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86,1*�25$&/(�2%-(&76�,1�64/-�352*5$06

(NNHKDUG�5RKZHGGHU��2UDFOH�&RUSRUDWLRQ

,1752'8&7,21

7KH�2UDFOH�L�GDWD�VHUYHU�VXSSRUWV�WKH�GHILQLWLRQ�RI�REMHFW�W\SHV�DQG�WKH�VWRUDJH�RI�REMHFW�LQVWDQFHV�LQ�WKH�GDWDEDVH��2EMHFWV
FDQ�EH�PDQLSXODWHG�XVLQJ�-DYD�SURJUDPPDWLF�LQWHUIDFHV�VXFK�DV�-'%&�DQG�64/-��7KLV�SDSHU�H[DPLQHV�DQG�LOOXVWUDWHV�REMHFW
PDQLSXODWLRQ�WKURXJK�VWDWLF�64/�VWDWHPHQWV�LQ�64/-�SURJUDPV��:H�GHVFULEH�D�JHQHUDO�PHFKDQLVP�ZLWK�ZKLFK�DQ\�NLQG�RI
64/�GDWD�PD\�EH�UHDG�DQG�ZULWWHQ�E\�-DYD�LQ�IXOO\�XVHU�FXVWRPL]DEOH�IDVKLRQ��$V�DQ�H[DPSOH��ZH�VKRZ�KRZ�XVHUV�FDQ�SURYLGH
WKHLU�RZQ�FXVWRPL]HG�PDSSLQJ�IURP�5$:�FROXPQV�LQ�64/�WR�VHULDOL]HG�-DYD�REMHFWV��7KH�VDPH�PHFKDQLVP�LV�WKHQ�HPSOR\HG
WR�FUHDWH�PDSSLQJV�IURP�64/�REMHFW�W\SHV�WR�-DYD�FODVVHV��:H�VKRZ�KRZ�WKH�-3XEOLVKHU�WRRO��IRUPHUO\�2EMHFW�7\SH
7UDQVODWRU��DVVLVWV�LQ�WKH�JHQHUDWLRQ�RI�FXVWRPL]HG�-DYD�FODVV�GHILQLWLRQV�IRU�WKHVH�W\SHV��6HYHUDO�H[DPSOHV�LOOXVWUDWH�WKHVH
FRQFHSWV�IURP�WKH�FUHDWLRQ�RI�WKH�REMHFW�W\SHV�LQ�WKH�GDWDEDVH��WR�WKH�H[DPLQDWLRQ�RI�WKH�JHQHUDWHG�-DYD�ZUDSSHUV��DQG�WR
XVLQJ�WKHVH�FODVVHV�LQ�64/-�SURJUDPV�IRU�TXHU\LQJ�DQG�XSGDWLQJ�REMHFWV�LQ�WKH�GDWDEDVH��:H�DOVR�FRPSDUH�WKH�64/-�DQG
-'%&�DSSURDFKHV��7KH�XQGHUO\LQJ�UHSUHVHQWDWLRQ�RI�REMHFWV�LV�VKDUHG�EHWZHHQ�ERWK�$3,V��ZKLFK�PDNHV�DOO�-DYD�FODVV
GHFODUDWLRQV�IRU�REMHFW�W\SHV�IXOO\�LQWHUFKDQJHDEOH��2Q�WKH�RWKHU�KDQG��64/-�XVHUV�EHQHILW�IURP�FRQFLVH�FRGH��REMHFW�W\SHV�GR
QRW�QHHG�DQ\�VSHFLDO�V\QWDFWLF�WUHDWPHQW��DV�ZHOO�DV�IURP�WUDQVODWH�WLPH�FKHFNLQJ�RI�64/�V\QWD[��VHPDQWLFV��DQG�W\SH
FRPSDWLELOLW\�

$IWHU�JLYLQJ�D�EULHI�LQWURGXFWLRQ�WR�64/-��ZH�GLVFXVV�LQ�VHFWLRQ���WKH�EDVLF�UHSUHVHQWDWLRQ�RI�64/�GDWD��$�JHQHUDO
FXVWRPL]DWLRQ�PHFKDQLVP�IRU�PDSSLQJ�64/�GDWD�WR�-DYD�LV�GHVFULEHG�LQ�VHFWLRQ����DQG�ZH�SURYLGH�DQ�LQ�GHSWK�H[DPSOH
PDSSLQJ�5$:�GDWD�WR�-DYD�VHULDOL]DEOH�REMHFWV��,Q�VHFWLRQ���ZH�IRFXV�RQ�WKH�UHSUHVHQWDWLRQ�RI�64/�REMHFW�W\SHV��5()V��DQG
FROOHFWLRQ�W\SHV�LQ�-DYD��7KH�-3XEOLVKHU�WRRO�LV�DOVR�GLVFXVVHG��DV�ZHOO�DV�WKH�-DYD�FRGH�JHQHUDWHG�E\�LW��6HYHUDO�H[DPSOHV�VKRZ
64/�FRGH�IRU�REMHFW�FUHDWLRQ��DQG�WKH�64/-�FRGH�IRU�FRUUHVSRQGLQJ�REMHFW�PDQLSXODWLRQ��7KH�ILQDO�VHFWLRQ�FRQFOXGHV�ZLWK�DQ
DVVHVVPHQW�RI�RXU�DSSURDFK�DQG�D�FRPSDULVRQ�EHWZHHQ�XVLQJ�WKH�-'%&�DQG�64/-�$3,V�IRU�H[SORLWLQJ�64/�REMHFWV�

���� 64/-�29(59,(:

7KLV�VHFWLRQ�VXPPDUL]HV�WKH�64/-�VWDQGDUGL]DWLRQ�HIIRUW��DV�ZHOO�DV�WKH�EDVLF�IHDWXUHV�RI�WKH�64/-�WUDQVODWRU�SURJUDP��VHH�DOVR
>�@��:H�H[DPLQH�WKH�EHQHILWV�RI�XVLQJ�64/-��DQG�VXUYH\�WKH�EDVLF�PHFKDQLVP�WKDW�SHUPLWV�WKH�64/-�WUDQVODWRU�WR�VXSSRUW
2UDFOH��VSHFLILF�W\SHV�

����67$1'$5',=$7,21

64/-�LV�D�VWDQGDUGL]DWLRQ�HIIRUW�WKDW�GHILQHV�WKH�LQWHURSHUDELOLW\�EHWZHHQ�-DYD�DQG�64/��,W�LV�GULYHQ�E\�VHYHUDO�YHQGRUV�
LQFOXGLQJ�2UDFOH��&RPSDT�7DQGHP��,%0��6\EDVH��0LFURVRIW��,QIRUPL[��DQG�6XQ�0LFURV\VWHPV��64/-�3DUW���VSHFLILHV�WKH
HPEHGGLQJ�RI�VWDWLF�64/�VWDWHPHQWV�LQ�WKH�-DYD�ODQJXDJH�DQG�KDV�EHHQ�VXEPLWWHG�WR�$16,�DV�GUDIW�;�+����������:H�UHIHU�WR
WKLV�GRFXPHQW�ZKHQ�ZH�WDON�DERXW�WKH�VWDQGDUG�IRU�(PEHGGHG�64/�LQ�-DYD�

����64/-�75$16/$725

$�UHIHUHQFH�LPSOHPHQWDWLRQ�RI�WKH�64/-�WUDQVODWRU��ZULWWHQ�LQ�SXUH�-DYD��KDV�EHHQ�FUHDWHG�E\�2UDFOH�DQG�LWV�SDUWQHUV�DQG�LV
SXEOLFO\�DYDLODEOH��7KH�WUDQVODWRU�FRQYHUWV�64/-�SURJUDPV�ZLWK�HPEHGGHG�64/�VWDWHPHQWV�LQWR�-DYD�SURJUDPV�ZLWK�FDOOV�WR
WKH�64/-�UXQWLPH��7KLV�LV�VLPLODU�WR�WKH�3UR
&�SUHFRPSLOHU�WUDQVODWLQJ�64/�VWDWHPHQWV�HPEHGGHG�LQ�&��7KH�64/-�WUDQVODWRU
HPSOR\V�DQ�RSHQ�DUFKLWHFWXUH��SHUPLWWLQJ�LW�WR�EH�LQWHJUDWHG�LQWR�GLIIHUHQW�GHYHORSPHQW�HQYLURQPHQWV��VXFK�DV�JUDSKLFDO�,'(V
DV�ZHOO�DV�WKH�2UDFOH�L�VHUYHU�VLGH�-DYD90��$GGLWLRQDOO\��64/-�FDQ�VXSSRUW�64/�FKHFNLQJ�DQG�64/�UXQWLPH�FXVWRPL]DWLRQV�IRU
DUELWUDU\�GDWDEDVHV�WKURXJK�-DYD�SOXJ�LQV�

'HYHORSLQJ�DQ�64/-�DSSOLFDWLRQ�LV�D�VWUDLJKWIRUZDUG�SURFHVV�WKDW�FRQVLVWV�RI�IRXU�VWHSV�DIWHU�WKH�FRGH�LV�ZULWWHQ�

��� 7UDQVODWLRQ�RI�64/-�VRXUFH�ILOHV�ZLWK�WKH�64/-�WUDQVODWRU��7KLV�JHQHUDWHV�QHZ�-DYD�VRXUFH�ILOHV�ZLWK�FDOOV�WR�WKH�64/-
UXQWLPH��DV�ZHOO�DV�DGGLWLRQDO�64/-�SURILOH�ILOHV�FRQWDLQLQJ�DOO�WKH�LQIRUPDWLRQ�DERXW�WKH�VWDWLF�64/�VWDWHPHQWV�WKDW�ZHUH
IRXQG�LQ�WKH�64/-�VRXUFH�

��� &RPSLODWLRQ�RI�-DYD�VRXUFHV�ZLWK�D�-DYD�FRPSLOHU�
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��� &XVWRPL]DWLRQ�RI�WKH�JHQHUDWHG�64/�SURILOHV�IRU�LPSURYHG�UXQWLPH�SHUIRUPDQFH�DQG�YHQGRU�VSHFLILF�IHDWXUHV�
��� 5XQQLQJ�WKH�DSSOLFDWLRQ��XVLQJ�WKH�64/-�UXQWLPH�OLEUDU\�
8VXDOO\��VWHSV���WR���DUH�DXWRPDWLFDOO\�SHUIRUPHG�E\�WKH�64/-�WUDQVODWRU�E\�WUDQVSDUHQWO\�LQYRNLQJ�D�-DYD�FRPSLOHU�LQ�D
VXESURFHVV��$W�WUDQVODWLRQ�WLPH��WKH�VWDWLF�64/�VWDWHPHQWV�LQ�WKH�SURJUDP�FDQ�EH�FKHFNHG�DJDLQVW�D�JLYHQ�GDWDEDVH�VFKHPD�
7KH�64/-�UXQWLPH�FDQ�HLWKHU�XVH�DQ�DUELWUDU\�-'%&�GULYHU��RU�LW�FDQ�EH�LPSOHPHQWHG�VHSDUDWHO\�ZLWKRXW�DQ\�UHODWLRQVKLS�WR
-'%&��7KH�2UDFOH�64/-�UXQWLPH�XVHV�WKH�2UDFOH�-'%&�GULYHU�

64/-�FRGH 64/-
7UDQVODWLRQ

-DYD
VRXUFH
ILOH

-DYD
�&RPSLOHU

-DYD
�FODVV
ILOH

2UDFOH

&XVWRPL]H 5XQ

2UDFOH

)LJXUH�������64/-�GHYHORSPHQW�SURFHVV

����$'9$17$*(6�2)�64/-
$VVXPH�\RX�ZDQWHG�WR�FUHDWH�-DYD�DSSOLFDWLRQV�WKDW�UHTXLUH�GDWDEDVH�DFFHVV��6KRXOG�\RX�FRQVLGHU�64/-�UDWKHU�WKDQ�WKH�-'%&
$3,�IRU�GDWDEDVH�FRQQHFWLYLW\"�7KH�IROORZLQJ�DUH�EHQHILWV�SURYLGHG�E\�64/-�

��� D�PXFK�PRUH�FRQFLVH�V\QWD[�IRU�GDWDEDVH�DFFHVV�
��� VWURQJ�W\SLQJ��H�J��RI�TXHULHV�WKURXJK�LWHUDWRU�W\SHV��DQG�RI�FRQQHFWLRQV�WKURXJK�FRQQHFWLRQ�FRQWH[W�W\SHV�
��� FKHFNLQJ�RI��V\QWD[�DQG�VHPDQWLFV�RI�DOO�64/�VWDWHPHQWV�
��� IXOO�ELQDU\�SRUWDELOLW\�RI�64/-�SURJUDPV�WKURXJK�PXOWL�YHQGRU�$16,�VWDQGDUGL]DWLRQ��LQFOXGLQJ�WKH�64/-�UXQWLPH�

DGGLWLRQDO�XQLIRUPLW\�LV�SURYLGHG�WKURXJK�WKH�WUDQVODWRU�UHIHUHQFH�LPSOHPHQWDWLRQ�
��� SOXJ�LQ�DUFKLWHFWXUH�IDFLOLWDWHV�WRRO�VXSSRUW�IRU�64/-��)RU�H[DPSOH��ERWK��2UDFOH�-'HYHORSHU�DQG�WKH�2UDFOH�L�-DYD90

LQWHJUDWH�WKH�64/-�WUDQVODWRU�
��� FXVWRPL]DWLRQ�RI�WKH�UXQWLPH�SURILOH��ZKLFK�GHVFULEHV�WKH�VWDWLF�64/�VWDWHPHQWV��HQFRPSDVVHV�

• SHUIRUPDQFH�HQKDQFHPHQWV��H�J��WKURXJK�FDFKLQJ�RU�SUH�FRPSLODWLRQ�

• DGGHG�IXQFWLRQDOLW\��VXFK�DV�WKH�VXSSRUW�RI�YHQGRU�VSHFLILF�W\SHV�

• PLJUDWLRQ�VXSSRUW��DQG

• GHEXJJLQJ�RU�ORJJLQJ�IXQFWLRQV�
��� PXOWL�YHQGRU�VWDQGDUG�IRU�HPEHGGHG�VWDWLF�64/�LQ�-DYD�
(YHQ�IRU�DSSOLFDWLRQV�WKDW�FRQWDLQ�VRPH�G\QDPLF�64/�PL[HG�LQ�ZLWK�VWDWLF�64/�VWDWHPHQWV�XVLQJ�64/-�PD\�EH�DGYDQWDJHRXV�
VLQFH�LW�LV�SRVVLEOH�WR�PL[�DQG�PDWFK�64/-�DQG�-'%&�LQ�WKH�VDPH�DSSOLFDWLRQ��6SHFLILFDOO\��FRQQHFWLRQV�DV�ZHOO�DV�UHVXOW�VHWV
FDQ�EH�VKDUHG�EHWZHHQ�ERWK�$3,V��64/-�DQG�-'%&�FRQVWLWXWH�FRPSOHPHQWDU\�WHFKQRORJLHV�DQG�VWUHQJWKV��:KLOH�64/-�SURYLGHV
PRUH�FRQFLVH�V\QWD[�IRU�VWDWLF�64/��LW�UHOLHV�RQ�WKH�HVWDEOLVKHG�-'%&�LQWHUIDFH�IRU�HPEHGGLQJ�G\QDPLF�64/�LQ�-DYD�

,W�VKRXOG�DOVR�EH�QRWHG��WKDW�WKH�64/-�UXQWLPH�LV�LPPHGLDWHO\�DYDLODEOH�RQ�WRS�RI�DQ\�-'%&�GULYHU��7KLV�PHDQV�WKDW�64/-
DSSOLFDWLRQV�FDQ�EH�GHSOR\HG�ZKHUHYHU�-'%&�LV�GHSOR\HG��VXFK�DV�RQ�D�WKLQ�FOLHQW��D�IDW�FOLHQW��RU�LQ�WKH�VHUYHU�

�����64/-�6833257�)25�25$&/(�7<3(6
64/-�FDQ�VXSSRUW�2UDFOH��W\SHV�WKURXJK�DQ�2UDFOH�VSHFLILF�FXVWRPL]DWLRQ�RI�WKH�64/-�UXQWLPH�SURILOH��7KLV�FXVWRPL]DWLRQ
ZLOO�EH�DXWRPDWLFDOO\�SHUIRUPHG�ZKHQ�\RX�XVH�WKH�64/-�WUDQVODWRU�WKDW�LV�SURYLGHG�ZLWK�WKH�2UDFOH�L�GDWDEDVH��,Q�WKLV�SURFHVV�
UXQWLPH�FDOOV�WR�VWDQGDUG�-'%&�HQWU\�SRLQWV��VXFK�DV�getObject()�DQG�setObject()�DUH�UHSODFHG�ZLWK�FDOOV�WR�2UDFOH·V
-'%&�$3,�
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:H�GR�H[SHFW�WKH�64/-�VSHFLILFDWLRQ�WR�HYROYH�LQ�WKH�IXWXUH�WR�HQFRPSDVV�VWUXFWXUHG�64/��W\SHV��VXFK�DV�WKRVH�WKDW�ZHUH
LQWURGXFHG�LQ�-'%&������DQG�DUH�VXSSRUWHG�SUHOLPLQDULO\�LQ�WKH�2UDFOH�L�-'%&�GULYHUV���&XUUHQWO\��VXSSRUW�IRU�2EMHFW�7\SHV
FDQ�RQO\�EH�SURYLGHG�DV�D�YHQGRU�VSHFLILF�H[WHQVLRQ�

7KH�2EMHFW�7\SH�VXSSRUW�WKDW�LV�RXWOLQHG�KHUH�LV�EDVHG�RQ�WKH�HIILFLHQW��GLUHFW�UHSUHVHQWDWLRQ�RI�WKH�64/�GDWD��7KH�QH[W
VHFWLRQ�SURYLGHV�D�GHVFULSWLRQ�RI�WKLV�UHSUHVHQWDWLRQ�

���64/�'$7$�7<3(6�$1'�-$9$�2%-(&76

2UDFOH·V�����-'%&�GULYHU�>�@�LQWURGXFHV�D�QHZ�SDFNDJH�oracle.sql�WKDW�FRQWDLQV�-DYD�FODVVHV�FRUUHVSRQGLQJ�WR�DOO�H[LVWLQJ
64/�W\SHV��,Q�DGGLWLRQ�WR�SURYLGLQJ�HIILFLHQW�ORZ�OHYHO�UHSUHVHQWDWLRQ�DQG�PDQLSXODWLRQ�RI�64/�GDWD��DOO�RI�WKHVH�W\SHV�DOVR
SHUPLW�IXOO�FXVWRPL]DWLRQ�IRU�XVHU�SURYLGHG�-DYD�FODVVHV��7KLV�FXVWRPL]DWLRQ�PHFKDQLVP�LV�GHVFULEHG�LQ�VHFWLRQ����DQG�LW�DOVR
IRUPV�WKH�EDVLV�IRU�UHDGLQJ�DQG�ZULWLQJ�64/�2EMHFW�7\SHV�DV�LQVWDQFHV�RI�-DYD�FODVVHV�

����64/�7<3(6�$1'�25$&/(�64/�&/$66(6
7KH�WDEOH�EHORZ�RXWOLQHV�WKH�FRUUHVSRQGHQFH�EHWZHHQ�64/�W\SHV�DQG�oracle.sql�FODVVHV��$OO�-DYD�UHSUHVHQWDWLRQV�RI�64/
GDWD�LQ�WKH�VHFRQG�FROXPQ�VXEFODVV�WKH�-DYD�W\SH�oracle.sql.Datum��$OO�RI�WKHVH�FODVVHV�DOVR�KROG�D�ELQDU\�UHSUHVHQWDWLRQ
RI�WKH�64/�GDWD�LQ�WKH�IRUP�RI�D�byte�DUUD\��,W�LV�UHWXUQHG�E\�WKH�getBytes()�PHWKRG�

64/�7\SH -DYD�UHSUHVHQWDWLRQ -'%&�7\SHFRGH� $VVRFLDWHG�ZLWK�64/�7\SH�1DPH

$OO�1XPHULF�7\SHV oracle.sql.NUMBER OracleTypes.NUMBER QR
CHAR, VARCHAR,
VARCHAR2

oracle.sql.CHAR OracleTypes.CHAR QR

DATE oracle.sql.DATE OracleTypes.DATE QR
RAW oracle.sql.RAW OracleTypes.RAW QR
ROWID oracle.sql.ROWID OracleTypes.ROWID QR
CLOB oracle.sql.CLOB OracleTypes.CLOB QR
BLOB oracle.sql.BLOB OracleTypes.BLOB QR
BFILE oracle.sql.BFILE OracleTypes.BFILE QR

2EMHFW�7\SH oracle.sql.STRUCT OracleTypes.STRUCT \HV

REF�7\SH oracle.sql.REF OracleTypes.REF UHIHUHQFHV�DQ�2EMHFW�7\SH

9DUUD\�RU�1HVWHG�7DEOH oracle.sql.ARRAY OracleTypes.ARRAY \HV
7DEOH�������5HSUHVHQWDWLRQ�RI�64/�'DWD�LQ�-DYD

7KH�&/2%��%/2%��DQG�%),/(�FODVVHV�HQFDSVXODWH�ORFDWRU�W\SHV��DQG�SURYLGH�D�VWUHDP�$3,�IRU�DFFHVVLQJ�DQG�PDQLSXODWLQJ
WKH�DFWXDO�GDWD��7KH�6758&7��$55$<��DQG�5()�FODVVHV�FRUUHVSRQG�WR�QDPHG�W\SHV��YDUUD\V�QHVWHG�WDEOHV��RU�UHIHUHQFHV�WR
QDPHG�W\SHV��UHVSHFWLYHO\���ZH�ZLOO�H[SODLQ�WKHVH�64/�W\SHV�IXUWKHU�LQ�VHFWLRQ����7KH�FODVVHV�180%(5��&+$5��'$7(�
5$:��DQG�52:,'�SURYLGH�VHYHUDO�FRQYHUVLRQV�IURP�WKH�64/�GDWD�WR�QDWLYH�-DYD�W\SHV�

7KH�2UDFOH�-'%&�GULYHU�SURYLGHV�DGGLWLRQDO�PHWKRGV��VXFK�DV�getNUMBER()�DQG�setNUMBER()��HWF��IRU�UHDGLQJ�DQG
ZULWLQJ�WKHVH�oracle.sql�W\SHV�RQ�2UDFOH�UHVXOW�VHWV�DQG�VWDWHPHQWV�

����64/-�6833257�)25�25$&/(�64/�&/$66(6
64/-�DOVR�VXSSRUWV�DOO�RI�WKH�W\SHV�LQ�oracle.sql�GLUHFWO\��8VHUV�PD\�GHFODUH�KRVW�YDULDEOHV�RI�WKHVH�W\SHV�DQG�XVH�WKHP�WR
PDWHULDOL]H�UHVXOW�VHW�FROXPQV��WR�SDVV�YDOXHV�LQ�'0/�VWDWHPHQWV��RU�LQ�VWRUHG�IXQFWLRQV��SURFHGXUHV��DQG�3/�64/�EORFNV��

�����������������������������������������������������
�Oracle SQLJ currently does not support the JDBC 2.0 types. With full Oracle JDBC 2.0/JDK 1.2 driver availability, we expect that
SQLJ support will be extended to all JDBC 2.0 SQL types, with the interface java.sql.SQLData playing a similar role as
oracle.sql.CustomDatum described in section 3.
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oracle.sql.NUMBER number;
oracle.sql.NUMBER no = new oracle.sql.NUMBER(7902);
#sql { SELECT COMM INTO :number FROM EMP WHERE EMPNO = :no };
if (number == null) {
   System.out.println(“Commission is NULL”);
} else {
   System.out.println(“Commission is:” + number.doubleValue());
}

)LJXUH�������8VLQJ�RUDFOH�VTO�180%(5�LQ�64/-

����&86720,=,1*�64/�'$7$�7<3(6
2UDFOH·V�64/-�WUDQVODWRU��DV�ZHOO�DV�WKH�2UDFOH�����-'%&�GULYHU��VXSSRUW�D�PHFKDQLVP�WKDW�SHUPLWV�XVHUV�WR�IXOO\�FXVWRPL]H
WKH�ZD\�LQ�ZKLFK�DQ�oracle.sql�GDWXP�LV�UHDG�IURP�RU�ZULWWHQ�WR�WKH�GDWDEDVH���IRU�PRUH�GHWDLOV��VHH�DOVR�>�@��,Q�HIIHFW�
XVHUV�FDQ�SURYLGH�WKHLU�RZQ�FXVWRPL]HG�ZUDSSHUV�IRU�UHDGLQJ�DQG�ZULWLQJ�64/�GDWD��7KHVH�ZUDSSHUV�LPSOHPHQW�WKH
CustomDatum�LQWHUIDFHV�GHVFULEHG�EHORZ�

����&86720'$780�,17(5)$&(6

$OO�GDWD�WKDW�LV�SDVVHG�WR�RU�IURP�WKH�GDWDEDVH�LV�LQ�IRUP�RI�DQ�oracle.sql.Datum��$�XVHU�ZLOO�EH�SURYLGLQJ�KHU�RZQ
FXVWRPL]HG�-DYD�GDWD�WKURXJK�LPSOHPHQWLQJ�WKH��CustomDatum�LQWHUIDFH��,Q�RUGHU�WR�VHQG�D�CustomDatum�WR�WKH�GDWDEDVH�
LW�PXVW�EH�FRQYHUWLEOH�WR�DQ�oracle.sql.Datum�YLD�D�SXEOLF�toDatum()�PHWKRG�

interface oracle.sql.CustomDatum
{
   oracle.sql.Datum toDatum();
}

)LJXUH�������RUDFOH�VTO�&XVWRP'DWXP�LQWHUIDFH

$GGLWLRQDOO\��JLYHQ�DQ�DSSURSULDWH�oracle.sql.Datum��ZH�QHHG�WR�EH�DEOH�WR�FRQVWUXFW�DQ�LQVWDQFH�RI�WKH�XVHU·V
CustomDatum��7KLV�SURSHUW\�LV�FDSWXUHG�LQ�WKH�create�PHWKRG�RI�WKH�oracle.sql.CustomDatumFactory�LQWHUIDFH��

interface oracle.sql.CustomDatumFactory
{
   oracle.sql.CustomDatum create(oracle.sql.Datum d);
}

)LJXUH�������RUDFOH�VTO�&XVWRP'DWXP)DFWRU\�LQWHUIDFH

:H�VWLOO�KDYH�WR�FRQQHFW�ERWK�RI�WKHVH�LQWHUIDFHV��:H�GR�VR�E\�UHTXLULQJ�WKDW�WKH�XVHU·V�LPSOHPHQWDWLRQ�RI�WKH�CustomDatum
LQWHUIDFH�DOVR�SURYLGH�D�FRUUHVSRQGLQJ�CustomDatumFactory�ZKLFK�PD\�EH�REWDLQHG�E\�WKH�VWDWLF�PHWKRG��

public static oracle.sql.CustomDatumFactory getFactory();

0RVW�OLNHO\��ZUDSSHUV�LPSOHPHQWLQJ�WKLV�LQWHUIDFH�ZLOO�EH�XVHG�LQ�FRQMXQFWLRQ�ZLWK�DQ�oracle.sql.STRUCT��LQ�WKH�FDVH�RI
2EMHFW�7\SHV����DQ�oracle.sql.REF��DQ�64/�UHIHUHQFH�WR�DQ�2EMHFW�7\SH���RU�DQ�oracle.sql.ARRAY��IRU�64/�YDUUD\V
DQG�QHVWHG�WDEOHV����WKLV�LV�GHWDLOHG�LQ�VHFWLRQ���

+RZHYHU��LW�FDQ�RFFDVLRQDOO\�EH�XVHIXO�WR�SURYLGH�FXVWRPL]HG�ZUDSSHUV�IRU�RQH�RU�PRUH�RI�WKH�RWKHU�W\SHV�DV�ZHOO��6XFK
ZUDSSHUV�PLJKW�EH�XVHG��IRU�H[DPSOH

• WR�SHUIRUP�HQFU\SWLRQ�DQG�GHFU\SWLRQ�RI�GDWD�
����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
2 OracleTypes refers to oracle.jdbc.driver.OracleTypes. The first four typecodes in the table are identical to corresponding
values in java.sql.Types. They are, respectively, Types.NUMERIC, Types.CHAR, Types.DATE, and Types.BINARY.
3 There is one caveat: types associated with SQL names, such as STRUCT, REF, and ARRAY, represent weak types, and may not be
used as OUT or INOUT host variables in stored procedures, functions, or PL/SQL blocks.
4For pedagogical purposes we omit two minor details in these interfaces. Read on to discover them.
5Since interfaces cannot declare static methods, we could not list this requirement in the CustomDatum interface.
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• WR�SHUIRUP�YDOLGDWLRQ�RI�GDWD�

• WR�SHUIRUP�ORJJLQJ�RI�YDOXHV�WKDW�KDYH�EHHQ�UHDG�RU�DUH�EHLQJ�ZULWWHQ�

• WR�SDUVH�FKDUDFWHU�FROXPQV��H�J��FKDUDFWHU�ILHOGV�FRQWDLQLQJ�85/�LQIRUPDWLRQ��LQWR�VPDOOHU�FRPSRQHQWV��RU�WR�PDS
FKDUDFWHU�VWULQJV�LQWR�QXPHULF�FRQVWDQWV�

• WR�SHUIRUP�PDSSLQJ�RI�GDWD��H�J��D�'$7(�ILHOG��LQWR�PRUH�GHVLUDEOH�-DYD�IRUPDWV��H�J��java.util.Date��

• WR�VHULDOL]H�DQG�GHVHULDOL]H�-DYD�REMHFWV�LQWR�DQG�RXW�RI�5$:�ILHOGV��HWF�
:H�ZLOO�H[SDQG�RQ�WKH�ODVW�EXOOHW�DQG�VKRZ�KRZ�XVHUV�FDQ�GHILQH�D�FXVWRPL]DWLRQ�IRU�5$:�FROXPQV�WKDW�SURYLGHV�DXWRPDWLF
VHULDOL]DWLRQ�DQG�GHVHULDOL]DWLRQ�RI�-DYD�REMHFWV�

����(;$03/(��6(5,$/,=$7,21�2)�-$9$�2%-(&76

7KH�XVHU·V�FODVV�LV�FDOOHG�SerializableDatum�DQG�GHILQHG�LQ�WKH�ILOH�SerializableDatum.java��7KH�SURJUDP�XVHV
FODVVHV�IURP�java.io��java.sql��oracle.sql��DQG�oracle.jdbc.driver��KRZHYHU�ZH�GR�QRW�H[SOLFLWO\�VKRZ�WKH
LPSRUW�VWDWHPHQWV�KHUH��7KH�VNHOHWRQ�RI�WKLV�SURJUDP�IROORZV�WKH�CustomDatum�LQWHUIDFH�RXWOLQHG�DERYH�

public class SerializableDatum implements CustomDatum
{
  &OLHQWBPHWKRGVBIRUBFRQVWUXFWLQJBDQGBDFFHVVLQJBWKHB-DYDB2EMHFW

  public Datum toDatum(OracleConnection c) throws SQLException
  {
    ,PSOHPHQWDWLRQBRIBtoDatum
  }

  public static CustomDatumFactory getFactory()
  {
    return FACTORY;
  }
  private static final CustomDatumFactory FACTORY =
    ,PSOHPHQWDWLRQBRIBDBCustomDatumFactoryBIRUBSerializableDatum ;

  &RQVWUXFWLQJBSerializableDatumBIURPBoracle.sql.RAW

  public static final int _SQL_TYPECODE = OracleTypes.RAW;
}

)LJXUH�������6NHOHWRQ�RI�6HULDOL]DEOH'DWXP�FODVV

+HUH�WKH�getFactory�PHWKRG�VLPSO\�UHWXUQV�D�VWDWLF�PHPEHU�WKDW�LPSOHPHQWV�WKH�CustomDatumFactory�LQWHUIDFH��:H
DOVR�QRWLFH�WKDW�WKH�toDatum�PHWKRG�RQ�WKH�CustomDatum�LQWHUIDFH�DFWXDOO\�WDNHV�DQ�2UDFOH�-'%&�FRQQHFWLRQ�DV�DQ
DUJXPHQW��WKLV�LV�QHFHVVDU\�WR�HQVXUH�SURSHU�W\SH�FKHFNLQJ�DQG�FRQYHUVLRQ�IRU�QDPHG�W\SHV�DW�UXQWLPH����ZH�JORVVHG�RYHU�WKLV
GHWDLO�LQ�)LJXUH�����

7KH�GHFODUDWLRQ�DERYH�FRQWDLQV�DQ�DGGLWLRQDO�ILHOG�_SQL_TYPECODE��GHVLJQDWLQJ�WKH�DFWXDO�oracle.sql�W\SH�WKDW�ZH�H[SHFW
WR�UHDG�DQG�ZULWH��7KH�64/-�WUDQVODWRU�H[SHFWV�WKH�W\SHFRGH�WR�EH�SUHVHQW�DQG�HPSOR\V�LW�WR�GHWHUPLQH�FRPSDWLELOLW\�EHWZHHQ
WKH�XVHU�VSHFLILHG�-DYD�W\SH�DQG�WKH�64/�W\SH�LQ�WKH�GDWDEDVH��7KHVH�FRGHV��DV�ZHOO�DV�DGGLWLRQDO�LQIRUPDWLRQ�UHTXLUHG�LQ
FHUWDLQ�FDVHV��DUH�DOVR�XVHG�E\�WKH�-'%&�UXQWLPH�

1H[W�ZH�SURYLGH�WKH�GHILQLWLRQV�RI�WKH�FOLHQW�PHWKRGV�IRU�FUHDWLQJ�D�SerializableDatum��SRSXODWLQJ�LW�ZLWK�D�-DYD�REMHFW�
DQG�UHWULHYLQJ�D�-DYD�REMHFW�

&OLHQWBPHWKRGVBIRUBFRQVWUXFWLQJBDQGBDFFHVVLQJBWKHB-DYDB2EMHFW��� 

private Object m_data;
public SerializableDatum()      { m_data = null; }
public void setData(Object data){ m_data = data; }
public Object getData()         { return m_data; }
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)LJXUH�������&OLHQW�PHWKRGV�RI�6HULDOL]DEOH'DWXP

7KH�LPSOHPHQWDWLRQ�RI�toDatum�PXVW�UHWXUQ�D�VHULDOL]HG�UHSUHVHQWDWLRQ�RI�WKH�REMHFW�LQ�WKH�m_data�ILHOG�DV�DQ
oracle.sql.RAW�LQVWDQFH��<RX�ZLOO�VHH�WKH�ZHOO�NQRZQ�VWHSV�UHTXLUHG�IRU�VHULDOL]DWLRQ�RI�D�-DYD�REMHFW��$�RAW�FDQ
LPPHGLDWHO\�EH�FRQVWUXFWHG�IURP�D�byte�DUUD\�

,PSOHPHQWDWLRQBRIBtoDatum��� 

try {
  ByteArrayOutputStream os = new ByteArrayOutputStream();
  ObjectOutputStream oos = new ObjectOutputStream(os);
  oos.writeObject(m_data);  oos.close();
  return new RAW(os.toByteArray());
} catch (Exception e){
  throw new SQLException("SerializableDatum.toDatum: "+e.toString());
}

)LJXUH�������6HULDOL]LQJ�D�-DYD�REMHFW�WR�DQ�RUDFOH�VTO�5$:

,Q�WKH�RSSRVLWH�GLUHFWLRQ��ZH�PXVW�SURJUDP�WKH�FRQYHUVLRQ�RI�DQ�oracle.sql.RAW�LQVWDQFH�WR�D�-DYD�REMHFW��1RZ�ZH�KDYH
WR�SHUIRUP�GHVHULDOL]DWLRQ�VWHSV��5DWKHU�WKDQ�MXVW�UHWXUQ�DQ�Object��ZH�FRQVWUXFW�D�QHZ�LQVWDQFH�RI�SerializableDatum
ZLWK�WKH�data�ILHOG�LQVWDQWLDWHG�

&RQVWUXFWLQJBSerializableDatumBIURPBoracle.sql.RAW��� 

private SerializableDatum(RAW raw) throws SQLException {
  try {
      InputStream rawStream = new ByteArrayInputStream(raw.getBytes());
      ObjectInputStream is = new ObjectInputStream(rawStream);
      data = is.readObject();
      is.close();
  } catch (Exception e) {
    throw new SQLException("SerializableDatum.create: "+e.toString());
} }

)LJXUH�������&RQVWUXFWLQJ�DQ�LQVWDQFH�RI�6HULDOL]DEOH'DWXP�IURP�RUDFOH�VTO�5$:

)LQDOO\��ZH�DGG�WKH�ODVW�SX]]OH�SLHFH�WR�WKH�SURJUDP�E\�SURYLGLQJ�DQ�LPSOHPHQWDWLRQ�LQVWDQFH�RI�WKH�CustomDatumFactory
LQWHUIDFH��:H�FUHDWH�WKH�LPSOHPHQWDWLRQ�LQ�IRUP�RI�DQ�DQRQ\PRXV�FODVV�

,PSOHPHQWDWLRQBRIBDBCustomDatumFactoryBIRUBSerializableDatum��� 

new CustomDatumFactory() {
    public CustomDatum create(Datum d, int sqlCode)
    throws SQLException
    {
      if (sqlCode != _SQL_TYPECODE)
      {
        throw new SQLException("SerializableDatum: invalid SQL type "+sqlCode);
      }
      return (d == null) ? null : new SerializableDatum((RAW)d);
 }  }

)LJXUH�������,PSOHPHQWDWLRQ�RI�&XVWRP'DWXP)DFWRU\

1RWH�WKDW�ZH�SUHYLRXVO\�RPLWWHG�WKH�IDFW�WKDW�CustomDatumFactory.create�WDNHV�D�VHFRQG�DUJXPHQW�RI�W\SH�int�ZLWK
WKH�-'%&�W\SHFRGH�RI�WKH�oracle.sql.Datum��:H�DOVR�VHH�LQ�WKLV�H[DPSOH�KRZ�WKLV�FRGH�LV�XVHG�IRU�W\SH�FKHFNLQJ�

:H�FRQFOXGH�WKH�H[DPSOH�E\�GHPRQVWUDWLQJ�KRZ�WKH�XVHU�GHILQHG�W\SH�FDQ�EH�LPPHGLDWHO\�XVHG�LQ�DQ�64/-�SURJUDP��7KH
GLVSOD\�EHORZ�VKRZV�WKH�FUHDWLRQ�RI�D�WDEOH�ZLWK�D�RAW�FROXPQ��7KH�FRUUHVSRQGLQJ�64/-�FRGH�IUDJPHQW�LQVHUWV�D�-DYD�REMHFW
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�LQ�WKH�SDUWLFXODU�H[DPSOH��DQ�DUUD\�RI�Object��LQWR�WKLV�WDEOH�

CREATE TABLE PERSDATA (NAME VARCHAR2(20) NOT NULL, INFO RAW(2000));

SerializableDatum pinfo = new SerializableDatum();
pinfo.setData(new Object[] { “Some objects”, new Integer(51), new Double(1234.27) });
String pname = “MILLER”;
#sql { INSERT INTO PERSDATA VALUES( :pname, :pinfo) };

)LJXUH�������,QVHUWLQJ�D�6HULDOL]DEOH'DWXP�LQWR�D�WDEOH

:H�FDQ�DOVR�FUHDWH�DQ�LWHUDWRU�IRU�WUDYHUVLQJ�3(56'$7$�WKDW�UHWXUQV�D�SerializableDatum�FROXPQ��,WHUDWRU�GHILQLWLRQ
DQG�WUDYHUVDO�FRQVLVWV�RI�WKH�IROORZLQJ�VWHSV�

��� 'HFODUDWLRQ�RI�DQ�LWHUDWRU�W\SH��+HUH�ZH�GHFODUH�PersIter��D�QDPHG�LWHUDWRU�W\SH�ZLWK�WKH�FROXPQV�name�DQG�info�
��� 'HILQLWLRQ�RI�DQ�LWHUDWRU�LQVWDQFH��:H�FDOO�LW�pcur�LQ�RXU�H[DPSOH�
��� $VVLJQLQJ�WKH�UHVXOW�RI�D�TXHU\�WR�WKH�LWHUDWRU�LQVWDQFH��6LQFH�ZH�XVHG�D�QDPHG�LWHUDWRU��WKH�ELQGLQJ�RI�FROXPQV�ZLOO�EH

SHUIRUPHG�E\�QDPH��DQG�WKH�FROXPQ�RUGHU�LQ�WKH�TXHU\�GRHV�QRW�PDWWHU�
��� 7UDYHUVLQJ�WKH�URZV�RI�WKH�TXHU\�UHVXOW�YLD�WKH�next()�PHWKRG��7KH�YDOXHV�RI�WKH�FROXPQV�name�DQG�info�DUH�DYDLODEOH

WKURXJK�FRUUHVSRQGLQJ�DFFHVVRU�PHWKRGV�RQ�WKH�LWHUDWRU�pcur�

#sql iterator PersIter (SerializableDatum info, String name);
…
PersIter pcur;
#sql pcur = { SELECT * FROM PERSDATA WHERE info IS NOT NULL };
while (pcur.next())
{
   System.out.println(“Name:” + pcur.name() + “Info:”+ pcur.info());
}

)LJXUH�������8VLQJ�6HULDOL]DEOH'DWXP�LQ�DQ�LWHUDWRU

)URP�WKH�SRLQW�RI�YLHZ�RI�64/-���D�SerializableDatum�PD\�EH�XVHG�LQ�64/-�FRGH��ZKHQHYHU�WKH�W\SH�5$:�LV�H[SHFWHG
LQ�64/��7KLV�H[DPSOH�DOVR�H[KLELWV�WKH�IROORZLQJ�OLPLWDWLRQV�LQ�UHDGLQJ�DQG�ZULWLQJ�-DYD�REMHFWV��:H�PD\�H[FHHG�WKH�VL]H�RI�WKH
RAW�FROXPQ�LQWR�ZKLFK�ZH�ZULWH��0RUHRYHU��-DYD�PXVW�DOVR�VHULDOL]H�DOO�REMHFWV�UHIHUHQFHG�E\�WKH�REMHFW�FRQWDLQHG�LQ
SerializableDatum.m_data��7KXV��LI�-DYD�REMHFWV�DUH�VKDUHG��PDQ\�FRSLHV�RI�WKHP�PD\�DFWXDOO\�EH�GHVHULDOL]HG��/DWHU�
ZKHQ�UHWULHYLQJ�WKH�VHULDOL]HG�GDWD�EDFN�WR�-DYD��VKDULQJ�ZLOO�KDYH�EHHQ�EURNHQ��,Q�WKHVH�FDVHV�LW�LV�EHWWHU�WR�PRGHO�REMHFWV
GLUHFWO\�LQ�64/��VXFK�DV�ZLWK�WKH�2UDFOH��2EMHFW�7\SHV�DQG�5()V�WKDW�DUH�GHVFULEHG�LQ�WKH�QH[W�VHFWLRQ�

����38%/,6+,1*�64/�2%-(&7�7<3(6�$1'�&2//(&7,216�72�-$9$
:H�EULHIO\�VXUYH\�2EMHFW�7\SHV��5()V��DQG�&ROOHFWLRQ�7\SHV�LQ�2UDFOH��DQG�H[DPLQH�KRZ�XVHUV�PD\�FUHDWH�-DYD�ZUDSSHUV�IRU
WKHVH�W\SHV��2UDFOH�SURYLGHV�WKH�-3XEOLVKHU�WRRO��VLPLODU�LQ�IXQFWLRQDOLW\�WR�WKH�2EMHFW�7\SH�7UDQVODWRU�IRU�&��IRU�DXWRPDWLQJ
PXFK�RI�WKH�HIIRUW�LQ�FUHDWLQJ�WKH�FRUUHVSRQGLQJ�-DYD�GHFODUDWLRQV�IRU�WKHVH�W\SHV��:H�GR�JLYH�H[DPSOHV�RI�XVLQJ�-3XEOLVKHU�
DV�ZHOO�DV�RI�HPSOR\LQJ�WKH�JHQHUDWHG�-DYD�W\SHV�LQ�64/-�SURJUDPV�

����2%-(&7�7<3(6
$Q�REMHFW�W\SH�LV�VLPLODU�WR�D�64/��QDPHG�URZ�W\SH�DQG�FRQVLVWV�RI��RQH�RU�PRUH�DWWULEXWHV�WKDW�GHILQH�WKH�VWUXFWXUH�RI�DQ
REMHFW���2EMHFWV�DUH�XVHIXO�ZKHQ�UHSUHVHQWLQJ�UHDO�ZRUOG�HQWLWLHV�ZKLFK�PD\�KDYH�D�FRPSOH[�VHW�RI�DWWULEXWHV��2QFH�DQ�REMHFW�LV
FUHDWHG��LW�FDQ�EH�VWRUHG�LQ�RU�DFFHVVHG�IURP�UHODWLRQDO�WDEOHV�DV�HDVLO\�DV�DQ\�RI�WKH�EDVLF�64/�GDWD�W\SHV�VXFK�DV�D�180%(5
RU�&+$5��7KH�64/�GHFODUDWLRQ�LQ�WKH�GLVSOD\�EHORZ�GHILQHV�WKH�2EMHFW�7\SH�3(5621��6XEVHTXHQWO\��WKH�FRQVWUXFWRU
3(5621�LV�LQYRNHG�RQ�WKH�DWWULEXWH�YDOXHV�RI�WKH�W\SH�WR�FUHDWH�D�QHZ�REMHFW�LQVWDQFH�RI�3(5621�W\SH�
CREATE TYPE PERSON AS OBJECT
( FIRSTNAME  VARCHAR2(15),

�����������������������������������������������������
6Oracle8 Object Types actually constitute an extension of SQL3 Named Row Types. They may have member methods or functions that
model the behavior of an object. Since the Java publishing mechanism currently ignores these methods, we will also not deal with them
in this paper.
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  LASTNAME   VARCHAR2(30),
  BIRTHDAY   DATE
);
CREATE TABLE EMPS (PERS PERSON, EMPNO INTEGER, SAL NUMBER(7,2));

DECLARE P PERSON;
BEGIN
  P := PERSON(‘Albert’, `Einstein’, TO_DATE(‘14-MARCH-1879’));
  INSERT INTO EMPS VALUES(P, 1001, 5000.0);
END;

)LJXUH�����'HFODULQJ�DQG�LQVWDQWLDWLQJ�WKH�W\SH�3(5621

����38%/,6+,1*�-$9$�:5$33(56�)25�2%-(&7�7<3(6
64/�2EMHFW�7\SH�YDOXHV�DUH�PDWHULDOL]HG�LQ�-DYD�DV�LQVWDQFHV�RI�WKH�FODVV�oracle.sql.STRUCT��$�STRUCT�FRQWDLQV�D�ILHOG
values�ZKLFK�LV�DQ�DUUD\�ZLWK�HOHPHQWV�RI�W\SH�oracle.sql.Datum�KROGLQJ�WKH�DFWXDO�YDOXHV�RI�DOO�RI�WKH�DWWULEXWHV�RI�WKH
2EMHFW�7\SH�

*LYHQ�WKLV�LQIRUPDWLRQ��ZH�FRXOG�QRZ�JR�DKHDG�DQG�PDQXDOO\�ZULWH�D�CustomDatum�ZUDSSHU�IRU�D�JLYHQ�64/�2EMHFW�7\SH�
+RZHYHU��WKLV�HQGHDYRU�LV�EHWWHU�OHIW�WR�D�WRRO���-3XEOLVKHU��7KH�-3XEOLVKHU�LV�JLYHQ�64/�2EMHFW�7\SHV�DQG�FUHDWHV�WKH�VRXUFH
FRGH�IRU�D�FRUUHVSRQGLQJ�-DYD�ZUDSSHU�FODVVHV��7KH�DWWULEXWHV�RI�WKH�64/�W\SH�FDQ�EH�PDWHULDOL]HG�LQ�RQH�RI�WZR�VW\OHV�

��� WKH�GHIDXOW�-'%&�PDSSLQJ�IURP�64/�W\SHV�WR�-DYD�W\SHV��RU
��� WKH�oracle.sql�UHSUHVHQWDWLRQ�
:H�KDYH�WR�FRPPXQLFDWH�WR�-3XEOLVKHU�WKH�QDPHV�RI�ZUDSSHU�FODVVHV�WKDW�DUH�WR�EH�JHQHUDWHG��DV�ZHOO�DV�WKH�64/�2EMHFW
7\SHV�IURP�ZKLFK�WKH\�RULJLQDWH��7KLV�LV�DFFRPSOLVKHG�YLD�D�W\SHILOH�WKDW�LV�SDVVHG�WR�-3XEOLVKHU��7KH�V\QWD[�RI�WKH�HQWULHV�LQ�WKH
W\SHILOH�LV��TYPE��64/7\SH!�AS��-DYD7\SH!��,Q�WKH�H[DPSOH�ZH�UHTXHVW�WKDW�WKH�ZUDSSHU�FODVV�EH�FDOOHG�MyPerson�
&RQWHQWV�RI�WKH�ILOH types.in:
TYPE PERSON AS MyPerson

&RPPDQG�OLQH�LQYRFDWLRQ�RI�-3XEOLVKHU�
jpub -user=scott/tiger -typefile=types.in

)LJXUH�������,QYRFDWLRQ�RI�-3XEOLVKHU�IRU�WKH�2EMHFW7\SH�3(5621

-3XEOLVKHU�ZLOO�QRZ�JHQHUDWH�WZR�ILOHV��MyPerson.java�ZLWK�WKH�-DYD�ZUDSSHU�IRU�3(5621�REMHFWV��DQG
MyPersonRef.java��ZLWK�WKH�-DYD�ZUDSSHU�IRU��VWURQJO\�W\SHG��5()V�WR�3(5621��%HORZ�ZH�VKRZ�WKH�FRQWHQW�RI
MyPerson.java��DIWHU�UHPRYLQJ�LPSOHPHQWDWLRQ�GHWDLOV��7KH�VHFRQG�ILOH�ZLOO�EH�H[DPLQHG�LQ�WKH�QH[W�VHFWLRQ��ZKHUH�ZH
GLVFXVV�5()�W\SHV�
public class MyPerson implements CustomDatum
{
  public static final String _SQL_NAME = "SCOTT.PERSON";
  public static final int _SQL_TYPECODE = OracleTypes.STRUCT;
  public static CustomDatumFactory getFactory( )               { … }
  public Datum toDatum(OracleConnection c) throws SQLException { … }
  …
  public String getFirstname()                         throws SQLException { … }
  public void setFirstname(String first_name)          throws SQLException { … }
  public String getLastname()                          throws SQLException { … }
  public void setLastname(String last_name)            throws SQLException { … }
  public java.sql.Timestamp getBirthday()              throws SQLException { … }
  public void setBirthday(java.sql.Timestamp birthday) throws SQLException { … }
}

)LJXUH�������-3XEOLVKHU�JHQHUDWHG�-DYD�FODVV�IRU�3(5621

6HYHUDO�REVHUYDWLRQV�DUH�QRWHZRUWK\�DERXW�WKLV�FRGH�

��� )URP�RXU�GLVFXVVLRQ�RI�WKH�CustomDatum�LQWHUIDFH�FRPSRQHQWV��WKH�PHWKRGV�getFactory()�DQG�create()��DV�ZHOO
DV�WKH�_SQL_TYPECODE�ILHOG�VKRXOG�DOUHDG\�EH�IDPLOLDU��2EMHFW�7\SH�YDOXHV�DUH�PDWHULDOL]HG�DV�oracle.sql.STRUCT
LQVWDQFHV��DQG�ZH�VSHFLI\�WKH�FRUUHVSRQGLQJ�W\SH�FRGH�OracleTypes.STRUCT��:H�GR�HQFRXQWHU�WKH�DGGLWLRQDO�ILHOG
_SQL_NAME�FRQWDLQLQJ�WKH�IXOO�64/�QDPH�RI�WKH�2EMHFW�7\SH�WKDW�LV�HQFDSVXODWHG�KHUH��$W�64/-�WUDQVODWLRQ�WLPH��WKLV
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LQIRUPDWLRQ�LV�QHFHVVDU\�LQ�RUGHU�WR�SHUIRUP�W\SH�FKHFNLQJ�DJDLQVW�WKH�GDWDEDVH��$GGLWLRQDOO\��WKH�64/�W\SH�QDPH�PD\�EH
UHTXLUHG�LQ�FHUWDLQ�VLWXDWLRQV�DW�UXQWLPH��VXFK�DV�ZKHQ�DQ�287�SDUDPHWHU�RI�D�VWRUHG�SURFHGXUH�RU�D�3/�64/�EORFN�PXVW
EH�UHJLVWHUHG�ZLWK�-'%&�

��� 7KH�DWWULEXWHV�DUH�UHSUHVHQWHG�WKURXJK�DFFHVVRU��getWHU�DQG�setWHU�PHWKRGV���7KLV�SURYLGHV�IRU�PRUH�HQFDSVXODWLRQ�DQG
IOH[LELOLW\�DV�FRPSDUHG�WR�D�UHSUHVHQWDWLRQ�YLD�ILHOGV�

��� $OO�DFFHVVRUV�FDQ�UDLVH�DQ�SQLException��7KLV�SHUPLWV��IRU�H[DPSOH��WKH�-DYD�ZUDSSHU�FRGH�WR�IODJ�DQ�H[FHSWLRQ�
ZKHQHYHU�DQ�DWWHPSW�LV�PDGH�WR�UHWULHYH�D�SULPLWLYH��L�H��QRQ�REMHFW��-DYD�W\SH��VXFK�DV�int�WKDW�ZDV�UHDG�DV�DQ�64/
18//��)RU�-DYD�REMHFWV��ZH�FDQ�DOZD\V�PDS�-DYD�null�WR�64/�18//�

��� 7KH�64/�W\SHV�KDYH�EHHQ�PDSSHG�WR�WKHLU�-'%&�FRXQWHUSDUWV��9$5&+$5��LV�UHSUHVHQWHG�DV�String�DQG�'$7(�DV
java.sql.Timestamp��7KLV�LV�WKH�-'%&�RU�-DYD�QDWLYH�PDSSLQJ��%\�SURYLGLQJ�D�GLIIHUHQW�YDOXH�IRU�-3XEOLVKHU·V
FRPPDQG�OLQH�RSWLRQ�´-mappingµ��ZH�FRXOG�KDYH�UHTXHVWHG�WKH�2UDFOH�QDWLYH�PDSSLQJ��ZKHUH�DOO�64/�W\SHV�ZLOO�EH
SURGXFHG�DV�LQVWDQFHV�RI�FRUUHVSRQGLQJ�oracle.sql�FODVVHV��,Q�RXU�H[DPSOH��9$5&+$5��ZRXOG�EH�UHSUHVHQWHG�DV
oracle.sql.CHAR�DQG�'$7(�DV�oracle.sql.DATE��,Q�WKLV�UHSUHVHQWDWLRQ�18//�LQIRUPDWLRQ�LV�SUHVHUYHG��VLQFH�DOO
DWWULEXWHV�DUH�-DYD�REMHFWV��)XUWKHUPRUH��WKLV�PDSSLQJ�LV�IXOO\�LQIRUPDWLRQ�SUHVHUYLQJ��VLQFH�LW�LV�EDVHG�RQ�WKH�LQWHUQDO
�E\WH��UHSUHVHQWDWLRQ�RI�WKH�64/�GDWD�

��� 7KH�MyPerson�FODVV�KDV�D�SXEOLF�FRQVWUXFWRU�ZLWKRXW�DUJXPHQWV���1RW�VKRZQ�KHUH��
��� $OWKRXJK�QRW�VKRZQ�LQ�WKH�FRGH�IUDJPHQW�DERYH��FRQYHUVLRQV�IURP�oracle.sql�W\SHV�WR�-'%&�W\SHV�DUH�RQO\

SHUIRUPHG�DV�QHHGHG��7KLV�SURYLGHV�D�SHUIRUPDQFH�HQKDQFHPHQW�LQ�PDQ\�FDVHV�
��� 8VHUV�PD\�ILQG�WKH�GLIIHUHQW�PDSSLQJ�VW\OHV�LQVXIILFLHQW��DQG�PLJKW�SUHIHU�WR�XVH�WKHLU�RZQ�FXVWRPL]HG�PDSSLQJ��7KLV�LV

DOVR�DFFRPPRGDWHG�E\�-3XEOLVKHU�ZLWK�D�VSHFLDO�JHQHUDWLRQ�PRGH�LQ�WKH�W\SH�ILOH��)RU�H[DPSOH��-3XEOLVKHU�FDQ�JHQHUDWH
RQH�-DYD�FODVV�IRU�WKH�64/�W\SH�3(5621��VXFK�DV�PersonWrapper��EXW�XVH�DQRWKHU�-DYD�FODVV��VD\�MyPerson,
ZKHUHYHU�D�3(5621�RFFXUV�LQ�RWKHU�64/�W\SHV��7KH�XVHU�WKHQ�SURYLGHV�WKH�FXVWRPL]HG�LPSOHPHQWDWLRQ�RI�MyPerson
E\�VXEFODVVLQJ�PersonWrapper�

��� 8VHUV�DUH�DOVR�DEOH�WR�VSHFLI\�FXVWRPL]HG�DWWULEXWH�QDPHV�LQ�WKH�W\SH�ILOH�
,W�LV�QRZ�VWUDLJKWIRUZDUG�WR�XVH�WKH�MyPerson�W\SH�LQ�64/-�SURJUDPV��:H�DOVR�FUHDWH�WKH�VWRUHG�64/�IXQFWLRQ�%'$7(�WKDW
ZLOO�EH�FDOOHG�E\�WKH�64/-�FRGH�

$�QHZ�64/�IXQFWLRQ�WKDW�WDNHV�D�3(5621�DUJXPHQW�
CREATE FUNCTION BDATE(P PERSON) RETURN DATE AS
BEGIN  RETURN P.BIRTHDAY; END;

MyPerson p;
#sql { SELECT PERS INTO :p FROM EMPS WHERE EMPNO = 1001 };
System.out.println(“The name is:” + p.getFirstname() + “ “ + p.getLastname());
java.sql.Date d;
#sql d = { VALUES( BDATE(:p)) };
System.out.println(“The birth date returned by BDATE is:” + d);

)LJXUH�������8VLQJ�WKH�0\3HUVRQ�ZUDSSHU�LQ�64/-�FRGH

,Q�WKLV�H[DPSOH�ZH�XVH�MyPerson LQ�D�6(/(&7�,172�FODXVH��DQG�DV�D�VWRUHG�IXQFWLRQ�DUJXPHQW��1RWH�WKDW�ZKHQHYHU�64/-
SHUIRUPV�RQOLQH�FKHFNLQJ�GXULQJ�SUHFRPSLODWLRQ��WKLV�LV�WXUQHG�RQ�E\�SDVVLQJ�WKH�´-userµ�RSWLRQ�WR�WKH�WUDQVODWRU���LW�ZLOO
YHULI\�WKDW�WKH�64/�W\SH�6&277�3(5621�LV�SHUPLWWHG�ZKHUHYHU�ZH�DUH�XVLQJ�D�MyPerson�KRVW�YDULDEOH�LQ�DQ�64/
VWDWHPHQW�

����5()6
$Q�2UDFOH��5()�W\SH�LV�D�SHUVLVWHQW��VWURQJO\�W\SHG�REMHFW�UHIHUHQFH�GHILQHG�LQ�64/��7KHUH�DUH�GLIIHUHQW�NLQGV�RI�5()V��WKRVH
ZLWK�V\VWHP�JHQHUDWHG�JOREDOO\�XQLTXH�,GV��VFRSHG�5()V��DQG�XVHU�GHILQHG�FRQVWUXFWRUV�ZKLFK�DOORZ�GDWDEDVH�XVHUV�WR�VXSSO\
D�SULPDU\�NH\�LQVWHDG�RI�WKH�52:,'�LQWR�WKH�5()�VWUXFWXUH�

:KHQHYHU�-3XEOLVKHU�XQSDUVHV�DQ�64/�2EMHFW�7\SH�DQG�JHQHUDWHV�D�-DYD�ZUDSSHU��-DYD&ODVV!�LW�DOVR�DXWRPDWLFDOO\�JHQHUDWHV�D
FRUUHVSRQGLQJ�ZUDSSHU��-DYD&ODVV!Ref�WR�HQFDSVXODWH�D�VWURQJO\�W\SHG�64/�5()�WKDW�FDQ�UHIHUHQFH�LQVWDQFHV�RI�WKDW�2EMHFW
7\SH��,Q�WKH�H[DPSOH�WKDW�ZH�GLVFXVVHG�SUHYLRXVO\��-3XEOLVKHU�FUHDWHG�DQ�DGGLWLRQDO�ILOH�MyPersonRef.java��7KH�FRQWHQW�RI
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WKLV�ILOH��DIWHU�UHPRYLQJ�LPSOHPHQWDWLRQ�GHWDLOV��LV�VKRZQ�EHORZ�

public class MyPersonRef implements CustomDatum
{ public static final String _SQL_BASETYPE = "SCOTT.PERSON";
  public static final int _SQL_TYPECODE = OracleTypes.REF;
  public Datum toDatum(OracleConnection c) throws SQLException { … }
  public static CustomDatumFactory getFactory() { … };

  public MyPersonRef()  { … }
  public MyPerson getValue()       throws SQLException { … }
  public void setValue(MyPerson c) throws SQLException { … }
}

)LJXUH�������-3XEOLVKHU�JHQHUDWHG�-DYD�FODVV�IRU�5()�3(5621

$V�H[SHFWHG��WKLV�FODVV�LPSOHPHQWV�WKH�CustomDatum�LQWHUIDFH�ZLWK�WKH�toDatum()�DQG�getFactory()�PHWKRGV�DQG�WKH
_SQL_TYPECODE�ILHOG��7KH�W\SH�FRGH�IRU�5()V�LV�OracleTypes.REF��,QVWHDG�RI�D�_SQL_NAME�ILHOG��KRZHYHU��ZH�QRZ
VHH�D�_SQL_BASETYPE�ILHOG�WKDW�KROGV�WKH�QDPH�RI�WKH�2EMHFW�7\SH�WKDW�LV�EHLQJ�UHIHUHQFHG�E\�WKLV�5()�

2QFH�D�MyPersonRef�LQVWDQFH��UHSUHVHQWLQJ�D�5()�WR�3(5621��KDV�EHHQ�UHWULHYHG�IURP�DQ�2UDFOH��GDWDEDVH��WKH�YDOXH�RI
WKH�UHIHUHQFHG�REMHFW�FDQ�EH�REWDLQHG�ZLWK�WKH�PHWKRG�getValue()��&RQYHUVHO\��WKH�UHIHUHQFHG�REMHFW�FDQ�EH�DVVLJQHG�D
GLIIHUHQW�3(5621�YDOXH�ZLWK�setValue(QHZBYDOXH)��1RWH�WKDW�HDFK�RI�WKHVH�FDOOV�LV�VHQW�GLUHFWO\�WR�WKH�GDWDEDVH��7KXV�
oracle.sql.REFV�SRVVHVV�D�SXUHO\�YDOXH�EDVHG�VHPDQWLFV�

1RWH�WKDW�ZH�FDQQRW�FUHDWH�5()·V�WR�LQGLYLGXDO�WDEOH�FROXPQV��VXFK�DV�WKH�3(56�FROXPQ�RI�WKH�(036�WDEOH�LQ�RXU�H[DPSOH
DERYH��7KXV��LQ�WKH�VDPSOH�FRGH�EHORZ��ZH�PXVW�ILUVW�FUHDWH�DQ�H[WHQW�WDEOH�RI�3(5621��EHIRUH�ZH�FDQ�PDQLSXODWH�5()V�WR
3(5621�LQ�64/-�

64/�FRGH�WR�SUHSDUH�DQ�H[WHQW�WDEOH�
CREATE TABLE PERSON_EXT OF PERSON;
INSERT INTO PERSON_EXT VALUES(PERSON(‘Albert’, ‘Einstein’, TO_DATE(‘14-MARCH-1879’)));

MyPersonRef pref;
#sql { SELECT REF(p) INTO :pref FROM PERSON_EXT p WHERE p.LASTNAME = ‘Einstein’ };
MyPerson p = pref.getValue();
System.out.println(“Birthday:” + p.getBirthday() );
p.setFirstname(“Hans Albert”); p.setBirthday(new java.sql.Timestamp(04, 04, 14, 0, 0, 0));
pref.setValue(p);
java.sql.Date d;
#sql { SELECT p.BIRTHDAY INTO :d FROM PERSON_EXT p WHERE p.LASTNAME = ‘Einstein’ };
System.out.println(“Birthday:” + d );

)LJXUH�������8VLQJ�0\3HUVRQ5HI�LQ�64/-�FRGH

����&2//(&7,216

&ROOHFWLRQV�FDQ�EH�YLHZHG�DV�GDWD�W\SHV�JURXSHG�LQ�D�FHUWDLQ�ZD\��7KH\�FDQ�EH�DWWULEXWHV�RI�REMHFWV�RU�HOHPHQWV�RI�D�UHODWLRQDO
WDEOH�

$�YDUUD\�LV�DQ�RUGHUHG�VHW�RI�]HUR�RU�PRUH�HOHPHQWV�RI�WKH�VDPH�W\SH��LQFOXGLQJ�D�XVHU�GHILQHG�2EMHFW�7\SH���(DFK�HOHPHQW�KDV
D�SRVLWLRQ�WKDW�XQLTXHO\�LGHQWLILHV�WKH�HOHPHQW�LQ�WKH�YDUUD\��$�SRVLWLRQ�LV�DQ�LQWHJHU�UDQJLQJ�IURP���WR�WKH�PD[LPXP�GHFODUHG
QXPEHU�RI�HOHPHQWV�LQ�WKH�YDUUD\�

$�QHVWHG�WDEOH�LV�D�RQH�FROXPQ�WDEOH�WKDW�FDQ�EH�WUHDWHG�DV�D�GDWD�W\SH��VXFK�DV�DQ�REMHFW��180%(5��RU�9$5&+$5�����,W�FDQ
EH�DQ�DWWULEXWH�RI�DQ�REMHFW�RU�EH�¶QHVWHG·�LQWR�D�FROXPQ�RI�D�UHODWLRQDO�WDEOH��$�QHVWHG�FXUVRU�LV�XVHG�WR�LWHUDWH�WKURXJK�WKH�URZV
RI�D�QHVWHG�WDEOH��7KLV�PD\�EH�XVHIXO�ZKHQ�LW�LV�WRR�FXPEHUVRPH�WR�UHWULHYH�DQ�HQWLUH�QHVWHG�WDEOH�

$QDORJRXVO\�WR�WKH�2EMHFW�7\SH�FDVH��-3XEOLVKHU�FDQ�DOVR�FUHDWH�-DYD�ZUDSSHU�FODVVHV�IRU�YDUUD\�DQG�QHVWHG�WDEOH�W\SHV��%RWK
RI�WKHVH�64/�W\SHV�DUH�UHSUHVHQWHG�LQ�-DYD�DV�oracle.sql.ARRAY��7KH�JHQHUDWHG�CustomDatum�FODVV�FRQWDLQV�WKH�64/
W\SH�QDPH�LQ�WKH�_SQL_NAME�ILHOG��$OVR�QRWH�WKDW��YDUUD\V�DQG�QHVWHG�WDEOHV�FDQQRW�EH�UHIHUHQFHG�E\�64/�5()V�
&RQVHTXHQWO\��-3XEOLVKHU�ZLOO�QRW�JHQHUDWH�DQ\�5()�ZUDSSHUV�IRU�WKHVH�W\SHV�
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$V�PHQWLRQHG�SUHYLRXVO\��-DYD�ZUDSSHU�FODVVHV�PD\�EH�XVHG�LQ�64/-�VWDWHPHQWV�ZKHUHYHU�WKH�FRUUHVSRQGLQJ�64/�W\SHV�RFFXU
LQ�64/��)RU�EUHYLW\��ZH�RPLW�WKH�64/-�FRGH�H[DPSOHV�IRU�YDUUD\V�DQG�QHVWHG�FODVVHV�KHUH

1HVWHG�FXUVRUV�GR�QRW�FRQVWLWXWH�64/�GDWD��5DWKHU��WKH\�UHSUHVHQW�UHVXOW�VHWV��7KH\�FDQ�EH�PDWHULDOL]HG�LQ�64/-�HLWKHU�DV�D
-'%&�UHVXOW�VHW��RU�LQ�D�VWUXFWXUHG�PDQQHU�DV�QDPHG�RU�SRVLWLRQHG�64/-�LWHUDWRU�LQVWDQFHV

���&21&/86,21

7KLV�SDSHU�FKDUWV�D�JDWHZD\�EHWZHHQ�64/�DQG�-DYD�REMHFWV��,W�LQWURGXFHV�DQ�HIILFLHQW�64/�GDWD�UHSUHVHQWDWLRQ�LQ�-DYD�ZLWK�WKH
oracle.sql�SDFNDJH��7KH�CustomDatum�LQWHUIDFH�PHFKDQLVP�PDSV�64/�GDWD�WR�XVHU�GHILQHG�-DYD�W\SHV��:H�LOOXVWUDWH�WKH
XVHIXOQHVV�RI�CustomDatum�WKURXJK�DQ�H[DPSOH�ZKHUH�Serializable�-DYD�REMHFWV�DUH�VWRUHG�LQ�5$:�GDWDEDVH�FROXPQV�
:H�DOVR�VKRZ�WKDW�WKH�VDPH�PHFKDQLVP�LV�XVHG�IRU�PDSSLQJ�64/�REMHFW�W\SHV��5()V��DQG�YDUUD\�QHVWHG�WDEOH�W\SHV�WR�-DYD�
)LQDOO\��ZH�H[DPLQH�KRZ�WKH�-3XEOLVKHU�WRRO�JHQHUDWHV�-DYD�ZUDSSHUV�IRU�64/�W\SHV��DQG�KRZ�WKHVH�W\SHV�DUH�VXEVHTXHQWO\
XVHG�LQ�64/-�SURJUDPV�

64/-�RIIHUV�VHYHUDO�DGYDQWDJHV�RYHU�-'%&��,W�SURYLGHV�PXFK�PRUH�FRQFLVH�V\QWD[�IRU�HPEHGGLQJ�VWDWLF�64/�LQ�-DYD��0RUH
LPSRUWDQWO\��LW�RIIHUV�DKHDG�RI�WLPH�FKHFNLQJ�RI�64/�V\QWD[�DQG�VHPDQWLFV�DW�WUDQVODWLRQ�WLPH��UDWKHU�WKDQ�UXQWLPH��7\SH
FKHFNLQJ�EHWZHHQ�64/�W\SHV�DQG�-DYD�W\SHV�LV�SHUIRUPHG�ZLWK�DQ�RQOLQH�GDWDEDVH�FRQQHFWLRQ�DQG�LV�SDUWLFXODUO\�XVHIXO�ZKHQ
SURJUDPPLQJ�ZLWK�VWUXFWXUHG�64/�W\SHV��5()V��DQG�YDUUD\V�QHVWHG�WDEOHV��7KH�CustomDatum�PHFKDQLVP�IRU�PDSSLQJ�64/
GDWD�WR�-DYD�SURYLGHV�WKH�QHFHVVDU\�VXSSRUW�IRU�VWDWLF�W\SH�FKHFNLQJ�

$GGLWLRQDOO\��DOO�XVHU�GHILQHG�-DYD�W\SHV�WKDW�ZUDS�64/�W\SHV�FDQ�EH�XVHG�WUDQVSDUHQWO\�LQ�64/-�SURJUDPV��DV�LI�WKH\�ZHUH
´EXLOW�LQµ�-'%&�W\SHV��&RQWUDVW�WKLV�ZLWK�FRUUHVSRQGLQJ�2UDFOH�-'%&�SURJUDPV��ZKHUH�XVHUV�PD\�KDYH�WR�XVH�2UDFOH�VSHFLILF
PHWKRGV�DV�ZHOO�DV�SURYLGLQJ�FDVWV�IURP�-'%&�UHVXOW�VHWV�DQG�VWDWHPHQWV�WR�WKHLU�2UDFOH�VSHFLILF�LPSOHPHQWDWLRQV��$OO�WKLV�LV
HQFDSVXODWHG�LQ�WKH�64/�UXQWLPH�SURYLGHG�ZLWK�2UDFOH�

1RWH�WKDW�\RX�QHHG�QRW�FKRRVH�EHWZHHQ�HLWKHU�64/-�RU�-'%&��<RX�FDQ�XVH�ERWK�RI�WKHVH�IXOO\�FRPSOHPHQWDU\�DQG
LQWHURSHUDEOH�$3,V�WRJHWKHU��7KHLU�EDVLF��HIILFLHQW�64/�GDWD�UHSUHVHQWDWLRQ�LV�WKH�VDPH��7KHLU�PHFKDQLVP�IRU�PDSSLQJ�64/
GDWD�WR�XVHU�GHILQHG�-DYD�W\SHV�IRU�2EMHFW�7\SHV��5()V��YDUUD\V�QHVWHG�WDEOHV��DQG�RWKHU�64/�W\SHV�LV�WKH�VDPH��7KH
-3XEOLVKHU�WRRO�LV�HTXDOO\�XVHIXO�IRU�64/-�DQG�-'%&�SURJUDPPHUV��7KXV��XVHU�GHILQHG�GDWD�UHSUHVHQWDWLRQV�FDQ�EH�XVHG�ZLWK
ERWK��G\QDPLF�64/�VWDWHPHQWV�LQ�-'%&�DV�ZHOO�DV�ZLWK�VWDWLF�VWDWHPHQWV�LQ�64/-�

2UDFOH�L�FRQQHFWV�-DYD�DQG�64/�SURJUDPPLQJ�LQ�DQ�XQSUHFHGHQWHG�ZD\��<RX�DUH�ZHOFRPHG�WR�WUDYHO�WKH�H[FLWLQJ�2EMHFW�URDG
PDSSHG�RXW�KHUH�EHWZHHQ�WKHVH�WZR�ODQJXDJHV�

$&.12:/('*0(176

7KLV�SDSHU�LV�EDVHG�RQ�WKH�ZRUN�RI�WKH�64/-�DQG�-'%&�WHDPV�DW�2UDFOH��,�ZRXOG�OLNH�WR�WKDQN�-XOLH�%DVX��%ULDQ�%HFNHU�
5DJDPD\L�%K\UDYDEKRWOD��5DNHVK�'KRRSDU��3LHUUH�'XIRXU��6DOPDQ�.KDQ��3UDEKD�.ULVKQD��7KRPDV�.XULDQ��$ODQ�3��7KLHVHQ�
-HUU\�6FKZDU]��DQG�%ULDQ�:ULJKW�IRU�WKHLU�FRQWULEXWLRQV�DQG�FRPPHQWV�

5()(5(1&(6

>�@�$Q�2YHUYLHZ�RI�64/-��(PEHGGHG�64/�LQ�-DYD��-XOLH�%DVX��2UDFOH�2SHQ�:RUOG������

>�@�'HYHORSLQJ�-DYD�$SSOLFDWLRQV�ZLWK�2UDFOH�2EMHFWV��3UDEKD�.ULVKQD��2UDFOH�2SHQ�:RUOG������

>�@�2UDFOH�L�64/-��-'%&��DQG�-3XEOLVKHU�XVHU�GRFXPHQWDWLRQ��2UDFOH�&RUSRUDWLRQ�������


