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$1�29(59,(:�2)�64/-��(0%(''('�64/�,1�-$9$

-XOLH�%DVX��2UDFOH�&RUSRUDWLRQ

,1752'8&7,21

2YHU�WKH�SDVW�WZR�\HDUV��-DYD�KDV�EHFRPH�WKH�ODQJXDJH�RI�FKRLFH�IRU�GHYHORSLQJ�,QWHUQHW�DQG�LQWUDQHW�DSSOLFDWLRQV����,WV
SURPLVH�RI�D�VWDQGDUGL]HG��SRUWDEOH��DQG�QHWZRUN�FHQWULF�DSSOLFDWLRQ�GHYHORSPHQW�VROXWLRQ�LV�EHLQJ�UHDOL]HG�VWHDGLO\��DQG�-DYD
DSSOHWV�DQG�VHUYOHWV�DUH�DSSHDULQJ�DOO�RYHU�WKH�:RUOG�:LGH�:HE��EULQJLQJ�ULFK�DQG�YDULHG�IXQFWLRQDOLW\�WR�WKH�SUHYLRXVO\�VWDWLF
PHGLXP���7KH�LQGXVWU\�OHDGLQJ�2UDFOH�L�GDWD�VHUYHU�SURYLGHV�FRPSUHKHQVLYH�-DYD�VXSSRUW�DW�ERWK�WKH�FOLHQW�DQG�WKH�VHUYHU�LQ�D
YDULHW\�RI�ZD\V�>�@���,Q�WKLV�SDSHU��ZH�SUHVHQW�DQ�RYHUYLHZ�RI�WKH�IHDWXUHV�RI�64/-��D�WRRO�WKDW�DOORZV�HPEHGGLQJ�RI�VWDWLF�64/
VWDWHPHQWV�WH[WXDOO\�LQ�-DYD�SURJUDPV����7KH�64/-�WUDQVODWRU�FRQYHUWV�VXFK�SURJUDPV�WR�SXUH�-DYD�FRGH��RSWLRQDOO\�FKHFNLQJ
WKH�VWDWLF�64/�VWDWHPHQWV�DJDLQVW�D�GDWDEDVH�VFKHPD���7KH�JHQHUDWHG�-DYD�FRGH�FDQ�EH�FRPSLOHG��DQG�WKHQ�H[HFXWHG�WKURXJK�D
-'%&�GULYHU�DJDLQVW�WKH�GDWDEDVH��2UDFOH�L�DOVR�VXSSRUWV�64/-�VWRUHG�SURFHGXUHV��IXQFWLRQV��DQG�WULJJHUV��ZKLFK�H[HFXWH�RQ�D
-DYD�9LUWXDO�0DFKLQH�LQWHJUDWHG�ZLWK�WKH�GDWD�VHUYHU�>�@���WKXV�HQDEOLQJ�IOH[LEOH�GHSOR\PHQW�FRQILJXUDWLRQV��DQG�FRGH�SDUWLWLRQ
DQG�PLJUDWLRQ�DFURVV�GLIIHUHQW�WLHUV��6RPH�PDMRU�EHQHILWV�RI�64/-�DUH��LQFUHDVHG�XVHU�SURGXFWLYLW\�WKURXJK�FRPSDFW�V\QWD[�
UREXVW�SURJUDPPLQJ�GXH�WR�64/�FKHFNLQJ�DW�GHYHORSPHQW�WLPH��VWDQGDUGL]DWLRQ�E\�PDMRU�GDWDEDVH�YHQGRUV��DQG�SRUWDELOLW\�RI
ELQDU\�FRGH�DFURVV�GLIIHUHQW�YHQGRUV·�GDWDEDVHV�

7KH�SDSHU�LV�RUJDQL]HG�DV�IROORZV���,Q�VHFWLRQ����ZH�UHYLHZ�WKH�64/-�IUDPHZRUN�IRU�SURJUDP�GHYHORSPHQW�DQG�LWV�EHQHILWV�
6HFWLRQ���SURYLGHV�D�WHFKQLFDO�RYHUYLHZ�RI�WKH�64/-�ODQJXDJH��LQFOXGLQJ�WKH�XVH�RI�FRPSOH[�-DYD�KRVW�H[SUHVVLRQV�DV�ELQG
SDUDPHWHUV��64/-�LWHUDWRUV�IRU�TXHU\LQJ�GDWD��DQG�FDOOV�WR�VWRUHG�SURFHGXUHV���:H�LOOXVWUDWH�WKURXJK�D�GHWDLOHG�H[DPSOH�WKH
VWHSV�LQYROYHG�LQ�GHYHORSLQJ�D�64/-�SURJUDP��VKRZLQJ�KRZ�WR�KDYH�WKH�64/-�WUDQVODWRU�FKHFN�DOO�WKH�VWDWLF�64/�VWDWHPHQWV
DJDLQVW�D�GDWDEDVH�VFKHPD���1H[W��ZH�GHPRQVWUDWH�WKH�XVH�RI�G\QDPLF�64/���DQG�VKRZ�KRZ�64/-�LQWHURSHUDWHV�VHDPOHVVO\
ZLWK�-'%&�FRGH��DOORZLQJ�G\QDPLF�64/�VWDWHPHQWV�ZULWWHQ�LQ�-'%&�WR�FRH[LVW�ZLWK�WKH�VWDWLF�RQHV�LQ�64/-����)LQDOO\��ZH
GHVFULEH�WKH�SURFHVV�RI�GHILQLQJ�DQG�UXQQLQJ�D�64/-�VWRUHG�SURFHGXUH�LQ�WKH�2UDFOH�L�GDWD�VHUYHU���:H�FRQFOXGH�ZLWK�D
FRPSDULVRQ�RI�WKH�64/-�$3,�ZLWK�WKH�-'%&�LQWHUIDFH��DQG�VXPPDUL]H�WKH�EHQHILWV�RI�64/-�DQG�2UDFOH·V�64/-�VWUDWHJ\�

����7+(�64/-�)5$0(:25.�$1'�,76�%(1(),76

7KLV�VHFWLRQ�GHVFULEHV�WKH�DSSOLFDWLRQ�GHYHORSPHQW�IUDPHZRUN�IRU�64/-���LQ�WHUPV�RI�WKH�VWHSV�UHTXLUHG�WR�WUDQVODWH��FRPSLOH�
DQG�UXQ�D�64/-�SURJUDP���:H�DOVR�GLVFXVV�WKH�EHQHILWV�RI�WKH�64/-�VWDQGDUG��DQG�RI�LWV�LPSOHPHQWDWLRQ�E\�2UDFOH�

����'(9(/23,1*�$33/,&$7,216�86,1*�64/-
7KH�64/-�WUDQVODWRU�FRQYHUWV�-DYD�SURJUDPV�FRQWDLQLQJ�HPEHGGHG�VWDWLF�64/�VWDWHPHQWV�LQWR�-DYD�SURJUDPV�ZLWK�FDOOV�WR�WKH
64/-�UXQWLPH��7KLV�SURFHVV�LV�VLPLODU�WR�WKH�3UR
&�SUHFRPSLOHU�WUDQVODWLQJ�64/�VWDWHPHQWV�HPEHGGHG�LQ�&��D�PDLQ�GLIIHUHQFH
EHLQJ�WKDW�JHQHUDWHG�FRGH�LQ�64/-�FRQIRUPV�WR�D�YHQGRU�QHXWUDO�VWDQGDUG��9HQGRU�VSHFLILF�IHDWXUHV�DQG�H[WHQVLRQV�DUH�ZHOO�
VXSSRUWHG�LQ�64/-�WKURXJK�VXEVHTXHQW�FXVWRPL]DWLRQ�RI�-DYD�E\WH�FRGH��'HYHORSLQJ�DQG�UXQQLQJ�D�64/-�DSSOLFDWLRQ�ZLWK
2UDFOH�FRQVLVWV�RI�IRXU�VWHSV��ZKLFK�DUH�VKRZQ�LQ�)LJXUH�����DQG�OLVWHG�EHORZ�

��� 7UDQVODWLRQ�RI�64/-�VRXUFH�ILOHV�ZLWK�WKH�64/-�WUDQVODWRU��7KLV�JHQHUDWHV�-DYD�ILOHV�ZLWK�FDOOV�WR�WKH�64/-�UXQWLPH��DV�ZHOO
DV�ELQDU\�64/-�SURILOH�ILOHV�WKDW�FRQWDLQ�LQIRUPDWLRQ�DERXW�WKH�VWDWLF�64/�VWDWHPHQWV�SUHVHQW�LQ�WKH�64/-�VRXUFH�

��� &RPSLODWLRQ�RI�-DYD�FRGH�ZLWK�D�-DYD�FRPSLOHU�
��� &XVWRPL]DWLRQ�RI�WKH�JHQHUDWHG�64/-�SURILOHV�IRU�XVLQJ�2UDFOH�VSHFLILF�GDWDW\SHV�DQG�H[WHQVLRQV�
��� 5XQQLQJ�WKH�DSSOLFDWLRQ��XVLQJ�WKH�64/-�UXQWLPH�OLEUDU\�DQG�D�-'%&�GULYHU�IRU�2UDFOH�
64/-�FDQ�SHUIRUP�6WHSV���WR���E\�WUDQVSDUHQWO\�LQYRNLQJ�WKH�64/-�WUDQVODWRU��D�-DYD�FRPSLOHU��DQG�WKHQ�D�SURILOH�FXVWRPL]HU�
$W�WUDQVODWLRQ�WLPH��WKH�WUDQVODWRU�FDQ�RSWLRQDOO\�FKHFN�WKH�64/�V\QWD[�DQG�VHPDQWLFV�DJDLQVW�D�XVHU�VFKHPD��DQG�YHULI\�WKH
W\SH�FRPSDWLELOLW\�RI�KRVW�YDULDEOHV�ZLWK�64/�W\SHV�IRU�DOO�VWDWLF�64/�VWDWHPHQWV�LQ�WKH�SURJUDP��,Q�JHQHUDO��WKH�64/-�UXQWLPH
LV�DEOH�WR�XVH�DQ\��-'%&�GULYHU�IRU�H[HFXWLRQ��DQG�ZLOO�ZRUN�HYHQ�ZLWK�D�QRQ�-'%&�LPSOHPHQWDWLRQ���7KH�2UDFOH�64/-
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UXQWLPH�FDQ�XVH�HLWKHU�2UDFOH·V�-'%&�2&,�RU�-'%&�WKLQ�GULYHUV��DV�VSHFLILHG�E\�WKH�XVHU����'HWDLOV�RI�WKH�-'%&�2&,�DQG
-'%&�WKLQ�GULYHUV�IURP�2UDFOH�FDQ�EH�IRXQG�LQ�>�@�

64/-�FRGH 64/-
7UDQVODWRU

-DYD
��FRGH -DYD

�&RPSLOHU

-DYD
�E\WH
�FRGH

2UDFOH

���2UDFOH
&XVWRPL]HU 5XQ

2UDFOH

)LJXUH�������7KH�64/-�$SSOLFDWLRQ�'HYHORSPHQW�3URFHVV

$�5HIHUHQFH�,PSOHPHQWDWLRQ�RI�64/-�KDV�EHHQ�GHYHORSHG�DW�2UDFOH��LQ�FROODERUDWLRQ�ZLWK�PDMRU�YHQGRUV�VXFK�DV�,%0��,QIRUPL[�
-DYD6RIW��6\EDVH��7DQGHP��DQG�RWKHUV���7KLV�5HIHUHQFH�,PSOHPHQWDWLRQ�LV�ZULWWHQ�HQWLUHO\�LQ�-DYD��DQG�KDV�D�SOXJ�LQ
DUFKLWHFWXUH�IRU�HDV\�LQWHJUDWLRQ�LQWR�GHYHORSPHQW�WRROV���7KH�64/-�WUDQVODWRU�DUFKLWHFWXUH�LV�DOVR�RSHQ�DQG�H[WHQVLEOH��ZKLFK
SHUPLWV�64/�FKHFNLQJ�DQG�UXQWLPH�FXVWRPL]DWLRQ�IRU�DUELWUDU\�GDWDEDVHV�WKURXJK�-DYD�SOXJ�LQV���6RXUFH�FRGH�IRU�WKH�64/-
5HIHUHQFH�,PSOHPHQWDWLRQ�KDV�EHHQ�PDGH�DYDLODEOH�IUHHO\�WR�WKH�SXEOLF�DQG�WR�RWKHU�GDWDEDVH�YHQGRUV�

����%(1(),76�2)�7+(�64/-�67$1'$5'

64/-�ZDV�GHYHORSHG�FRRSHUDWLYHO\�E\�WKH�PDMRU�GDWDEDVH�YHQGRUV�SULPDULO\�WR�SURYLGH�-DYD�DSSOLFDWLRQ�GHYHORSHUV�ZLWK�D
VLPSOH�DQG�KLJKO\�SURGXFWLYH�GDWDEDVH�SURJUDPPLQJ�WRRO����7KH�PDMRU�EHQHILWV�RI�WKH�64/-�VWDQGDUG�DUH�HQXPHUDWHG�EHORZ�

��� $�PXFK�PRUH�FRQFLVH�V\QWD[�IRU�GDWDEDVH�DFFHVV��DQG�LPSURYHG�GHYHORSHU�SURGXFWLYLW\�
��� 7UDQVODWH�WLPH�FKHFNLQJ�RI�WKH�V\QWD[�DQG�VHPDQWLFV�RI�DOO�VWDWLF�64/�VWDWHPHQWV�
��� 6WURQJ�W\SLQJ�RI�TXHULHV�WKURXJK�LWHUDWRU�W\SHV��DQG�RI�GDWDEDVH�FRQQHFWLRQV�WKURXJK�FRQQHFWLRQ�FRQWH[W�W\SHV�
��� '\QDPLF�64/�VXSSRUW�WKURXJK�WKH�HVWDEOLVKHG�-'%&�LQWHUIDFH�IRU�GDWDEDVH�DFFHVV��64/-�DQG�-'%&�FRQVWLWXWH

FRPSOHPHQWDU\�WHFKQRORJLHV��DQG�LW�LV�SRVVLEOH�WR�PL[�DQG�PDWFK�64/-�DQG�-'%&�FRGH�LQ�WKH�VDPH�DSSOLFDWLRQ�
��� 6RXUFH�OHYHO�SRUWDELOLW\��WKURXJK�YHQGRU�QHXWUDO�ODQJXDJH�V\QWD[��DQG�ELQDU\�SRUWDELOLW\�WKURXJK�$16,�VWDQGDUGL]DWLRQ�RI

64/-�SURILOHV�DQG�UXQWLPH���$GGLWLRQDO�XQLIRUPLW\�LV�REWDLQHG�IURP�WKH�VKDUHG�5HIHUHQFH�,PSOHPHQWDWLRQ�DQG
VWDQGDUGL]HG�-'%&�GULYHUV�

��� 'DWDEDVH�LQGHSHQGHQFH�WKURXJK�FXVWRPL]DWLRQ�RI�WKH�ELQDU\�64/-�SURILOHV�WKDW�GHVFULEH�WKH�VWDWLF�64/�VWDWHPHQWV�
&XVWRPL]DWLRQ�FDQ�EH�XWLOL]HG�IRU�YHQGRU�VSHFLILF�IHDWXUHV��IRU�PLJUDWLRQ�WR�GLIIHUHQW�GDWDEDVHV��IRU�GHEXJJLQJ�DQG�ORJJLQJ
SXUSRVHV��DQG�IRU�SHUIRUPDQFH�HQKDQFHPHQWV�WKURXJK�FDFKLQJ�RU�SUH�FRPSLODWLRQ�RI�64/�RSHUDWLRQV�

��� )OH[LEOH�GHSOR\PHQW�FRQILJXUDWLRQV���7KH�64/-�UXQWLPH�LV�ZULWWHQ�LQ�SXUH�-DYD��ZKLFK�PHDQV�WKDW�64/-�DSSOLFDWLRQV�FDQ
EH�GHSOR\HG�ZKHUHYHU�-'%&�LV�GHSOR\HG��VXFK�DV�RQ�D�WKLQ�FOLHQW��D�WKLFN�FOLHQW��LQ�WKH�PLGGOH�WLHU��RU�LQ�WKH�VHUYHU�

$V�SDUW�RI�WKH�PXOWL�YHQGRU�VWDQGDUGV�HIIRUW��WKH�64/-�3DUW���VSHFLILFDWLRQ�IRU��WKH�HPEHGGLQJ�RI�VWDWLF�64/�VWDWHPHQWV�LQ�WKH
-DYD�ODQJXDJH�KDV�EHHQ�VXEPLWWHG�WR�$16,�DV�'UDIW�;�+�����������64/-�3DUW���DQG�3DUW���SURSRVDOV�GHDO�ZLWK�64/-�VWRUHG
SURFHGXUHV�DQG�VWRUHG�-DYD�FODVVHV��DQG�DUH�DW�SUHVHQW�EHLQJ�GHYHORSHG�E\�WKH�64/-�SDUWQHUV��LQFOXGLQJ�2UDFOH�

�����675(1*7+6�2)�25$&/(·6�64/-�,03/(0(17$7,21

$V�WKH�LQGXVWU\�OHDGHU��2UDFOH�KDV�QRW�RQO\�KHOSHG�WR�GHYHORS�WKH�64/-�VWDQGDUG��EXW�KDV�DOVR�DGRSWHG�LW�IXOO\��$GGLWLRQDOO\�
2UDFOH�KDV�LQWHJUDWHG�64/-�LQ�LWV�GDWDEDVH�DQG�WRROV���:H�QRWH�EHORZ�WKH�PDMRU�VWUHQJWKV�RI�2UDFOH·V�64/-�LPSOHPHQWDWLRQ�

��� 7LJKW�LQWHJUDWLRQ�ZLWK�WKH�-DYD90�HPEHGGHG�LQ�WKH�2UDFOH�L�GDWD�VHUYHU�� Integrating SQLJ with the server allows stored
procedures, functions, and triggers to be written in SQLJ, and supports a uniform programming style at the client and the server.

��� ,QWHJUDWLRQ�RI�WKH�64/-�WUDQVODWRU�ZLWK�2UDFOH·V�-'HYHORSHU�WRRO���-'HYHORSHU�LV�D�JUDSKLFDO�,'(�WKDW�DOORZV SQLJ
translation, Java compilation, and profile customization to be performed in one step, also provides debugging support at the SQLJ
source code level.  A production version of JDeveloper is currently available.

��� 2UDFOH·V�RZQ�64/�&KHFNHU�PRGXOH�IRU�WUDQVODWH�WLPH�YHULILFDWLRQ�RI�WKH�V\QWD[�DQG�VHPDQWLFV�RI�VWDWLF�64/�VWDWHPHQWV�
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��� Support for Oracle-specific datatypes such as REFCURSORs, LOBs, and Oracle8 object types through Oracle’s own profile
customizer.   The SQLJ customization process allows Oracle-specific extensions without jeopardizing standards compliance.

��� ,PSURYHG�SHUIRUPDQFH�IRU�WKH�2UDFOH�GDWDEDVH�WKURXJK�FXVWRPL]HG�SURILOHV�
)XUWKHU�H[WHQVLRQV�DQG�LPSURYHPHQWV�DUH�SODQQHG�LQ�2UDFOH·V�64/-�VXSSRUW��VXFK�DV�LQWHJUDWLRQ�ZLWK�WKH�3HUVRQDO�2UDFOH�/LWH
GDWDEDVH��FRPSOHWH�1/6�PHVVDJHV�IRU�JOREDOL]DWLRQ��DQG�EHWWHU�SHUIRUPDQFH�DQG�VFDODELOLW\�WKURXJK�IXUWKHU�LQWHJUDWLRQ�ZLWK
2UDFOH·V�-'%&�GULYHUV�

���64/-�/$1*8$*(�)($785(6
,Q�WKLV�VHFWLRQ��ZH�LOOXVWUDWH�WKH�PDLQ�FRQFHSWV�DQG�FRQVWUXFWV�LQ�WKH�64/-�ODQJXDJH�ZLWK�WKH�KHOS�RI�DQ�H[DPSOH����7RSLFV
FRYHUHG�LQFOXGH�XVLQJ�KRVW�H[SUHVVLRQV�LQ�64/�VWDWHPHQWV��SHUIRUPLQJ�XSGDWHV��TXHU\LQJ�GDWD�WKURXJK�64/-�LWHUDWRUV��FDOOLQJ
3/�64/�VWRUHG�SURFHGXUHV�DQG�IXQFWLRQV��DQG�XVLQJ�-'%&�IRU�G\QDPLF�64/�RSHUDWLRQV�

����(;$03/(

�:H�FRQVLGHU�D�PLQL�SURMHFW�WUDFNLQJ�V\VWHP�FRQVLVWLQJ�RI�D�WDEOH��PROJECTS��ZLWK�D�QHVWHG�WDEOH�FROXPQ�OWNERS�RI�W\SH
OWNER_SET WKDW�FRQWDLQV�WKH�QDPHV�RI�WKH�RZQHUV�RI�D�SURMHFW�
  CREATE TYPE OWNER_SET AS TABLE OF VARCHAR(20)
  /
  CREATE TABLE PROJECTS (
        ID NUMBER(4),
        NAME VARCHAR(30) PRIMARY KEY,
        START_DATE DATE,
        DURATION NUMBER(3),
        OWNERS OWNER_SET ) NESTED TABLE OWNERS STORE AS OWNERS_TAB
  /

/HW�XV�GHVLJQ�DQ�DSSOLFDWLRQ�WKDW�FDQ������XSGDWH�WKH�GXUDWLRQ�RI�D�SURMHFW������OLVW�WKH�RSHQ�SURMHFWV�WKDW�DUH�\HW�WR�EH
FRPSOHWHG������VKRZ�WKH�WLPH�WR�FRPSOHWH�DOO�RSHQ�SURMHFWV������FDOFXODWH�ZKLFK�SURMHFWV�DUH�GXH�WKLV�PRQWK��HWF���:H�ZLOO
LPSOHPHQW�HDFK�RI�WKHVH�IXQFWLRQV�XVLQJ�D�GLIIHUHQW�IHDWXUH�RI�64/-���%HORZ�LV�WKH�VNHOHWRQ�RI�WKH�-DYD�FODVV�ProjDemo�IRU
WKLV�DSSOLFDWLRQ���)ROORZLQJ�-DYD·V�ILOH�QDPLQJ�UXOHV��WKH�ILOH�FRQWDLQLQJ�WKLV�SXEOLF�FODVV�PXVW�EH�QDPHG�ProjDemo.sqlj�

import sqlj.runtime.*;
import sqlj.runtime.ref.*;
import java.sql.*;

public class ProjDemo {
  public static void main(String[] args)  {
    try {
      dbConnect();                           // logon to the database
      int numDays = 5;
      String projName = "That Project";
      updateDuration(projName, numDays);     // update project duration
      listOpenProjects();                    // list open projects using named iterator
      listOwners(projName);                  // list owners using positional iterator
      getMaxDeadline();                      // get max deadline via PL/SQL procedure
      boolean dueThisMonth = true;
      projectsDue(dueThisMonth );            // list due projects via dynamic SQL/JDBC
      Date deadline = projDeadline(projName); // get deadline via SQLJ stored function
    }
      catch (Exception e) {
         System.err.println( "Error running ProjDemo: " + e );
      }
  …  Definitions of the above methods  …
  }

:H�ZLOO�JUDGXDOO\�ILOO�LQ�WKH�PHWKRG�GHILQLWLRQV�RI�WKH�ProjDemo �FODVV�LQ�WKH�IROORZLQJ�VHFWLRQV�
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����64/-�67$7(0(176

$OO��64/-�VWDWHPHQWV�VWDUW�ZLWK�WKH�#sql�SUHIL[�DQG�HQG�ZLWK�D�VHPL�FRORQ���64/-�VWDWHPHQWV�DUH�FODVVLILHG�LQWR�WZR
FDWHJRULHV��GHFODUDWLYH�DQG�H[HFXWDEOH���'HFODUDWLYH�VWDWHPHQWV�LQWURGXFH�-DYD�W\SHV�LQ�WKH�SURJUDP��ZKHUHDV�H[HFXWDEOH�VWDWHPHQWV
VSHFLI\�GDWDEDVH�RSHUDWLRQV���-DYD�W\SHV�IRU�64/-�LWHUDWRUV�DQG�FRQQHFWLRQ�FRQWH[WV�DUH�GHILQHG�WKURXJK�WKH�GHFODUDWLYH�VWDWHPHQWV�
DQG�VXFK�W\SH�GHFODUDWLRQV�PD\�DSSHDU�ZKHUH�D�-DYD�FODVV�GHILQLWLRQ�FDQ�OHJDOO\�DSSHDU���,Q�FRQWUDVW��H[HFXWDEOH�64/-
VWDWHPHQWV�FRQWDLQ�D�VWDWLF�64/�RSHUDWLRQ�ZLWKLQ�FXUO\�EUDFHV��DQG�FDQ�EH�SODFHG�ZKHUHYHU�D�-DYD�VWDWHPHQW�PD\�DSSHDU�
([DPSOHV�RI�GHFODUDWLYH�DQG�H[HFXWDEOH�64/-�VWDWHPHQWV�DUH�JLYHQ�EHORZ�
   #sql iterator ProjIter (String name, int id, Date deadline);    // declares Java type

   #sql { CREATE UNIQUE INDEX projid_index ON projects (id) };     // executes SQL

����+267�(;35(66,216

,Q�H[HFXWDEOH�64/-�VWDWHPHQWV��WKH�LQSXWV�DQG�RXWSXWV�WR�64/�RFFXU�WKURXJK�-DYD�KRVW�H[SUHVVLRQV�WKDW�DUH�HPEHGGHG�LQWR�WKH
64/�VWDWHPHQWV�ZLWK�D�FRORQ�SUHIL[���,Q�LWV�EDVLF�IRUP��D�KRVW�H[SUHVVLRQ�LV�WKH�VLPSOH�QDPH�RI�DQ\�YDOLG�-DYD�YDULDEOH��ILHOG��RU
SDUDPHWHU���,Q�RXU�H[DPSOH���WKH�PHWKRG�updateDuration()�FDQ�EH�LPSOHPHQWHG�ZLWK�KRVW�YDULDEOHV�projName�DQG
numDays�DV�IROORZV�
  public static void updateDuration(String projName, int numDays) throws SQLException {
     #sql { UPDATE projects SET duration = duration + :numDays
            WHERE  name = :projName };
     #sql { COMMIT };
  }

64/-�DOVR�VXSSRUWV�WKH�XVH�RI�TXDOLILHG�QDPHV�DQG�FRPSOH[�-DYD�KRVW�H[SUHVVLRQV��ZKLFK�PXVW�DSSHDU�LQ�SDUHQWKHVHV�DIWHU�WKH
FRORQ�SUHIL[��DV�VKRZQ�LQ�WKH�H[DPSOH�EHORZ�
  #sql { UPDATE PROJECTS SET duration = :(getNewDuration(id)) WHERE ID = :id };

+HUH���getNewDuration(id)�LV�D�-DYD�PHWKRG�FDOO�WKDW�UHWXUQV�D�QXPHULF�YDOXH�GHQRWLQJ�WKH�XSGDWHG�GXUDWLRQ�RI�WKH
SURMHFW���$W�UXQWLPH��WKLV�H[SUHVVLRQ�LV�HYDOXDWHG�LQ�-DYD��DQG�WKHQ�SDVVHG�WR�WKH�64/�VWDWHPHQW�DV�DQ�LQSXW�ELQG�SDUDPHWHU�

$OO�VWDQGDUG�-'%&�W\SHV��VXFK�DV�ERROHDQ��E\WH��VKRUW��LQW��6WULQJ��E\WH>@��,QWHJHU��'RXEOH��MDYD�VTO�'DWH�HWF��DUH�YDOLG�KRVW
H[SUHVVLRQ�W\SHV�LQ�64/-���$GGLWLRQDOO\��2UDFOH·V�64/-�WUDQVODWRU�VXSSRUWV�WKH�XVH�RI�2UDFOH��DQG�2UDFOH��W\SHV�VXFK�DV
52:,'��&/2%��%/2%��DV�ZHOO�DV�2EMHFW�DQG�5()�W\SHV���'HWDLOV�RQ�XVH�RI�WKH�2UDFOH��W\SHV�PD\�EH�IRXQG�LQ�>�@�DQG�>�@�

����,7(5$7256
,Q�D�64/-�SURJUDP��D�UHVXOW�VHW�UHWXUQHG�E\�D�64/�TXHU\�FDQ�EH�UHSUHVHQWHG�DV�DQ�LWHUDWRU�REMHFW�WKDW�LV�XVHG�WR�H[DPLQH�WKH
GDWD���$Q�LWHUDWRU�REMHFW�LV�DQ�LQVWDQFH�RI�DQ�LWHUDWRU�FODVV���ZKLFK�PD\�EH�GHILQHG�XVLQJ�WKH�#sql iterator �QDPH! ...
GHFODUDWLRQ���$Q�LWHUDWRU�W\SH�GHFODUDWLRQ�LV�H[SDQGHG�E\�WKH�64/-�WUDQVODWRU�WR�D�-DYD�FODVV�GHFODUDWLRQ�RI�WKH�VDPH�QDPH���$
64/-�LWHUDWRU�FODVV�FRUUHVSRQGV�WR�WKH�-'%&�UHVXOW�VHW��ZLWK�WKH�DGGLWLRQDO�LPSRUWDQW�SURSHUW\�WKDW�LW�LV�VWURQJO\�W\SHG�LQ
WHUPV�RI�WKH�VKDSH�RI�WKH�64/�TXHU\�DV�GHILQHG�E\�WKH�QXPEHU�DQG�-DYD�W\SHV�RI�VHOHFWHG�DWWULEXWHV��DQG�RSWLRQDOO\�WKHLU�QDPHV
WRR���7KLV�VWURQJ�W\SLQJ�RI�64/-�LWHUDWRUV�DOORZV�WKHP�WR�EH�WUHDWHG�DV�W\SH�VDIH��ILUVW�FODVV�-DYD�REMHFWV�ZLWK�NQRZQ�URZ
VKDSHV��VR�WKDW�ERWK�WKH�64/-�WUDQVODWRU�DQG�WKH�-DYD�FRPSLOHU�FDQ�VWDWLFDOO\�FKHFN�WKH�YDOLGLW\�RI�FROXPQ�GDWD�DFFHVV�ZKHUHYHU
WKH�LWHUDWRU�LV�XVHG����64/-�VXSSRUWV�WZR�GLIIHUHQW�W\SHV�RI�LWHUDWRUV���QDPHG�DQG�SRVLWLRQDO��ERWK�RI�ZKLFK�DUH�LOOXVWUDWHG�EHORZ�

������1$0('�,7(5$7256

$�QDPHG�LWHUDWRU�GHFODUDWLRQ�VSHFLILHV�ERWK�FROXPQ�DFFHVVRU�QDPHV�DQG�WKHLU�-DYD�W\SHV���7KH�DFFHVVRU�QDPHV�PXVW�PDWFK�WKH
QDPHV��RU�DOLDVHV��RI�WKH�VHOHFWHG�FROXPQV�LQ�D�64/�TXHU\�ERXQG�WR�WKH�LWHUDWRU��DQG�WKH�DFFHVVRU�W\SHV�PXVW�EH�YDOLG��-'%&
RU�2UDFOH�W\SHV�FRPSDWLEOH�ZLWK�WKH�FRUUHVSRQGLQJ�64/�GDWDW\SHV�����)RU�RXU�H[DPSOH��WKH�IROORZLQJ�GHFODUDWLYH�VWDWHPHQW
LQWURGXFHV�D�QDPHG�LWHUDWRU�W\SH�ProjIter�ZLWK�WKUHH�FROXPQV�name��id��DQG�deadline�
   #sql iterator ProjIter (String name, int id, Date deadline);

7KLV�W\SH�GHFODUDWLRQ�FDQ�EH�SODFHG�ZKHUH�D�-DYD�FODVV�GHILQLWLRQ�FDQ�DSSHDU��IRU�H[DPSOH��DIWHU�WKH�LPSRUWV�LQ�WKH�ILOH
ProjDemo.sqlj���'XULQJ�WUDQVODWLRQ�RI�WKLV�64/-�SURJUDP��WKH�DERYH�GHFODUDWLRQ�JHQHUDWHV�D�-DYD�FODVV�QDPHG�ProjIter
ZLWK�WKUHH�VSHFLDO�FROXPQ�DFFHVVRU�PHWKRGV��name()��id()��DQG�deadline()��WKDW�UHWXUQ�String��int��DQG�MDYD�VTO�Date
YDOXHV�UHVSHFWLYHO\��DQG�DUH�XVHG�WR�DFFHVV�WKH�IHWFKHG�FROXPQ�YDOXHV��2WKHU�PHWKRGV�RI�WKH�ProjIter�FODVV�DUH�VLPLODU�WR
WKRVH�IRXQG�RQ�-'%&�UHVXOW�VHWV��VXFK�DV�next()�WR�LWHUDWH�RYHU�IHWFKHG�URZV��DQG�close()�WR�UHOHDVH�WKH�UHVRXUFHV�KHOG�E\
WKH�LWHUDWRU�
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$IWHU�DQ�LWHUDWRU�W\SH�LV�GHILQHG��D�64/-�SURJUDP�FDQ�GHFODUH�LQVWDQFHV�RI�WKLV�LWHUDWRU�W\SH��DQG�SRSXODWH�LW�XVLQJ�D�64/�TXHU\�
'XULQJ�H[HFXWLRQ��WKH�64/-�UXQWLPH�PDWFKHV�WKH�QDPHV�RI�WKH�FROXPQ�DFFHVVRUV�LQ�WKH�LWHUDWRU�ZLWK�WKH�64/�FROXPQ�QDPHV
LQ�D�FDVH�LQVHQVLWLYH�ZD\���1RWH�WKDW�FROXPQ�DOLDVHV�PXVW�EH�XVHG�IRU�WKRVH�64/�FROXPQV�ZKRVH�QDPHV�DUH�QRW�YDOLG�-DYD
LGHQWLILHUV���:H�QRZ�LOOXVWUDWH�WKHVH�FRQFHSWV�LQ�WKH�PHWKRG�listOpenProjects()�IRU�RXU�H[DPSOH�
  public static void listOpenProjects() throws SQLException {
    ProjIter projs = null;               // Declare the iterator instance
                                         // Populate the iterator with a SQL query
    #sql projs = { SELECT start_date + duration as deadline, name, id
                    FROM projects  WHERE start_date + duration >= sysdate

    while (projs.next()) {               // Loop through the result rows
                                         // Access data via column accessors
       System.out.println("Project named ’" + projs.name() + "’ id " +
                               projs.id() + " completes on " + projs.deadline());
    }
    projs.close();
  }

1RWLFH�WKDW�WKH�FROXPQV�VHOHFWHG�E\�WKH�TXHU\�GR�QRW�PDWFK�WKH�LWHUDWRU�DFFHVVRUV�LQ�RUGHU��EXW�KDYH�WKH�VDPH�QDPHV���$Q�DOLDV
QDPHG�deadline�GHQRWHV�WKH�FRPSOHWLRQ�WLPH�RI�D�SURMHFW��DV�FRPSXWHG�E\�DGGLQJ�LWV�start_date�WR�LWV�duration�

������326,7,21$/�,7(5$7256

,Q�FRQWUDVW�WR�QDPHG�LWHUDWRUV���SRVLWLRQDO�LWHUDWRUV�VSHFLI\�RQO\�WKH�QXPEHU�DQG�W\SHV�RI�FROXPQV��DQG�QRW�WKHLU�QDPHV��DV�LQ�
    #sql iterator OwnerIter (String);

$V�IRU�QDPHG�LWHUDWRUV��WKLV�GHFODUDWLRQ�JHQHUDWHV�D�-DYD�FODVV�QDPHG�OwnerIter��EXW�LW�GRHV�QRW�KDYH�DQ\�VSHFLDO�PHWKRGV
IRU�FROXPQ�DFFHVV���KRZHYHU���LQWHUQDOO\�LW�HQFRGHV�WKH�TXHU\�VKDSH����&ROXPQ�GDWD�PD\�EH�DFFHVVHG�E\�SRVLWLRQ�RQO\��WKURXJK
WUDGLWLRQDO�FETCH..INTO�V\QWD[���7KH�VDPH�EHQHILWV�RI�VWURQJ�W\SLQJ�DV�IRU�QDPHG�LWHUDWRUV�DUH�DSSOLFDEOH�IRU�SRVLWLRQDO
LWHUDWRUV�DOVR���7KH�RQO\�GLIIHUHQFH�LV�LQ�WKH�ZD\�FROXPQ�GDWD�LV�DFFHVVHG��QDPHG�DFFHVV�EHLQJ�PRUH�IOH[LEOH�DQG�OHVV�HUURU�
SURQH�LQ�VRPH�FDVHV��ZKLOH�FETCH..INTO�PD\�EH�DGHTXDWH�DQG�PRUH�FRQYHQLHQW�LQ�RWKHUV��7KH�FKRLFH�LV�OHIW�WR�WKH�64/-
XVHU��GHSHQGLQJ�RQ�WKH�UHTXLUHPHQWV�RI�KLV�KHU�SURJUDP���%HORZ�ZH�GHILQH�WKH�PHWKRG�listOwners()�IRU�RXU�H[DPSOH
XVLQJ�D��SRVLWLRQDO�LWHUDWRU�owners�RI�W\SH�OwnerIter�
  public static void listOwners(String projName) throws SQLException {

    OwnerIter owners = null;                   // Declare the iterator instance
    #sql owners = { SELECT *                   // Populate iterator with SQL query
                    FROM THE(SELECT (p.owners) FROM projects p
                             WHERE p.name = :projName) };
    String ownerName = null;
    while (true) {                             // Loop though the results
      #sql { FETCH :owners INTO :ownerName };  // FETCH implicitly gets next row
      if (owners.endFetch()) break;            // Check if no more rows
      System.out.println(ownerName);           // Else print data
    }
    owners.close();                            // Close the iterator
  }

2EVHUYH�WKDW�WKH�WHUPLQDWLRQ�FRQGLWLRQ�LQ�WKH�while�ORRS�IRU�WKH�FETCH�VWDWHPHQW�LV�GHWHFWHG�E\�FDOOLQJ�WKH�endFetch()
PHWKRG�RQ�WKH�owners��LWHUDWRU��DQG�WKLV�FRQGLWLRQ�PXVW�DOZD\V�EH�FKHFNHG�EHIRUH�IHWFKHG�GDWD�LV�DFFHVVHG���7KLV�PHWKRG�LV
DYDLODEOH�RQO\�IRU�SRVLWLRQDO�LWHUDWRUV��DQG�QRW�IRU�QDPHG�RQHV���3RVLWLRQDO�DQG�QDPHG�LWHUDWRUV�DUH�VHSDUDWH�-DYD�HQWLWLHV��DQG
WKH�WZR�SDUDGLJPV�FDQQRW�EH�PL[HG�IRU�WKH�VDPH�LWHUDWRU�

����&$//,1*�3/�64/��6725('�352&('85(6��)81&7,216��$1'�$121<0286�%/2&.6
64/-�SURYLGHV�FRQYHQLHQW�VKRUW�KDQG�V\QWD[�WR�FDOO�VWRUHG�SURFHGXUHV�DQG�IXQFWLRQV�VWRUHG�LQ�WKH�GDWDEDVH��DV�ZHOO�DV
DQRQ\PRXV�SURFHGXUDO�EORFNV���$VVXPH�IRU�RXU�H[DPSOH�WKDW�ZH�ZLVK�WR�SULQW�WKH�FRPSOHWLRQ�GDWH�RI�DOO�RSHQ�SURMHFWV�

:H�FDQ�GHILQH�D�VWRUHG�SURFHGXUH�QDPHG�MAX_DEADLINE�XVLQJ�3/�64/�LQ�WKH�2UDFOH�GDWDEDVH��DV�IROORZV�
CREATE OR REPLACE PROCEDURE MAX_DEADLINE (deadline OUT DATE) IS
   BEGIN    SELECT MAX(start_date + duration) INTO deadline FROM projects;
   END;
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/

7KHQ��ZH�FDQ�FDOO�WKLV�VWRUHG�SURFHGXUH�IURP�64/-��DV�LQ�WKH�PHWKRG�getMaxDeadline()�EHORZ�
 public static void getMaxDeadline() throws SQLException  {
    Date maxDeadline;
    #sql  { CALL MAX_DEADLINE(:OUT maxDeadline) };    // CALL syntax for stored procedures
    System.out.println("Last project completes on " + maxDeadline);
  }

