRUPDWLRQ�,QWHJULW\��3DWWHUQ�/DQJXDJHV�RI�3URJUDP�'HVLJQ
���$GGLVRQ�:HVOH\�������

� KWWS���ZZZ�MYDOXH�RUJ



��
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

/LWHUDWXUH��'HVLJQ�3DWWHUQV����

� (ULFK�*DPPD��5DOSK�-RKQVRQ��5LFKDUG�+HOP��-RKQ�9OLVVLGHV�
'HVLJQ�3DWWHUQV��$GGLVRQ�:HVOH\�������

� )UDQN�%XVFKPDQQ�HW�DO��3DWWHUQ�2ULHQWHG�6RIWZDUH
$UFKLWHFWXUH��:LOH\�������

� 5REHUW�0DUWLQ�HW�DO��3DWWHUQ�/DQJXDJHV�RI�3URJUDP�'HVLJQ��
�3/R3'�����$GGLVRQ�:HVOH\�������

� KWWS���ZZZ�ULHKOH�RUJ�SDWWHUQV�LQGH[�KWPO

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

/LWHUDWXUH��'HVLJQ�3DWWHUQV����

� 0DQDJHU��3XEOLVKHG�LQ�3/R3'���

� 6HULDOL]HU��3XEOLVKHG�LQ�3/R3'���

� 6LQJOHWRQ��3XEOLVKHG�LQ�'HVLJQ�3DWWHUQV�

� 7\SH�2EMHFW��3XEOLVKHG�LQ�3/R3'���
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7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

/LWHUDWXUH��5ROH�0RGHOLQJ

� 7U\JYH�5HHQVNDXJ��:RUNLQJ�ZLWK�2EMHFWV��3UHQWLFH�+DOO�
�����

� (JLO�$QGHUVHQ��&RQFHSWXDO�0RGHOLQJ�RI�2EMHFWV��'LVVHUWDWLRQ�
8QLYHUVLW\�RI�2VOR�������

� 0LFKDHO�9DQ+LOVW��5ROH�2ULHQWHG�3URJUDPPLQJ�IRU�6RIWZDUH
(YROXWLRQ��3K�'��7KHVLV��8QLYHUVLW\�RI�:DVKLQJWRQ�������

7KH�6WRU\�RI�D�)UDPHZRUN��0LQQHDSROLV��0,��2236/$������
&RS\ULJKW������E\�'LUN�5LHKOH��$OO�ULJKWV�UHVHUYHG��&RQWDFW��GLUN#ULHKOH�RUJ��ZZZ�ULHKOH�RUJ� ����RI����

/LWHUDWXUH��)UDPHZRUNV

� 7HG�/HZLV�HW�DO��2EMHFW�2ULHQWHG�$SSOLFDWLRQ�)UDPHZRUNV�
3UHQWLFH�+DOO�������

� 7DOLJHQW�3UHVV��7KH�3RZHU�RI�)UDPHZRUNV��$GGLVRQ�:HVOH\�
�����

� 'LUN�5LHKOH��)UDPHZRUN�'HVLJQ��$�5ROH�0RGHOLQJ�$SSURDFK�
'LVVHUWDWLRQ��(7+�=�ULFK�������

� KWWS���ZZZ�ULHKOH�RUJ�GLVV