287�DQG�,1287�SDUDPHWHU�PRGHV�PXVW�EH�GHFODUHG�H[SOLFLWO\�IRU�VWRUHG�SURFHGXUHV��IXQFWLRQV��DQG�DQRQ\PRXV�EORFNV�
7KH�V\QWD[�IRU�D�IXQFWLRQ�FDOO�LV�GLIIHUHQW�IURP�WKDW�RI�D�SURFHGXUH�FDOO��LQ�WKDW�LW�XVHV�WKH�VALUES�FRQVWUXFW�LQVWHDG�RI�CALL�
)RU�H[DPSOH��LI�ZH�GHILQHG�D�3/�64/�IXQFWLRQ�GET_MAX_DEADLINE�UHWXUQLQJ�D�DATE�LQVWHDG�RI�WKH�VWRUHG�SURFHGXUH
MAX_DEADLINE�ZLWK�DQ�RXW�SDUDPHWHU��WKH�FDOO�WR�WKLV�IXQFWLRQ�ZRXOG�DSSHDU�LQ�64/-�DV�
  #sql maxDeadline = { VALUES(GET_MAX_DEADLINE()) }; // VALUES syntax for stored functions

$QRQ\PRXV�EORFNV�LQ�64/-�VWDWHPHQWV�DUH�SODFHG�ZLWKLQ�WKH�FXUO\�EUDFHV�XVLQJ�BEGIN..END�V\QWD[�

�����&211(&7,1*�72�7+(�'$7$%$6(

'DWDEDVH�FRQQHFWLRQV�FRPH�LQWR�WKH�SLFWXUH�DW�DSSOLFDWLRQ�UXQWLPH��DQG�DW�WUDQVODWLRQ�WLPH�DV�ZHOO���5XQWLPH�64/�RSHUDWLRQV
XVLQJ�WKH�GHIDXOW�FRQWH[W�UHTXLUH�WKH�64/-�DefaultContext�WR�EH�LQLWLDOL]HG�ZLWK�D�FRQQHFWLRQ�IURP�WKH�-'%&�GULYHU�
(VWDEOLVKLQJ�D�UXQWLPH�FRQQHFWLRQ�WR�WKH�2UDFOH�GDWDEDVH�FRQVLVWV�RI�WKH�VWHSV�VKRZQ�EHORZ�
public static void dbConnect() throws Exception
  { DriverManager.registerDriver(new oracle.jdbc.driver.OracleDriver());// register driver
    String url  = "jdbc:oracle:oci8:@";            // Using JDBC/OCI driver to connect
    String user = "scott"; String pwd  = "tiger";  // Logon user id and password
    DefaultContext.setDefaultContext(              // Initialize SQLJ default context
       new DefaultContext(url, user, pwd, false)); // with autoCommit off
  }

7KLV�FRQQHFWLRQ�LV�XVHG�WR�H[HFXWH�DOO�#sql�VWDWHPHQWV�WKDW�GR�QRW�KDYH�D�FRQWH[W�WDJ��DV�LQ�WKH�ProjDemo�H[DPSOHV�DERYH�
7R�HQDEOH�64/�FKHFNLQJ�DW�WUDQVODWLRQ�WLPH���GDWDEDVH�FRQQHFWLRQ�LQIRUPDWLRQ�FDQ�DOVR�EH�VSHFLILHG�RQ�WKH�64/-�FRPPDQG�
OLQH��RU�PRUH�FRQYHQLHQWO\��LQ�D�64/-�SURSHUWLHV�ILOH����%HORZ�ZH�VKRZ�DQ�H[DPSOH�RI�64/-�FRPPDQG�OLQH�LQYRFDWLRQ�WKDW�XVHV
WKH�-'%&�2&,�GULYHU�DQG�WKH�VFRWW�WLJHU�VFKHPD�GXULQJ�WUDQVODWLRQ�WR�FKHFN�VWDWLF�64/�RSHUDWLRQV�RQ�WKH�GHIDXOW�FRQWH[W�
    sqlj -user=scott/tiger -url=jdbc:oracle:oci8:@   ProjDemo.sqlj

)RU�IOH[LELOLW\��64/-�VXSSRUWV�PDQ\�RWKHU�RSWLRQV��VXFK�DV�IRU�VSHFLILFDWLRQ�RI�WKH�-'%&�GULYHU�FODVV�XVHG�DW�WUDQVODWLRQ�WLPH�
0RVW�RSWLRQV�KDYH�FRPPRQ�GHIDXOW�YDOXHV��H�J���WKH�GULYHU�LV�SUHVHW�WR�oracle.jdbc.driver.OracleDriver �

������&211(&7,1*�72�08/7,3/(�'$7$%$6(6

,Q�WKH�H[DPSOHV�JLYHQ�DERYH��ZH�KDYH�XVHG�D�VLQJOH�GHIDXOW�FRQQHFWLRQ�FRQWH[W�IRU�DOO�RXU�64/�RSHUDWLRQV���64/-�VXSSRUWV
FRQQHFWLQJ�WR�PXOWLSOH�VFKHPDV�LQ�WKH�VDPH��SURJUDP���'LIIHUHQW�VFKHPDV�XVHG�DW�UXQWLPH�DUH�PRGHOHG�DV�GLVWLQFW�FRQQHFWLRQ
FRQWH[W�FODVVHV�LQ�64/-�SURJUDPV���)RU�H[DPSOH��D�QRQ�GHIDXOW�FRQQHFWLRQ�FRQWH[W�FODVV�ProjDb�LV�GHILQHG�DV�
    #sql context ProjDb;

7KLV�GHFODUDWLRQ�LV�H[SDQGHG�E\�WKH�64/-�WUDQVODWRU�WR�D�-DYD�FODVV�QDPHG�ProjDb��RI�ZKLFK�DQ�LQVWDQFH�FDQ�EH�GHFODUHG�DQG
LQLWLDOL]HG�ZLWK�D�GDWDEDVH�FRQQHFWLRQ�DV�IROORZV�
    ProjDb myProjDb;               // Declare instance of ProjDb connection context class
    myProjDb = new ProjDb(url, user, pwd, true);         // Initialize with autoCommit on

6XEVHTXHQWO\���WKLV�FRQQHFWLRQ�FRQWH[W�LQVWDQFH�PD\�EH�XVHG�LQ�DQ�HPEHGGHG�64/�RSHUDWLRQ�DV�IROORZV�
    #sql [myProjDb] { UPDATE … };  // Execute SQL on myProjDb connection context

7KH�64/-�WUDQVODWRU��DOVR�VXSSRUWV�64/�FKHFNLQJ�RQ�PXOWLSOH�FRQQHFWLRQ�FRQWH[WV�DW�WUDQVODWH�WLPH��WKURXJK�FRPPDQG�OLQH
RSWLRQV�WKDW�DUH��RSWLRQDOO\��WDJJHG�ZLWK�WKH�FRQQHFWLRQ�FRQWH[W�FODVV�QDPH���$Q�H[DPSOH�RI�VXFK�XVH�LV�
 sqlj -user=scott/tiger -user@ProjDb=roger/lion -url=jdbc:oracle:oci8:@  ProjDemo.sqlj

6XFK�DQ�LQYRFDWLRQ�PDNHV�WKH�64/-�WUDQVODWRU�XVH�WZR�GLIIHUHQW�VFKHPDV�IRU�FKHFNLQJ�64/�RSHUDWLRQV��VFRWW�WLJHU�IRU�WKRVH
WKDW�XVH�WKH�GHIDXOW�FRQWH[W��DQG�URJHU�OLRQ�IRU�WKH�64/�H[HFXWHG�RQ�LQVWDQFHV�RI�WKH�ProjDb �FRQQHFWLRQ�FRQWH[W�FODVV�
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����86,1*�'<1$0,&�64/�7+528*+�-'%&
,Q�VRPH�FDVHV��IRU�H[DPSOH�ZKHQ�D�WHERE�FODXVH�FRQGLWLRQ�RU�WKH�VHW�RI�VHOHFWHG�DWWULEXWHV�LV�XQNQRZQ��WKH�64/�VWDWHPHQW�LV
QRW�NQRZQ� LQ�DGYDQFH��DQG� WKHUHIRUH�G\QDPLF�64/�PXVW�EH�XVHG��7KH�G\QDPLF�64/�$3,�IRU�64/-� LV� -'%&��DQG�D�64/-
SURJUDP�PD\�FRQWDLQ�ERWK�64/-�FRGH�DQG�-'%&�FDOOV���$FFHVV�WR�-'%&�FRQQHFWLRQV�DQG�UHVXOW�VHWV�IURP�D�64/-�SURJUDP
PLJKW�DOVR�EH�QHFHVVDU\�IRU�ILQHU�JUDQXODULW\�RI�FRQWURO���7KH�WZR�SDUDGLJPV�LQWHURSHUDWH�VHDPOHVVO\�ZLWK�HDFK�RWKHU�WKURXJK
FRQYHUVLRQV�EHWZHHQ��-'%&�FRQQHFWLRQV�DQG�64/-�FRQQHFWLRQ�FRQWH[WV��DQG�EHWZHHQ�-'%&�UHVXOW�VHWV�DQG�64/-�LWHUDWRUV�
)RU�H[DPSOH��D�64/-�FRQQHFWLRQ�FRQWH[W�FDQ�EH�LQLWLDOL]HG�ZLWK�DQ�H[LVWLQJ�-'%&�FRQQHFWLRQ�
     java.sql.Connection conn = …;     // Create JDBC connection
     ProjDb pdb = new ProjDB(conn);    // Use to initialize SQLJ connection context

&RQYHUVHO\��LW�LV�DOVR�SRVVLEOH�WR�H[WUDFW�D�-'%&�FRQQHFWLRQ�REMHFW�IURP�D�64/-�FRQQHFWLRQ�FRQWH[W�LQVWDQFH���7KLV�IHDWXUH�LV
LOOXVWUDWHG�EHORZ��ZKHUH�ZH�GHILQH�WKH�PHWKRG�projectsDue() �XVLQJ�G\QDPLF�64/�YLD�-'%&�VWDWHPHQWV�DQG�FRQQHFWLRQV�
public static void projectsDue(boolean dueThisMonth) throws SQLException {
     // get JDBC connection from previously initialized SQLJ DefaultContext
     Connection conn = DefaultContext.getDefaultContext().getConnection();

     String query =  "SELECT name, start_date + duration FROM projects " +
                     "WHERE start_date + duration >= sysdate ";    // Query open projects
     if (dueThisMonth)                            // Add condition to check month due
       query += " AND to_char(start_date + duration, 'Month') " +
                " = to_char(sysdate, 'Month') ";  // Extract and compare month from dates

     PreparedStatement pstmt = conn.prepareStatement(query);
     ResultSet rs = pstmt.executeQuery();
     while (rs.next()) {
      System.out.println("Project: " + rs.getString(1) + " Deadline: " + rs.getDate(2));
     }
     rs.close(); pstmt.close();
 }
6LPLODU�FRQYHUVLRQV�DV�IRU�GDWDEDVH�FRQQHFWLRQV�DUH�DOVR�VXSSRUWHG�EHWZHHQ�-'%&�UHVXOW�VHWV�DQG��64/-�LWHUDWRUV�
     ProjIter projs;                                    // Declare iterator instance
     #sql projs = { SELECT … };                         // Initialize it
     java.sql.ResultSet rsProjs = projs.getResultSet(); // Get its JDBC result set

/LNHZLVH��ZH�FDQ�LQVWDQWLDWH�D�64/-�LWHUDWRU�REMHFW�XVLQJ�D�-'%&�UHVXOW�VHW��7KH�H[DPSOH�EHORZ�VKRZV�VXFK�D�FRQYHUVLRQ�WR
WKH�64/-�QDPHG�LWHUDWRU�projs���,Q�WKLV�FDVH��WKH�FROXPQ�QDPHV�LQ�WKH�64/�TXHU\�PXVW�PDWFK�WKH�DFFHVVRUV�LQ�WKH�LWHUDWRU�
     java.sql.ResultSet rs = …;   // Create and initialize a JDBC result set
     #sql projs = {CAST :rs};     // Cast the result set to a SQLJ iterator

1RWLFH�WKH�XVH�RI�WKH�CAST�RSHUDWRU�DERYH��ZKLFK�LV�VSHFLDO�V\QWD[�SURYLGHG�IRU�FRQYHUVLRQ�RI�-'%&�UHVXOW�VHWV�WR�LWHUDWRUV�

���'(),1,1*�64/-�6725('�352&('85(6�21�7+(�6(59(5
)LQDOO\��ZH�GHPRQVWUDWH�WKH�XVH�RI�64/-�VWRUHG�SURFHGXUHV�DQG�IXQFWLRQV�RQ�WKH�2UDFOH�L�GDWD�VHUYHU��ZKLFK�SURYLGHV�DQ
LQWHJUDWHG�-DYD90�>�@��DQG�VXSSRUWV�64/-��64/-�FRGH�GHILQHG�DW�WKH�VHUYHU�LV��DXWRPDWLFDOO\�WUDQVODWHG�LQWR�-DYD�E\WH�FRGH�
DQG�WKHQ�VWRUHG�LQ�WKH�GDWDEDVH���)RU�H[DPSOH��XVLQJ�64/
3OXV��ZH�FDQ�GHILQH�D�VWDWLF�IXQFWLRQ�getDeadline() �LQ�D�-DYD
FODVV�QDPHG�ProjUtil ��DV�IROORZV�
CREATE OR REPLACE JAVA SOURCE NAMED "ProjUtil" AS
  import java.sql.*;
  public class ProjUtil {
    public static Date getDeadline (String projName) {
      // Note: connection is automatic for server-side execution of SQLJ programs
      try {
            Date completionDate;
            #sql { SELECT start_date + duration INTO :completionDate FROM projects
                   WHERE name = :projName };  // single-row query by key project name
            return completionDate;
          } catch (SQLException e)  { return null; } } }
/
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2QFH�WKLV�64/-�IXQFWLRQ�KDV�EHHQ�FUHDWHG�VXFFHVVIXOO\��LW�FDQ�EH�LQYRNHG�IURP�64/�VWDWHPHQWV���%XW�ILUVW�D�ZUDSSHU�KDV�WR�EH
GHILQHG�IRU�PDSSLQJ�WKH�-DYD�LQYRFDWLRQ�VLJQDWXUH�WR�64/���7KLV�ZUDSSHU�GHILQLWLRQ�LV�EDVHG�RQ�3/�64/�V\QWD[��H�J��
CREATE OR REPLACE FUNCTION getDeadline(projName VARCHAR2) RETURN DATE
  AS LANGUAGE JAVA NAME ’ProjUtil.getDeadline(java.lang.String) return java.sql.Date’;

�

7KHQ��WKH�VWRUHG�IXQFWLRQ�RU�SURFHGXUH�FDQ�EH�LQYRNHG�IURP�ERWK�FOLHQW�VLGH�DQG�VHUYHU�VLGH�64/-�FRGH��MXVW�OLNH�DQ\�RWKHU
VWRUHG�3/�64/�IXQFWLRQ�RU�SURFHGXUH���7KXV��ZH�FDQ�GHILQH�WKH�PHWKRG�projDeadline()�XVLQJ�WKH�DERYH�64/�ZUDSSHU�
public static Date projDeadline(String projName) throws SQLException {
    Date deadline = null;
    #sql deadline = { VALUES(getDeadline(:IN projName)) };
    return deadline;
}
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7KLV�SDSHU�KDV�SUHVHQWHG�D�FRPSUHKHQVLYH�RYHUYLHZ�RI�WKH�JRDOV��EHQHILWV��DQG�FDSDELOLWLHV�RI�64/-���8VLQJ�D�GHWDLOHG�H[DPSOH�
ZH�KDYH�H[SODLQHG�WKH�YDULRXV�ODQJXDJH�IHDWXUHV�DQG�GHPRQVWUDWHG�WKHLU�XVDJH���)URP�WKH�H[DPSOHV�LQ�WKLV�SDSHU��ZH�VHH�WKDW
64/-�VWDWHPHQWV�DUH�XVXDOO\�PXFK�VKRUWHU�WKDQ�WKH�HTXLYDOHQW�G\QDPLF�64/�FDOOV�LQ�-'%&��EHFDXVH�64/-�XVHV�HPEHGGHG�-DYD
KRVW�YDULDEOHV�WR�SDVV�DUJXPHQWV�WR�64/��,Q�FRQWUDVW��WKH�-'%&�XVHU�PXVW�ZULWH�VHSDUDWH�FDOOV�WR�ELQG�HDFK�DUJXPHQW�DQG�WR
UHWULHYH�HDFK�UHVXOW��$QRWKHU�LPSRUWDQW�DGYDQWDJH�RI�64/-�LV�WKDW�LW�VXSSRUWV�WUDQVODWH�WLPH�FKHFNLQJ�RI�DOO�VWDWLF�64/
VWDWHPHQWV�DJDLQVW�D�GDWDEDVH�VFKHPD��DQG�YHULILFDWLRQ�RI�WKH�W\SH�FRPSDWLELOLW\�RI�KRVW�YDULDEOHV�ZLWK�64/�GDWDW\SHV�
$GGLWLRQDOO\��VWURQJO\�W\SHG�64/-�LWHUDWRUV�HQDEOH�-DYD�W\SH�FKHFNLQJ�DQG�64/�VFKHPD�FKHFNLQJ�ZKHUH�GDWD�LV�IHWFKHG�IURP
DQ�LWHUDWRU��HLWKHU�XVLQJ�QDPHG�FROXPQ�DFFHVVRUV�RU�WKURXJK�D�FETCH..INTO�VWDWHPHQW���EHFDXVH�WKH�LWHUDWRU·V�FODVV�GHILQHV
WKH�QXPEHU�DQG�W\SHV�RI�WKH�IHWFKHG�FROXPQV���7KLV�W\SH�FKHFNLQJ�JUHDWO\�HQKDQFHV�SURJUDP�UREXVWQHVV�E\�FDWFKLQJ�HUURUV�DW
GHYHORSPHQW�WLPH��UDWKHU�WKDQ�DW�DSSOLFDWLRQ�UXQWLPH��DQG�VXFK�EHQHILWV�FDQQRW�EH�REWDLQHG�LQ�D�G\QDPLF�$3,�OLNH�-'%&�
+RZHYHU��64/-�DQG�-'%&�DUH�FRPSOHPHQWDU\�WR�HDFK�RWKHU���WKH�IRUPHU�KDQGOHV�G\QDPLF�64/��ZKLOH�WKH�ODWWHU�DGGUHVVHV
VWDWLF�64/��7KH�XVHU�FDQ�HDVLO\�FRPELQH�ERWK�64/-�DQG�-'%&�FRGH�LQ�WKH�VDPH�DSSOLFDWLRQ�SURJUDP��DQG�KDYH�WKHP
LQWHURSHUDWH�DW�WKH�OHYHO�RI�FRQQHFWLRQV�FRQWH[WV�DQG�UHVXOW�VHWV�LWHUDWRUV�

%HVLGHV�WKH�LQKHUHQW�SRZHU�RI�-DYD·V�SRUWDEOH�GHYHORSPHQW�DQG�IOH[LEOH�GHSOR\PHQW�PRGHO��WKH�64/-�DSSOLFDWLRQ�GHYHORSPHQW
IUDPHZRUN�SURYLGHV�PDQ\�RWKHU�LPSRUWDQW�DGYDQWDJHV���7KH�64/-�ODQJXDJH�DQG�UXQWLPH�DUH�EHLQJ�VWDQGDUGL]HG�E\�$16,��VR
WKDW�64/-�SURJUDPV�ZULWWHQ�IRU�RQH�YHQGRU·V�GDWDEDVH�FDQ�EH�HDVLO\�DGDSWHG�WR�DQRWKHU·V���%\�GHVLJQ��64/-�VXSSRUWV�FRGH
SRUWDELOLW\�QRW�RQO\�DW�WKH�VRXUFH�OHYHO�WKURXJK�VWDQGDUG�V\QWD[��EXW�DOVR�DW�WKH�OHYHO�RI�ELQDULHV��VLQFH�LW�DGGV�YHQGRU�VSHFLILF
FXVWRPL]DWLRQV�WR�WKH�ELQDU\�SURILOH�ILOHV����$GGLWLRQDOO\��D�5HIHUHQFH�,PSOHPHQWDWLRQ�RI�64/-�KDV�EHHQ�GHYHORSHG�DW�2UDFOH
XVLQJ�-DYD��DQG�LWV�VRXUFH�FRGH�LV�DYDLODEOH�IUHHO\�WR�WKH�SXEOLF�DQG�WR�RWKHU�GDWDEDVH�YHQGRUV���64/-�LV�EOD]LQJ�D�QHZ�SDWK�LQ
LWV�GRPDLQ��LQ�WHUPV�RI�LWV�RSHQQHVV��UREXVWQHVV��IOH[LELOLW\��H[WHQVLELOLW\��VWDQGDUGL]DWLRQ���DQG�LQWHJUDWLRQ�ZLWK�WRROV���$V�WKH
LQGXVWU\�OHDGHU��2UDFOH�KDV�IXUWKHU�UHLQIRUFHG�WKH�SRZHU�RI�64/-�WKURXJK�WLJKWO\�LQWHJUDWHG�VXSSRUW�IRU�LW�RQ�WKH�2UDFOH�L�GDWD
VHUYHU��DOORZLQJ�64/-�SURFHGXUHV�DQG�IXQFWLRQV�WR�EH�VWRUHG�LQ�WKH�GDWDEDVH�DQG�LQYRNHG�IURP�64/��3/�64/��DQG�-DYD�
2UDFOH�VSHFLILF�GDWDW\SHV�DQG�64/�H[WHQVLRQV�DUH�IXOO\�DFFHVVLEOH�LQ�64/-�WKURXJK�ELQDU\�SURILOH�FXVWRPL]DWLRQ��ZLWKRXW
FRPSURPLVLQJ�VWDQGDUGV�FRPSOLDQFH���2UDFOH��W\SHV�VXFK�DV�/2%V��REMHFWV��DQG�FROOHFWLRQV�DUH�DOVR�HDVLO\�PDQLSXODWHG�LQ
64/-�>�@���2UDFOH·V�-'HYHORSHU�WRRO�SURYLGHV�DQ�LQWHJUDWHG�GHYHORSPHQW�HQYLURQPHQW�ZLWK�EXLOW�LQ�VXSSRUW�IRU�HGLWLQJ�
WUDQVODWLRQ��DQG�GHEXJJLQJ�RI�64/-�FRGH��)XUWKHU�LPSURYHPHQWV�LQ�LQWHJUDWLRQ��WRROV��DQG�SHUIRUPDQFH�DUH�RQ�WKH�ZD\�
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7KLV�SDSHU�LV�EDVHG�RQ�WKH�ZRUN�RI�WKH�64/-��-'%&��DQG�-DYD90�WHDPV�DW�2UDFOH��,�ZRXOG�OLNH�WR�WKDQN�%ULDQ�%HFNHU��5DJDPD\L
%K\UDYDEKRWOD��&KHXN�&KDX��5DNHVK�'KRRSDU��3LHUUH�'XIRXU��7KRPDV�.XULDQ��(NNHKDUG�5RKZHGGHU��DQG�%ULDQ�:ULJKW�IRU�WKHLU
FRQWULEXWLRQV�DQG�KHOSIXO�FRPPHQWV�

5()(5(1&(6

>�@� 2UDFOH��DQG�-DYD��7HFKQLFDO�:KLWH�3DSHU��2UDFOH�&RUSRUDWLRQ�������

>�@� ,QGXVWULDO�6WUHQJWK�-DYD���2YHUYLHZ�RI�2UDFOH·V�6HUYHU�6LGH�-DYD��'DYH�5RVHQEHUJ��2UDFOH�2SHQ�:RUOG��1RY�������

>�@� 8VLQJ�2UDFOH�2EMHFWV�LQ�64/-�3URJUDPV��(NNHKDUG�5RKZHGGHU��2UDFOH�2SHQ�:RUOG��1RY�������

>�@� 2UDFOH�L�64/-�DQG��-'%&�8VHU�'RFXPHQWDWLRQ��2UDFOH�&RUSRUDWLRQ�������


