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CHAPTER

1
Chapter 1Using the

Programmer’s Guide

7KH�,QWHU%DVH�3URJUDPPHU·V�*XLGH�LV�D�WDVN�RULHQWHG�H[SODQDWLRQ�RI�KRZ�WR�ZULWH��SUHSURFHVV��
FRPSLOH��DQG�OLQN�HPEHGGHG�64/�DQG�'64/�GDWDEDVH�DSSOLFDWLRQV�XVLQJ�,QWHU%DVH�DQG�D�KRVW�
SURJUDPPLQJ�ODQJXDJH��HLWKHU�&�RU�&����7KLV�FKDSWHU�GHVFULEHV�ZKR�VKRXOG�UHDG�WKLV�ERRN��DQG�
SURYLGHV�D�EULHI�RYHUYLHZ�RI�LWV�FKDSWHUV�

Who should use this guide
7KH�,QWHU%DVH�3URJUDPPHU·V�*XLGH�LV�LQWHQGHG�IRU�GDWDEDVH�DSSOLFDWLRQV�SURJUDPPHUV��
,W DVVXPHV�D�JHQHUDO�NQRZOHGJH�RI�

g 64/�
g 5HODWLRQDO�GDWDEDVH�SURJUDPPLQJ�
g &�SURJUDPPLQJ�

7KH�3URJUDPPHU·V�*XLGH�DVVXPHV�OLWWOH�RU�QR�SUHYLRXV�H[SHULHQFH�ZLWK�,QWHU%DVH��6HH�WKH�
2SHUDWLRQV�*XLGH�IRU�DQ�LQWURGXFWLRQ�WR�,QWHU%DVH�DQG�WKH�/DQJXDJH�5HIHUHQFH�IRU�DQ�LQWURGXFWLRQ�
WR�64/��
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Note 7KH�3URJUDPPHU·V�*XLGH�IRFXVHV�RQ�HPEHGGHG�64/�DQG�'64/�SURJUDPPLQJ�LQ�&�RU�
&����'HYHORSHUV�XVLQJ�%RUODQG�'HOSKL�ZLOO�ILQG�QR�'HOSKL�VSHFLILF�WRSLFV�LQ�WKLV�ERRN�

Topics covered in this guide
7KH�IROORZLQJ�WDEOH�SURYLGHV�D�EULHI�GHVFULSWLRQ�RI�HDFK�FKDSWHU�LQ�WKLV�3URJUDPPHU·V�*XLGH�

Chapter Description

Chapter 1, “Using the Programmer’s Guide” Introduces the structure of the book and describes its intended 
audience.

Chapter 2, “Application Requirements” Describes elements common to programming all SQL and DSQL 
applications.

Chapter 3, “Working with Databases” Describes using SQL statements that deal with databases.

Chapter 4, “Working with Transactions” Explains how to use and control transactions with SQL statements.

Chapter 5, “Working with Data Definition 
Statements”

Describes how to embed SQL data definition statements in 
applications.

Chapter 6, “Working with Data” Explains how to select, insert, update, and delete standard SQL data in 
applications.

Chapter 7, “Working with Dates” Describes how to select, insert, update, and delete DATE data in 
applications.

Chapter 8, “Working with Blob Data” Describes how to select, insert, update, and delete Blob data in 
applications.

Chapter 9, “Using Arrays” Describes how to select, insert, update, and delete array data in 
applications.

Chapter 10, “Working with User-Defined Functions” Describes how to write UDFs, how to call UDFs in applications, how to 
write Blob filters, and how to create Blob filter libraries.

Chapter 11, “Working with Stored Procedures” Explains how to call stored procedures in applications.

Chapter 12, “Working with Events” Explains how triggers interact with applications. Describes how to 
register interest in events, wait on them, and respond to them in 
applications.

Chapter 13, “Error Handling and Recovery” Describes how to trap and handle SQL statement errors in 
applications.

TABLE 1.1 Chapters in the InterBase 5 Programmer’s Guide
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Sample database and applications
7KH�,QWHU%DVH�H[DPSOHV�VXEGLUHFWRU\�FRQWDLQV�VHYHUDO�XVHIXO�LWHPV�ZRUWK�QRWLQJ��LQFOXGLQJ�

g 7KH�LEBXGI�VTO�ILOH��ZKLFK�GHFODUHV�WKH�8')V�LQ�WKH�OLEUDU\�SURYLGHG�E\�,QWHU%DVH��WKH�OLEUDU\�
RI�8')V�LV�LQ�WKH�,QWHU%DVH�OLE�VXEGLUHFWRU\�DQG�LV�QDPHG�LEBXGI�GOO�RQ�:LQWHO�SODWIRUPV�DQG�
LEBXGI�RQ�81,;�SODWIRUPV

g $�VDPSOH�GDWDEDVH��HPSOR\HH�JGE
g 6DPSOH�DSSOLFDWLRQ�VRXUFH�FRGH��ZKLFK�SURGXFHV�VHYHUDO�VDPSOH�DSSOLFDWLRQV�ZKHQ�FRPSLOHG��
VHH�WKH�PDNHILOH�DQG�WKH�UHDGPH�LQ�WKH�H[DPSOHV�GLUHFWRU\�IRU�PRUH�LQIRUPDWLRQ�DERXW�WKH�
VDPSOH�DSSOLFDWLRQV�DQG�KRZ�WR�FRPSLOH�WKHP

7KH�3URJUDPPHU·V�*XLGH�PDNHV�XVH�RI�WKH�VDPSOH�GDWDEDVH�DQG�VRXUFH�FRGH�IRU�LWV�H[DPSOHV�
ZKHUHYHU�SRVVLEOH�

Chapter 14, “Using Dynamic SQL” Describes how to write DSQL applications.

Chapter 15, “Preprocessing, Compiling, 
and Linking”

Describes how to convert source code into an executable application.

Appendix A, “InterBase Document Conventions” Lists typefaces and special characters used in this book to describe 
syntax and identify object types.

Chapter Description

TABLE 1.1 Chapters in the InterBase 5 Programmer’s Guide  (continued)
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CHAPTER

2
Chapter 2Application Requirements

7KLV�FKDSWHU�GHVFULEHV�SURJUDPPLQJ�UHTXLUHPHQWV�IRU�,QWHU%DVH�64/�DQG�G\QDPLF�64/�
�'64/��DSSOLFDWLRQV��0DQ\�RI�WKHVH�UHTXLUHPHQWV�PD\�DOVR�DIIHFW�GHYHORSHUV�PRYLQJ�H[LVWLQJ�
DSSOLFDWLRQV�WR�,QWHU%DVH�

Requirements for all applications
$OO�HPEHGGHG�DSSOLFDWLRQV�PXVW�LQFOXGH�FHUWDLQ�GHFODUDWLRQV�DQG�VWDWHPHQWV�WR�HQVXUH�SURSHU�
KDQGOLQJ�E\�WKH�,QWHU%DVH�SUHSURFHVVRU��gpre��DQG�WR�HQDEOH�FRPPXQLFDWLRQ�EHWZHHQ�64/�
DQG�WKH�KRVW�ODQJXDJH�LQ�ZKLFK�WKH�DSSOLFDWLRQ�LV�ZULWWHQ��(YHU\�DSSOLFDWLRQ�PXVW�

g'HFODUH�KRVW�YDULDEOHV�WR�XVH�IRU�GDWD�WUDQVIHU�EHWZHHQ�64/�DQG�WKH�DSSOLFDWLRQ�
g'HFODUH�DQG�VHW�WKH�GDWDEDVHV�DFFHVVHG�E\�WKH�SURJUDP�
g &UHDWH�WUDQVDFWLRQ�KDQGOHV�IRU�HDFK�QRQ�GHIDXOW�WUDQVDFWLRQ�XVHG�LQ�WKH�SURJUDP�
g ,QFOXGH�64/��DQG��RSWLRQDOO\��'64/��VWDWHPHQWV�
g 3URYLGH�HUURU�KDQGOLQJ�DQG�UHFRYHU\�
g &ORVH�DOO�WUDQVDFWLRQV�DQG�GDWDEDVHV�EHIRUH�HQGLQJ�WKH�SURJUDP�

'\QDPLF�64/�DSSOLFDWLRQV��WKRVH�DSSOLFDWLRQV�WKDW�EXLOG�64/�VWDWHPHQWV�DW�UXQ�WLPH��RU�
HQDEOH�XVHUV�WR�EXLOG�WKHP��KDYH�DGGLWLRQDO�UHTXLUHPHQWV��)RU�PRUH�LQIRUPDWLRQ�DERXW�'64/�
UHTXLUHPHQWV��VHH�´'64/�UHTXLUHPHQWVµ�RQ�SDJH ���
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)RU�PRUH�LQIRUPDWLRQ�DERXW�XVLQJ�gpre��VHH�&KDSWHU�����´3UHSURFHVVLQJ��&RPSLOLQJ��
DQG /LQNLQJ�µ

Porting considerations for SQL
:KHQ�SRUWLQJ�H[LVWLQJ�64/�DSSOLFDWLRQV�WR�,QWHU%DVH��RWKHU�FRQVLGHUDWLRQV�PD\�EH�QHFHVVDU\��
)RU�H[DPSOH��PDQ\�64/�YDULDQWV�UHTXLUH�WKDW�KRVW�YDULDEOHV�EH�GHFODUHG�EHWZHHQ�%(*,1�
'(&/$5(�6(&7,21�DQG�(1'�'(&/$5(�6(&7,21�VWDWHPHQWV��,QWHU%DVH�KDV�QR�VXFK�
UHTXLUHPHQWV��EXW�gpre�FDQ�FRUUHFWO\�KDQGOH�VHFWLRQ�GHFODUDWLRQV�IURP�SRUWHG�DSSOLFDWLRQV��
)RU�DGGLWLRQDO�SRUWDELOLW\��GHFODUH�DOO�KRVW�ODQJXDJH�YDULDEOHV�ZLWKLQ�VHFWLRQV�

Porting considerations for DSQL
:KHQ�SRUWLQJ�H[LVWLQJ�'64/�DSSOLFDWLRQV�WR�,QWHU%DVH��VWDWHPHQWV�WKDW�XVH�DQRWKHU�YHQGRU·V�
64/�GHVFULSWRU�DUHD��64/'$��PXVW�EH�PRGLILHG�WR�DFFRPPRGDWH�WKH�H[WHQGHG�64/'$�
�;64/'$��XVHG�E\�,QWHU%DVH��

Declaring host variables
$�KRVW�YDULDEOH�LV�D�VWDQGDUG�KRVW�ODQJXDJH�YDULDEOH�XVHG�WR�KROG�YDOXHV�UHDG�IURP�D�GDWDEDVH��
WR�DVVHPEOH�YDOXHV�WR�ZULWH�WR�D�GDWDEDVH��RU�WR�VWRUH�YDOXHV�GHVFULELQJ�GDWDEDVH�VHDUFK�
FRQGLWLRQV��64/�XVHV�KRVW�YDULDEOHV�LQ�WKH�IROORZLQJ�VLWXDWLRQV�

g'XULQJ�GDWD�UHWULHYDO��64/�PRYHV�WKH�YDOXHV�LQ�GDWDEDVH�ILHOGV�LQWR�KRVW�YDULDEOHV�ZKHUH�WKH\�
FDQ�EH�YLHZHG�DQG�PDQLSXODWHG��

g:KHQ�D�XVHU�LV�SURPSWHG�IRU�LQIRUPDWLRQ��KRVW�YDULDEOHV�DUH�XVHG�WR�KROG�WKH�GDWD�XQWLO�LW�FDQ�
EH�SDVVHG�WR�,QWHU%DVH�LQ�DQ�64/�,16(57�RU�83'$7(�VWDWHPHQW�

g:KHQ�VSHFLI\LQJ�VHDUFK�FRQGLWLRQV�LQ�D�6(/(&7�VWDWHPHQW��FRQGLWLRQV�FDQ�EH�HQWHUHG�GLUHFWO\��
RU�LQ�D�KRVW�YDULDEOH��)RU�H[DPSOH��ERWK�RI�WKH�IROORZLQJ�64/�VWDWHPHQW�IUDJPHQWV�DUH�YDOLG�
:+(5(�FODXVHV��7KH�VHFRQG�XVHV�D�KRVW�ODQJXDJH�YDULDEOH��FRXQWU\��IRU�FRPSDULVRQ�ZLWK�D�
FROXPQ��&28175<�

… WHERE COUNTRY = "Mexico";

… WHERE COUNTRY = :country;
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2QH�KRVW�YDULDEOH�PXVW�EH�GHFODUHG�IRU�HYHU\�FROXPQ�RI�GDWD�DFFHVVHG�LQ�D�GDWDEDVH��+RVW�
YDULDEOHV�PD\�HLWKHU�EH�GHFODUHG�JOREDOO\�OLNH�DQ\�RWKHU�VWDQGDUG�KRVW�ODQJXDJH�YDULDEOH��RU�
PD\�DSSHDU�ZLWKLQ�DQ�64/�VHFWLRQ�GHFODUDWLRQ�ZLWK�RWKHU�JOREDO�GHFODUDWLRQV��)RU�PRUH�
LQIRUPDWLRQ�DERXW�UHDGLQJ�IURP�DQG�ZULWLQJ�WR�KRVW�YDULDEOHV�LQ�64/�SURJUDPV��VHH�&KDSWHU�
���´:RUNLQJ�ZLWK�'DWD�µ

+RVW�YDULDEOHV�XVHG�LQ�64/�SURJUDPV�DUH�GHFODUHG�MXVW�OLNH�VWDQGDUG�ODQJXDJH�YDULDEOHV��7KH\�
IROORZ�DOO�VWDQGDUG�KRVW�ODQJXDJH�UXOHV�IRU�GHFODUDWLRQ��LQLWLDOL]DWLRQ��DQG�PDQLSXODWLRQ��)RU�
H[DPSOH��LQ�&��YDULDEOHV�PXVW�EH�GHFODUHG�EHIRUH�WKH\�FDQ�EH�XVHG�DV�KRVW�YDULDEOHV�LQ�64/�
VWDWHPHQWV�

int empno; char fname[26], lname[26];

)RU�FRPSDWLELOLW\�ZLWK�RWKHU�64/�YDULDQWV��KRVW�YDULDEOHV�FDQ�DOVR�EH�GHFODUHG�EHWZHHQ�
%(*,1�'(&/$5(�6(&7,21�DQG�(1'�'(&/$5(�6(&7,21�VWDWHPHQWV�

4 6HFWLRQ�GHFODUDWLRQV
0DQ\�64/�LPSOHPHQWDWLRQV�H[SHFW�KRVW�YDULDEOHV�WR�EH�GHFODUHG�EHWZHHQ�%(*,1�'(&/$5(�
6(&7,21�DQG�(1'�'(&/$5(�6(&7,21�VWDWHPHQWV��)RU�SRUWDELOLW\�DQG�FRPSDWLELOLW\��
,QWHU%DVH�VXSSRUWV�VHFWLRQ�GHFODUDWLRQV�XVLQJ�WKH�IROORZLQJ�V\QWD[�

EXEC SQL

BEGIN DECLARE SECTION;

<hostvar>;

. . . 

EXEC SQL

END DECLARE SECTION;

)RU�H[DPSOH��WKH�IROORZLQJ�&�FRGH�IUDJPHQW�GHFODUHV�WKUHH�KRVW�YDULDEOHV��HPSQR��IQDPH��DQG�
OQDPH��ZLWKLQ�D�VHFWLRQ�GHFODUDWLRQ�

EXEC SQL

BEGIN DECLARE SECTION;

int empno;

char fname[26];

char lname[26];

EXEC SQL

END DECLARE SECTION;

$GGLWLRQDO�KRVW�ODQJXDJH�YDULDEOHV�QRW�XVHG�LQ�64/�VWDWHPHQWV�FDQ�EH�GHFODUHG�RXWVLGH�
'(&/$5(�6(&7,21 VWDWHPHQWV�
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4 8VLQJ�%$6('�21�WR�GHFODUH�YDULDEOHV
,QWHU%DVH�VXSSRUWV�D�GHFODUDWLYH�FODXVH��%$6('�21��IRU�FUHDWLQJ�&�ODQJXDJH�FKDUDFWHU�
YDULDEOHV�EDVHG�RQ�FROXPQ�GHILQLWLRQV�LQ�D�GDWDEDVH��8VLQJ�%$6('�21�HQVXUHV�WKDW�WKH�
UHVXOWLQJ�KRVW�ODQJXDJH�YDULDEOH�LV�ODUJH�HQRXJK�WR�KROG�WKH�PD[LPXP�QXPEHU�RI�FKDUDFWHUV�
LQ�D�&+$5�RU�9$5&+$5�GDWDEDVH�FROXPQ��SOXV�DQ�H[WUD�E\WH�IRU�WKH�QXOO�WHUPLQDWLQJ�
FKDUDFWHU�H[SHFWHG�E\�PRVW�&�VWULQJ�IXQFWLRQV�

%$6('�21�XVHV�WKH�IROORZLQJ�V\QWD[�

BASED ON <dbcolumn> hostvar;

)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQWV�GHFODUH�WZR�KRVW�YDULDEOHV��IQDPH��DQG�OQDPH��EDVHG�RQ�
WZR�FROXPQ�GHILQLWLRQV��),5671$0(��DQG�/$671$0(��LQ�DQ�HPSOR\HH�GDWDEDVH�

BASED ON EMP.FIRSTNAME fname;

BASED ON EMP.LASTNAME lname;

(PEHGGHG�LQ�D�&�RU�&���SURJUDP��WKHVH�VWDWHPHQWV�JHQHUDWH�WKH�IROORZLQJ�KRVW��YDULDEOH�
GHFODUDWLRQV�GXULQJ�SUHSURFHVVLQJ�

char fname[26];

char lname[26];

7R�XVH�%$6('�21��IROORZ�WKHVH�VWHSV�

�� 8VH�6(7�'$7$%$6(�WR�VSHFLI\�WKH�GDWDEDVH�IURP�ZKLFK�FROXPQ�GHILQLWLRQV�DUH�
WR�EH�GUDZQ�

�� 8VH�&211(&7�WR�DWWDFK�WR�WKH�GDWDEDVH�

�� 'HFODUH�D�VHFWLRQ�ZLWK�%(*,1�'(&/$5(�6(&7,21�

�� 8VH�WKH�%$6('�21�VWDWHPHQW�WR�GHFODUH�D�VWULQJ�YDULDEOH�RI�WKH�DSSURSULDWH�W\SH�

7KH�IROORZLQJ�VWDWHPHQWV�VKRZ�WKH�SUHYLRXV�%$6('�21�GHFODUDWLRQV�LQ�FRQWH[W�

EXEC SQL

SET DATABASE EMP = "employee.gdb";

EXEC SQL

CONNECT EMP;

EXEC SQL

BEGIN DECLARE SECTION;

int empno;

BASED ON EMP.FIRSTNAME fname;

BASED ON EMP.LASTNAME lname;

EXEC SQL

END DECLARE SECTION;
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4 +RVW�ODQJXDJH�GDWD�VWUXFWXUHV
,I�D�KRVW�ODQJXDJH�VXSSRUWV�GDWD�VWUXFWXUHV��GDWD�ILHOGV�ZLWKLQ�D�VWUXFWXUH�FDQ�FRUUHVSRQG�WR�
D�FROOHFWLRQ�RI�GDWDEDVH�FROXPQV��)RU�H[DPSOH��WKH�IROORZLQJ�&�GHFODUDWLRQ�FUHDWHV�D�
VWUXFWXUH��%,//,1*B$''5(66��WKDW�FRQWDLQV�VL[�YDULDEOHV��RU�GDWD�PHPEHUV��HDFK�RI�ZKLFK�
FRUUHVSRQGV�WR�D�VLPLODUO\�QDPHG�FROXPQ�LQ�D�WDEOH�

struct

{

char fname[25];

char lname[25];

char street[30];

char city[20];

char state[3];

char zip[11];

} billing_address;

64/�UHFRJQL]HV�GDWD�PHPEHUV�LQ�VWUXFWXUHV��EXW�LQIRUPDWLRQ�UHDG�IURP�RU�ZULWWHQ�WR�D�
VWUXFWXUH�PXVW�EH�UHDG�IURP�RU�ZULWWHQ�WR�LQGLYLGXDO�GDWD�PHPEHUV�LQ�64/�VWDWHPHQWV��)RU�
H[DPSOH��WKH�IROORZLQJ�64/�VWDWHPHQW�UHDGV�GDWD�IURP�D�WDEOH�LQWR�YDULDEOHV�LQ�WKH�&�
VWUXFWXUH��%,//,1*B$''5(66�

EXEC SQL

SELECT FNAME, LNAME, STREET, CITY, STATE, ZIP

INTO :billing_address.fname, :billing_address.lname,

:billing_address.street, :billing_address.city,

:billing_address.state, :billing_address.zip

FROM ADDRESSES WHERE CITY = "Brighton";

Declaring and initializing databases
$Q�64/�SURJUDP�FDQ�DFFHVV�PXOWLSOH�,QWHU%DVH�GDWDEDVHV�DW�WKH�VDPH�WLPH��(DFK�GDWDEDVH�
XVHG�LQ�D�PXOWLSOH�GDWDEDVH�SURJUDP�PXVW�EH�GHFODUHG�DQG�LQLWLDOL]HG�EHIRUH�LW�FDQ�EH�DFFHVVHG�
LQ�64/�WUDQVDFWLRQV��3URJUDPV�WKDW�DFFHVV�RQO\�D�VLQJOH�GDWDEDVH�QHHG�QRW�GHFODUH�WKH�
GDWDEDVH�RU�DVVLJQ�D�GDWDEDVH�KDQGOH�LI��LQVWHDG��WKH\�VSHFLI\�D�GDWDEDVH�RQ�WKH�gpre�FRPPDQG�
OLQH�

,03257$17 '64/�SURJUDPV�FDQQRW�FRQQHFW�WR�PXOWLSOH�GDWDEDVHV�

,QWHU%DVH�VXSSRUWV�WKH�IROORZLQJ�64/�VWDWHPHQWV�IRU�KDQGOLQJ�GDWDEDVHV�
g 6(7�'$7$%$6(�GHFODUHV�WKH�QDPH�RI�D�GDWDEDVH�WR�DFFHVV��DQG�DVVLJQV�LW�WR�D�GDWDEDVH�KDQGOH�
g &211(&7 RSHQV�D�GDWDEDVH�VSHFLILHG�E\�D�KDQGOH��DQG�DOORFDWHV�LW�V\VWHP�UHVRXUFHV�
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'DWDEDVH�KDQGOHV�UHSODFH�GDWDEDVH�QDPHV�LQ�&211(&7�VWDWHPHQWV��7KH\�FDQ�DOVR�EH�XVHG�WR�
TXDOLI\�WDEOH�QDPHV�ZLWKLQ�WUDQVDFWLRQV��)RU�D�FRPSOHWH�GLVFXVVLRQ�RI�GDWDEDVH�KDQGOLQJ�LQ�
64/�SURJUDPV��VHH�&KDSWHU����´:RUNLQJ�ZLWK�'DWDEDVHV�µ

Using SET DATABASE
7KH�6(7�'$7$%$6( VWDWHPHQW�LV�XVHG�WR�

g'HFODUH�D�GDWDEDVH�KDQGOH�IRU�HDFK�GDWDEDVH�XVHG�LQ�DQ�64/�SURJUDP�
g $VVRFLDWH�D�GDWDEDVH�KDQGOH�ZLWK�DQ�DFWXDO�GDWDEDVH�QDPH��7\SLFDOO\��D�GDWDEDVH�KDQGOH�LV�D�
PQHPRQLF�DEEUHYLDWLRQ�RI�WKH�DFWXDO�GDWDEDVH�QDPH�

6(7�'$7$%$6(�LQVWDQWLDWHV�D�KRVW�YDULDEOH�IRU�WKH�GDWDEDVH�KDQGOH�ZLWKRXW�UHTXLULQJ�DQ�
H[SOLFLW�KRVW�YDULDEOH�GHFODUDWLRQ��7KH�GDWDEDVH�KDQGOH�FRQWDLQV�D�SRLQWHU�XVHG�WR�UHIHUHQFH�
WKH�GDWDEDVH�LQ�VXEVHTXHQW�64/�VWDWHPHQWV��7R�LQFOXGH�D�6(7�'$7$%$6(�VWDWHPHQW�LQ�D�
SURJUDP��XVH�WKH�IROORZLQJ�V\QWD[�

EXEC SQL

SET DATABASE handle = "<dbname>";

$�VHSDUDWH�VWDWHPHQW�VKRXOG�EH�XVHG�IRU�HDFK�GDWDEDVH��)RU�H[DPSOH��WKH�IROORZLQJ�
VWDWHPHQWV�GHFODUH�D�KDQGOH��'%���IRU�WKH�HPSOR\HH�JGE�GDWDEDVH��DQG�DQRWKHU�KDQGOH��'%���IRU�
HPSOR\HH��JGE�

EXEC SQL

SET DATABASE DB1 = "employee.gdb";

EXEC SQL

SET DATABASE DB2 = "employee2.gdb";

2QFH�D�GDWDEDVH�KDQGOH�LV�FUHDWHG�DQG�DVVRFLDWHG�ZLWK�D�GDWDEDVH��WKH�KDQGOH�FDQ�EH�XVHG�LQ�
VXEVHTXHQW�64/�GDWDEDVH�DQG�WUDQVDFWLRQ�VWDWHPHQWV�WKDW�UHTXLUH�LW��VXFK�DV�&211(&7�

Note 6(7�'$7$%$6(�DOVR�VXSSRUWV�XVHU�QDPH�DQG�SDVVZRUG�RSWLRQV��)RU�D�FRPSOHWH�
GLVFXVVLRQ�RI�6(7�'$7$%$6(�RSWLRQV��VHH�&KDSWHU����´:RUNLQJ�ZLWK�'DWDEDVHV�µ

Using CONNECT
7KH�&211(&7�VWDWHPHQW�DWWDFKHV�WR�D�GDWDEDVH��RSHQV�WKH�GDWDEDVH��DQG�DOORFDWHV�V\VWHP�
UHVRXUFHV�IRU�LW��$�GDWDEDVH�PXVW�EH�RSHQHG�EHIRUH�LWV�WDEOHV�FDQ�EH�XVHG��7R�LQFOXGH�
&211(&7�LQ�D�SURJUDP��XVH�WKH�IROORZLQJ�V\QWD[�

EXEC SQL

CONNECT handle;
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$�VHSDUDWH�VWDWHPHQW�FDQ�EH�XVHG�IRU�HDFK�GDWDEDVH��RU�D�VLQJOH�VWDWHPHQW�FDQ�FRQQHFW�WR�
PXOWLSOH�GDWDEDVHV��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQWV�FRQQHFW�WR�WZR�GDWDEDVHV�

EXEC SQL

CONNECT DB1;

EXEC SQL

CONNECT DB2;

7KH�QH[W�H[DPSOH�XVHV�D�VLQJOH�&211(&7�WR�HVWDEOLVK�ERWK�FRQQHFWLRQV�

EXEC SQL

CONNECT DB1, DB2;

2QFH�D�GDWDEDVH�LV�FRQQHFWHG��LWV�WDEOHV�FDQ�EH�DFFHVVHG�LQ�VXEVHTXHQW�WUDQVDFWLRQV��,WV�KDQGOH�
FDQ�TXDOLI\�WDEOH�QDPHV�LQ�64/�DSSOLFDWLRQV��EXW�QRW�LQ�'64/�DSSOLFDWLRQV��)RU�D�FRPSOHWH�
GLVFXVVLRQ�RI�&211(&7�RSWLRQV�DQG�XVLQJ�GDWDEDVH�KDQGOHV��VHH�&KDSWHU����´:RUNLQJ�ZLWK�
'DWDEDVHV�µ

Working with a single database
,Q�VLQJOH�GDWDEDVH�SURJUDPV�SUHSURFHVVHG�ZLWKRXW�WKH�gpre -m�VZLWFK��6(7�'$7$%$6( DQG�
&211(&7 DUH�RSWLRQDO��7KH�-m�VZLWFK�VXSSUHVVHV�DXWRPDWLF�JHQHUDWLRQ�RI�WUDQVDFWLRQV��
8VLQJ�6(7�'$7$%$6(�DQG�&211(&7�LV�VWURQJO\�UHFRPPHQGHG��KRZHYHU��HVSHFLDOO\�DV�D�ZD\�
WR�PDNH�SURJUDP�FRGH�DV�VHOI�GRFXPHQWLQJ�DV�SRVVLEOH��,I�\RX�RPLW�WKHVH�VWDWHPHQWV��WDNH�WKH�
IROORZLQJ�VWHSV�

�� ,QVHUW�D�VHFWLRQ�GHFODUDWLRQ�LQ�WKH�SURJUDP�FRGH�ZKHUH�JOREDO�YDULDEOHV�DUH�
GHILQHG��8VH�DQ�HPSW\�VHFWLRQ�GHFODUDWLRQ�LI�QR�KRVW�ODQJXDJH�YDULDEOHV�DUH�XVHG�
LQ�WKH�SURJUDP��)RU�H[DPSOH��WKH�IROORZLQJ�GHFODUDWLRQ�LOOXVWUDWHV�DQ�HPSW\�
VHFWLRQ�GHFODUDWLRQ�

EXEC SQL

BEGIN DECLARE SECTION;

EXEC SQL

END DECLARE SECTION;

�� 6SHFLI\�D�GDWDEDVH�QDPH�RQ�WKH�gpre�FRPPDQG�OLQH�DW�SUHFRPSLOH�WLPH��$�
GDWDEDVH�QHHG�QRW�EH�VSHFLILHG�LI�D�SURJUDP�FRQWDLQV�D�&5($7(�'$7$%$6(�
VWDWHPHQW�

)RU�PRUH�LQIRUPDWLRQ�DERXW�ZRUNLQJ�ZLWK�D�VLQJOH�GDWDEDVH�LQ�DQ�64/�SURJUDP��VHH�&KDSWHU�
���´:RUNLQJ�ZLWK�'DWDEDVHV�µ
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SQL statements
$Q�64/�DSSOLFDWLRQ�FRQVLVWV�RI�D�SURJUDP�ZULWWHQ�LQ�D�KRVW�ODQJXDJH��OLNH�&�RU�&����LQWR�
ZKLFK�64/�DQG�G\QDPLF�64/��'64/��VWDWHPHQWV�DUH�HPEHGGHG��$Q\�64/�RU�'64/�
VWDWHPHQW�VXSSRUWHG�E\�,QWHU%DVH�FDQ�EH�HPEHGGHG�LQ�D�KRVW�ODQJXDJH��(DFK�64/�RU�'64/�
VWDWHPHQW�PXVW�EH�

g 3UHFHGHG�E\�WKH�NH\ZRUGV�(;(&�64/�
g (QGHG�ZLWK�WKH�VWDWHPHQW�WHUPLQDWRU�H[SHFWHG�E\�WKH�KRVW�ODQJXDJH��)RU�H[DPSOH��LQ�&�DQG�
&����WKH�KRVW�WHUPLQDWRU�LV�WKH�VHPLFRORQ�����

)RU�D�FRPSOHWH�OLVW�RI�64/�DQG�'64/�VWDWHPHQWV�VXSSRUWHG�E\�,QWHU%DVH��VHH�WKH�/DQJXDJH�
5HIHUHQFH�

Error handling and recovery
(YHU\�WLPH�DQ�64/�VWDWHPHQW�LV�H[HFXWHG��LW�UHWXUQV�DQ�HUURU�FRGH�LQ�WKH�64/&2'(�YDULDEOH��
64/&2'(�LV�GHFODUHG�DXWRPDWLFDOO\�IRU�64/�SURJUDPV�GXULQJ�SUHSURFHVVLQJ�ZLWK�gpre��7R�
FDWFK�UXQ�WLPH�HUURUV�DQG�UHFRYHU�IURP�WKHP�ZKHQ�SRVVLEOH��64/&2'(�VKRXOG�EH�H[DPLQHG�
DIWHU�HDFK�64/�RSHUDWLRQ�

64/�SURYLGHV�WKH�:+(1(9(5�VWDWHPHQW�WR�PRQLWRU�64/&2'(�DQG�GLUHFW�SURJUDP�IORZ�WR�
UHFRYHU\�SURFHGXUHV��$OWHUQDWLYHO\��64/&2'(�FDQ�EH�WHVWHG�GLUHFWO\�DIWHU�HDFK�64/�VWDWHPHQW�
H[HFXWHV��)RU�D�FRPSOHWH�GLVFXVVLRQ�RI�64/�HUURU�KDQGOLQJ�DQG�UHFRYHU\��VHH�&KDSWHU�����
´(UURU�+DQGOLQJ�DQG�5HFRYHU\�µ

Closing transactions
(YHU\�WUDQVDFWLRQ�VKRXOG�EH�FORVHG�ZKHQ�LW�FRPSOHWHV�LWV�WDVNV��RU�ZKHQ�DQ�HUURU�RFFXUV�WKDW�
SUHYHQWV�LW�IURP�FRPSOHWLQJ�LWV�WDVNV��)DLOXUH�WR�FORVH�D�WUDQVDFWLRQ�EHIRUH�D�SURJUDP�HQGV�
FDQ�FDXVH�OLPER�WUDQVDFWLRQV��ZKHUH�UHFRUGV�DUH�HQWHUHG�LQWR�WKH�GDWDEDVH��EXW�DUH�QHLWKHU�
FRPPLWWHG�RU�UROOHG�EDFN��/LPER�WUDQVDFWLRQV�FDQ�EH�FOHDQHG�XS�XVLQJ�WKH�GDWDEDVH�
DGPLQLVWUDWLRQ�WRROV�SURYLGHG�ZLWK�,QWHU%DVH�
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Accepting changes
7KH�&200,7�VWDWHPHQW�HQGV�D�WUDQVDFWLRQ��PDNHV�WKH�WUDQVDFWLRQ·V�FKDQJHV�DYDLODEOH�WR�RWKHU�
XVHUV��DQG�FORVHV�FXUVRUV��$�&200,7�LV�XVHG�WR�SUHVHUYH�FKDQJHV�ZKHQ�DOO�RI�D�WUDQVDFWLRQ·V�
RSHUDWLRQV�DUH�VXFFHVVIXO��7R�HQG�D�WUDQVDFWLRQ�ZLWK�&200,7��XVH�WKH�IROORZLQJ�V\QWD[�

EXEC SQL

COMMIT TRANSACTION name;

)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�FRPPLWV�D�WUDQVDFWLRQ�QDPHG�0<75$16�

EXEC SQL

COMMIT TRANSACTION MYTRANS;

)RU�D�FRPSOHWH�GLVFXVVLRQ�RI�64/�WUDQVDFWLRQ�FRQWURO��VHH�&KDSWHU����´:RUNLQJ�ZLWK�
7UDQVDFWLRQV�µ

Undoing changes
7KH�52//%$&.�VWDWHPHQW�XQGRHV�D�WUDQVDFWLRQ·V�FKDQJHV��HQGV�WKH�FXUUHQW�WUDQVDFWLRQ��DQG�
FORVHV�RSHQ�FXUVRUV��8VH�52//%$&.�ZKHQ�DQ�HUURU�RFFXUV�WKDW�SUHYHQWV�DOO�RI�D�WUDQVDFWLRQ·V�
RSHUDWLRQV�IURP�EHLQJ�VXFFHVVIXO��7R�HQG�D�WUDQVDFWLRQ�ZLWK�52//%$&.��XVH�WKH�IROORZLQJ�
V\QWD[�

EXEC SQL

ROLLBACK TRANSACTION name;

)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�UROOV�EDFN�D�WUDQVDFWLRQ�QDPHG�0<75$16�

EXEC SQL

ROLLBACK TRANSACTION MYTRANS;

7R�UROO�EDFN�DQ�XQQDPHG�WUDQVDFWLRQ��L�H���WKH�GHIDXOW�WUDQVDFWLRQ���XVH�WKH�IROORZLQJ�
VWDWHPHQW�

EXEC SQL

ROLLBACK;

)RU�D�FRPSOHWH�GLVFXVVLRQ�RI�64/�WUDQVDFWLRQ�FRQWURO��VHH�&KDSWHU����´:RUNLQJ�ZLWK�
7UDQVDFWLRQV�µ
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Closing databases
2QFH�D�GDWDEDVH�LV�QR�ORQJHU�QHHGHG��FORVH�LW�EHIRUH�WKH�SURJUDP�HQGV��RU�VXEVHTXHQW�
DWWHPSWV�WR�XVH�WKH�GDWDEDVH�PD\�IDLO�RU�UHVXOW�LQ�GDWDEDVH�FRUUXSWLRQ��7KHUH�DUH�WZR�ZD\V�WR�
FORVH�D�GDWDEDVH�

g 8VH�WKH�',6&211(&7�VWDWHPHQW�WR�GHWDFK�D�GDWDEDVH�DQG�FORVH�ILOHV�
g 8VH�WKH�5(/($6(�RSWLRQ�ZLWK�&200,7�RU�52//%$&.�LQ�D�SURJUDP�

',6&211(&7��&200,7�5(/($6(��DQG�52//%$&.�5(/($6(�SHUIRUP�WKH�IROORZLQJ�WDVNV�
g &ORVH�RSHQ�GDWDEDVH�ILOHV�
g &ORVH�UHPRWH�GDWDEDVH�FRQQHFWLRQV�
g 5HOHDVH�WKH�PHPRU\�WKDW�KROGV�GDWDEDVH�GHVFULSWLRQV�DQG�,QWHU%DVH�HQJLQH�FRPSLOHG�
UHTXHVWV�

Note &ORVLQJ�GDWDEDVHV�ZLWK�',6&211(&7�LV�SUHIHUUHG�IRU�FRPSDWLELOLW\�ZLWK�WKH�64/����
VWDQGDUG�

)RU�D�FRPSOHWH�GLVFXVVLRQ�RI�FORVLQJ�GDWDEDVHV��VHH�&KDSWHU����´:RUNLQJ�ZLWK�'DWDEDVHV�µ

DSQL requirements
'64/�DSSOLFDWLRQV�PXVW�DGKHUH�WR�DOO�WKH�UHTXLUHPHQWV�IRU�DOO�64/�DSSOLFDWLRQV�DQG�PHHW�
DGGLWLRQDO�UHTXLUHPHQWV�DV�ZHOO��'64/�DSSOLFDWLRQV�HQDEOH�XVHUV�WR�HQWHU�DG�KRF�64/�
VWDWHPHQWV�IRU�SURFHVVLQJ�DW�UXQ�WLPH��7R�KDQGOH�WKH�ZLGH�YDULHW\�RI�VWDWHPHQWV�D�XVHU�PLJKW�
HQWHU��'64/�DSSOLFDWLRQV�UHTXLUH�WKH�IROORZLQJ�DGGLWLRQDO�SURJUDPPLQJ�VWHSV�

g'HFODUH�DV�PDQ\�H[WHQGHG�64/�GHVFULSWRU�DUHDV��;64/'$V��DV�DUH�QHHGHG�LQ�WKH�DSSOLFDWLRQ��
W\SLFDOO\�D�SURJUDP�PXVW�XVH�RQH�RU�WZR�RI�WKHVH�VWUXFWXUHV��&RPSOH[�DSSOLFDWLRQV�PD\�
UHTXLUH�PRUH�

g'HFODUH�DOO�WUDQVDFWLRQ�QDPHV�DQG�GDWDEDVH�KDQGOHV�XVHG�LQ�WKH�SURJUDP�DW�FRPSLOH�WLPH��
QDPHV�DQG�KDQGOHV�DUH�QRW�G\QDPLF��VR�HQRXJK�PXVW�EH�GHFODUHG�WR�DFFRPPRGDWH�WKH�
DQWLFLSDWHG�QHHGV�RI�XVHUV�DW�UXQ�WLPH�

g 3URYLGH�D�PHFKDQLVP�WR�JHW�64/�VWDWHPHQWV�IURP�D�XVHU�
g 3UHSDUH�HDFK�64/�VWDWHPHQW�UHFHLYHG�IURP�D�XVHU�IRU�SURFHVVLQJ�
35(3$5(�ORDGV�VWDWHPHQW�LQIRUPDWLRQ�LQWR�WKH�;64/'$�

g (;(&87(�HDFK�SUHSDUHG�VWDWHPHQW��

(;(&87(�,00(',$7(�FRPELQHV�35(3$5(�DQG�(;(&87(�LQ�D�VLQJOH�VWDWHPHQW��)RU�PRUH�
LQIRUPDWLRQ��VHH�WKH�/DQJXDJH�5HIHUHQFH�
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,Q�DGGLWLRQ��WKH�V\QWD[�IRU�FXUVRUV�LQYROYLQJ�%ORE�GDWD�GLIIHUV�IURP�WKDW�RI�FXUVRUV�IRU�RWKHU�
GDWDW\SHV��)RU�PRUH�LQIRUPDWLRQ�DERXW�%ORE�FXUVRU�VWDWHPHQWV��VHH�WKH�/DQJXDJH�5HIHUHQFH�

Declaring an XSQLDA
7KH�H[WHQGHG�64/�GHVFULSWRU�DUHD��;64/'$��LV�XVHG�DV�DQ�LQWHUPHGLDWH�VWDJLQJ�DUHD�IRU�
LQIRUPDWLRQ�SDVVHG�EHWZHHQ�DQ�DSSOLFDWLRQ�DQG�WKH�,QWHU%DVH�HQJLQH��7KH�;64/'$�LV�XVHG�
IRU�HLWKHU�RI�WKH�IROORZLQJ�WDVNV�

g 3DVV�LQSXW�SDUDPHWHUV�IURP�D�KRVW�ODQJXDJH�SURJUDP�WR�64/�
g 3DVV�RXWSXW��IURP�D�6(/(&7�VWDWHPHQW�RU�VWRUHG�SURFHGXUH��IURP�64/�WR�WKH�KRVW�ODQJXDJH�
SURJUDP�

$�VLQJOH�;64/'$�FDQ�EH�XVHG�IRU�RQO\�RQH�RI�WKHVH�WDVNV�DW�D�WLPH��0DQ\�DSSOLFDWLRQV�GHFODUH�
WZR�;64/'$V��RQH�IRU�LQSXW��DQG�DQRWKHU�IRU�RXWSXW�

7KH�;64/'$�VWUXFWXUH�LV�GHILQHG�LQ�WKH�,QWHU%DVH�KHDGHU�ILOH��LEDVH�K��WKDW�LV�DXWRPDWLFDOO\�
LQFOXGHG�LQ�SURJUDPV�ZKHQ�WKH\�DUH�SUHSURFHVVHG�ZLWK�gpre�

Note '64/�DSSOLFDWLRQV�ZULWWHQ�XVLQJ�YHUVLRQV�RI�,QWHU%DVH�SULRU�WR�����XVH�DQ�ROGHU�64/�
GHVFULSWRU�DUHD��WKH�64/'$��)RU�EDFNZDUG�FRPSDWLELOLW\��WKH�64/'$�FRQWLQXHV�WR�EH�
VXSSRUWHG��<RX�FDQ�H[DPLQH�LWV�VWUXFWXUH�LQ�LEDVH�K��7KH�QHZ�VWUXFWXUH��;64/'$��LV�XVHG�
DXWRPDWLFDOO\�ZKHQ�SUHSURFHVVLQJ�DQ�DSSOLFDWLRQ�ZLWK�gpre��7R�XVH�WKH�ROG�VWUXFWXUH��VSHFLI\�
WKH�gpre��VTOGD�ROG�VZLWFK��$V�FRQYHQLHQW��ROGHU�DSSOLFDWLRQV�VKRXOG�EH�PRGLILHG�WR�XVH�WKH�
;64/'$�

7R�FUHDWH�DQ�;64/'$�IRU�D�SURJUDP��D�KRVW�ODQJXDJH�GDWDW\SH�RI�WKH�DSSURSULDWH�W\SH�PXVW�
EH�VHW�XS�LQ�D�VHFWLRQ�GHFODUDWLRQ��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�FUHDWHV�WZR�;64/'$�
VWUXFWXUHV��LQ[VTOGD��DQG�RXW[VTOGD�

. . .

EXEC SQL

BEGIN DECLARE SECTION;

XSQLDA inxsqlda;

XSQLDA outxsqlda;

. . .

EXEC SQL

END DECLARE SECTION;

. . .

:KHQ�DQ�DSSOLFDWLRQ�FRQWDLQLQJ�;64/'$�GHFODUDWLRQV�LV�SUHSURFHVVHG��gpre�DXWRPDWLFDOO\�
LQFOXGHV�WKH�KHDGHU�ILOH��LEDVH�K��ZKLFK�GHILQHV�WKH�;64/'$�DV�D�KRVW�ODQJXDJH�GDWDW\SH��)RU�D�
FRPSOHWH�GLVFXVVLRQ�RI�WKH�VWUXFWXUH�RI�WKH�;64/'$��VHH�&KDSWHU�����́ 8VLQJ�'\QDPLF�64/�µ
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DSQL limitations
'64/�HQDEOHV�SURJUDPPHUV�WR�FUHDWH�IOH[LEOH�DSSOLFDWLRQV�WKDW�DUH�FDSDEOH�RI�KDQGOLQJ�D�
ZLGH�YDULHW\�RI�XVHU�UHTXHVWV��(YHQ�VR��QRW�HYHU\�64/�VWDWHPHQW�FDQ�EH�KDQGOHG�LQ�D�
FRPSOHWHO\�G\QDPLF�IDVKLRQ��)RU�H[DPSOH��GDWDEDVH�KDQGOHV�DQG�WUDQVDFWLRQ�QDPHV�PXVW�EH�
VSHFLILHG�ZKHQ�DQ�DSSOLFDWLRQ�LV�ZULWWHQ��DQG�FDQQRW�EH�FKDQJHG�RU�VSHFLILHG�E\�XVHUV�DW�UXQ�
WLPH��6LPLODUO\��ZKLOH�,QWHU%DVH�VXSSRUWV�PXOWLSOH�GDWDEDVHV�DQG�PXOWLSOH�VLPXOWDQHRXV�
WUDQVDFWLRQV�LQ�DQ�DSSOLFDWLRQ��WKH�IROORZLQJ�OLPLWDWLRQV�DSSO\�

g2QO\�D�VLQJOH�GDWDEDVH�FDQ�EH�DFFHVVHG�DW�D�WLPH�
g 7UDQVDFWLRQV�FDQ�RQO\�RSHUDWH�RQ�WKH�FXUUHQWO\�DFWLYH�GDWDEDVH�
g 8VHUV�FDQQRW�VSHFLI\�WUDQVDFWLRQ�QDPHV�LQ�'64/�VWDWHPHQWV��LQVWHDG��WUDQVDFWLRQ�QDPHV�
PXVW�EH�VXSSOLHG�DQG�PDQLSXODWHG�ZKHQ�DQ�DSSOLFDWLRQ�LV�FRGHG�

Using database handles
'DWDEDVH�KDQGOHV�DUH�DOZD\V�VWDWLF��DQG�FDQ�RQO\�EH�GHFODUHG�ZKHQ�DQ�DSSOLFDWLRQ�LV�FRGHG��
(QRXJK�KDQGOHV�PXVW�EH�GHFODUHG�WR�VDWLVI\�WKH�H[SHFWHG�QHHGV�RI�XVHUV��2QFH�D�KDQGOH�LV�
GHFODUHG��LW�FDQ�EH�DVVLJQHG�WR�D�XVHU�VSHFLILHG�GDWDEDVH�DW�UXQ�WLPH�ZLWK�6(7�'$7$%$6(��DV�
LQ�WKH�IROORZLQJ�&�FRGH�IUDJPHQW�

. . .

EXEC SQL

SET DATABASE DB1 = "dummydb.gdb";

EXEC SQL

SET DATABASE DB2 = "dummydb.gdb";

. . .

printf("Specify first database to open: ");

gets(fname1);

printf("\nSpecify second database to open: ");

gets(fname2);

EXEC SQL

SET DATABASE DB1 = :fname1;

EXEC SQL

SET DATABASE DB2 = :fname2;

. . .

)RU�D�FRPSOHWH�GLVFXVVLRQ�RI�6(7�'$7$%$6(��VHH�&KDSWHU����´:RUNLQJ�ZLWK�'DWDEDVHV�µ
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Using the active database
$�'64/�DSSOLFDWLRQ�FDQ�RQO\�ZRUN�ZLWK�RQH�GDWDEDVH�DW�D�WLPH��HYHQ�LI�WKH�DSSOLFDWLRQ�
DWWDFKHV�WR�PXOWLSOH�GDWDEDVHV��$OO�'64/�VWDWHPHQWV�RSHUDWH�RQO\�RQ�WKH�FXUUHQWO\�DFWLYH�
GDWDEDVH��WKH�ODVW�GDWDEDVH�DVVRFLDWHG�ZLWK�D�KDQGOH�LQ�D�6(7�'$7$%$6(�VWDWHPHQW�

(PEHGGHG�64/�VWDWHPHQWV�ZLWKLQ�D�'64/�DSSOLFDWLRQ�FDQ�RSHUDWH�RQ�DQ\�RSHQ�GDWDEDVH��
)RU�H[DPSOH��DOO�'64/�VWDWHPHQWV�HQWHUHG�E\�D�XVHU�DW�UXQ�WLPH�PLJKW�RSHUDWH�DJDLQVW�D�VLQJOH�
GDWDEDVH�VSHFLILHG�E\�WKH�XVHU��EXW�WKH�DSSOLFDWLRQ�PLJKW�DOVR�FRQWDLQ�QRQ�'64/�VWDWHPHQWV�
WKDW�UHFRUG�XVHU�HQWULHV�LQ�D�ORJ�GDWDEDVH�

)RU�D�FRPSOHWH�GLVFXVVLRQ�RI�6(7�'$7$%$6(��VHH�&KDSWHU����´:RUNLQJ�ZLWK�'DWDEDVHV�µ

Using transaction names
0DQ\�64/�VWDWHPHQWV�VXSSRUW�DQ�RSWLRQDO�WUDQVDFWLRQ�QDPH�SDUDPHWHU��XVHG�WR�VSHFLI\�WKH�
FRQWUROOLQJ�WUDQVDFWLRQ�IRU�D�VSHFLILF�VWDWHPHQW��7UDQVDFWLRQ�QDPHV�FDQ�EH�XVHG�LQ�'64/�
DSSOLFDWLRQV��WRR��EXW�PXVW�EH�VHW�XS�ZKHQ�DQ�DSSOLFDWLRQ�LV�FRPSLOHG��2QFH�D�QDPH�LV�
GHFODUHG��LW�FDQ�EH�GLUHFWO\�LQVHUWHG�LQWR�D�XVHU�VWDWHPHQW�RQO\�E\�WKH�DSSOLFDWLRQ�LWVHOI�

$IWHU�GHFODUDWLRQ��XVH�D�WUDQVDFWLRQ�QDPH�LQ�DQ�(;(&87(�RU�(;(&87(�,00(',$7(�
VWDWHPHQW�WR�VSHFLI\�WKH�FRQWUROOLQJ�WUDQVDFWLRQ��DV�LQ�WKH�IROORZLQJ�&�FRGH�IUDJPHQW�

. . .

EXEC SQL

BEGIN DECLARE SECTION:

long first, second; /* declare transaction names */

EXEC SQL

END DECLARE SECTION;

. . .

first = second = 0L; /* initialize names to zero */

. . .

EXEC SQL

SET TRANSACTION first; /* start transaction 1 */

EXEC SQL

SET TRANSACTION second; /* start transaction 2 */

printf("\nSQL> ");

gets(userstatement);

EXEC SQL

EXECUTE IMMEDIATE TRANSACTION first userstatement;

. . .
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)RU�FRPSOHWH�LQIRUPDWLRQ�DERXW�QDPHG�WUDQVDFWLRQV��VHH�&KDSWHU����´:RUNLQJ�ZLWK�
7UDQVDFWLRQV�µ

Preprocessing programs
$IWHU�DQ�64/�RU�'64/�SURJUDP�LV�ZULWWHQ��DQG�EHIRUH�LW�LV�FRPSLOHG�DQG�OLQNHG��LW�PXVW�EH�
SUHSURFHVVHG�ZLWK�gpre��WKH�,QWHU%DVH�SUHSURFHVVRU��gpre�WUDQVODWHV�64/�VWDWHPHQWV�DQG�
YDULDEOHV�LQWR�VWDWHPHQWV�DQG�YDULDEOHV�WKDW�WKH�KRVW�ODQJXDJH�FRPSLOHU�DFFHSWV��)RU�FRPSOHWH�
LQIRUPDWLRQ�DERXW�SUHSURFHVVLQJ�ZLWK�gpre��VHH�&KDSWHU�����´3UHSURFHVVLQJ��&RPSLOLQJ��
DQG /LQNLQJ�µ
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CHAPTER

3
Chapter 3Working with Databases

7KLV�FKDSWHU�GHVFULEHV�KRZ�WR�XVH�64/�VWDWHPHQWV�LQ�HPEHGGHG�DSSOLFDWLRQV�WR�FRQWURO�
GDWDEDVHV��7KHUH�DUH�WKUHH�GDWDEDVH�VWDWHPHQWV�WKDW�VHW�XS�DQG�RSHQ�GDWDEDVHV�IRU�DFFHVV�

g 6(7�'$7$%$6(�GHFODUHV�D�GDWDEDVH�KDQGOH��DVVRFLDWHV�WKH�KDQGOH�ZLWK�DQ�DFWXDO�GDWDEDVH�ILOH��
DQG�RSWLRQDOO\�DVVLJQV�RSHUDWLRQDO�SDUDPHWHUV�IRU�WKH�GDWDEDVH�

g 6(7�1$0(6�RSWLRQDOO\�VSHFLILHV�WKH�FKDUDFWHU�VHW�D�FOLHQW�DSSOLFDWLRQ�XVHV�IRU�&+$5��
9$5&+$5��DQG�WH[W�%ORE�GDWD��7KH�VHUYHU�XVHV�WKLV�LQIRUPDWLRQ�WR�WUDQVOLWHUDWH�IURP�D�
GDWDEDVH·V�GHIDXOW�FKDUDFWHU�VHW�WR�WKH�FOLHQW·V�FKDUDFWHU�VHW�RQ�6(/(&7�RSHUDWLRQV��DQG�WR�
WUDQVOLWHUDWH�IURP�D�FOLHQW�DSSOLFDWLRQ·V�FKDUDFWHU�VHW�WR�WKH�GDWDEDVH�FKDUDFWHU�VHW�RQ�,16(57�
DQG�83'$7(�RSHUDWLRQV�

g &211(&7�RSHQV�D�GDWDEDVH��DOORFDWHV�V\VWHP�UHVRXUFHV�IRU�LW��DQG�RSWLRQDOO\�DVVLJQV�
RSHUDWLRQDO�SDUDPHWHUV�IRU�WKH�GDWDEDVH�

$OO�GDWDEDVHV�PXVW�EH�FORVHG�EHIRUH�D�SURJUDP�HQGV��$�GDWDEDVH�FDQ�EH�FORVHG�E\�XVLQJ�
',6&211(&7��RU�E\�DSSHQGLQJ�WKH�5(/($6(�RSWLRQ�WR�WKH�ILQDO�&200,7�RU�52//%$&.�LQ�
D�SURJUDP�

Declaring a database
%HIRUH�D�GDWDEDVH�FDQ�EH�RSHQHG�DQG�XVHG�LQ�D�SURJUDP��LW�PXVW�ILUVW�EH�GHFODUHG�ZLWK�6(7�
'$7$%$6(�WR�
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g (VWDEOLVK�D�GDWDEDVH�KDQGOH�
g $VVRFLDWH�WKH�GDWDEDVH�KDQGOH�ZLWK�D�GDWDEDVH�ILOH�VWRUHG�RQ�D�ORFDO�RU�UHPRWH�QRGH�

$�GDWDEDVH�KDQGOH�LV�D�XQLTXH��DEEUHYLDWHG�DOLDV�IRU�DQ�DFWXDO�GDWDEDVH�QDPH��'DWDEDVH�KDQGOHV�
DUH�XVHG�LQ�VXEVHTXHQW�&211(&7��&200,7�5(/($6(��DQG�52//%$&.�5(/($6(�VWDWHPHQWV�
WR�VSHFLI\�ZKLFK�GDWDEDVHV�WKH\�VKRXOG�DIIHFW��([FHSW�LQ�G\QDPLF�64/��'64/��DSSOLFDWLRQV��
GDWDEDVH�KDQGOHV�FDQ�DOVR�EH�XVHG�LQVLGH�WUDQVDFWLRQ�EORFNV�WR�TXDOLI\��RU�GLIIHUHQWLDWH��WDEOH�
QDPHV�ZKHQ�WZR�RU�PRUH�RSHQ�GDWDEDVHV�FRQWDLQ�LGHQWLFDOO\�QDPHG�WDEOHV�

(DFK�GDWDEDVH�KDQGOH�PXVW�EH�XQLTXH�DPRQJ�DOO�YDULDEOHV�XVHG�LQ�D�SURJUDP��'DWDEDVH�
KDQGOHV�FDQQRW�GXSOLFDWH�KRVW�ODQJXDJH�UHVHUYHG�ZRUGV��DQG�FDQQRW�EH�,QWHU%DVH�UHVHUYHG�
ZRUGV�

7KH�IROORZLQJ�VWDWHPHQW�LOOXVWUDWHV�D�VLPSOH�GDWDEDVH�GHFODUDWLRQ�

EXEC SQL

SET DATABASE DB1 = "employee.gdb";

7KLV�GDWDEDVH�GHFODUDWLRQ�LGHQWLILHV�WKH�GDWDEDVH�ILOH��HPSOR\HH�JGE��DV�D�GDWDEDVH�WKH�SURJUDP�
XVHV��DQG�DVVLJQV�WKH�GDWDEDVH�D�KDQGOH��RU�DOLDV��'%��

,I�D�SURJUDP�UXQV�LQ�D�GLUHFWRU\�GLIIHUHQW�IURP�WKH�GLUHFWRU\�WKDW�FRQWDLQV�WKH�GDWDEDVH�ILOH��
WKHQ�WKH�ILOH�QDPH�VSHFLILFDWLRQ�LQ�6(7�'$7$%$6(�PXVW�LQFOXGH�D�IXOO�SDWK�QDPH��WRR��)RU�
H[DPSOH��WKH�IROORZLQJ�6(7�'$7$%$6(�GHFODUDWLRQ�VSHFLILHV�WKH�IXOO�SDWK�WR�HPSOR\HH�JGE�

EXEC SQL

SET DATABASE DB1 = "/interbase/examples/employee.gdb";

,I�D�SURJUDP�DQG�D�GDWDEDVH�ILOH�LW�XVHV�UHVLGH�RQ�GLIIHUHQW�KRVWV��WKHQ�WKH�ILOH�QDPH�
VSHFLILFDWLRQ�PXVW�DOVR�LQFOXGH�D�KRVW�QDPH��7KH�IROORZLQJ�GHFODUDWLRQ�LOOXVWUDWHV�KRZ�D�8QL[�
KRVW�QDPH�LV�LQFOXGHG�DV�SDUW�RI�WKH�GDWDEDVH�ILOH�VSHFLILFDWLRQ�RQ�D�7&3�,3�QHWZRUN�

EXEC SQL

SET DATABASE DB1 = "jupiter:/usr/interbase/examples/employee.gdb";

2Q�D�:LQGRZV�QHWZRUN�WKDW�XVHV�WKH�1HWEHXL�SURWRFRO��VSHFLI\�WKH�SDWK�DV�IROORZV�

EXEC SQL

SET DATABASE DB1 = "//venus/C:/Interbase/examples/employee.gdb";

Declaring multiple databases
$Q�64/�SURJUDP��EXW�QRW�D�'64/�SURJUDP��FDQ�DFFHVV�PXOWLSOH�GDWDEDVHV�DW�WKH�VDPH�WLPH��
,Q�PXOWL�GDWDEDVH�SURJUDPV��GDWDEDVH�KDQGOHV�DUH�UHTXLUHG��$�KDQGOH�LV�XVHG�WR�

g 5HIHUHQFH�LQGLYLGXDO�GDWDEDVHV�LQ�D�PXOWL�GDWDEDVH�WUDQVDFWLRQ�
g4XDOLI\�WDEOH�QDPHV�
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g 6SHFLI\�GDWDEDVHV�WR�RSHQ�LQ�&211(&7�VWDWHPHQWV�
g ,QGLFDWH�GDWDEDVHV�WR�FORVH�ZLWK�',6&211(&7��&200,7�5(/($6(��DQG�52//%$&.�
5(/($6(�

'64/�SURJUDPV�FDQ�DFFHVV�RQO\�D�VLQJOH�GDWDEDVH�DW�D�WLPH��VR�GDWDEDVH�KDQGOH�XVH�LV�
UHVWULFWHG�WR�FRQQHFWLQJ�WR�DQG�GLVFRQQHFWLQJ�IURP�D�GDWDEDVH�

,Q�PXOWL�GDWDEDVH�SURJUDPV��HDFK�GDWDEDVH�PXVW�EH�GHFODUHG�LQ�D�VHSDUDWH�6(7�'$7$%$6(�
VWDWHPHQW��)RU�H[DPSOH��WKH�IROORZLQJ�FRGH�FRQWDLQV�WZR�6(7�'$7$%$6(�VWDWHPHQWV�

. . .

EXEC SQL

SET DATABASE DB2 = "employee2.gdb";

EXEC SQL

SET DATABASE DB1 = "employee.gdb";

. . . 

4 8VLQJ�KDQGOHV�IRU�WDEOH�QDPHV
:KHQ�WKH�VDPH�WDEOH�QDPH�RFFXUV�LQ�PRUH�WKDQ�RQH�VLPXOWDQHRXVO\�DFFHVVHG�GDWDEDVH��D�
GDWDEDVH�KDQGOH�PXVW�EH�XVHG�WR�GLIIHUHQWLDWH�RQH�WDEOH�QDPH�IURP�DQRWKHU��7KH�GDWDEDVH�
KDQGOH�LV�XVHG�DV�D�SUHIL[�WR�WDEOH�QDPHV��DQG�WDNHV�WKH�IRUP�KDQGOH�WDEOH�

)RU�H[DPSOH��LQ�WKH�IROORZLQJ�FRGH��WKH�GDWDEDVH�KDQGOHV��7(67�DQG�(03��DUH�XVHG�WR�
GLVWLQJXLVK�EHWZHHQ�WZR�WDEOHV��HDFK�QDPHG�(03/2<((�

. . .

EXEC SQL

DECLARE IDMATCH CURSOR FOR

SELECT TESTNO INTO :matchid FROM TEST.EMPLOYEE

WHERE TESTNO > 100;

EXEC SQL

DECLARE EIDMATCH CURSOR FOR

SELECT EMPNO INTO :empid FROM EMP.EMPLOYEE

WHERE EMPNO = :matchid;

. . .

,03257$17 7KLV�XVH�RI�GDWDEDVH�KDQGOHV�DSSOLHV�RQO\�WR�HPEHGGHG�64/�DSSOLFDWLRQV��'64/�
DSSOLFDWLRQV�FDQQRW�DFFHVV�PXOWLSOH�GDWDEDVHV�VLPXOWDQHRXVO\�

4 8VLQJ�KDQGOHV�ZLWK�RSHUDWLRQV
,Q�PXOWL�GDWDEDVH�SURJUDPV��GDWDEDVH�KDQGOHV�PXVW�EH�VSHFLILHG�LQ�&211(&7�VWDWHPHQWV�WR�
LGHQWLI\�ZKLFK�GDWDEDVHV�DPRQJ�VHYHUDO�WR�RSHQ�DQG�SUHSDUH�IRU�XVH�LQ�VXEVHTXHQW�
WUDQVDFWLRQV�
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'DWDEDVH�KDQGOHV�FDQ�DOVR�EH�XVHG�ZLWK�',6&211(&7��&200,7�5(/($6(��DQG�52//%$&.�
5(/($6(�WR�VSHFLI\�D�VXEVHW�RI�RSHQ�GDWDEDVHV�WR�FORVH�

7R�RSHQ�DQG�SUHSDUH�D�GDWDEDVH�ZLWK�&211(&7��VHH�´2SHQLQJ�D�GDWDEDVHµ�RQ�SDJH ����7R�
FORVH�D�GDWDEDVH�ZLWK�',6&211(&7��&200,7�5(/($6(��RU�52//%$&.�5(/($6(��VHH�
´&ORVLQJ�D�GDWDEDVHµ�RQ�SDJH ����7R�OHDUQ�PRUH�DERXW�XVLQJ�GDWDEDVH�KDQGOHV�LQ�WUDQVDFWLRQV��
VHH� $́FFHVVLQJ�DQ�RSHQ�GDWDEDVHµ�RQ�SDJH ���

Preprocessing and run time databases
1RUPDOO\��HDFK�6(7�'$7$%$6(�VWDWHPHQW�VSHFLILHV�D�VLQJOH�GDWDEDVH�ILOH�WR�DVVRFLDWH�ZLWK�D�
KDQGOH��:KHQ�D�SURJUDP�LV�SUHSURFHVVHG��gpre�XVHV�WKH�VSHFLILHG�ILOH�WR�YDOLGDWH�WKH�
SURJUDP·V�WDEOH�DQG�FROXPQ�UHIHUHQFHV��/DWHU��ZKHQ�D�XVHU�UXQV�WKH�SURJUDP��WKH�VDPH�
GDWDEDVH�ILOH�LV�DFFHVVHG��'LIIHUHQW�GDWDEDVHV�FDQ�EH�VSHFLILHG�IRU�SUHSURFHVVLQJ�DQG�UXQ�WLPH�
ZKHQ�QHFHVVDU\�

4 8VLQJ�WKH�&203,/(7,0(�FODXVH
$�SURJUDP�FDQ�EH�GHVLJQHG�WR�UXQ�DJDLQVW�DQ\�RQH�RI�VHYHUDO�LGHQWLFDOO\�VWUXFWXUHG�GDWDEDVHV��
,Q�RWKHU�FDVHV��WKH�DFWXDO�GDWDEDVH�WKDW�D�SURJUDP�ZLOO�XVH�DW�UXQWLPH�LV�QRW�DYDLODEOH�ZKHQ�D�
SURJUDP�LV�SUHSURFHVVHG�DQG�FRPSLOHG��,Q�VXFK�FDVHV��6(7�'$7$%$6(�FDQ�LQFOXGH�D�
&203,/(7,0(�FODXVH�WR�VSHFLI\�D�GDWDEDVH�IRU�gpre�WR�WHVW�DJDLQVW�GXULQJ�SUHSURFHVVLQJ��)RU�
H[DPSOH��WKH�IROORZLQJ�6(7�'$7$%$6(�VWDWHPHQW�GHFODUHV�WKDW�HPSOR\HH�JGE�LV�WR�EH�XVHG�E\�
gpre�GXULQJ�SUHSURFHVVLQJ�

EXEC SQL

SET DATABASE EMP = COMPILETIME "employee.gdb";

,03257$17 7KH�ILOH�VSHFLILFDWLRQ�WKDW�IROORZV�WKH�&203,/(7,0(�NH\ZRUG�PXVW�DOZD\V�EH�D�KDUG�FRGHG��
TXRWHG�VWULQJ�

:KHQ�6(7�'$7$%$6(�XVHV�WKH�&203,/(7,0(�FODXVH��EXW�QR�5817,0(�FODXVH��DQG�GRHV�QRW�
VSHFLI\�D�GLIIHUHQW�GDWDEDVH�ILOH�VSHFLILFDWLRQ�LQ�D�VXEVHTXHQW�&211(&7�VWDWHPHQW��WKH�VDPH�
GDWDEDVH�ILOH�LV�XVHG�ERWK�IRU�SUHSURFHVVLQJ�DQG�UXQ�WLPH��7R�VSHFLI\�GLIIHUHQW�SUHSURFHVVLQJ�
DQG�UXQWLPH�GDWDEDVHV�ZLWK�6(7�'$7$%$6(��XVH�ERWK�WKH�&203,/(7,0(�DQG�5817,0(�
FODXVHV��

4 8VLQJ�WKH�5817,0(�FODXVH
:KHQ�D�GDWDEDVH�ILOH�LV�VSHFLILHG�IRU�XVH�GXULQJ�SUHSURFHVVLQJ��6(7�'$7$%$6(�FDQ�VSHFLI\�D�
GLIIHUHQW�GDWDEDVH�WR�XVH�DW�UXQ�WLPH�E\�LQFOXGLQJ�WKH�5817,0(�NH\ZRUG�DQG�D�UXQWLPH�ILOH�
VSHFLILFDWLRQ�
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EXEC SQL

SET DATABASE EMP = COMPILETIME "employee.gdb"

RUNTIME "employee2.gdb";

7KH�ILOH�VSHFLILFDWLRQ�WKDW�IROORZV�WKH�5817,0(�NH\ZRUG�FDQ�EH�HLWKHU�D�KDUG�FRGHG��TXRWHG�
VWULQJ��RU�D�KRVW�ODQJXDJH�YDULDEOH��)RU�H[DPSOH��WKH�IROORZLQJ�&�FRGH�IUDJPHQW�SURPSWV�WKH�
XVHU�IRU�D�GDWDEDVH�QDPH��DQG�VWRUHV�WKH�QDPH�LQ�D�YDULDEOH�WKDW�LV�XVHG�ODWHU�LQ�6(7�
'$7$%$6(�

. . .

char db_name[125];

. . .

printf("Enter the desired database name, including node and path):\n");

gets(db_name);

EXEC SQL

SET DATABASE EMP = COMPILETIME "employee.gdb" RUNTIME :db_name;

. . .

Note +RVW�ODQJXDJH�YDULDEOHV�LQ�6(7�'$7$%$6(�PXVW�EH�SUHFHGHG��DV�DOZD\V��E\�D�FRORQ�

Controlling SET DATABASE scope
%\�GHIDXOW��6(7�'$7$%$6(�FUHDWHV�D�KDQGOH�WKDW�LV�JOREDO�WR�DOO�PRGXOHV�LQ�DQ�DSSOLFDWLRQ��$�
JOREDO�KDQGOH�LV�RQH�WKDW�PD\�EH�UHIHUHQFHG�LQ�DOO�KRVW�ODQJXDJH�PRGXOHV�FRPSULVLQJ�WKH�
SURJUDP��6(7�'$7$%$6(�SURYLGHV�WZR�RSWLRQDO�NH\ZRUGV�WR�FKDQJH�WKH�VFRSH�RI�D�
GHFODUDWLRQ�

g 67$7,&�OLPLWV�GHFODUDWLRQ�VFRSH�WR�WKH�PRGXOH�FRQWDLQLQJ�WKH�6(7�'$7$%$6(�VWDWHPHQW��1R�
RWKHU�SURJUDP�PRGXOHV�FDQ�VHH�RU�XVH�D�GDWDEDVH�KDQGOH�GHFODUHG�67$7,&�

g (;7(51�QRWLILHV�gpre�WKDW�D�6(7�'$7$%$6(�VWDWHPHQW�LQ�D�PRGXOH�GXSOLFDWHV�D�
JOREDOO\�GHFODUHG�GDWDEDVH�LQ�DQRWKHU�PRGXOH��,I�WKH�(;7(51�NH\ZRUG�LV�XVHG��WKHQ�DQRWKHU�
PRGXOH�PXVW�FRQWDLQ�WKH�DFWXDO�6(7�'$7$%$6(�VWDWHPHQW��RU�DQ�HUURU�RFFXUV�GXULQJ�
FRPSLODWLRQ�

7KH�67$7,&�NH\ZRUG�LV�XVHG�LQ�D�PXOWL�PRGXOH�SURJUDP�WR�UHVWULFW�GDWDEDVH�KDQGOH�DFFHVV�WR�
WKH�VLQJOH�PRGXOH�ZKHUH�LW�LV�GHFODUHG��7KH�IROORZLQJ�H[DPSOH�LOOXVWUDWHV�WKH�XVH�RI�WKH�
67$7,&�NH\ZRUG�

EXEC SQL

SET DATABASE EMP = STATIC "employee.gdb";

7KH�(;7(51�NH\ZRUG�LV�XVHG�LQ�D�PXOWL�PRGXOH�SURJUDP�WR�VLJQDO�WKDW�6(7�'$7$%$6(�LQ�
RQH�PRGXOH�LV�QRW�DQ�DFWXDO�GHFODUDWLRQ��EXW�UHIHUV�WR�D�GHFODUDWLRQ�PDGH�LQ�D�GLIIHUHQW�
PRGXOH��gpre�XVHV�WKLV�LQIRUPDWLRQ�GXULQJ�SUHSURFHVVLQJ��7KH�IROORZLQJ�H[DPSOH�LOOXVWUDWHV�
WKH�XVH�RI�WKH�(;7(51�NH\ZRUG�
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EXEC SQL

SET DATABASE EMP = EXTERN "employee.gdb";

,I�DQ�DSSOLFDWLRQ�FRQWDLQV�DQ�(;7(51�UHIHUHQFH��WKHQ�ZKHQ�LW�LV�XVHG�DW�UXQ�WLPH��WKH�DFWXDO�
6(7�'$7$%$6(�GHFODUDWLRQ�PXVW�EH�SURFHVVHG�ILUVW��DQG�WKH�GDWDEDVH�FRQQHFWHG�EHIRUH�RWKHU�
PRGXOHV�FDQ�DFFHVV�LW�

$�VLQJOH�6(7�'$7$%$6(�VWDWHPHQW�FDQ�FRQWDLQ�HLWKHU�WKH�67$7,&�RU�(;7(51�NH\ZRUG��EXW�
QRW�ERWK��$�VFRSH�GHFODUDWLRQ�LQ�6(7�'$7$%$6(�DSSOLHV�WR�ERWK
&203,/(7,0(�DQG�5817,0(�GDWDEDVHV�

Specifying a connection character set
:KHQ�D�FOLHQW�DSSOLFDWLRQ�FRQQHFWV�WR�D�GDWDEDVH��LW�PD\�KDYH�LWV�RZQ�FKDUDFWHU�VHW�
UHTXLUHPHQWV��7KH�VHUYHU�SURYLGLQJ�GDWDEDVH�DFFHVV�WR�WKH�FOLHQW�GRHV�QRW�NQRZ�DERXW�WKHVH�
UHTXLUHPHQWV�XQOHVV�WKH�FOLHQW�VSHFLILHV�WKHP��7KH�FOLHQW�DSSOLFDWLRQ�VSHFLILHV�LWV�FKDUDFWHU�VHW�
UHTXLUHPHQW�XVLQJ�WKH�6(7�1$0(6�VWDWHPHQW�EHIRUH�LW�FRQQHFWV�WR�WKH�GDWDEDVH�

6(7�1$0(6�VSHFLILHV�WKH�FKDUDFWHU�VHW�WKH�VHUYHU�VKRXOG�XVH�ZKHQ�WUDQVODWLQJ�GDWD�IURP�WKH�
GDWDEDVH�WR�WKH�FOLHQW�DSSOLFDWLRQ��6LPLODUO\��ZKHQ�WKH�FOLHQW�VHQGV�GDWD�WR�WKH�GDWDEDVH��WKH�
VHUYHU�WUDQVODWHV�WKH�GDWD�IURP�WKH�FOLHQW·V�FKDUDFWHU�VHW�WR�WKH�GDWDEDVH·V�GHIDXOW�FKDUDFWHU�VHW�
�RU�WKH�FKDUDFWHU�VHW�IRU�DQ�LQGLYLGXDO�FROXPQ�LI�LW�GLIIHUV�IURP�WKH�GDWDEDVH·V�GHIDXOW�FKDUDFWHU�
VHW��

)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQWV�VSHFLI\�WKDW�WKH�FOLHQW�LV�XVLQJ�WKH�'26����FKDUDFWHU�
VHW��WKHQ�FRQQHFW�WR�WKH�GDWDEDVH�

EXEC SQL

SET NAMES DOS437;

EXEC SQL

CONNECT "europe.gdb" USER "JAMES" PASSWORD "U4EEAH";

)RU�PRUH�LQIRUPDWLRQ�DERXW�FKDUDFWHU�VHWV��VHH�WKH�'DWD�'HILQLWLRQ�*XLGH��)RU�WKH�FRPSOHWH�
V\QWD[�RI�6(7�1$0(6�DQG�&211(&7��VHH�WKH�/DQJXDJH�5HIHUHQFH�

Opening a database
$IWHU�D�GDWDEDVH�LV�GHFODUHG��LW�PXVW�EH�DWWDFKHG�ZLWK�D�&211(&7�VWDWHPHQW�EHIRUH�LW�FDQ�EH�
XVHG��&211(&7�

g $OORFDWHV�V\VWHP�UHVRXUFHV�IRU�WKH�GDWDEDVH�
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g'HWHUPLQHV�LI�WKH�GDWDEDVH�ILOH�LV�ORFDO��UHVLGLQJ�RQ�WKH�VDPH�KRVW�ZKHUH�WKH�DSSOLFDWLRQ�LWVHOI�
LV�UXQQLQJ��RU�UHPRWH��UHVLGLQJ�RQ�D�GLIIHUHQW�KRVW�

g2SHQV�WKH�GDWDEDVH�DQG�H[DPLQHV�LW�WR�PDNH�VXUH�LW�LV�YDOLG�

,QWHU%DVH�SURYLGHV�WUDQVSDUHQW�DFFHVV�WR�DOO�GDWDEDVHV��ZKHWKHU�ORFDO�RU�UHPRWH��,I�WKH�
GDWDEDVH�VWUXFWXUH�LV�LQYDOLG��WKH�RQ�GLVN�VWUXFWXUH��2'6��QXPEHU�GRHV�QRW�FRUUHVSRQG�WR�WKH�
RQH�UHTXLUHG�E\�,QWHU%DVH��RU�LI�WKH�GDWDEDVH�LV�FRUUXSW��,QWHU%DVH�UHSRUWV�DQ�HUURU��DQG�
SHUPLWV�QR�IXUWKHU�DFFHVV�

2SWLRQDOO\��&211(&7�FDQ�EH�XVHG�WR�VSHFLI\�
g $�XVHU�QDPH�DQG�SDVVZRUG�FRPELQDWLRQ�WKDW�LV�FKHFNHG�DJDLQVW�WKH�VHUYHU·V�VHFXULW\�GDWDEDVH�
EHIRUH�DOORZLQJ�WKH�FRQQHFW�WR�VXFFHHG��8VHU�QDPHV�FDQ�EH�XS�WR����FKDUDFWHUV��3DVVZRUGV�
DUH�UHVWULFWHG�WR���FKDUDFWHUV�

g $Q�64/�UROH�QDPH�WKDW�WKH�XVHU�DGRSWV�RQ�FRQQHFWLRQ�WR�WKH�GDWDEDVH��SURYLGHG�WKDW�WKH�XVHU�
KDV�SUHYLRXVO\�EHHQ�JUDQWHG�PHPEHUVKLS�LQ�WKH�UROH��5HJDUGOHVV�RI�UROH�PHPEHUVKLSV�
JUDQWHG��WKH�XVHU�EHORQJV�WR�QR�UROH�XQOHVV�VSHFLILHG�ZLWK�WKLV�52/(�FODXVH��7KH�FOLHQW�FDQ�
VSHFLI\�DW�PRVW�RQH�UROH�SHU�FRQQHFWLRQ��DQG�FDQQRW�VZLWFK�UROHV�H[FHSW�E\�UHFRQQHFWLQJ�

g 7KH�VL]H�RI�WKH�GDWDEDVH�EXIIHU�FDFKH�WR�DOORFDWH�WR�WKH�DSSOLFDWLRQ�ZKHQ�WKH�GHIDXOW�FDFKH�
VL]H�LV�LQDSSURSULDWH�

Using simple CONNECT statements
,Q�LWV�VLPSOHVW�IRUP��&211(&7�UHTXLUHV�RQH�RU�PRUH�GDWDEDVH�SDUDPHWHUV��HDFK�VSHFLI\LQJ�
WKH�QDPH�RI�D�GDWDEDVH�WR�RSHQ��7KH�QDPH�RI�WKH�GDWDEDVH�FDQ�EH�D�

g'DWDEDVH�KDQGOH�GHFODUHG�LQ�D�SUHYLRXV�6(7�'$7$%$6(�VWDWHPHQW�
g +RVW�ODQJXDJH�YDULDEOH�
g +DUG�FRGHG�ILOH�QDPH�

4 8VLQJ�D�GDWDEDVH�KDQGOH
,I�D�SURJUDP�XVHV�6(7�'$7$%$6(�WR�SURYLGH�GDWDEDVH�KDQGOHV��WKRVH�KDQGOHV�VKRXOG�EH�XVHG�
LQ�VXEVHTXHQW�&211(&7�VWDWHPHQWV�LQVWHDG�RI�KDUG�FRGHG�QDPHV��)RU�H[DPSOH�

. . .

EXEC SQL

SET DATABASE DB1 = "employee.gdb";

EXEC SQL

SET DATABASE DB2 = "employee2.gdb";

EXEC SQL

CONNECT DB1;
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EXEC SQL

CONNECT DB2;

. . .

7KHUH�DUH�VHYHUDO�DGYDQWDJHV�WR�XVLQJ�D�GDWDEDVH�KDQGOH�ZLWK�&211(&7�
g /RQJ�ILOH�VSHFLILFDWLRQV�FDQ�EH�UHSODFHG�E\�VKRUWHU��PQHPRQLF�KDQGOHV�
g +DQGOHV�FDQ�EH�XVHG�WR�TXDOLI\�WDEOH�QDPHV�LQ�PXOWL�GDWDEDVH�WUDQVDFWLRQV��'64/�
DSSOLFDWLRQV�GR�QRW�VXSSRUW�PXOWL�GDWDEDVH�WUDQVDFWLRQV�

g +DQGOHV�FDQ�EH�UHDVVLJQHG�WR�RWKHU�GDWDEDVHV�DV�QHHGHG�
g 7KH�QXPEHU�RI�GDWDEDVH�FDFKH�EXIIHUV�FDQ�EH�VSHFLILHG�DV�DQ�DGGLWLRQDO�&211(&7�
SDUDPHWHU�

)RU�PRUH�LQIRUPDWLRQ�DERXW�VHWWLQJ�WKH�QXPEHU�RI�GDWDEDVH�FDFKH�EXIIHUV��VHH�´6HWWLQJ�
GDWDEDVH�FDFKH�EXIIHUVµ�RQ�SDJH ���

4 8VLQJ�VWULQJV�RU�KRVW�ODQJXDJH�YDULDEOHV
,QVWHDG�RI�XVLQJ�D�GDWDEDVH�KDQGOH��&211(&7�FDQ�XVH�D�GDWDEDVH�QDPH�VXSSOLHG�DW�UXQ�WLPH��
7KH�GDWDEDVH�QDPH�FDQ�EH�VXSSOLHG�DV�HLWKHU�D�KRVW�ODQJXDJH�YDULDEOH�RU�D�KDUG�FRGHG��TXRWHG�
VWULQJ��

7KH�IROORZLQJ�&�FRGH�GHPRQVWUDWHV�KRZ�D�SURJUDP�DFFHVVLQJ�RQO\�D�VLQJOH�GDWDEDVH�PLJKW�
LPSOHPHQW�&211(&7�XVLQJ�D�ILOH�QDPH�VROLFLWHG�IURP�D�XVHU�DW�UXQ�WLPH�

. . .

char fname[125];

. . .

printf("Enter the desired database name, including node and path):\n");

gets(fname);

. . .

EXEC SQL

CONNECT :fname;

. . .

7,3 7KLV�WHFKQLTXH�LV�HVSHFLDOO\�XVHIXO�IRU�SURJUDPV�WKDW�DUH�GHVLJQHG�WR�ZRUN�ZLWK�PDQ\�
LGHQWLFDOO\�VWUXFWXUHG�GDWDEDVHV��RQH�DW�D�WLPH��VXFK�DV�&$'�&$0�RU�DUFKLWHFWXUDO�
GDWDEDVHV�

MULTIPLE DATABASE IMPLEMENTATION

7R�XVH�D�GDWDEDVH�VSHFLILHG�E\�WKH�XVHU�DV�D�KRVW�ODQJXDJH�YDULDEOH�LQ�D�&211(&7�VWDWHPHQW�
LQ�PXOWL�GDWDEDVH�SURJUDPV��IROORZ�WKHVH�VWHSV�
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�� 'HFODUH�D�GDWDEDVH�KDQGOH�XVLQJ�WKH�IROORZLQJ�6(7�'$7$%$6(�V\QWD[�

EXEC SQL

SET DATABASE handle = COMPILETIME "dbname";

+HUH��KDQGOH�LV�D�KDUG�FRGHG�GDWDEDVH�KDQGOH�VXSSOLHG�E\�WKH�SURJUDPPHU��GEQDPH�LV�D�
TXRWHG��KDUG�FRGHG�GDWDEDVH�QDPH�XVHG�E\�gpre�GXULQJ�SUHSURFHVVLQJ��

�� 3URPSW�WKH�XVHU�IRU�D�GDWDEDVH�WR�RSHQ�

�� 6WRUH�WKH�GDWDEDVH�QDPH�HQWHUHG�E\�WKH�XVHU�LQ�D�KRVW�ODQJXDJH�YDULDEOH�

�� 8VH�WKH�KDQGOH�WR�RSHQ�WKH�GDWDEDVH��DVVRFLDWLQJ�WKH�KRVW�ODQJXDJH�YDULDEOH�ZLWK�
WKH�KDQGOH�XVLQJ�WKH�IROORZLQJ�&211(&7�V\QWD[�

EXEC SQL

CONNECT :variable AS handle;

7KH�IROORZLQJ�&�FRGH�LOOXVWUDWHV�WKHVH�VWHSV�

. . .

char fname[125];

. . .

EXEC SQL

SET DATABASE DB1 = "employee.gdb";

printf("Enter the desired database name, including node and path):\n");

gets(fname);

EXEC SQL

CONNECT :fname AS DB1;

. . .

,Q�WKLV�H[DPSOH��6(7�'$7$%$6(�SURYLGHV�D�KDUG�FRGHG�GDWDEDVH�ILOH�QDPH�IRU�SUHSURFHVVLQJ�
ZLWK�gpre��:KHQ�D�XVHU�UXQV�WKH�SURJUDP��WKH�GDWDEDVH�VSHFLILHG�LQ�WKH�YDULDEOH��IQDPH��LV�XVHG�
LQVWHDG�

4 8VLQJ�D�KDUG�FRGHG�GDWDEDVH�QDPHV

IN SINGE-DATABASE PROGRAMS

,Q�D�VLQJOH�GDWDEDVH�SURJUDP�WKDW�RPLWV�6(7�'$7$%$6(��&211(&7�PXVW�FRQWDLQ�D�
KDUG�FRGHG��TXRWHG�ILOH�QDPH�LQ�WKH�IROORZLQJ�IRUPDW�

EXEC SQL

CONNECT "[host[path]]filename";

KRVW�LV�RQO\�UHTXLUHG�LI�D�SURJUDP�DQG�D�GDWDEDVH�ILOH�LW�XVHV�UHVLGH�RQ�GLIIHUHQW�QRGHV��6LPLODUO\��
SDWK�LV�RQO\�UHTXLUHG�LI�WKH�GDWDEDVH�ILOH�GRHV�QRW�UHVLGH�LQ�WKH�FXUUHQW�ZRUNLQJ�GLUHFWRU\��)RU�
H[DPSOH��WKH�IROORZLQJ�&211(&7�VWDWHPHQW�FRQWDLQV�D�KDUG�FRGHG�ILOH�QDPH�WKDW�LQFOXGHV�
ERWK�D�8QL[�KRVW�QDPH�DQG�D�SDWK�QDPH�
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EXEC SQL

CONNECT "valdez:usr/interbase/examples/employee.gdb";

Note +RVW�V\QWD[�LV�VSHFLILF�WR�HDFK�VHUYHU�SODWIRUP�

,03257$17 $�SURJUDP�WKDW�DFFHVVHV�PXOWLSOH�GDWDEDVHV�FDQQRW�XVH�WKLV�IRUP�RI�&211(&7�

IN MULTI-DATABASE PROGRAMS

$�SURJUDP�WKDW�DFFHVVHV�PXOWLSOH�GDWDEDVHV�PXVW�GHFODUH�KDQGOHV�IRU�HDFK�RI�WKHP�LQ�VHSDUDWH�
6(7�'$7$%$6(�VWDWHPHQWV��7KHVH�KDQGOHV�PXVW�EH�XVHG�LQ�VXEVHTXHQW�&211(&7�VWDWHPHQWV�
WR�LGHQWLI\�VSHFLILF�GDWDEDVHV�WR�RSHQ�

. . .

EXEC SQL

SET DATABASE DB1 = "employee.gdb";

EXEC SQL

SET DATABASE DB2 = "employee2.gdb";

EXEC SQL

CONNECT DB1;

EXEC SQL

CONNECT DB2;

. . .

/DWHU��ZKHQ�WKH�SURJUDP�FORVHV�WKHVH�GDWDEDVHV��WKH�GDWDEDVH�KDQGOHV�DUH�QR�ORQJHU�LQ�XVH��
7KHVH�KDQGOHV�FDQ�EH�UHDVVLJQHG�WR�RWKHU�GDWDEDVHV�E\�KDUG�FRGLQJ�D�ILOH�QDPH�LQ�D�
VXEVHTXHQW�&211(&7�VWDWHPHQW��)RU�H[DPSOH�

. . .

EXEC SQL

DISCONNECT DB1, DB2;

EXEC SQL

CONNECT "project.gdb" AS DB1;

. . .
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Additional CONNECT syntax
&211(&7�VXSSRUWV�VHYHUDO�IRUPDWV�IRU�RSHQLQJ�GDWDEDVHV�WR�SURYLGH�SURJUDPPLQJ�
IOH[LELOLW\��7KH�IROORZLQJ�WDEOH�RXWOLQHV�HDFK�SRVVLEOH�V\QWD[��SURYLGHV�GHVFULSWLRQV�DQG�
H[DPSOHV��DQG�LQGLFDWHV�ZKHWKHU�&211(&7�FDQ�EH�XVHG�LQ�SURJUDPV�WKDW�DFFHVV�VLQJOH�RU�
PXOWLSOH�GDWDEDVHV�

)RU�D�FRPSOHWH�GLVFXVVLRQ�RI�&211(&7�V\QWD[�DQG�LWV�XVHV��VHH�WKH�/DQJXDJH�5HIHUHQFH�

Attaching to multiple databases
&211(&7�FDQ�DWWDFK�WR�PXOWLSOH�GDWDEDVHV��7R�RSHQ�DOO�GDWDEDVHV�VSHFLILHG�LQ�SUHYLRXV�6(7�
'$7$%$6(�VWDWHPHQWV��XVH�HLWKHU�RI�WKH�IROORZLQJ�&211(&7�V\QWD[�RSWLRQV�

EXEC SQL

CONNECT ALL;

EXEC SQL

CONNECT DEFAULT;

Syntax Description Example
Single 
access

Multiple 
access

CONNECT “dbfile”; Open a single, hard-coded database file, dbfile. EXEC SQL
CONNECT 
“employee.gdb”;

Yes No

CONNECT handle; Open the database file associated with a 
previously declared database handle. This is the 
preferred CONNECT syntax.

EXEC SQL
CONNECT EMP;

Yes Yes

CONNECT “dbfile” AS 
handle;

Open a hard-coded database file, dbfile, and 
assign a previously declared database handle to 
it.

EXEC SQL
CONNECT 
“employee.gdb”
AS EMP;

Yes Yes

CONNECT :varname AS 
handle;

Open the database file stored in the 
host-language variable, varname, and assign a 
previously declared database handle to it.

EXEC SQL
CONNECT :fname AS 
EMP;

Yes Yes

TABLE 3.1 CONNECT syntax summary
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&211(&7�FDQ�DOVR�DWWDFK�WR�D�VSHFLILHG�OLVW�RI�GDWDEDVHV��6HSDUDWH�HDFK�GDWDEDVH�UHTXHVW�IURP�
RWKHUV�ZLWK�FRPPDV��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�RSHQV�WZR�GDWDEDVHV�VSHFLILHG�E\�
WKHLU�KDQGOHV�

EXEC SQL

CONNECT DB1, DB2;

7KH�QH[W�VWDWHPHQW�RSHQV�WZR�KDUG�FRGHG�GDWDEDVH�ILOHV�DQG�DOVR�DVVLJQV�WKHP�WR�SUHYLRXVO\�
GHFODUHG�KDQGOHV�

EXEC SQL

CONNECT "employee.gdb" AS DB1, "employee2.gdb" AS DB2;

7,3 2SHQLQJ�PXOWLSOH�GDWDEDVHV�ZLWK�D�VLQJOH�&211(&7�LV�PRVW�HIIHFWLYH�ZKHQ�D�SURJUDP·V�
GDWDEDVH�DFFHVV�LV�VLPSOH�DQG�FOHDU��,Q�FRPSOH[�SURJUDPV�WKDW�RSHQ�DQG�FORVH�VHYHUDO�
GDWDEDVHV��WKDW�VXEVWLWXWH�GDWDEDVH�QDPHV�ZLWK�KRVW�ODQJXDJH�YDULDEOHV��RU�WKDW�DVVLJQ�
PXOWLSOH�KDQGOHV�WR�WKH�VDPH�GDWDEDVH��XVH�VHSDUDWH�&211(&7�VWDWHPHQWV�WR�PDNH�SURJUDP�
FRGH�HDVLHU�WR�UHDG��GHEXJ��DQG�PRGLI\�

Handling CONNECT errors
7KH�:+(1(9(5�VWDWHPHQW�VKRXOG�EH�XVHG�WR�WUDS�DQG�KDQGOH�UXQWLPH�HUURUV�WKDW�RFFXU�
GXULQJ�GDWDEDVH�GHFODUDWLRQ��7KH�IROORZLQJ�&�FRGH�IUDJPHQW�LOOXVWUDWHV�DQ�HUURU�KDQGOLQJ�
URXWLQH�WKDW�GLVSOD\V�HUURU�PHVVDJHV�DQG�HQGV�WKH�SURJUDP�LQ�DQ�RUGHUO\�IDVKLRQ�

. . .

EXEC SQL

WHENEVER SQLERROR

GOTO error_exit;

. . .

:error_exit

isc_print_sqlerr(sqlcode, status_vector);

EXEC SQL

DISCONNECT ALL;

exit(1);

. . .

)RU�D�FRPSOHWH�GLVFXVVLRQ�RI�64/�HUURU�KDQGOLQJ��VHH�&KDSWHU�����´(UURU�+DQGOLQJ�DQG�
5HFRYHU\�µ
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Setting database cache buffers
%HVLGHV�RSHQLQJ�D�GDWDEDVH��&211(&7�FDQ�VHW�WKH�QXPEHU�RI�FDFKH�EXIIHUV�DVVLJQHG�WR�D�
GDWDEDVH�IRU�WKDW�FRQQHFWLRQ��:KHQ�D�SURJUDP�HVWDEOLVKHV�D�FRQQHFWLRQ�WR�D�GDWDEDVH��
,QWHU%DVH�DOORFDWHV�V\VWHP�PHPRU\�WR�XVH�DV�D�SULYDWH�EXIIHU��7KH�EXIIHUV�DUH�XVHG�WR�VWRUH�
DFFHVVHG�GDWDEDVH�SDJHV�WR�VSHHG�SHUIRUPDQFH��7KH�QXPEHU�RI�EXIIHUV�DVVLJQHG�IRU�D�
SURJUDP�GHWHUPLQH�KRZ�PDQ\�VLPXOWDQHRXV�GDWDEDVH�SDJHV�LW�FDQ�KDYH�DFFHVV�WR�LQ�WKH�
PHPRU\�SRRO��%XIIHUV�UHPDLQ�DVVLJQHG�XQWLO�D�SURJUDP�ILQLVKHV�ZLWK�D�GDWDEDVH�

7KH�GHIDXOW�QXPEHU�RI�GDWDEDVH�FDFKH�EXIIHUV�DVVLJQHG�WR�D�GDWDEDVH�LV������7KLV�GHIDXOW�FDQ�
EH�FKDQJHG�HLWKHU�IRU�D�VSHFLILF�GDWDEDVH�RU�IRU�DQ�HQWLUH�VHUYHU�

g 8VH�WKH�gfix�XWLOLW\�WR�VHW�D�QHZ�GHIDXOW�FDFKH�EXIIHU�VL]H�IRU�D�GDWDEDVH��6HH�WKH�2SHUDWLRQV�
*XLGH�IRU�PRUH�LQIRUPDWLRQ�DERXW�VHWWLQJ�GDWDEDVH�EXIIHU�VL]H�ZLWK�gfix�

g &KDQJH�WKH�YDOXH�RI�'$7$%$6(B&$&+(B3$*(6�LQ�WKH�,QWHU%DVH�FRQILJXUDWLRQ�ILOH�WR�FKDQJH�
WKH�GHIDXOW�FDFKH�EXIIHU�VL]H�RQ�D�VHUYHU�ZLGH�EDVLV��8VH�WKLV�RSWLRQ�ZLWK�FDUH��VLQFH�LW�PDNHV�
LW�HDV\�WR�RYHUXVH�PHPRU\�RU�FUHDWH�XQXVDEO\�VPDOO�FDFKHV�

4 6HWWLQJ�LQGLYLGXDO�GDWDEDVH�EXIIHUV
)RU�SURJUDPV�WKDW�DFFHVV�RU�FKDQJH�PDQ\�URZV�LQ�PDQ\�GDWDEDVHV��SHUIRUPDQFH�FDQ�
VRPHWLPHV�EH�LPSURYHG�E\�LQFUHDVLQJ�WKH�QXPEHU�RI�EXIIHUV��7KH�PD[LPXP�QXPEHU�RI�
EXIIHUV�DOORZHG�LV�V\VWHP�GHSHQGHQW�

g 8VH�WKH�&$&+(�Q�SDUDPHWHU�ZLWK�&211(&7�WR�FKDQJH�WKH�QXPEHU�RI�EXIIHUV�DVVLJQHG�WR�D�
GDWDEDVH�IRU�WKH�GXUDWLRQ�RI�WKH�FRQQHFWLRQ��ZKHUH�Q�LV�WKH�QXPEHU�RI�EXIIHUV�WR�UHVHUYH��7R�
VHW�WKH�QXPEHU�RI�EXIIHUV�IRU�DQ�LQGLYLGXDO�GDWDEDVH��SODFH�&$&+(�Q�DIWHU�WKH�GDWDEDVH�QDPH��
7KH�IROORZLQJ�&211(&7�VSHFLILHV�����EXIIHUV�IRU�WKH�GDWDEDVH�SRLQWHG�WR�E\�WKH�(03�
KDQGOH�

EXEC SQL

CONNECT EMP CACHE 500;

Note ,I�\RX�VSHFLI\�D�EXIIHU�VL]H�WKDW�LV�OHVV�WKDQ�WKH�VPDOOHVW�RQH�FXUUHQWO\�LQ�XVH�IRU�WKH�
GDWDEDVH��WKH�UHTXHVW�LV�LJQRUHG�

7KH�QH[W�VWDWHPHQW�RSHQV�WZR�GDWDEDVHV��7(67�DQG�(03��%HFDXVH�&$&+(�LV�QRW�VSHFLILHG�IRU�
7(67��LWV�EXIIHUV�GHIDXOW�WR������(03�LV�RSHQHG�ZLWK�WKH�&$&+(�FODXVH�VSHFLI\LQJ�����EXIIHUV�

EXEC SQL

CONNECT TEST, EMP CACHE 400;
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4 6SHFLI\LQJ�EXIIHUV�IRU�DOO�GDWDEDVHV
7R�VSHFLI\�WKH�VDPH�QXPEHU�RI�EXIIHUV�IRU�DOO�GDWDEDVHV��XVH�&211(&7�$//�ZLWK�WKH�&$&+(�
Q�SDUDPHWHU��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQWV�FRQQHFW�WR�WZR�GDWDEDVHV��(03��DQG�
(03���DQG�DOORW�����EXIIHUV�WR�HDFK�RI�WKHP�

. . .

EXEC SQL

SET DATABASE EMP = "employee.gdb";

EXEC SQL

SET DATABASE EMP2 = "test.gdb";

EXEC SQL

CONNECT ALL CACHE 400;

. . .

7KH�VDPH�HIIHFW�FDQ�EH�DFKLHYHG�E\�VSHFLI\LQJ�WKH�VDPH�DPRXQW�RI�FDFKH�IRU�LQGLYLGXDO�
GDWDEDVHV�

. . .

EXEC SQL

CONNECT EMP CACHE 400, TEST CACHE 400;

. . .

Accessing an open database
2QFH�D�GDWDEDVH�LV�FRQQHFWHG��LWV�WDEOHV�FDQ�EH�DFFHVVHG�DV�IROORZV�

g2QH�GDWDEDVH�FDQ�EH�DFFHVVHG�LQ�D�VLQJOH�WUDQVDFWLRQ�
g2QH�GDWDEDVH�FDQ�EH�DFFHVVHG�LQ�PXOWLSOH�WUDQVDFWLRQV�
g0XOWLSOH�GDWDEDVHV�FDQ�EH�DFFHVVHG�LQ�D�VLQJOH�WUDQVDFWLRQ�
g0XOWLSOH�GDWDEDVHV�FDQ�EH�DFFHVVHG�LQ�PXOWLSOH�WUDQVDFWLRQV�

)RU�JHQHUDO�LQIRUPDWLRQ�DERXW�XVLQJ�WUDQVDFWLRQV��VHH�&KDSWHU����´:RUNLQJ�ZLWK�
7UDQVDFWLRQV�µ

Differentiating table names
,Q�64/��XVLQJ�PXOWLSOH�GDWDEDVHV�LQ�WUDQVDFWLRQV�VRPHWLPHV�UHTXLUHV�H[WUD�SUHFDXWLRQV�WR�
HQVXUH�LQWHQGHG�EHKDYLRU��:KHQ�WZR�RU�PRUH�GDWDEDVHV�KDYH�WDEOHV�WKDW�VKDUH�WKH�VDPH�QDPH��
D�GDWDEDVH�KDQGOH�PXVW�EH�SUHIL[HG�WR�WKRVH�WDEOH�QDPHV�WR�GLIIHUHQWLDWH�WKHP�IURP�RQH�
DQRWKHU�LQ�WUDQVDFWLRQV��
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$�WDEOH�QDPH�GLIIHUHQWLDWHG�E\�D�GDWDEDVH�KDQGOH�WDNHV�WKH�IRUP�

handle.table

)RU�H[DPSOH��WKH�IROORZLQJ�FXUVRU�GHFODUDWLRQ�DFFHVVHV�DQ�(03/2<((�WDEOH�LQ�7(67��DQG�
DQRWKHU�(03/2<((�WDEOH�LQ�(03��7(67�DQG�(03�DUH�XVHG�DV�SUHIL[HV�WR�LQGLFDWH�ZKLFK�
(03/2<((�WDEOH�VKRXOG�EH�UHIHUHQFHG�

. . .

EXEC SQL

DECLARE IDMATCH CURSOR FOR

SELECT TESTNO INTO :matchid FROM TEST.EMPLOYEE

WHERE (SELECT EMPNO FROM EMP.EMPLOYEE WHERE EMPNO = TESTNO);

. . .

Note '64/�GRHV�QRW�VXSSRUW�DFFHVV�WR�PXOWLSOH�GDWDEDVHV�LQ�D�VLQJOH�VWDWHPHQW�

Closing a database
:KHQ�D�SURJUDP�LV�ILQLVKHG�ZLWK�D�GDWDEDVH��WKH�GDWDEDVH�VKRXOG�EH�FORVHG��,Q�64/��D�
GDWDEDVH�FDQ�EH�FORVHG�LQ�HLWKHU�RI�WKH�IROORZLQJ�ZD\V�

g ,VVXH�D�',6&211(&7�WR�GHWDFK�D�GDWDEDVH�DQG�FORVH�ILOHV�
g $SSHQG�D�5(/($6(�RSWLRQ�WR�D�&200,7�RU�52//%$&.�WR�GLVFRQQHFW�IURP�D�GDWDEDVH�DQG�
FORVH�ILOHV�

',6&211(&7��&200,7�5(/($6(��DQG�52//%$&.�5(/($6(�SHUIRUP�WKH�IROORZLQJ�WDVNV�
g &ORVH�RSHQ�GDWDEDVH�ILOHV�
g'LVFRQQHFW�IURP�UHPRWH�GDWDEDVH�FRQQHFWLRQV�
g 5HOHDVH�WKH�PHPRU\�WKDW�KROGV�GDWDEDVH�PHWDGDWD�GHVFULSWLRQV�DQG�,QWHU%DVH�
HQJLQH�FRPSLOHG�UHTXHVWV�

Note &ORVLQJ�GDWDEDVHV�ZLWK�',6&211(&7�LV�SUHIHUUHG�IRU�FRPSDWLELOLW\�ZLWK�WKH�64/����
VWDQGDUG��'R�QRW�FORVH�D�GDWDEDVH�XQWLO�LW�LV�QR�ORQJHU�QHHGHG��2QFH�FORVHG��D�GDWDEDVH�PXVW�
EH�UHRSHQHG��DQG�LWV�UHVRXUFHV�UHDOORFDWHG��EHIRUH�LW�FDQ�EH�XVHG�DJDLQ�

With DISCONNECT

7R�FORVH�DOO�RSHQ�GDWDEDVHV�E\�GLVFRQQHFWLQJ�IURP�WKHP��XVH�WKH�IROORZLQJ�',6&211(&7�
V\QWD[�

EXEC SQL

DISCONNECT {ALL | DEFAULT};
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)RU�H[DPSOH��HDFK�RI�WKH�IROORZLQJ�VWDWHPHQWV�FORVHV�DOO�RSHQ�GDWDEDVHV�LQ�D
SURJUDP�

EXEC SQL

DISCONNECT ALL;

EXEC SQL

DISCONNECT DEFAULT;

7R�FORVH�VSHFLILF�GDWDEDVHV��VSHFLI\�WKHLU�KDQGOHV�DV�FRPPD�GHOLPLWHG�SDUDPHWHUV��XVLQJ�WKH�
IROORZLQJ�V\QWD[�

EXEC SQL

DISCONNECT handle [, handle ...];

)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�GLVFRQQHFWV�IURP�WZR�GDWDEDVHV�

EXEC SQL

DISCONNECT DB1, DB2;

Note $�GDWDEDVH�VKRXOG�QRW�EH�FORVHG�XQWLO�DOO�WUDQVDFWLRQV�DUH�ILQLVKHG�ZLWK�LW��RU�LW�PXVW�EH�
UHRSHQHG�DQG�LWV�UHVRXUFHV�UHDOORFDWHG�

With COMMIT and ROLLBACK

7R�FORVH�DOO�RSHQ�GDWDEDVHV�ZKHQ�\RX�&200,7�RU�52//%$&.��XVH�WKH�IROORZLQJ�V\QWD[�

EXEC SQL

{COMMIT | ROLLBACK} RELEASE;

)RU�H[DPSOH��WKH�IROORZLQJ�&200,7�FORVHV�DOO�RSHQ�GDWDEDVHV�

EXEC SQL

COMMIT RELEASE;

7R�FORVH�VSHFLILF�GDWDEDVHV��SURYLGH�WKHLU�KDQGOHV�DV�SDUDPHWHUV�IROORZLQJ�WKH�5(/($6(�
RSWLRQ�ZLWK�&200,7�RU�52//%$&.��XVLQJ�WKH�IROORZLQJ�V\QWD[�

EXEC SQL

COMMIT | ROLLBACK RELEASE handle [, handle ...];

,Q�WKH�IROORZLQJ�H[DPSOH��WKH�52//%$&.�VWDWHPHQW�FORVHV�WZR�GDWDEDVHV�

EXEC SQL

ROLLBACK RELEASE DB1, DB2;
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$OO�64/�GDWD�GHILQLWLRQ�DQG�GDWD�PDQLSXODWLRQ�VWDWHPHQWV�WDNH�SODFH�ZLWKLQ�WKH�FRQWH[W�RI�D�
WUDQVDFWLRQ��D�VHW�RI�64/�VWDWHPHQWV�WKDW�ZRUNV�WR�FDUU\�RXW�D�VLQJOH�WDVN��7KLV�FKDSWHU�H[SODLQV�
KRZ�WR�RSHQ��FRQWURO��DQG�FORVH�WUDQVDFWLRQV�XVLQJ�WKH�IROORZLQJ�64/�WUDQVDFWLRQ�
PDQDJHPHQW�VWDWHPHQWV�



CHAPTER 4 WORKING WITH TRANSACTIONS

36 INTERBASE 5

7UDQVDFWLRQ�PDQDJHPHQW�VWDWHPHQWV�GHILQH�WKH�EHJLQQLQJ�DQG�HQG�RI�D�WUDQVDFWLRQ��7KH\�DOVR�
FRQWURO�LWV�EHKDYLRU�DQG�LQWHUDFWLRQ�ZLWK�RWKHU�VLPXOWDQHRXVO\�UXQQLQJ�WUDQVDFWLRQV�WKDW�VKDUH�
DFFHVV�WR�WKH�VDPH�GDWD�ZLWKLQ�DQG�DFURVV�DSSOLFDWLRQV�

7KHUH�DUH�WZR�W\SHV�RI�WUDQVDFWLRQV�LQ�,QWHU%DVH�
g JGVBBWUDQV�LV�D�GHIDXOW�WUDQVDFWLRQ�WKDW�,QWHU%DVH�XVHV�ZKHQ�LW�HQFRXQWHUV�D�VWDWHPHQW�
UHTXLULQJ�D�WUDQVDFWLRQ�ZLWKRXW�ILUVW�ILQGLQJ�D�6(7�75$16$&7,21�VWDWHPHQW��$�GHIDXOW�
EHKDYLRU�LV�GHILQHG�IRU�JGVBBWUDQV��EXW�LW�FDQ�EH�FKDQJHG�E\�VWDUWLQJ�WKH�GHIDXOW�WUDQVDFWLRQ�
ZLWK�6(7�75$16$&7,21�DQG�VSHFLI\LQJ�DOWHUQDWLYH�EHKDYLRU�DV�SDUDPHWHUV��7UHDW�JGVBBWUDQV�
DV�D�JOREDO�YDULDEOH�RI�W\SH�LVFBWUBKDQGOH�

Note :KHQ�XVLQJ�WKH�GHIDXOW�WUDQVDFWLRQ�ZLWKRXW�H[SOLFLWO\�VWDUWLQJ�LW�ZLWK�6(7�
75$16$&7,21��DSSOLFDWLRQV�PXVW�EH�SUHSURFHVVHG�ZLWKRXW�WKH gpre��P�VZLWFK�

g1DPHG�WUDQVDFWLRQV�DUH�DOZD\V�VWDUWHG�ZLWK�6(7�75$16$&7,21�VWDWHPHQWV��7KHVH�VWDWHPHQWV�
SURYLGH�XQLTXH�QDPHV�IRU�HDFK�WUDQVDFWLRQ��DQG�XVXDOO\�LQFOXGH�SDUDPHWHUV�WKDW�VSHFLI\�D�
WUDQVDFWLRQ·V�EHKDYLRU�

([FHSW�IRU�QDPLQJ�FRQYHQWLRQV�DQG�XVH�LQ�PXOWL�WUDQVDFWLRQ�SURJUDPV��ERWK�WKH�GHIDXOW�DQG�
QDPHG�WUDQVDFWLRQV�RIIHU�WKH�VDPH�FRQWURO�RYHU�WUDQVDFWLRQV��6(7�75$16$&7,21�KDV�
RSWLRQDO�SDUDPHWHUV�IRU�VSHFLI\LQJ�DFFHVV�PRGH��ORFN�UHVROXWLRQ��DQG�LVRODWLRQ�OHYHO�

Statement Purpose

SET TRANSACTION Starts a transaction, assigns it a name, and specifies its behavior. The following 
behaviors can be specified:

Access mode describes the actions a transaction’s statements can perform.

Lock resolution describes how a transaction should react if a lock conflict occurs.

Isolation level describes the view of the database given a transaction as it relates 
to actions performed by other simultaneously occurring transactions.

Table reservation, an optional list of tables to lock for access at the start of the 
transaction rather than at the time of explicit reads or writes.

Database specification, an optional list limiting the open databases to which a 
transaction may have access.

COMMIT Saves a transaction’s changes to the database and ends the transaction.

ROLLBACK Undoes a transaction’s changes before they have been committed to the 
database, and ends the transaction.

TABLE 4.1 SQL transaction management statements
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)RU�PRUH�LQIRUPDWLRQ�DERXW�gpre��VHH�&KDSWHU�����́ 3UHSURFHVVLQJ��&RPSLOLQJ��DQG /LQNLQJ�µ�
)RU�PRUH�LQIRUPDWLRQ�DERXW�WUDQVDFWLRQ�EHKDYLRU��VHH�´6SHFLI\LQJ�6(7�75$16$&7,21�
EHKDYLRUµ�RQ�SDJH ���

Starting the default transaction
,I�D�WUDQVDFWLRQ�LV�VWDUWHG�ZLWKRXW�D�VSHFLILHG�EHKDYLRU��WKH�IROORZLQJ�GHIDXOW�EHKDYLRU�LV�XVHG�

READ WRITE WAIT ISOLATION LEVEL SNAPSHOT

7KH�GHIDXOW�WUDQVDFWLRQ�LV�HVSHFLDOO\�XVHIXO�IRU�SURJUDPV�WKDW�XVH�RQO\�D�VLQJOH�WUDQVDFWLRQ��,W�
LV�DXWRPDWLFDOO\�VWDUWHG�LQ�SURJUDPV�WKDW�UHTXLUH�D�WUDQVDFWLRQ�FRQWH[W�ZKHUH�QRQH�LV�H[SOLFLWO\�
SURYLGHG��,W�FDQ�DOVR�EH�H[SOLFLWO\�VWDUWHG�LQ�D�SURJUDP�ZLWK�6(7�75$16$&7,21�

7R�OHDUQ�PRUH�DERXW�WUDQVDFWLRQ�EHKDYLRU��VHH�´6WDUWLQJ�WKH�GHIDXOW�WUDQVDFWLRQµ�RQ�SDJH ���

Starting without SET TRANSACTION

6LPSOH��VLQJOH�WUDQVDFWLRQ�SURJUDPV�FDQ�RPLW�6(7�75$16$&7,21��7KH�IROORZLQJ�SURJUDP�
IUDJPHQW�LVVXHV�D�6(/(&7�VWDWHPHQW�ZLWKRXW�VWDUWLQJ�D�WUDQVDFWLRQ�

. . .

EXEC SQL

SELECT * FROM CITIES

WHERE POPULATION > 4000000

ORDER BY POPULATION, CITY;

. . .

$�SURJUDPPHU�QHHG�RQO\�VWDUW�WKH�GHIDXOW�WUDQVDFWLRQ�H[SOLFLWO\�LQ�D�VLQJOH�WUDQVDFWLRQ�
SURJUDP�WR�PRGLI\�LWV�RSHUDWLQJ�FKDUDFWHULVWLFV�RU�ZKHQ�ZULWLQJ�D�'64/�DSSOLFDWLRQ�WKDW�LV�
SUHSURFHVVHG�ZLWK�WKH�gpre -m�VZLWFK�

'XULQJ�SUHSURFHVVLQJ��ZKHQ�gpre�HQFRXQWHUV�D�VWDWHPHQW��VXFK�DV�6(/(&7��WKDW�UHTXLUHV�D�
WUDQVDFWLRQ�FRQWH[W�ZLWKRXW�ILUVW�ILQGLQJ�D�6(7�75$16$&7,21�VWDWHPHQW��LW�DXWRPDWLFDOO\�
JHQHUDWHV�D�GHIDXOW�WUDQVDFWLRQ�DV�ORQJ�DV�WKH�-m�VZLWFK�LV�QRW�VSHFLILHG��$�GHIDXOW�WUDQVDFWLRQ�
VWDUWHG�E\�gpre�XVHV�D�SUHGHILQHG��RU�GHIDXOW��EHKDYLRU�WKDW�GLFWDWHV�KRZ�WKH�WUDQVDFWLRQ�
LQWHUDFWV�ZLWK�RWKHU�VLPXOWDQHRXV�WUDQVDFWLRQV�DWWHPSWLQJ�WR�DFFHVV�WKH�VDPH�GDWD�

,03257$17 '64/�SURJUDPV�VKRXOG�EH�SUHSURFHVVHG�ZLWK�WKH�gpre -m�VZLWFK�LI�WKH\�VWDUW�D�WUDQVDFWLRQ�
WKURXJK�'64/��,Q�WKLV�PRGH��gpre�GRHV�QRW�JHQHUDWH�WKH�GHIDXOW�WUDQVDFWLRQ�DV�QHHGHG��EXW�
LQVWHDG�UHSRUWV�DQ�HUURU�LI�WKHUH�LV�QR�WUDQVDFWLRQ�
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�)RU�PRUH�LQIRUPDWLRQ�DERXW�WUDQVDFWLRQ�EHKDYLRUV�WKDW�FDQ�EH�PRGLILHG��VHH�´6SHFLI\LQJ�
6(7�75$16$&7,21�EHKDYLRUµ�RQ�SDJH ����)RU�PRUH�LQIRUPDWLRQ�DERXW�XVLQJ�WKH�gpre�
-m�VZLWFK��VHH�&KDSWHU�����´3UHSURFHVVLQJ��&RPSLOLQJ��DQG /LQNLQJ�µ

Starting with SET TRANSACTION

6(7�75$16$&7,21�LVVXHG�ZLWKRXW�SDUDPHWHUV�VWDUWV�WKH�GHIDXOW�WUDQVDFWLRQ��JGVBBWUDQV��ZLWK�
WKH�IROORZLQJ�GHIDXOW�EHKDYLRU�

READ WRITE WAIT ISOLATION LEVEL SNAPSHOT

7KH�IROORZLQJ�WDEOH�VXPPDUL]HV�WKHVH�VHWWLQJV�

Note ([SOLFLWO\�VWDUWLQJ�WKH�GHIDXOW�WUDQVDFWLRQ�LV�JRRG�SURJUDPPLQJ�SUDFWLFH��,W�PDNHV�D�
SURJUDP·V�VRXUFH�FRGH�HDVLHU�WR�XQGHUVWDQG�

7KH�IROORZLQJ�VWDWHPHQWV�DUH�HTXLYDOHQW��7KH\�ERWK�VWDUW�WKH�GHIDXOW�WUDQVDFWLRQ�ZLWK�WKH�
GHIDXOW�EHKDYLRU�

EXEC SQL

SET TRANSACTION;

EXEC SQL

SET TRANSACTION NAME gds__trans READ WRITE WAIT ISOLATION LEVEL

SNAPSHOT;

7R�VWDUW�WKH�GHIDXOW�WUDQVDFWLRQ��EXW�FKDQJH�LWV�FKDUDFWHULVWLFV��6(7�75$16$&7,21�PXVW�EH�
XVHG�WR�VSHFLI\�WKRVH�FKDUDFWHULVWLFV�WKDW�GLIIHU�IURP�WKH�GHIDXOW��&KDUDFWHULVWLFV�WKDW�GR�QRW�
GLIIHU�IURP�WKH�GHIDXOW�FDQ�EH�RPLWWHG��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�VWDUWV�WKH�GHIDXOW�
WUDQVDFWLRQ�IRU�5($'�21/<�DFFHVV��:$,7�ORFN�UHVROXWLRQ��DQG�,62/$7,21�/(9(/�
61$36+27�

Parameter Setting Purpose

Access mode READ WRITE Access mode. This transaction can select, insert, update, and delete 
data.

Lock resolution WAIT Lock resolution. This transaction waits for locked tables and rows to 
be released to see if it can then update them before reporting a lock 
conflict.

Isolation level ISOLATION LEVEL SNAPSHOT This transaction receives a stable, unchanging view of the database 
as it is at the moment the transaction starts; it never sees changes 
made to the database by other active transactions.

TABLE 4.2 Default transaction default behavior
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EXEC SQL

SET TRANSACTION READ ONLY;

$V�WKLV�H[DPSOH�LOOXVWUDWHV��WKH�1$0(�FODXVH�FDQ�EH�RPLWWHG�ZKHQ�VWDUWLQJ�WKH�GHIDXOW�
WUDQVDFWLRQ�

,03257$17 ,Q�'64/��FKDQJLQJ�WKH�FKDUDFWHULVWLFV�RI�WKH�GHIDXOW�WUDQVDFWLRQ�LV�DFFRPSOLVKHG�DV�ZLWK�
35(3$5(�DQG�(;(&87(�LQ�D�PDQQHU�VLPLODU�WR�WKH�RQH�GHVFULEHG��EXW�WKH�SURJUDP�PXVW�EH�
SUHSURFHVVHG�XVLQJ�WKH�gpre -m�VZLWFK�

)RU�PRUH�LQIRUPDWLRQ�DERXW�SUHSURFHVVLQJ�SURJUDPV�ZLWK�WKH -m�VZLWFK��VHH�&KDSWHU�����
´3UHSURFHVVLQJ��&RPSLOLQJ��DQG /LQNLQJ�µ�)RU�PRUH�LQIRUPDWLRQ�DERXW�WUDQVDFWLRQ�EHKDYLRU�
DQG�PRGLILFDWLRQ��VHH�´6SHFLI\LQJ�6(7�75$16$&7,21�EHKDYLRUµ�RQ�SDJH ���

Starting a named transaction
$�VLQJOH�DSSOLFDWLRQ�FDQ�VWDUW�VLPXOWDQHRXV�WUDQVDFWLRQV��,QWHU%DVH�H[WHQGV�WUDQVDFWLRQ�
PDQDJHPHQW�DQG�GDWD�PDQLSXODWLRQ�VWDWHPHQWV�WR�VXSSRUW�WUDQVDFWLRQ�QDPHV��XQLTXH�LGHQWLILHUV�
WKDW�VSHFLI\�ZKLFK�WUDQVDFWLRQ�FRQWUROV�D�JLYHQ�VWDWHPHQW�DPRQJ�WKRVH�WUDQVDFWLRQV�WKDW�DUH�
DFWLYH�

7UDQVDFWLRQ�QDPHV�PXVW�EH�XVHG�WR�GLVWLQJXLVK�RQH�WUDQVDFWLRQ�IURP�DQRWKHU�LQ�SURJUDPV�
WKDW�XVH�WZR�RU�PRUH�WUDQVDFWLRQV�DW�D�WLPH��(DFK�WUDQVDFWLRQ�VWDUWHG�ZKLOH�RWKHU�WUDQVDFWLRQV�
DUH�DFWLYH�UHTXLUHV�D�XQLTXH�QDPH�DQG�LWV�RZQ�6(7�75$16$&7,21�VWDWHPHQW��6(7�
75$16$&7,21�FDQ�LQFOXGH�RSWLRQDO�SDUDPHWHUV�WKDW�PRGLI\�D�WUDQVDFWLRQ·V�EHKDYLRU�

7KHUH�DUH�IRXU�VWHSV�IRU�XVLQJ�WUDQVDFWLRQ�QDPHV�LQ�D�SURJUDP�

�� 'HFODUH�D�XQLTXH�KRVW�ODQJXDJH�YDULDEOH�IRU�HDFK�WUDQVDFWLRQ�QDPH��,Q�&�DQG�
&����WUDQVDFWLRQ�QDPHV�VKRXOG�EH�GHFODUHG�DV�ORQJ�SRLQWHUV�

�� ,QLWLDOL]H�HDFK�WUDQVDFWLRQ�QDPH�WR�]HUR�

�� 8VH�6(7�75$16$&7,21�WR�VWDUW�HDFK�WUDQVDFWLRQ�XVLQJ�DQ�DYDLODEOH�WUDQVDFWLRQ�
QDPH�

�� ,QFOXGH�WKH�WUDQVDFWLRQ�QDPH�LQ�VXEVHTXHQW�WUDQVDFWLRQ�PDQDJHPHQW�DQG�GDWD�
PDQLSXODWLRQ�VWDWHPHQWV�WKDW�VKRXOG�EH�FRQWUROOHG�E\�D�VSHFLILHG�WUDQVDFWLRQ�

,03257$17 8VLQJ�QDPHG�WUDQVDFWLRQV�LQ�G\QDPLF�64/�VWDWHPHQWV�LV�VRPHZKDW�GLIIHUHQW��)RU�
LQIRUPDWLRQ�DERXW�QDPHG�WUDQVDFWLRQV�LQ�'64/��VHH�´:RUNLQJ�ZLWK�PXOWLSOH�WUDQVDFWLRQV�LQ�
'64/µ�RQ�SDJH ���

)RU�DGGLWLRQDO�LQIRUPDWLRQ�DERXW�FUHDWLQJ�PXOWLSOH�WUDQVDFWLRQ�SURJUDPV��VHH�́ :RUNLQJ�ZLWK�
PXOWLSOH�WUDQVDFWLRQVµ�RQ�SDJH ���
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Naming transactions
$�WUDQVDFWLRQ�QDPH�LV�D�SURJUDPPHU�VXSSOLHG�YDULDEOH�WKDW�GLVWLQJXLVKHV�RQH�WUDQVDFWLRQ�
IURP�DQRWKHU�LQ�64/�VWDWHPHQWV��,I�WUDQVDFWLRQ�QDPHV�DUH�QRW�XVHG�LQ�64/�VWDWHPHQWV�WKDW�
FRQWURO�WUDQVDFWLRQV�DQG�PDQLSXODWH�GDWD��WKHQ�WKRVH�VWDWHPHQWV�RSHUDWH�RQO\�RQ�WKH�GHIDXOW�
WUDQVDFWLRQ��JGVBBWUDQV�

7KH�IROORZLQJ�&�FRGH�GHFODUHV�DQG�LQLWLDOL]HV�WZR�WUDQVDFWLRQ�QDPHV�XVLQJ�WKH�LVFBWUBKDQGOH�
GDWDW\SH��,W�WKHQ�VWDUWV�WKRVH�WUDQVDFWLRQV�LQ�6(7�75$16$&7,21 VWDWHPHQWV�

. . .

EXEC SQL

BEGIN DECLARE SECTION;

isc_tr_handle t1, t2; /* declare transaction names */

EXEC SQL

END DECLARE SECTION;

. . .

t1 = t2 = (isc_tr_handle) NULL; /* initialize names to zero */

. . .

EXEC SQL

SET TRANSACTION NAME t1; /* start trans. w. default behavior */

EXEC SQL

SET TRANSACTION NAME t2; /* start trans2. w. default behavior */

. . .

(DFK�RI�WKHVH�VWHSV�LV�IXOO\�GHVFULEHG�LQ�WKH�IROORZLQJ�VHFWLRQV�

$�WUDQVDFWLRQ�QDPH�FDQ�EH�LQFOXGHG�DV�DQ�RSWLRQDO�SDUDPHWHU�LQ�DQ\�GDWD�PDQLSXODWLRQ�DQG�
WUDQVDFWLRQ�PDQDJHPHQW�VWDWHPHQW��,Q�PXOWL�WUDQVDFWLRQ�SURJUDPV��RPLWWLQJ�D�WUDQVDFWLRQ�
QDPH�FDXVHV�D�VWDWHPHQW�WR�EH�H[HFXWHG�IRU�WKH�GHIDXOW�WUDQVDFWLRQ��JGVBBWUDQV�

)RU�PRUH�LQIRUPDWLRQ�DERXW�XVLQJ�WUDQVDFWLRQ�QDPHV�ZLWK�GDWD�PDQLSXODWLRQ�VWDWHPHQWV��VHH�
&KDSWHU����´:RUNLQJ�ZLWK�'DWD�µ

4 'HFODULQJ�WUDQVDFWLRQ�QDPHV
7UDQVDFWLRQ�QDPHV�PXVW�EH�GHFODUHG�EHIRUH�WKH\�FDQ�EH�XVHG��$�QDPH�LV�GHFODUHG�DV�D�
KRVW�ODQJXDJH�SRLQWHU��,Q�&�DQG�&����WUDQVDFWLRQ�QDPHV�VKRXOG�EH�GHFODUHG�DV�ORQJ�SRLQWHUV�

7KH�IROORZLQJ�FRGH�LOOXVWUDWHV�KRZ�WR�GHFODUH�WZR�WUDQVDFWLRQ�QDPHV�

EXEC SQL

BEGIN DECLARE SECTION;

isc_tr_handle t1;

isc_tr_handle t2;

EXEC SQL

END DECLARE SECTION;
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Note ,Q�WKLV�H[DPSOH��WKH�WUDQVDFWLRQ�GHFODUDWLRQ�RFFXUV�ZLWKLQ�DQ�64/�VHFWLRQ�GHFODUDWLRQ��
:KLOH�,QWHU%DVH�GRHV�QRW�UHTXLUH�WKDW�KRVW�ODQJXDJH�YDULDEOHV�RFFXU�ZLWKLQ�D�VHFWLRQ�
GHFODUDWLRQ��SXWWLQJ�WKHP�WKHUH�JXDUDQWHHV�FRPSDWLELOLW\�ZLWK�RWKHU�64/�LPSOHPHQWDWLRQV�
WKDW�GR�UHTXLUH�VHFWLRQ�GHFODUDWLRQV�

7UDQVDFWLRQ�QDPHV�DUH�XVXDOO\�GHFODUHG�JOREDOO\�DW�WKH�PRGXOH�OHYHO��,I�D�WUDQVDFWLRQ�QDPH�LV�
GHFODUHG�ORFDOO\��HQVXUH�WKDW�

g 7KH�WUDQVDFWLRQ�XVLQJ�WKH�QDPH�LV�FRPSOHWHO\�FRQWDLQHG�ZLWKLQ�WKH�IXQFWLRQ�ZKHUH�WKH�QDPH�
LV�GHFODUHG��,QFOXGH�DQ�HUURU�KDQGOLQJ�URXWLQH�WR�UROO�EDFN�WUDQVDFWLRQV�ZKHQ�HUURUV�RFFXU��
52//%$&.�UHOHDVHV�D�WUDQVDFWLRQ�QDPH��DQG�VHWV�LWV�YDOXH�WR�18//�

g 7KH�WUDQVDFWLRQ�QDPH�LV�QRW�XVHG�RXWVLGH�WKH�IXQFWLRQ�ZKHUH�LW�LV�GHFODUHG�

7R�UHIHUHQFH�D�WUDQVDFWLRQ�QDPH�GHFODUHG�LQ�DQRWKHU�PRGXOH��SURYLGH�DQ�H[WHUQDO�GHFODUDWLRQ�
IRU�LW��)RU�H[DPSOH��LQ�&��WKH�H[WHUQDO�GHFODUDWLRQ�IRU�W��DQG�W��PLJKW�EH�DV�IROORZV�

EXEC SQL

BEGIN DECLARE SECTION;

extern isc_tr_handle t1, t2;

EXEC SQL

END DECLARE SECTION;

4 ,QLWLDOL]LQJ�WUDQVDFWLRQ�QDPHV
2QFH�WUDQVDFWLRQ�QDPHV�DUH�GHFODUHG��WKH\�VKRXOG�EH�LQLWLDOL]HG�WR�]HUR�EHIRUH�EHLQJ�XVHG�IRU�
WKH�ILUVW�WLPH��7KH�IROORZLQJ�&�FRGH�LOOXVWUDWHV�KRZ�WR�VHW�D�VWDUWLQJ�YDOXH�IRU�WZR�GHFODUHG�
WUDQVDFWLRQ�QDPHV�

t1 = t2 = (isc_tr_handle) NULL; /* initialize transaction names to zero */

2QFH�D�WUDQVDFWLRQ�QDPH�LV�GHFODUHG�DQG�LQLWLDOL]HG��LW�FDQ�EH�XVHG�WR�
g 6WDUW�DQG�QDPH�D�WUDQVDFWLRQ��8VLQJ�D�WUDQVDFWLRQ�QDPH�IRU�DOO�WUDQVDFWLRQV�H[FHSW�IRU�WKH�
GHIDXOW�WUDQVDFWLRQ�LV�UHTXLUHG�LI�D�SURJUDP�UXQV�PXOWLSOH��VLPXOWDQHRXV�WUDQVDFWLRQV�

g 6SHFLI\�ZKLFK�WUDQVDFWLRQV�FRQWURO�GDWD�PDQLSXODWLRQ�VWDWHPHQWV��7UDQVDFWLRQ�QDPHV�DUH�
UHTXLUHG�LQ�PXOWL�WUDQVDFWLRQ�SURJUDPV��XQOHVV�D�VWDWHPHQW�DIIHFWV�RQO\�WKH�GHIDXOW�
WUDQVDFWLRQ�

g &RPPLW�RU�UROO�EDFN�VSHFLILF�WUDQVDFWLRQV�LQ�D�PXOWL�WUDQVDFWLRQ�SURJUDP�

Specifying SET TRANSACTION behavior
8VH�6(7�75$16$&7,21�WR�VWDUW�D�QDPHG�WUDQVDFWLRQ��DQG�RSWLRQDOO\�VSHFLI\�LWV�EHKDYLRU��7KH�
V\QWD[�IRU�VWDUWLQJ�D�QDPHG�WUDQVDFWLRQ�XVLQJ�GHIDXOW�EHKDYLRU�LV�

SET TRANSACTION NAME name;
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)RU�D�VXPPDU\�RI�WKH�GHIDXOW�EHKDYLRU�IRU�D�WUDQVDFWLRQ�VWDUWHG�ZLWKRXW�VSHFLI\LQJ�EHKDYLRU�
SDUDPHWHUV��VHH�WDEOH�����RQ�SDJH�����7KH�IROORZLQJ�VWDWHPHQWV�DUH�HTXLYDOHQW��WKH\�ERWK�VWDUW�
WKH�WUDQVDFWLRQ�QDPHG�W���XVLQJ�GHIDXOW�WUDQVDFWLRQ�EHKDYLRU�

EXEC SQL

SET TRANSACTION NAME t1;

EXEC SQL

SET TRANSACTION NAME t1 READ WRITE WAIT ISOLATION LEVEL SNAPSHOT;

7KH�IROORZLQJ�WDEOH�OLVWV�WKH�RSWLRQDO�6(7�75$16$&7,21�SDUDPHWHUV�IRU�VSHFLI\LQJ�WKH�
EHKDYLRU�RI�WKH�GHIDXOW�WUDQVDFWLRQ�

Parameter Setting Purpose

Access Mode READ ONLY or READ WRITE Describes the type of access this transaction is permitted 
for a table. For more information about access mode, see 
“Access mode” on page 44.

Lock Resolution WAIT or NO WAIT Specifies what happens when this transaction 
encounters a locked row during an update or delete. It 
either waits for the lock to be released so it can attempt 
to complete its actions, or it returns an immediate lock 
conflict error message. For more information about lock 
resolution, see “Lock resolution” on page 50.

TABLE 4.3 SET TRANSACTION parameters 
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7KH�FRPSOHWH�V\QWD[�RI�6(7�75$16$&7,21�LV�

EXEC SQL

SET TRANSACTION [NAME name]

[READ WRITE| READ ONLY]

[WAIT | NO WAIT] 

[[ISOLATION LEVEL] {SNAPSHOT [TABLE STABILITY] 

| READ COMMITTED [[NO] RECORD_VERSION]}]

[RESERVING <reserving_clause> 

| USING dbhandle [, dbhandle ...]];

<reserving_clause> = table [, table ...]

[FOR [SHARED | PROTECTED] {READ | WRITE}] [, <reserving_clause>]

7UDQVDFWLRQ�RSWLRQV�DUH�IXOO\�GHVFULEHG�LQ�WKH�IROORZLQJ�VHFWLRQV�

Isolation Level SNAPSHOT provides a view of the database at the 
moment this transaction starts, but prevents 
viewing changes made by other active 
transactions.

SNAPSHOT TABLE STABILITY prevents other 
transactions from making changes to tables that 
this transaction is reading and updating, but 
permits them to read rows in the table.

READ COMMITTED reads the most recently 
committed version of a row during updates and 
deletions, and allows this transaction to make 
changes if there is no update conflict with other 
transactions.

Determines this transaction’s interaction with other 
simultaneous transactions attempting to access the 
same tables.

READ COMMITTED isolation level also enables a user to 
specify which version of a row it can read. There are two 
options:

• RECORD_VERSION: the transaction immediately reads the 
latest committed version of a requested row, even if a 
more recent uncommitted version also resides on disk.

• NO RECORD_VERSION: if an uncommitted version of the 
requested row is present and WAIT lock resolution is 
specified, the transaction waits until the committed 
version of the row is also the latest version; if NO WAIT is 
specified, the transaction immediately returns an error 
(“deadlock”) if the committed version is not the most 
recent version.

Table 
Reservation

RESERVING RESERVING specifies a subset of available tables to lock 
immediately for this transaction to access.

Database
Specification

USING USING specifies a subset of available databases that this 
transaction can access; it cannot access any other 
databases. The purpose of this option is to reduce the 
amount of system resources used by this transaction.

Note: USING is not available in DSQL.

Parameter Setting Purpose

TABLE 4.3 SET TRANSACTION parameters   (continued)
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4 $FFHVV�PRGH
7KH�DFFHVV�PRGH�SDUDPHWHU�VSHFLILHV�WKH�W\SH�RI�DFFHVV�D�WUDQVDFWLRQ�KDV�IRU�WKH�WDEOHV�LW�XVHV��
7KHUH�DUH�WZR�SRVVLEOH�VHWWLQJV�

g 5($'�21/<�VSHFLILHV�WKDW�D�WUDQVDFWLRQ�FDQ�VHOHFW�GDWD�IURP�D�WDEOH��EXW�FDQQRW�LQVHUW��
XSGDWH��RU�GHOHWH�WDEOH�GDWD�

g 5($'�:5,7(�VSHFLILHV�WKDW�D�WUDQVDFWLRQ�FDQ�VHOHFW��LQVHUW��XSGDWH��DQG�GHOHWH�WDEOH�GDWD��7KLV�
LV�WKH�GHIDXOW�VHWWLQJ�LI�QRQH�LV�VSHFLILHG�

,QWHU%DVH�DVVXPHV�WKDW�PRVW�WUDQVDFWLRQV�ERWK�UHDG�DQG�ZULWH�GDWD��:KHQ�VWDUWLQJ�D�
WUDQVDFWLRQ�IRU�UHDGLQJ�DQG�ZULWLQJ��5($'�:5,7(�FDQ�EH�RPLWWHG�IURP�6(7�75$16$&7,21�
VWDWHPHQW��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQWV�VWDUW�D�WUDQVDFWLRQ��W���IRU�5($'�:5,7(�
DFFHVV�

EXEC SQL

SET TRANSACTION NAME t1;

EXEC SQL

SET TRANSACTION NAME t1 READ WRITE;

7,3 ,W�LV�JRRG�SURJUDPPLQJ�SUDFWLFH�WR�VSHFLI\�D�WUDQVDFWLRQ·V�DFFHVV�PRGH��HYHQ�ZKHQ�LW�LV�
5($'�:5,7(��,W�PDNHV�DQ�DSSOLFDWLRQ·V�VRXUFH�FRGH�HDVLHU�WR�UHDG�DQG�GHEXJ�EHFDXVH�WKH�
SURJUDP·V�LQWHQWLRQV�DUH�FOHDUO\�VSHOOHG�RXW�

6WDUW�D�WUDQVDFWLRQ�IRU�5($'�21/<�DFFHVV�ZKHQ�\RX�RQO\�QHHG�WR�UHDG�GDWD��5($'�21/<�
PXVW�EH�VSHFLILHG��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�VWDUWV�D�WUDQVDFWLRQ��W���IRU�UHDG�RQO\�
DFFHVV�

EXEC SQL

SET TRANSACTION NAME t1 READ ONLY;

4 ,VRODWLRQ�OHYHO
7KH�LVRODWLRQ�OHYHO�SDUDPHWHU�VSHFLILHV�WKH�FRQWURO�D�WUDQVDFWLRQ�H[HUFLVHV�RYHU�WDEOH�DFFHVV��,W�
GHWHUPLQHV�WKH�

g 9LHZ�RI�D�GDWDEDVH�WKH�WUDQVDFWLRQ�FDQ�VHH�
g 7DEOH�DFFHVV�DOORZHG�WR�WKLV�DQG�RWKHU�VLPXOWDQHRXV�WUDQVDFWLRQV�
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7KH�IROORZLQJ�WDEOH�GHVFULEHV�WKH�WKUHH�LVRODWLRQ�OHYHOV�VXSSRUWHG�E\�,QWHU%DVH�

7KH�LVRODWLRQ�OHYHO�IRU�PRVW�WUDQVDFWLRQV�VKRXOG�EH�HLWKHU�61$36+27�RU�5($'�&200,77('��
7KHVH�OHYHOV�HQDEOH�VLPXOWDQHRXV�WUDQVDFWLRQV�WR�VHOHFW��LQVHUW��XSGDWH��DQG�GHOHWH�GDWD�LQ�
VKDUHG�GDWDEDVHV��DQG�WKH\�PLQLPL]H�WKH�FKDQFH�IRU�ORFN�FRQIOLFWV��/RFN�FRQIOLFWV�RFFXU�LQ�WZR�
VLWXDWLRQV�

g:KHQ�D�WUDQVDFWLRQ�DWWHPSWV�WR�XSGDWH�D�URZ�DOUHDG\�XSGDWHG�RU�GHOHWHG�E\�DQRWKHU�
WUDQVDFWLRQ��$�URZ�XSGDWHG�E\�D�WUDQVDFWLRQ�LV�HIIHFWLYHO\�ORFNHG�IRU�XSGDWH�WR�DOO�RWKHU�
WUDQVDFWLRQV�XQWLO�WKH�FRQWUROOLQJ�WUDQVDFWLRQ�FRPPLWV�RU�UROOV�EDFN��5($'�&200,77('�
WUDQVDFWLRQV�FDQ�UHDG�DQG�XSGDWH�URZV�XSGDWHG�E\�VLPXOWDQHRXV�WUDQVDFWLRQV�DIWHU�WKH\�
FRPPLW�

g:KHQ�D�WUDQVDFWLRQ�DWWHPSWV�WR�LQVHUW��XSGDWH��RU�GHOHWH�D�URZ�LQ�D�WDEOH�ORFNHG�E\�DQRWKHU�
WUDQVDFWLRQ�ZLWK�DQ�LVRODWLRQ�OHYHO�RI�61$36+27�7$%/(�67$%,/,7<��61$36+27�7$%/(�
67$%,/,7<�ORFNV�HQWLUH�WDEOHV�IRU�ZULWH�DFFHVV��DOWKRXJK�FRQFXUUHQW�UHDGV�E\�RWKHU�
61$36+27�DQG�5($'�&200,77('�WUDQVDFWLRQV�DUH�SHUPLWWHG�

8VLQJ�61$36+27�7$%/(�67$%,/,7<�JXDUDQWHHV�WKDW�RQO\�D�VLQJOH�WUDQVDFWLRQ�FDQ�PDNH�
FKDQJHV�WR�WDEOHV��EXW�LQFUHDVHV�WKH�FKDQFH�RI�ORFN�FRQIOLFWV�ZKHUH�WKHUH�DUH�VLPXOWDQHRXV�
WUDQVDFWLRQV�DWWHPSWLQJ�WR�DFFHVV�WKH�VDPH�WDEOHV��)RU�PRUH�LQIRUPDWLRQ�DERXW�WKH�OLNHOLKRRG�
RI�ORFN�FRQIOLFWV��VHH�´,VRODWLRQ�OHYHO�LQWHUDFWLRQVµ�RQ�SDJH ���

COMPARING SNAPSHOT, READ COMMITTED, 
AND SNAPSHOT TABLE STABILITY

7KHUH�DUH�ILYH�FODVVLF�SUREOHPV�DOO�WUDQVDFWLRQ�PDQDJHPHQW�VWDWHPHQWV�PXVW�DGGUHVV�
g /RVW�XSGDWHV��ZKLFK�FDQ�RFFXU�LI�DQ�XSGDWH�LV�RYHUZULWWHQ�E\�D�VLPXOWDQHRXV�WUDQVDFWLRQ�
XQDZDUH�RI�WKH�ODVW�XSGDWHV�PDGH�E\�DQRWKHU�WUDQVDFWLRQ�

Isolation level Purpose

SNAPSHOT The default isolation level: provides a stable, committed view of the database at the time the 
transaction starts. Other simultaneous transactions can UPDATE and INSERT rows, but this 
transaction cannot see those changes. For updated rows, this transaction sees versions of 
those rows as they existed at the start of the transaction. If this transaction attempts to update 
or delete rows changed by another transaction, an update conflict is reported.

SNAPSHOT TABLE STABILITY Provides a transaction sole insert, update, and delete access to the tables it uses. Other 
simultaneous transactions may still be able to select rows from those tables.

READ COMMITTED Enables the transaction to see all committed data in the database, and to update rows 
updated and committed by other simultaneous transactions without causing lost update 
problems.

TABLE 4.4 ISOLATION LEVEL options
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g 'LUW\�UHDGV��ZKLFK�FDQ�RFFXU�LI�WKH�V\VWHP�DOORZV�RQH�WUDQVDFWLRQ�WR�VHOHFW�XQFRPPLWWHG�
FKDQJHV�PDGH�E\�DQRWKHU�WUDQVDFWLRQ�

g1RQ�UHSURGXFLEOH�UHDGV��ZKLFK�FDQ�RFFXU�LI�RQH�WUDQVDFWLRQ�LV�DOORZHG�WR�XSGDWH�RU�GHOHWH�URZV�
WKDW�DUH�UHSHDWHGO\�VHOHFWHG�E\�DQRWKHU�WUDQVDFWLRQ��5($'�&200,77('�WUDQVDFWLRQV�SHUPLW�
QRQ�UHSURGXFLEOH�UHDGV�E\�GHVLJQ��VLQFH�WKH\�FDQ�VHH�FRPPLWWHG�GHOHWHV�PDGH�E\�RWKHU�
WUDQVDFWLRQV�

g 3KDQWRP�URZV��ZKLFK�FDQ�RFFXU�LI�RQH�WUDQVDFWLRQ�LV�DOORZHG�WR�VHOHFW�VRPH��EXW�QRW�DOO��QHZ�
URZV�ZULWWHQ�E\�DQRWKHU�WUDQVDFWLRQ��5($'�&200,77('�WUDQVDFWLRQV�GR�QRW�SUHYHQW�
SKDQWRP�URZV�

g 8SGDWH�VLGH�HIIHFWV��ZKLFK�FDQ�RFFXU�ZKHQ�URZ�YDOXHV�DUH�LQWHUGHSHQGHQW��DQG�WKHLU�
GHSHQGHQFLHV�DUH�QRW�DGHTXDWHO\�SURWHFWHG�RU�HQIRUFHG�E\�ORFNLQJ��WULJJHUV��RU�LQWHJULW\�
FRQVWUDLQWV��7KHVH�FRQIOLFWV�RFFXU�ZKHQ�WZR�RU�PRUH�VLPXOWDQHRXV�WUDQVDFWLRQV�UDQGRPO\�
DQG�UHSHDWHGO\�DFFHVV�DQG�XSGDWH�WKH�VDPH�GDWD��VXFK�WUDQVDFWLRQV�DUH�FDOOHG�LQWHUOHDYHG�
WUDQVDFWLRQV�

([FHSW�DV�QRWHG��DOO�WKUHH�,QWHU%DVH�LVRODWLRQ�OHYHOV�FRQWURO�WKHVH�SUREOHPV��7KH�IROORZLQJ�
WDEOH�VXPPDUL]HV�KRZ�D�WUDQVDFWLRQ�ZLWK�D�SDUWLFXODU�LVRODWLRQ�OHYHO�FRQWUROV�DFFHVV�WR�LWV�GDWD�
IRU�RWKHU�VLPXOWDQHRXV�WUDQVDFWLRQV�

Problem SNAPSHOT, READ COMMITTED SNAPSHOT TABLE STABILITY

Lost updates Other transactions cannot update rows already 
updated by this transaction.

Other transactions cannot update tables 
controlled by this transaction.

Dirty reads Other SNAPSHOT transactions can only read a 
previous version of a row updated by this 
transaction.

Other READ COMMITTED transactions can only read 
a previous version, or committed updates.

Other transactions cannot access tables updated 
by this transaction.

TABLE 4.5 InterBase management of classic transaction conflicts
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CHOOSING BETWEEN SNAPSHOT AND READ COMMITTED

7KH�FKRLFH�EHWZHHQ�61$36+27�DQG�5($'�&200,77('�LVRODWLRQ�OHYHOV�GHSHQGV�RQ�DQ�
DSSOLFDWLRQ·V�QHHGV��61$36+27�LV�WKH�GHIDXOW�,QWHU%DVH�LVRODWLRQ�OHYHO��5($'�&200,77('�
GXSOLFDWHV�61$36+27�EHKDYLRU��EXW�FDQ�UHDG�VXEVHTXHQW�FKDQJHV�FRPPLWWHG�E\�RWKHU�
WUDQVDFWLRQV��,Q�PDQ\�FDVHV��XVLQJ�5($'�&200,77('�UHGXFHV�GDWD�FRQWHQWLRQ�

61$36+27�WUDQVDFWLRQV�UHFHLYH�D�VWDEOH�YLHZ�RI�D�GDWDEDVH�DV�LW�H[LVWV�WKH�PRPHQW�WKH�
WUDQVDFWLRQV�VWDUW��5($'�&200,77('�WUDQVDFWLRQV�FDQ�VHH�WKH�ODWHVW�FRPPLWWHG�YHUVLRQV�RI�
URZV��%RWK�W\SHV�RI�WUDQVDFWLRQV�FDQ�XVH�6(/(&7�VWDWHPHQWV�XQOHVV�WKH\�HQFRXQWHU�WKH�
IROORZLQJ�FRQGLWLRQV�

g 7DEOH�ORFNHG�E\�61$36+27�7$%/(�67$%,/,7<�WUDQVDFWLRQ�IRU�83'$7(�
g 8QFRPPLWWHG�LQVHUWV�PDGH�E\�RWKHU�VLPXOWDQHRXV�WUDQVDFWLRQV��,Q�WKLV�FDVH��D�6(/(&7�LV�
DOORZHG��EXW�FKDQJHV�FDQQRW�EH�VHHQ�

5($'�&200,77('�WUDQVDFWLRQV�FDQ�UHDG�WKH�ODWHVW�FRPPLWWHG�YHUVLRQ�RI�URZV��$�
61$36+27�WUDQVDFWLRQ�FDQ�UHDG�RQO\�D�SULRU�YHUVLRQ�RI�WKH�URZ�DV�LW�H[LVWHG�EHIRUH�WKH�XSGDWH�
RFFXUUHG�

61$3+27�DQG�5($'�&200,77('�WUDQVDFWLRQV�ZLWK�5($'�:5,7(�DFFHVV�FDQ�XVH�,16(57��
83'$7(��DQG�'(/(7(�XQOHVV�WKH\�HQFRXQWHU�WDEOHV�ORFNHG�E\�61$36+27�7$%/(�67$%,/,7<�
WUDQVDFWLRQV�

Non-reproducible
reads

SNAPSHOT and SNAPSHOT TABLE STABILITY 
transactions can only read versions of rows 
committed when they started.

READ COMMITTED transactions must expect that 
reads cannot be reproduced.

SNAPSHOT and SNAPSHOT TABLE STABILITY 
transactions can only read versions of rows 
committed when they started.

Other transactions cannot access tables updated 
by this transaction.

Phantom rows READ COMMITTED transactions may encounter 
phantom rows.

Other transactions cannot access tables 
controlled by this transaction.

Update side effects Other SNAPSHOT transactions can only read a 
previous version of a row updated by this 
transaction.

Other READ COMMITTED transactions can only read 
a previous version, or committed updates.

Use triggers and integrity constraints to try to 
avoid any problems with interleaved 
transactions.

Other transactions cannot update tables 
controlled by this transaction.

Use triggers and integrity constraints to avoid 
any problems with interleaved transactions.

Problem SNAPSHOT, READ COMMITTED SNAPSHOT TABLE STABILITY

TABLE 4.5 InterBase management of classic transaction conflicts  (continued)
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61$36+27�WUDQVDFWLRQV�FDQQRW�XSGDWH�RU�GHOHWH�URZV�SUHYLRXVO\�XSGDWHG�RU�GHOHWHG�DQG�WKHQ�
FRPPLWWHG�E\�RWKHU�VLPXOWDQHRXV�WUDQVDFWLRQV��$WWHPSWLQJ�WR�XSGDWH�D�URZ�SUHYLRXVO\�
XSGDWHG�RU�GHOHWHG�E\�DQRWKHU�WUDQVDFWLRQ�UHVXOWV�LQ�DQ�XSGDWH�FRQIOLFW�HUURU�

$�5($'�&200,77('�5($'�:5,7(�WUDQVDFWLRQ�FDQ�UHDG�FKDQJHV�FRPPLWWHG�E\�RWKHU�
WUDQVDFWLRQV��DQG�VXEVHTXHQWO\�XSGDWH�WKRVH�FKDQJHG�URZV�

2FFDVLRQDO�XSGDWH�FRQIOLFWV�PD\�RFFXU�ZKHQ�VLPXOWDQHRXV�61$36+27�DQG�5($'�
&200,77('�WUDQVDFWLRQV�DWWHPSW�WR�XSGDWH�WKH�VDPH�URZ�DW�WKH�VDPH�WLPH��:KHQ�XSGDWH�
FRQIOLFWV�RFFXU��H[SHFW�WKH�IROORZLQJ�EHKDYLRU�

g )RU�PDVV�RU�VHDUFKHG�XSGDWHV��XSGDWHV�ZKHUH�D�VLQJOH�83'$7(�PRGLILHV�PXOWLSOH�URZV�LQ�D�WDEOH��
DOO�XSGDWHV�DUH�XQGRQH�RQ�FRQIOLFW��7KH�83'$7(�FDQ�EH�UHWULHG��)RU�5($'�&200,77('�
WUDQVDFWLRQV��WKH�12�5(&25'B9(56,21�RSWLRQ�FDQ�EH�XVHG�WR�QDUURZ�WKH�ZLQGRZ�EHWZHHQ�
UHDGV�DQG�XSGDWHV�RU�GHOHWHV��)RU�PRUH�LQIRUPDWLRQ��VHH�´6WDUWLQJ�D�WUDQVDFWLRQ�ZLWK�5($'�
&200,77('�LVRODWLRQ�OHYHOµ�RQ�SDJH ���

g )RU�FXUVRU�RU�SRVLWLRQHG�XSGDWHV��ZKHUH�URZV�DUH�UHWULHYHG�DQG�XSGDWHG�IURP�DQ�DFWLYH�VHW�RQH�
URZ�DW�D�WLPH��RQO\�D�VLQJOH�XSGDWH�LV�XQGRQH��7R�UHWU\�WKH�XSGDWH��WKH�FXUVRU�PXVW�EH�FORVHG��
WKHQ�UHRSHQHG��DQG�XSGDWHV�UHVXPHG�DW�WKH�SRLQW�RI�SUHYLRXV�FRQIOLFW�

)RU�PRUH�LQIRUPDWLRQ�DERXW�83'$7(�WKURXJK�FXUVRUV��VHH�&KDSWHU����´:RUNLQJ�ZLWK�'DWD�µ

STARTING A TRANSACTION WITH SNAPSHOT ISOLATION LEVEL

,QWHU%DVH�DVVXPHV�WKDW�WKH�GHIDXOW�LVRODWLRQ�OHYHO�IRU�WUDQVDFWLRQV�LV�61$36+27��7KHUHIRUH��
61$36+27�QHHG�QRW�EH�VSHFLILHG�LQ�6(7�75$16$&7,21�WR�VHW�WKH�LVRODWLRQ�OHYHO��)RU�
H[DPSOH��WKH�IROORZLQJ�VWDWHPHQWV�DUH�HTXLYDOHQW��7KH\�ERWK�VWDUW�D�WUDQVDFWLRQ��W���IRU�5($'�
:5,7(�DFFHVV�DQG�VHW�LVRODWLRQ�OHYHO�WR�61$36+27�

EXEC SQL

SET TRANSACTION NAME t1;

EXEC SQL

SET TRANSACTION NAME t1 READ WRITE SNAPSHOT;

:KHQ�DQ�LVRODWLRQ�OHYHO�LV�VSHFLILHG��LW�PXVW�IROORZ�WKH�DFFHVV�DQG�ORFN�UHVROXWLRQ�PRGHV�

7,3 ,W�LV�JRRG�SURJUDPPLQJ�SUDFWLFH�WR�VSHFLI\�D�WUDQVDFWLRQ·V�LVRODWLRQ�OHYHO��HYHQ�ZKHQ�LW�LV�
61$36+27��,W�PDNHV�DQ�DSSOLFDWLRQ·V�VRXUFH�FRGH�HDVLHU�WR�UHDG�DQG�GHEXJ�EHFDXVH�WKH�
SURJUDP·V�LQWHQWLRQV�DUH�FOHDUO\�VSHOOHG�RXW�

STARTING A TRANSACTION WITH READ COMMITTED ISOLATION LEVEL

7R�VWDUW�D�5($'�&200,77('�WUDQVDFWLRQ��WKH�LVRODWLRQ�OHYHO�PXVW�EH�VSHFLILHG��)RU�H[DPSOH��
WKH�IROORZLQJ�VWDWHPHQW�VWDUWV�D�QDPHG�WUDQVDFWLRQ��W���IRU�5($'�:5,7(�DFFHVV�DQG�VHWV�
LVRODWLRQ�OHYHO�WR�5($'�&200,77('�
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EXEC SQL

SET TRANSACTION NAME t1 READ WRITE READ COMMITTED;

,VRODWLRQ�OHYHO�DOZD\V�IROORZV�DFFHVV�PRGH��,I�WKH�DFFHVV�PRGH�LV�RPLWWHG��LVRODWLRQ�OHYHO�LV�WKH�
ILUVW�SDUDPHWHU�WR�IROORZ�WKH�WUDQVDFWLRQ�QDPH�

5($'�&200,77('�VXSSRUWV�PXWXDOO\�H[FOXVLYH�RSWLRQDO�SDUDPHWHUV��5(&25'B9(56,21�
DQG�12�5(&25'B9(56,21��ZKLFK�GHWHUPLQH�WKH�5($'�&200,77('�EHKDYLRU�ZKHQ�LW�
HQFRXQWHUV�D�URZ�ZKHUH�WKH�ODWHVW�YHUVLRQ�RI�WKDW�URZ�LV�XQFRPPLWWHG�

g 5(&25'B9(56,21�VSHFLILHV�WKDW�WKH�WUDQVDFWLRQ�LPPHGLDWHO\�UHDGV�WKH�ODWHVW�FRPPLWWHG�
YHUVLRQ�RI�D�URZ��HYHQ�LI�D�PRUH�UHFHQW�XQFRPPLWWHG�YHUVLRQ�DOVR�UHVLGHV�RQ�GLVN�

g 12�5(&25'B9(56,21��WKH�GHIDXOW��VSHFLILHV�WKDW�WKH�WUDQVDFWLRQ�FDQ�RQO\�UHDG�WKH�ODWHVW�
YHUVLRQ�RI�D�UHTXHVWHG�URZ��,I�WKH�:$,7�ORFN�UHVROXWLRQ�RSWLRQ�LV�DOVR�VSHFLILHG��WKHQ�WKH�
WUDQVDFWLRQ�ZDLWV�XQWLO�WKH�ODWHVW�YHUVLRQ�RI�D�URZ�LV�FRPPLWWHG�RU�UROOHG�EDFN��DQG�UHWULHV�LWV�
UHDG��,I�WKH�12�:$,7�RSWLRQ�LV�VSHFLILHG��WKH�WUDQVDFWLRQ�UHWXUQV�DQ�LPPHGLDWH�GHDGORFN�
HUURU�

%HFDXVH�12�5(&25'B9(56,21�LV�WKH�GHIDXOW�EHKDYLRU��LW�QHHG�QRW�EH�VSHFLILHG�ZLWK�5($'�
&20,77('��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQWV�DUH�HTXLYDOHQW��7KH\�VWDUW�D�QDPHG�
WUDQVDFWLRQ��W���IRU�5($'�:5,7(�DFFHVV�DQG�VHW�LVRODWLRQ�OHYHO�WR�5($'�&200,77('�12�
5(&25'B9(56,21�

EXEC SQL

SET TRANSACTION NAME t1 READ WRITE READ COMMITTED;

EXEC SQL

SET TRANSACTION NAME t1 READ WRITE READ COMMITTED

NO RECORD_VERSION;

5(&25'B9(56,21�PXVW�DOZD\V�EH�VSHFLILHG�ZKHQ�LW�LV�XVHG��)RU�H[DPSOH��WKH�IROORZLQJ�
VWDWHPHQW�VWDUWV�D�QDPHG�WUDQVDFWLRQ��W���IRU�5($'�:5,7(�DFFHVV�DQG�VHWV�LVRODWLRQ�OHYHO�WR�
5($'�&200,77('�5(&25'B9(56,21�

EXEC SQL

SET TRANSACTION NAME t1 READ WRITE READ COMMITTED

RECORD_VERSION;

STARTING A TRANSACTION WITH 
SNAPSHOT TABLE STABILITY ISOLATION LEVEL

7R�VWDUW�D�61$36+27�7$%/(�67$%,/,7<�WUDQVDFWLRQ��WKH�LVRODWLRQ�OHYHO�PXVW�EH�VSHFLILHG��)RU�
H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�VWDUWV�D�QDPHG�WUDQVDFWLRQ��W���IRU�5($'�:5,7(�DFFHVV�DQG�
VHWV�LVRODWLRQ�OHYHO�WR�61$36+27�7$%/(�67$%,/,7<�

EXEC SQL

SET TRANSACTION NAME t1 READ WRITE SNAPSHOT TABLE STABILITY;
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,VRODWLRQ�OHYHO�DOZD\V�IROORZV�WKH�RSWLRQDO�DFFHVV�PRGH�DQG�ORFN�UHVROXWLRQ�SDUDPHWHUV��LI�WKH\�
DUH�SUHVHQW�

,03257$17 8VH�61$36+27�7$%/(�67$%,/,7<�ZLWK�FDUH��,Q�DQ�HQYLURQPHQW�ZKHUH�PXOWLSOH�
WUDQVDFWLRQV�VKDUH�GDWDEDVH�DFFHVV��61$36+27�7$%/(�67$%,/,7<�JUHDWO\�LQFUHDVHV�WKH�
OLNHOLKRRG�RI�ORFN�FRQIOLFWV�

ISOLATION LEVEL INTERACTIONS

7R�GHWHUPLQH�WKH�SRVVLELOLW\�IRU�ORFN�FRQIOLFWV�EHWZHHQ�WZR�WUDQVDFWLRQV�DFFHVVLQJ�WKH�VDPH�
GDWDEDVH��HDFK�WUDQVDFWLRQ·V�LVRODWLRQ�OHYHO�DQG�DFFHVV�PRGH�PXVW�EH�FRQVLGHUHG��7KH�
IROORZLQJ�WDEOH�VXPPDUL]HV�SRVVLEOH�FRPELQDWLRQV�

$V�WKLV�WDEOH�LOOXVWUDWHV��61$36+27�DQG�5($'�&200,77('�WUDQVDFWLRQV�RIIHU�WKH�OHDVW�
FKDQFH�IRU�FRQIOLFWV��)RU�H[DPSOH��LI�W��LV�D�61$36+27�WUDQVDFWLRQ�ZLWK�5($'�:5,7(�
DFFHVV��DQG�W��LV�D�5($'�&200,77('�WUDQVDFWLRQ�ZLWK�5($'�:5,7(�DFFHVV��W��DQG�W��RQO\�
FRQIOLFW�ZKHQ�WKH\�DWWHPSW�WR�XSGDWH�WKH�VDPH�URZV��,I�W��DQG�W��KDYH�5($'�21/<�DFFHVV��
WKH\�QHYHU�FRQIOLFW�ZLWK�DQ\�RWKHU�WUDQVDFWLRQ�

$�61$36+27�7$%/(�67$%,/,7<�WUDQVDFWLRQ�ZLWK�5($'�:5,7(�DFFHVV�LV�JXDUDQWHHG�WKDW�LW�
DORQH�FDQ�XSGDWH�WDEOHV��EXW�LW�FRQIOLFWV�ZLWK�DOO�RWKHU�VLPXOWDQHRXV�WUDQVDFWLRQV�H[FHSW�IRU�
61$36+27�DQG�5($'�&200,77('�WUDQVDFWLRQV�UXQQLQJ�LQ�5($'�21/<�PRGH��$�
61$36+27�7$%/(�67$%,/,7<�WUDQVDFWLRQ�ZLWK�5($'�21/<�DFFHVV�LV�FRPSDWLEOH�ZLWK�DQ\�
RWKHU�UHDG�RQO\�WUDQVDFWLRQ��EXW�FRQIOLFWV�ZLWK�DQ\�WUDQVDFWLRQ�WKDW�DWWHPSWV�WR�LQVHUW��XSGDWH��
RU�GHOHWH�GDWD�

4 /RFN�UHVROXWLRQ
7KH�ORFN�UHVROXWLRQ�SDUDPHWHU�GHWHUPLQHV�ZKDW�KDSSHQV�ZKHQ�D�WUDQVDFWLRQ�HQFRXQWHUV�D�
ORFN�FRQIOLFW��7KHUH�DUH�WZR�RSWLRQV�

SNAPSHOT or READ COMMITTED SNAPSHOT TABLE STABILITY

UPDATE SELECT UPDATE SELECT

SNAPSHOT or
READ COMMITTED

UPDATE Some simultaneous 
updates may conflict

— Always conflicts Always conflicts.

SELECT — — — —

SNAPSHOT TABLE 
STABILITY

UPDATE Always conflicts — Always conflicts Always conflicts.

SELECT Always conflicts — Always conflicts —

TABLE 4.6 Isolation level Interaction with SELECT and UPDATE
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g :$,7��WKH�GHIDXOW��FDXVHV�WKH�WUDQVDFWLRQ�WR�ZDLW�XQWLO�ORFNHG�UHVRXUFHV�DUH�UHOHDVHG��2QFH�WKH�
ORFNV�DUH�UHOHDVHG��WKH�WUDQVDFWLRQ�UHWULHV�LWV�RSHUDWLRQ�

g 12�:$,7�UHWXUQV�D�ORFN�FRQIOLFW�HUURU�ZLWKRXW�ZDLWLQJ�IRU�ORFNV�WR�EH�UHOHDVHG�

%HFDXVH�:$,7�LV�WKH�GHIDXOW�ORFN�UHVROXWLRQ��\RX�GRQ·W�QHHG�WR�VSHFLI\�LW�LQ�D�6(7�
75$16$&7,21�VWDWHPHQW��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQWV�DUH�HTXLYDOHQW��7KH\�ERWK�
VWDUW�D�WUDQVDFWLRQ��W���IRU�5($'�:5,7(�DFFHVV��:$,7�ORFN�UHVROXWLRQ��DQG�5($'�
&200,77('�LVRODWLRQ�OHYHO�

EXEC SQL

SET TRANSACTION NAME t1 READ WRITE READ COMMITTED;

EXEC SQL

SET TRANSACTION NAME t1 READ WRITE WAIT READ COMMITTED;

7R�XVH�12�:$,7��WKH�ORFN�UHVROXWLRQ�SDUDPHWHU�PXVW�EH�VSHFLILHG��)RU�H[DPSOH��WKH�IROORZLQJ�
VWDWHPHQW�VWDUWV�WKH�QDPHG�WUDQVDFWLRQ��W���IRU�5($'�:5,7(�DFFHVV��12�:$,7�ORFN�UHVROXWLRQ��
DQG�61$36+27�LVRODWLRQ�OHYHO�

EXEC SQL

SET TRANSACTION NAME t1 READ WRITE NO WAIT READ SNAPSHOT;

:KHQ�ORFN�UHVROXWLRQ�LV�VSHFLILHG��LW�IROORZV�WKH�RSWLRQDO�DFFHVV�PRGH��DQG�SUHFHGHV�WKH�
RSWLRQDO�LVRODWLRQ�OHYHO�SDUDPHWHU�

7,3 ,W�LV�JRRG�SURJUDPPLQJ�SUDFWLFH�WR�VSHFLI\�D�WUDQVDFWLRQ·V�ORFN�UHVROXWLRQ��HYHQ�ZKHQ�LW�LV�
:$,7��,W�PDNHV�DQ�DSSOLFDWLRQ·V�VRXUFH�FRGH�HDVLHU�WR�UHDG�DQG�GHEXJ�EHFDXVH�WKH�SURJUDP·V�
LQWHQWLRQV�DUH�FOHDUO\�VSHOOHG�RXW�

4 5(6(59,1*�FODXVH
7KH�RSWLRQDO�5(6(59,1*�FODXVH�HQDEOHV�WUDQVDFWLRQV�WR�JXDUDQWHH�WKHPVHOYHV�VSHFLILF�OHYHOV�
RI�DFFHVV�WR�D�VXEVHW�RI�DYDLODEOH�WDEOHV�DW�WKH�H[SHQVH�RI�RWKHU�VLPXOWDQHRXV�WUDQVDFWLRQV��
5HVHUYDWLRQ�WDNHV�SODFH�DW�WKH�VWDUW�RI�WKH�WUDQVDFWLRQ�LQVWHDG�RI�RQO\�ZKHQ�GDWD�PDQLSXODWLRQ�
VWDWHPHQWV�UHTXLUH�D�SDUWLFXODU�OHYHO�RI�DFFHVV��5(6(59,1*�LV�RQO\�XVHIXO�LQ�DQ�HQYLURQPHQW�
ZKHUH�VLPXOWDQHRXV�WUDQVDFWLRQV�VKDUH�GDWDEDVH�DFFHVV��,W�KDV�WKUHH�PDLQ�SXUSRVHV�

g 7R�SUHYHQW�SRVVLEOH�GHDGORFNV�DQG�XSGDWH�FRQIOLFWV�WKDW�FDQ�RFFXU�LI�ORFNV�DUH�WDNHQ�RQO\�
ZKHQ�DFWXDOO\�QHHGHG��WKH�GHIDXOW�EHKDYLRU��

g 7R�SURYLGH�IRU�GHSHQGHQF\�ORFNLQJ��WKH�ORFNLQJ�RI�WDEOHV�WKDW�PD\�EH�DIIHFWHG�E\�WULJJHUV�DQG�
LQWHJULW\�FRQVWUDLQWV��:KLOH�H[SOLFLW�GHSHQGHQF\�ORFNLQJ�LV�QRW�UHTXLUHG��LW�FDQ�DVVXUH�WKDW�
XSGDWH�FRQIOLFWV�GR�QRW�RFFXU�EHFDXVH�RI�LQGLUHFW�WDEOH�FRQIOLFWV�

g 7R�FKDQJH�WKH�OHYHO�RI�VKDUHG�DFFHVV�IRU�RQH�RU�PRUH�LQGLYLGXDO�WDEOHV�LQ�D�WUDQVDFWLRQ��)RU�
H[DPSOH��D�5($'�:5,7(�61$36+27�WUDQVDFWLRQ�PD\�QHHG�H[FOXVLYH�XSGDWH�ULJKWV�IRU�D�VLQJOH�
WDEOH��DQG�FRXOG�XVH�WKH�5(6(59,1*�FODXVH�WR�JXDUDQWHH�LWVHOI�VROH�ZULWH�DFFHVV�WR�WKH�WDEOH�
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,03257$17 $�VLQJOH�6(7�75$16$&7,21�VWDWHPHQW�FDQ�FRQWDLQ�HLWKHU�D�5(6(59,1*�RU�D�86,1*�FODXVH��
EXW�QRW�ERWK��8VH�WKH�6(7�75$16$&7,21�V\QWD[�WR�UHVHUYH�WDEOHV�IRU�D�WUDQVDFWLRQ�

EXEC SQL

SET TRANSACTION [NAME name]

[READ WRITE| READ ONLY]

[WAIT | NO WAIT] 

[[ISOLATION LEVEL] {SNAPSHOT [TABLE STABILITY] 

| READ COMMITTED [[NO] RECORD_VERSION]}]

RESERVING <reserving_clause>;

<reserving_clause> = table [, table ...]

[FOR [SHARED | PROTECTED] {READ | WRITE}] [, <reserving_clause>]

(DFK�WDEOH�VKRXOG�RQO\�DSSHDU�RQFH�LQ�WKH�5(6(59,1*�FODXVH��(DFK�WDEOH��RU�D�OLVW�RI�WDEOHV�
VHSDUDWHG�E\�FRPPDV��PXVW�EH�IROORZHG�E\�D�FODXVH�GHVFULELQJ�WKH�W\SH�RI�UHVHUYDWLRQ�
UHTXHVWHG��7KH�IROORZLQJ�WDEOH�OLVWV�WKHVH�UHVHUYDWLRQ�RSWLRQV�

7KH�IROORZLQJ�VWDWHPHQW�VWDUWV�D�61$36+27�WUDQVDFWLRQ��W���IRU�5($'�:5,7(�DFFHVV��DQG�
UHVHUYHV�D�VLQJOH�WDEOH�IRU�3527(&7('�:5,7(�DFFHVV�

EXEC SQL

SET TRANSACTION NAME t1 READ WRITE WAIT SNAPSHOT

RESERVING EMPLOYEE FOR PROTECTED WRITE;

7KH�QH[W�VWDWHPHQW�VWDUWV�D�5($'�&200,77('�WUDQVDFWLRQ��W���IRU�5($'�:5,7(�DFFHVV��DQG�
UHVHUYHV�WZR�WDEOHV��RQH�IRU�6+$5('�:5,7(��DQG�DQRWKHU�IRU�3527(&7('�5($'�

EXEC SQL

SET TRANSACTION NAME t1 READ WRITE WAIT READ COMMITTED

RESERVING EMPLOYEES FOR SHARED WRITE, EMP_PROJ

FOR PROTECTED READ;

Reservation option Purpose

PROTECTED READ Prevents other transactions from updating rows. All transactions can select from 
the table.

PROTECTED WRITE Prevents other transactions from updating rows.
SNAPSHOT and READ COMMITTED transactions can select from the table, but only 
this transaction can update rows.

SHARED READ Any transaction can select from this table. Any READ WRITE transaction can update 
this table. This is the most liberal reservation mode.

SHARED WRITE Any SNAPSHOT or READ COMMITTED READ WRITE transaction can update this table. 
Other SNAPSHOT and READ COMMITTED transactions can also select from this table.

TABLE 4.7 Table reservation options for the RESERVING clause
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61$36+27�DQG�5($'�&200,77('�WUDQVDFWLRQV�XVH�5(6(59,1*�WR�LPSOHPHQW�PRUH�
UHVWULFWLYH�DFFHVV�WR�WDEOHV�IRU�RWKHU�VLPXOWDQHRXV�WUDQVDFWLRQV��61$36+27�7$%/(�67$%,/,7<�
WUDQVDFWLRQV�XVH�5(6(59,1*�WR�UHGXFH�WKH�OLNHOLKRRG�RI�GHDGORFN�LQ�FULWLFDO�VLWXDWLRQV�

4 86,1*�FODXVH
(YHU\�WLPH�D�WUDQVDFWLRQ�LV�VWDUWHG��,QWHU%DVH�UHVHUYHV�V\VWHP�UHVRXUFHV�IRU�HDFK�GDWDEDVH�
FXUUHQWO\�DWWDFKHG�IRU�SURJUDP�DFFHVV��,Q�D�PXOWL�WUDQVDFWLRQ��PXOWL�GDWDEDVH�SURJUDP��WKH�
86,1*�FODXVH�FDQ�EH�XVHG�WR�SUHVHUYH�V\VWHP�UHVRXUFHV�E\�UHVWULFWLQJ�WKH�QXPEHU�RI�RSHQ�
GDWDEDVHV�WR�ZKLFK�D�WUDQVDFWLRQ�KDV�DFFHVV��86,1*�UHVWULFWV�D�WUDQVDFWLRQ·V�DFFHVV�WR�WDEOHV�
WR�D�OLVWHG�VXEVHW�RI�DOO�RSHQ�GDWDEDVHV�XVLQJ�WKH�IROORZLQJ�V\QWD[�

EXEC SQL

SET TRANSACTION [NAME name]

[READ WRITE | READ ONLY]

[WAIT | NO WAIT] 

[[ISOLATION LEVEL] {SNAPSHOT [TABLE STABILITY] 

| READ COMMITTED [[NO] RECORD_VERSION]}]

USING dbhandle> [, dbhandle ...];

,03257$17 $�VLQJOH�6(7�75$16$&7,21�VWDWHPHQW�FDQ�FRQWDLQ�HLWKHU�D�86,1*�RU�D�5(6(59,1*�FODXVH��
EXW�QRW�ERWK�

7KH�IROORZLQJ�&�SURJUDP�IUDJPHQW�RSHQV�WKUHH�GDWDEDVHV��WHVW�JGE��UHVHDUFK�JGE��DQG�HPSOR\HH�JGE��
DVVLJQLQJ�WKHP�WR�WKH�GDWDEDVH�KDQGOHV�7(67��5(6($5&+��DQG�(03��UHVSHFWLYHO\��7KHQ�LW�
VWDUWV�WKH�GHIDXOW�WUDQVDFWLRQ�DQG�UHVWULFWV�LWV�DFFHVV�WR�7(67�DQG�(03�

. . .

EXEC SQL

SET DATABASE ATLAS = "test.gdb";

EXEC SQL

SET DATABASE RESEARCH = "research.gdb";

EXEC SQL

SET DATABASE EMP = "employee.gdb";

EXEC SQL

CONNECT TEST, RESEARCH, EMP; /* Open all databases */

EXEC SQL

SET TRANSACTION USING TEST, EMP;

. . .
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Using transaction names in data statements
2QFH�QDPHG�WUDQVDFWLRQV�DUH�VWDUWHG��XVH�WKHLU�QDPHV�LQ�,16(57��83'$7(��'(/(7(��DQG�
23(1�VWDWHPHQWV�WR�VSHFLI\�ZKLFK�WUDQVDFWLRQ�FRQWUROV�WKH�VWDWHPHQW��)RU�H[DPSOH��WKH�
IROORZLQJ�&�FRGH�IUDJPHQW�GHFODUHV�WZR�WUDQVDFWLRQ�KDQGOHV��P\WUDQV���DQG�P\WUDQV���LQLWLDOL]HV�
WKHP�WR�]HUR��VWDUWV�WKH�WUDQVDFWLRQV��DQG�WKHQ�XVHV�WKH�WUDQVDFWLRQ�QDPHV�WR�TXDOLI\�WKH�GDWD�
PDQLSXODWLRQ�VWDWHPHQWV�WKDW�IROORZ�

. . .

EXEC SQL

BEGIN DECLARE SECTION;

long *mytrans1, *mytrans2;

char city[26];

EXEC SQL

END DECLARE SECTION;

mytrans1 = 0L;

mytrans2 = 0L;

. . .

EXEC SQL

SET DATABASE ATLAS = "atlas.gdb";

EXEC SQL

CONNECT;

EXEC SQL

DECLARE CITYLIST CURSOR FOR

SELECT CITY FROM CITIES

WHERE COUNTRY = "Mexico";

EXEC SQL

SET TRANSACTION NAME mytrans1;

EXEC SQL

SET TRANSACTION mytrans2 READ ONLY READ COMMITTED;

. . .

printf("Mexican city to add to database: ");

gets(city);

EXEC SQL

INSERT TRANSACTION mytrans1 INTO CITIES (CITY, COUNTRY)

VALUES :city, "Mexico";

EXEC SQL

COMMIT mytrans1;

EXEC SQL

OPEN TRANSACTION mytrans2 CITYLIST;

EXEC SQL

FETCH CITYLIST INTO :city;

while (!SQLCODE)
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{

printf("%s\n", city);

EXEC SQL

FETCH CITYLIST INTO :city;

}

EXEC SQL

CLOSE CITYLIST;

EXEC SQL

COMMIT;

EXEC SQL

DISCONNECT;

. . .

$V�WKLV�H[DPSOH�LOOXVWUDWHV��D�WUDQVDFWLRQ�QDPH�FDQQRW�DSSHDU�LQ�D�'(&/$5(�&85625�
VWDWHPHQW��7R�XVH�D�QDPH�ZLWK�D�FXUVRU�GHFODUDWLRQ��LQFOXGH�WKH�WUDQVDFWLRQ�QDPH�LQ�WKH�
FXUVRU·V�23(1�VWDWHPHQW��7KH�WUDQVDFWLRQ�QDPH�LV�QRW�UHTXLUHG�LQ�VXEVHTXHQW�)(7&+�DQG�
&/26(�VWDWHPHQWV�IRU�WKDW�FXUVRU�

Note 7KH�'64/�(;(&87(�DQG�(;(&87(�,00(',$7(�VWDWHPHQWV�DOVR�VXSSRUW�WUDQVDFWLRQ�
QDPHV�

)RU�PRUH�LQIRUPDWLRQ�DERXW�XVLQJ�WUDQVDFWLRQ�QDPHV�ZLWK�GDWD�PDQLSXODWLRQ�VWDWHPHQWV��VHH�
&KDSWHU����´:RUNLQJ�ZLWK�'DWD�µ�)RU�PRUH�LQIRUPDWLRQ�DERXW�WUDQVDFWLRQ�QDPHV�DQG�WKH�
&200,7�VWDWHPHQW��VHH�´8VLQJ�&200,7µ�RQ�SDJH ����)RU�PRUH�LQIRUPDWLRQ�DERXW�XVLQJ�
WUDQVDFWLRQ�QDPHV�ZLWK�'64/�VWDWHPHQWV��VHH�´:RUNLQJ�ZLWK�PXOWLSOH�WUDQVDFWLRQV�LQ�
'64/µ�RQ�SDJH ���

Ending a transaction
:KHQ�D�WUDQVDFWLRQ·V�WDVNV�DUH�FRPSOHWH��RU�DQ�HUURU�SUHYHQWV�D�WUDQVDFWLRQ�IURP�FRPSOHWLQJ��
WKH�WUDQVDFWLRQ�PXVW�EH�HQGHG�WR�VHW�WKH�GDWDEDVH�WR�D�FRQVLVWHQW�VWDWH��7KHUH�DUH�WZR�
VWDWHPHQWV�WKDW�HQG�WUDQVDFWLRQV�

g &200,7�PDNHV�D�WUDQVDFWLRQ·V�FKDQJHV�SHUPDQHQW�LQ�WKH�GDWDEDVH��,W�VLJQDOV�WKDW�D�
WUDQVDFWLRQ�FRPSOHWHG�DOO�LWV�DFWLRQV�VXFFHVVIXOO\�

g 52//%$&.�XQGRHV�D�WUDQVDFWLRQ·V�FKDQJHV��UHWXUQLQJ�WKH�GDWDEDVH�WR�LWV�SUHYLRXV�VWDWH��
EHIRUH�WKH�WUDQVDFWLRQ�VWDUWHG��52//%$&.�LV�W\SLFDOO\�XVHG�ZKHQ�RQH�RU�PRUH�HUURUV�RFFXU�
WKDW�SUHYHQW�D�WUDQVDFWLRQ�IURP�FRPSOHWLQJ�VXFFHVVIXOO\�

%RWK�&200,7�DQG�52//%$&. FORVH�WKH�UHFRUG�VWUHDPV�DVVRFLDWHG�ZLWK�WKH�WUDQVDFWLRQ��
UHLQLWLDOL]H�WKH�WUDQVDFWLRQ�QDPH�WR�]HUR��DQG�UHOHDVH�V\VWHP�UHVRXUFHV�DOORFDWHG�IRU�WKH�
WUDQVDFWLRQ��)UHHG�V\VWHP�UHVRXUFHV�DUH�DYDLODEOH�IRU�VXEVHTXHQW�XVH�E\�DQ\�DSSOLFDWLRQ�RU�
SURJUDP�
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&200,7�DQG�52//%$&.�KDYH�DGGLWLRQDO�EHQHILWV��7KH\�FOHDUO\�LQGLFDWH�SURJUDP�ORJLF�DQG�
LQWHQWLRQ��PDNH�D�SURJUDP�HDVLHU�WR�XQGHUVWDQG��DQG�PRVW�LPSRUWDQWO\��DVVXUH�WKDW�D�
WUDQVDFWLRQ·V�FKDQJHV�DUH�KDQGOHG�DV�LQWHQGHG�E\�WKH�SURJUDPPHU�

52//%$&.�LV�IUHTXHQWO\�XVHG�LQVLGH�HUURU�KDQGOLQJ�URXWLQHV�WR�FOHDQ�XS�WUDQVDFWLRQV�ZKHQ�
HUURUV�RFFXU��,W�FDQ�DOVR�EH�XVHG�WR�UROO�EDFN�D�SDUWLDOO\�FRPSOHWHG�WUDQVDFWLRQ�SULRU�WR�UHWU\LQJ�
LW��DQG�LW�FDQ�EH�XVHG�WR�UHVWRUH�D�GDWDEDVH�WR�LWV�SULRU�VWDWH�LI�D�SURJUDP�HQFRXQWHUV�DQ�
XQUHFRYHUDEOH�HUURU�

,03257$17 ,I�WKH�SURJUDP�HQGV�EHIRUH�D�WUDQVDFWLRQ�HQGV��D�WUDQVDFWLRQ�LV�DXWRPDWLFDOO\�UROOHG�EDFN��EXW�
GDWDEDVHV�DUH�QRW�FORVHG��,I�D�SURJUDP�HQGV�ZLWKRXW�FORVLQJ�WKH�GDWDEDVH��GDWD�ORVV�RU�
FRUUXSWLRQ�LV�SRVVLEOH��7KHUHIRUH��RSHQ�GDWDEDVHV�VKRXOG�DOZD\V�EH�FORVHG�E\�LVVXLQJ�H[SOLFLW�
',6&211(&7��&200,7�5(/($6(��RU�52//%$&.�5(/($6(�VWDWHPHQWV�

)RU�PRUH�LQIRUPDWLRQ�DERXW�',6&211(&7��&200,7�5(/($6(��DQG�52//%$&.�5(/($6(��
VHH�&KDSWHU����´:RUNLQJ�ZLWK�'DWDEDVHV�µ

Using COMMIT

8VH�&200,7�WR�ZULWH�WUDQVDFWLRQ�FKDQJHV�SHUPDQHQWO\�WR�D�GDWDEDVH�
&200,7�FORVHV�WKH�UHFRUG�VWUHDPV�DVVRFLDWHG�ZLWK�WKH�WUDQVDFWLRQ��UHVHWV�WKH�WUDQVDFWLRQ�
QDPH�WR�]HUR��DQG�IUHHV�V\VWHP�UHVRXUFHV�DVVLJQHG�WR�WKH�WUDQVDFWLRQ�IRU�RWKHU�XVHV��7KH�
FRPSOHWH�V\QWD[�IRU�&200,7�LV�

EXEC SQL

COMMIT [TRANSACTION name] [RETAIN [SNAPSHOT] | RELEASE dbhandle

[, dbhandle ...]]

)RU�H[DPSOH��WKH�IROORZLQJ�&�FRGH�IUDJPHQW�FRQWDLQV�D�FRPSOHWH�WUDQVDFWLRQ��,W�JLYHV�DOO�
HPSOR\HHV�ZKR�KDYH�ZRUNHG�VLQFH�'HFHPEHU�����������D������FRVW�RI�OLYLQJ�VDODU\�LQFUHDVH��
,I�DOO�TXDOLILHG�HPSOR\HH�UHFRUGV�DUH�VXFFHVVIXOO\�XSGDWHG��WKH�WUDQVDFWLRQ�LV�FRPPLWWHG��DQG�
WKH�FKDQJHV�DUH�DFWXDOO\�DSSOLHG�WR�WKH�GDWDEDVH�

. . .

EXEC SQL

SET TRANSACTION SNAPSHOT TABLE STABILITY;

EXEC SQL

UPDATE EMPLOYEE

SET SALARY = SALARY * 1.043

WHERE HIRE_DATE < "1-JAN-1993";

EXEC SQL

COMMIT;

. . .
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%\�GHIDXOW��&200,7�DIIHFWV�RQO\�WKH�GHIDXOW�WUDQVDFWLRQ��JGVBBWUDQV��7R�FRPPLW�DQRWKHU�
WUDQVDFWLRQ��XVH�LWV�WUDQVDFWLRQ�QDPH�DV�D�SDUDPHWHU�WR�&200,7�

7,3 (YHQ�5($'�21/<�WUDQVDFWLRQV�WKDW�GR�QRW�FKDQJH�D�GDWDEDVH�VKRXOG�EH�HQGHG�ZLWK�D�
&200,7�UDWKHU�WKDQ�52//%$&.��7KH�GDWDEDVH�LV�QRW�FKDQJHG��EXW�WKH�RYHUKHDG�UHTXLUHG�WR�
VWDUW�VXEVHTXHQW�WUDQVDFWLRQV�LV�JUHDWO\�UHGXFHG�

4 6SHFLI\LQJ�WUDQVDFWLRQ�QDPHV
7R�FRPPLW�FKDQJHV�IRU�WUDQVDFWLRQV�RWKHU�WKDQ�WKH�GHIDXOW�WUDQVDFWLRQ��VSHFLI\�D�WUDQVDFWLRQ�
QDPH�DV�D�&200,7�SDUDPHWHU��)RU�H[DPSOH��WKH�IROORZLQJ�&�FRGH�IUDJPHQW�VWDUWV�WZR�
WUDQVDFWLRQV�XVLQJ�QDPHV��DQG�FRPPLWV�WKHP�

. . .

EXEC SQL

BEGIN DECLARE SECTION;

isc_tr_handle TR1, TR2;

EXEC SQL

END DECLARE SECTION;

TR1 = (isc_tr_handle) NULL;

TR2 = (isc_tr_handle) NULL;

. . .

EXEC SQL

SET TRANSACTION NAME TR1;

EXEC SQL

SET TRANSACTION NAME TR2;

. . .

/* do actual processsing here */

. . .

EXEC SQL

COMMIT TRANSACTION TR1;

EXEC SQL

COMMIT TRANSACTION TR2;

. . .

,03257$17 ,Q�PXOWL�WUDQVDFWLRQ�SURJUDPV��WUDQVDFWLRQ�QDPHV�PXVW�DOZD\V�EH�VSHFLILHG�IRU�&200,7�
H[FHSW�ZKHQ�FRPPLWWLQJ�WKH�GHIDXOW�WUDQVDFWLRQ�
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4 &RPPLWWLQJ�ZLWKRXW�IUHHLQJ�D�WUDQVDFWLRQ
7R�ZULWH�WUDQVDFWLRQ�FKDQJHV�WR�WKH�GDWDEDVH�ZLWKRXW�UHOHDVLQJ�WKH�FXUUHQW�WUDQVDFWLRQ�
VQDSVKRW��XVH�WKH�5(7$,1�RSWLRQ�ZLWK�&200,7��7KH�&200,7�5(7$,1�VWDWHPHQW�FRPPLWV�
\RXU�ZRUN�DQG�RSHQV�D�QHZ�WUDQVDFWLRQ��SUHVHUYLQJ�WKH�ROG�WUDQVDFWLRQ·V�VQDSVKRW��,Q�D�EXV\�
PXOWL�XVHU�HQYLURQPHQW��UHWDLQLQJ�WKH�VQDSVKRW�VSHHGV�XS�SURFHVVLQJ�DQG�XVHV�IHZHU�V\VWHP�
UHVRXUFHV�WKDQ�FORVLQJ�DQG�VWDUWLQJ�D�QHZ�WUDQVDFWLRQ�IRU�HDFK�DFWLRQ��7KH�GLVDGYDQWDJH�RI�
XVLQJ�&200,7�5(7$,1�LV�WKDW�\RX�GR�QRW�VHH�WKH�SHQGLQJ�WUDQVDFWLRQV�RI�RWKHU�XVHUV�

7KH�V\QWD[�IRU�WKH�5(7$,1�RSWLRQ�LV�DV�IROORZV�

EXEC SQL

COMMIT [TRANSACTION name] RETAIN [SNAPSHOT];

7,3 'HYHORSHUV�ZKR�XVH�%RUODQG�WRROV�VXFK�DV�'HOSKL�XVH�WKLV�IHDWXUH�E\�VSHFLI\LQJ�´VRIW�
FRPPLWVµ�LQ�WKH�%'(�FRQILJXUDWLRQ�

)RU�H[DPSOH��WKH�IROORZLQJ�&�FRGH�IUDJPHQW�XSGDWHV�WKH�3238/$7,21�FROXPQ�E\�
XVHU�VSHFLILHG�DPRXQWV�IRU�FLWLHV�LQ�WKH�&,7,(6�WDEOH�WKDW�DUH�LQ�D�FRXQWU\�DOVR�VSHFLILHG�E\�WKH�
XVHU��(DFK�WLPH�D�TXDOLILHG�URZ�LV�XSGDWHG��D�&200,7�ZLWK�WKH�5(7$,1�RSWLRQ�LV�LVVXHG��
SUHVHUYLQJ�WKH�FXUUHQW�FXUVRU�VWDWXV�DQG�V\VWHP�UHVRXUFHV�

. . .

EXEC SQL

BEGIN DECLARE SECTION;

char country[26], city[26], asciimult[10];

int multiplier;

long pop;

EXEC SQL

END DECLARE SECTION;

. . .

main ()

{

EXEC SQL

DECLARE CHANGEPOP CURSOR FOR

SELECT CITY, POPULATION

FROM CITIES

WHERE COUNTRY = :country;

printf("Enter country with city populations needing adjustment: ");

gets(country);

EXEC SQL

SET TRANSACTION;

EXEC SQL

OPEN CHANGEPOP;

EXEC SQL

FETCH CHANGEPOP INTO :city, :pop;
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while(!SQLCODE)

{

printf("City: %s Population: %ld\n", city, pop);

printf("\nPercent change (100%% to -100%%:");

gets(asciimult);

multiplier = atoi(asciimult);

EXEC SQL

UPDATE CITIES

SET POPULATION  = POPULATION * (1 + :multiplier / 100)

WHERE CURRENT OF CHANGEPOP;

EXEC SQL

COMMIT RETAIN; /* commit changes, save current state */

EXEC SQL

FETCH CHANGEPOP INTO :city, :pop;

if (SQLCODE && (SQLCODE != 100))

{

isc_print_sqlerror(SQLCODE, isc_$status);

EXEC SQL

ROLLBACK;

EXEC SQL

DISCONNECT;

exit(1);

}

}

EXEC SQL

COMMIT;

EXEC SQL

DISCONNECT;

}

Note ,I�\RX�H[HFXWH�D�52//%$&.�DIWHU�D�&200,7�5(7$,1��LW�UROOV�EDFN�RQO\�XSGDWHV�DQG�
ZULWHV�WKDW�RFFXUUHG�DIWHU�WKH�&200,7�5(7$,1�

,03257$17 ,Q�PXOWL�WUDQVDFWLRQ�SURJUDPV��D�WUDQVDFWLRQ�QDPH�PXVW�EH�VSHFLILHG�IRU�&200,7�5(7$,1��
H[FHSW�ZKHQ�UHWDLQLQJ�WKH�VWDWH�RI�WKH�GHIDXOW�WUDQVDFWLRQ��)RU�PRUH�LQIRUPDWLRQ�DERXW�
WUDQVDFWLRQ�QDPHV��VHH�´1DPLQJ�WUDQVDFWLRQVµ�RQ�SDJH ���
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Using ROLLBACK

8VH�52//%$&.�WR�UHVWRUH�WKH�GDWDEDVH�WR�LWV�FRQGLWLRQ�SULRU�WR�WKH�VWDUW�RI�WKH�WUDQVDFWLRQ��
52//%$&.�DOVR�FORVHV�WKH�UHFRUG�VWUHDPV�DVVRFLDWHG�ZLWK�WKH�WUDQVDFWLRQ��UHVHWV�WKH�
WUDQVDFWLRQ�QDPH�WR�]HUR��DQG�IUHHV�V\VWHP�UHVRXUFHV�DVVLJQHG�WR�WKH�WUDQVDFWLRQ�IRU�RWKHU�
XVHV��52//%$&.�W\SLFDOO\�DSSHDUV�LQ�HUURU�KDQGOLQJ�URXWLQHV��7KH�V\QWD[�IRU�52//%$&.�LV�

EXEC SQL

ROLLBACK [TRANSACTION name] [RELEASE [dbhandle [, dbhandle ...]]];

)RU�H[DPSOH��WKH�IROORZLQJ�&�FRGH�IUDJPHQW�FRQWDLQV�D�FRPSOHWH�WUDQVDFWLRQ�WKDW�JLYHV�DOO�
HPSOR\HHV�ZKR�KDYH�ZRUNHG�VLQFH�'HFHPEHU�����������D������FRVW�RI�OLYLQJ�VDODU\�
DGMXVWPHQW��,I�DOO�TXDOLILHG�HPSOR\HH�UHFRUGV�DUH�VXFFHVVIXOO\�XSGDWHG��WKH�WUDQVDFWLRQ�LV�
FRPPLWWHG��DQG�WKH�FKDQJHV�DUH�DFWXDOO\�DSSOLHG�WR�WKH�GDWDEDVH��,I�DQ�HUURU�RFFXUV��DOO�
FKDQJHV�PDGH�E\�WKH�WUDQVDFWLRQ�DUH�XQGRQH��DQG�WKH�GDWDEDVH�LV�UHVWRUHG�WR�LWV�FRQGLWLRQ�
SULRU�WR�WKH�VWDUW�RI�WKH�WUDQVDFWLRQ�

. . .

EXEC SQL

SET TRANSACTION SNAPSHOT TABLE STABILITY;

EXEC SQL

UPDATE EMPLOYEES

SET SALARY = SALARY * 1.043

WHERE HIRE_DATE < "1-JAN-1993";

if (SQLCODE && (SQLCODE != 100))

{

isc_print_sqlerror(SQLCODE, isc_$status);

EXEC SQL

ROLLBACK;

EXEC SQL

DISCONNECT;

exit(1);

}

EXEC SQL

COMMIT;

EXEC SQL

DISCONNECT;

. . .

%\�GHIDXOW� 52//%$&.�DIIHFWV�RQO\�WKH�GHIDXOW�WUDQVDFWLRQ��JGVBBWUDQV��7R�UROO�EDFN�RWKHU�
WUDQVDFWLRQV��XVH�WKHLU�WUDQVDFWLRQ�QDPHV�DV�SDUDPHWHUV�WR
52//%$&.�
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Working with multiple transactions
%HFDXVH�,QWHU%DVH�SURYLGHV�VXSSRUW�IRU�WUDQVDFWLRQ�QDPHV��D�SURJUDP�FDQ�XVH�DV�PDQ\�
WUDQVDFWLRQV�DW�RQFH�DV�QHFHVVDU\�WR�FDUU\�RXW�LWV�ZRUN��(DFK�VLPXOWDQHRXV�WUDQVDFWLRQ�LQ�D�
SURJUDP�UHTXLUHV�LWV�RZQ�QDPH��$�WUDQVDFWLRQ·V�QDPH�GLVWLQJXLVKHV�LW�IURP�RWKHU�DFWLYH�
WUDQVDFWLRQV��7KH�QDPH�FDQ�DOVR�EH�XVHG�LQ�GDWD�PDQLSXODWLRQ�DQG�WUDQVDFWLRQ�PDQDJHPHQW�
VWDWHPHQWV�WR�VSHFLI\�ZKLFK�WUDQVDFWLRQ�FRQWUROV�WKH�VWDWHPHQW��)RU�PRUH�LQIRUPDWLRQ�DERXW�
GHFODULQJ�DQG�XVLQJ�WUDQVDFWLRQ�QDPHV��VHH�´6WDUWLQJ�D�QDPHG�WUDQVDFWLRQµ�RQ�SDJH ���

7KHUH�DUH�IRXU�VWHSV�IRU�XVLQJ�QDPHG�WUDQVDFWLRQV�LQ�D�SURJUDP�

�� 'HFODUH�D�XQLTXH�KRVW�ODQJXDJH�YDULDEOH�IRU�HDFK�WUDQVDFWLRQ�QDPH�

�� ,QLWLDOL]H�HDFK�WUDQVDFWLRQ�YDULDEOH�WR�]HUR�

�� 8VH�6(7�75$16$&7,21�WR�VWDUW�HDFK�WUDQVDFWLRQ�XVLQJ�DQ�DYDLODEOH�WUDQVDFWLRQ�
QDPH�

�� 8VH�WKH�WUDQVDFWLRQ�QDPHV�DV�SDUDPHWHUV�LQ�VXEVHTXHQW�WUDQVDFWLRQ�PDQDJHPHQW�
DQG�GDWD�PDQLSXODWLRQ�VWDWHPHQWV�WKDW�VKRXOG�EH�FRQWUROOHG�E\�D�VSHFLILHG�
WUDQVDFWLRQ�

The default transaction
,Q�PXOWL�WUDQVDFWLRQ�SURJUDPV��LW�LV�JRRG�SURJUDPPLQJ�SUDFWLFH�WR�VXSSO\�D�WUDQVDFWLRQ�QDPH�
IRU�HYHU\�WUDQVDFWLRQ�D�SURJUDP�GHILQHV��2QH�WUDQVDFWLRQ�LQ�D�PXOWL�WUDQVDFWLRQ�SURJUDP�FDQ�
EH�WKH�GHIDXOW�WUDQVDFWLRQ��JGVBBWUDQV��:KHQ�WKH�GHIDXOW�WUDQVDFWLRQ�LV�XVHG�LQ�
PXOWL�WUDQVDFWLRQ�SURJUDPV��LW��WRR��VKRXOG�EH�VWDUWHG�H[SOLFLWO\�DQG�UHIHUHQFHG�E\�QDPH�LQ�
GDWD�PDQLSXODWLRQ�VWDWHPHQWV�

,I�WKH�WUDQVDFWLRQ�QDPH�LV�RPLWWHG�IURP�D�WUDQVDFWLRQ�PDQDJHPHQW�RU�GDWD�PDQLSXODWLRQ�
VWDWHPHQW��,QWHU%DVH�DVVXPHV�WKH�VWDWHPHQW�DIIHFWV�WKH�GHIDXOW�WUDQVDFWLRQ��,I�WKH�GHIDXOW�
WUDQVDFWLRQ�KDV�QRW�EHHQ�H[SOLFLWO\�VWDUWHG�ZLWK�D�6(7�75$16$&7,21�VWDWHPHQW��gpre�LQVHUWV�
D�VWDWHPHQW�GXULQJ�SUHSURFHVVLQJ�WR�VWDUW�LW�

,03257$17 '64/�SURJUDPV�PXVW�EH�SUHSURFHVVHG�ZLWK�WKH�gpre -m�VZLWFK��,Q�WKLV�PRGH��gpre�GRHV�
QRW�JHQHUDWH�WKH�GHIDXOW�WUDQVDFWLRQ�DXWRPDWLFDOO\��EXW�LQVWHDG�UHSRUWV�DQ�HUURU��'64/�
SURJUDPV�UHTXLUH�WKDW�DOO�WUDQVDFWLRQV�EH�H[SOLFLWO\�VWDUWHG�
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Using cursors
'(&/$5(�&85625�GRHV�QRW�VXSSRUW�WUDQVDFWLRQ�QDPHV��,QVWHDG��WR�DVVRFLDWH�D�QDPHG�
WUDQVDFWLRQ�ZLWK�D�FXUVRU��LQFOXGH�WKH�WUDQVDFWLRQ�QDPH�DV�DQ�RSWLRQDO�SDUDPHWHU�LQ�WKH�
FXUVRU·V�23(1�VWDWHPHQW��$�FXUVRU�FDQ�RQO\�EH�DVVRFLDWHG�ZLWK�D�VLQJOH�WUDQVDFWLRQ��)RU�
H[DPSOH��WKH�IROORZLQJ�VWDWHPHQWV�GHFODUH�D�FXUVRU��DQG�RSHQ�LW��DVVRFLDWLQJ�LW�ZLWK�WKH�
WUDQVDFWLRQ��W��

. . .

EXEC SQL

DECLARE S CURSOR FOR

SELECT COUNTRY, CUST_NO, SUM(QTY_ORDERED)

FROM SALES

GROUP BY CUST_NO

WHERE COUNTRY = "Mexico";

EXEC SQL

SET TRANSACTION t1 READ ONLY READ COMMITTED;

. . .

EXEC SQL

OPEN TRANSACTION t1 S;

. . .

$Q�23(1�VWDWHPHQW�ZLWKRXW�WKH�RSWLRQDO�WUDQVDFWLRQ�QDPH�SDUDPHWHU�RSHUDWHV�XQGHU�
FRQWURO�RI�WKH�GHIDXOW�WUDQVDFWLRQ��JGVBBWUDQV��

2QFH�D�QDPHG�WUDQVDFWLRQ�LV�DVVRFLDWHG�ZLWK�D�FXUVRU��VXEVHTXHQW�FXUVRU�VWDWHPHQWV�
DXWRPDWLFDOO\�RSHUDWH�XQGHU�FRQWURO�RI�WKDW�WUDQVDFWLRQ��7KHUHIRUH��LW�GRHV�QRW�VXSSRUW�D�
WUDQVDFWLRQ�QDPH�SDUDPHWHU��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQWV�LOOXVWUDWH�D�)(7&+�DQG�
&/26(�IRU�WKH�6�FXUVRU�DIWHU�LW�LV�DVVRFLDWHG�ZLWK�WKH�QDPHG�WUDQVDFWLRQ��W��

. . .

EXEC SQL

OPEN TRANSACTION t2 S;

EXEC SQL

FETCH S INTO :country, :cust_no, :qty;

while (!SQLCODE)

{

printf("%s %d %d\n", country, cust_no, qty);

EXEC SQL

FETCH S INTO :country, :cust_no, :qty;

}

EXEC SQL

CLOSE S;

. . .
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0XOWLSOH�FXUVRUV�FDQ�EH�FRQWUROOHG�E\�D�VLQJOH�WUDQVDFWLRQ��RU�HDFK�WUDQVDFWLRQ�FDQ�FRQWURO�D�
VLQJOH�FXUVRU�DFFRUGLQJ�WR�D�SURJUDP·V�QHHGV�

A multi-transaction example
7KH�IROORZLQJ�&�FRGH�LOOXVWUDWHV�WKH�VWHSV�UHTXLUHG�WR�FUHDWH�D�VLPSOH�PXOWL�WUDQVDFWLRQ�
SURJUDP��,W�GHFODUHV�WZR�WUDQVDFWLRQ�KDQGOHV��P\WUDQV���DQG�P\WUDQV���LQLWLDOL]HV�WKHP�WR�]HUR��
VWDUWV�WKH�WUDQVDFWLRQV��DQG�WKHQ�XVHV�WKH�WUDQVDFWLRQ�QDPHV�WR�TXDOLI\�WKH�GDWD�PDQLSXODWLRQ�
VWDWHPHQWV�WKDW�IROORZ��,W�DOVR�LOOXVWUDWHV�WKH�XVH�RI�D�FXUVRU�ZLWK�D�QDPHG�WUDQVDFWLRQ�

. . .

EXEC SQL

BEGIN DECLARE SECTION;

long *mytrans1 = 0L, *mytrans2 = 0L;

char city[26];

EXEC SQL

END DECLARE SECTION;

. . .

EXEC SQL

DECLARE CITYLIST CURSOR FOR

SELECT CITY FROM CITIES

WHERE COUNTRY = "Mexico";

EXEC SQL

SET TRANSACTION NAME mytrans1;

EXEC SQL

SET TRANSACTION mytrans2 READ ONLY READ COMMITTED;

. . .

printf("Mexican city to add to database: ");

gets(city);

EXEC SQL

INSERT TRANSACTION mytrans1 INTO CITIES

VALUES :city, "Mexico", NULL, NULL, NULL, NULL;

EXEC SQL

COMMIT mytrans1;

EXEC SQL

OPEN TRANSACTION mytrans2 CITYLIST;

EXEC SQL

FETCH CITYLIST INTO :city;

while (!SQLCODE)

{

printf("%s\n", city);

EXEC SQL
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FETCH CITYLIST INTO :city;

}

EXEC SQL

CLOSE CITYLIST;

EXEC SQL

COMMIT mytrans2;

EXEC SQL

DISCONNECT

. . .

Working with multiple transactions in DSQL
,Q�,QWHU%DVH��'64/�DSSOLFDWLRQV�FDQ�DOVR�XVH�PXOWLSOH�WUDQVDFWLRQV��EXW�ZLWK�WKH�IROORZLQJ�
OLPLWDWLRQV�

g 3URJUDPV�PXVW�EH�SUHSURFHVVHG�ZLWK�WKH�gpre �P�VZLWFK�
g 7UDQVDFWLRQ�QDPHV�PXVW�EH�GHFODUHG�VWDWLFDOO\��7KH\�FDQQRW�EH�GHILQHG�WKURXJK�
XVHU�PRGLILHG�KRVW�YDULDEOHV�DW�UXQ�WLPH�

g 7UDQVDFWLRQ�QDPHV�PXVW�EH�LQLWLDOL]HG�WR�]HUR�EHIRUH�DSSHDULQJ�LQ�'64/�VWDWHPHQWV��
g $OO�WUDQVDFWLRQV�PXVW�EH�VWDUWHG�ZLWK�H[SOLFLW�6(7�75$16$&7,21
VWDWHPHQWV�

g1R�GDWD�GHILQLWLRQ�ODQJXDJH��''/��FDQ�EH�XVHG�LQ�WKH�FRQWH[W�RI�D�QDPHG�WUDQVDFWLRQ�LQ�DQ�
HPEHGGHG�SURJUDP��''/�PXVW�DOZD\V�RFFXU�LQ�WKH�FRQWH[W�RI�WKH�GHIDXOW�WUDQVDFWLRQ��
JGVBBWUDQV�

g $V�ORQJ�DV�D�WUDQVDFWLRQ�QDPH�SDUDPHWHU�LV�QRW�VSHFLILHG�ZLWK�D�6(7�75$16$&7,21�
VWDWHPHQW��LW�FDQ�IROORZ�D�35(3$5(�VWDWHPHQW�WR�PRGLI\�WKH�EHKDYLRU�RI�D�VXEVHTXHQWO\�
QDPHG�WUDQVDFWLRQ�LQ�DQ�(;(&87(�RU�(;(&87(�,00(',$7(�VWDWHPHQW��7KLV�HQDEOHV�D�XVHU�
WR�PRGLI\�WUDQVDFWLRQ�EHKDYLRUV�DW�UXQ�WLPH�

7UDQVDFWLRQ�QDPHV�DUH�IL[HG�IRU�DOO�,QWHU%DVH�SURJUDPV�GXULQJ�SUHSURFHVVLQJ��DQG�FDQQRW�EH�
G\QDPLFDOO\�DVVLJQHG��$�XVHU�FDQ�VWLOO�PRGLI\�'64/�WUDQVDFWLRQ�EHKDYLRU�DW�UXQ�WLPH��,W�LV�XS�
WR�WKH�SURJUDPPHU�WR�DQWLFLSDWH�SRVVLEOH�WUDQVDFWLRQ�EHKDYLRU�PRGLILFDWLRQ�DQG�SODQ�IRU�LW��
7KH�IROORZLQJ�VHFWLRQ�GHVFULEHV�KRZ�XVHUV�FDQ�PRGLI\�WUDQVDFWLRQ�EHKDYLRU�
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Modifying transaction behavior with “?”

7KH�QXPEHU�DQG�QDPH�RI�WUDQVDFWLRQV�DYDLODEOH�WR�D�'64/�SURJUDP�LV�IL[HG�ZKHQ�WKH�
SURJUDP�LV�SUHSURFHVVHG�ZLWK�gpre��WKH�,QWHU%DVH�SUHSURFHVVRU��7KH�SURJUDPPHU�
GHWHUPLQHV�ERWK�WKH�QDPHG�WUDQVDFWLRQV�WKDW�FRQWURO�HDFK�'64/�VWDWHPHQW�LQ�D�SURJUDP��
DQG�WKH�GHIDXOW�EHKDYLRU�RI�WKRVH�WUDQVDFWLRQV��$�XVHU�FDQ�FKDQJH�D�QDPHG�WUDQVDFWLRQ·V�
EHKDYLRU�DW�UXQ�WLPH�

,Q�'64/�SURJUDPV��D�XVHU�HQWHUV�DQ�64/�VWDWHPHQW�LQWR�D�KRVW�ODQJXDJH�VWULQJ�YDULDEOH��DQG�
WKHQ�WKH�KRVW�YDULDEOH�LV�SURFHVVHG�LQ�D�35(3$5(�VWDWHPHQW�RU�(;(&87(�,00(',$7(�
VWDWHPHQW��

PREPARE

g &KHFNV�WKH�VWDWHPHQW�LQ�WKH�YDULDEOH�IRU�HUURUV
g /RDGV�WKH�VWDWHPHQW�LQWR�DQ�;64/"'$�IRU�D�VXEVHTXHQW�(;(&87(�VWDWHPHQW

EXECUTE IMMEDIATE

g &KHFNV�WKH�VWDWHPHQW�IRU�HUURUV
g /RDGV�WKH�VWDWHPHQW�LQWR�WKH�;64/'$
g ([HFXWHV�WKH�VWDWHPHQW

%RWK�(;(&87(�DQG�(;(&87(�,00(',$7(�RSHUDWH�ZLWKLQ�WKH�FRQWH[W�RI�D�
SURJUDPPHU�VSHFLILHG�WUDQVDFWLRQ��ZKLFK�FDQ�EH�D�QDPHG�WUDQVDFWLRQ��,I�WKH�WUDQVDFWLRQ�
QDPH�LV�RPLWWHG��WKHVH�VWDWHPHQWV�DUH�FRQWUROOHG�E\�WKH�GHIDXOW�WUDQVDFWLRQ��JGVBBWUDQV��

<RX�FDQ�PRGLI\�WKH�WUDQVDFWLRQ�EHKDYLRU�IRU�DQ�(;(&87(�DQG�(;(&87(�,00(',$7(�
VWDWHPHQW�E\�

g (QDEOLQJ�D�XVHU�WR�HQWHU�D�6(7�75$16$&7,21�VWDWHPHQW�LQWR�D�KRVW�YDULDEOH
g ([HFXWLQJ�WKH�6(7�75$16$&7,21�VWDWHPHQW�EHIRUH�WKH�(;(&87(�RU�(;(&87(�
,00(',$7(�ZKRVH�WUDQVDFWLRQ�FRQWH[W�VKRXOG�EH�PRGLILHG

,Q�WKLV�FRQWH[W��D�6(7�75$16$&7,21�VWDWHPHQW�FKDQJHV�WKH�EHKDYLRU�RI�WKH�QH[W�QDPHG�RU�
GHIDXOW�WUDQVDFWLRQ�XQWLO�DQRWKHU�6(7�75$16$&7,21�RFFXUV�

7KH�IROORZLQJ�&�FRGH�IUDJPHQW�SURYLGHV�WKH�XVHU�WKH�RSWLRQ�RI�VSHFLI\LQJ�D�QHZ�WUDQVDFWLRQ�
EHKDYLRU��DSSOLHV�WKH�EHKDYLRU�FKDQJH��H[HFXWHV�WKH�QH[W�XVHU�VWDWHPHQW�LQ�WKH�FRQWH[W�RI�WKDW�
FKDQJHG�WUDQVDFWLRQ��WKHQ�UHVWRUHV�WKH�WUDQVDFWLRQ·V�RULJLQDO�EHKDYLRU�

. . .

EXEC SQL

BEGIN DECLARE SECTION;

char usertrans[512], query[1024];
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char deftrans[] = {"SET TRANSACTION READ WRITE WAIT SNAPSHOT"};

EXEC SQL

END DECLARE SECTION;

. . .

printf("\nEnter SQL statement: ");

gets(query);

printf("\nChange transaction behavior (Y/N)? ");

gets(usertrans);

if (usertrans[0] == "Y" || usertrans[0] == "y")

{

printf("\nEnter \"SET TRANSACTION\" and desired behavior: ");

gets(usertrans);

EXEC SQL

COMMIT usertrans;

EXEC SQL

EXECUTE IMMEDIATE usertrans;

}

else

{

EXEC SQL

EXECUTE IMMEDIATE deftrans;

}

EXEC SQL

EXECUTE IMMEDIATE query;

EXEC SQL

EXECUTE IMMEDIATE deftrans;

. . .

,03257$17 $V�WKLV�H[DPSOH�LOOXVWUDWHV��\RX�PXVW�FRPPLW�RU�UROO�EDFN�DQ\�SUHYLRXV�WUDQVDFWLRQV�EHIRUH�
\RX�FDQ�H[HFXWH�6(7�75$16$&7,21�
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Definition Statements

7KLV�FKDSWHU�GLVFXVVHV�KRZ�WR�FUHDWH��PRGLI\��DQG�GHOHWH�GDWDEDVHV��WDEOHV��YLHZV��DQG�LQGH[HV�
LQ�64/�DSSOLFDWLRQV��$�GDWDEDVH·V�WDEOHV��YLHZV��DQG�LQGH[HV�PDNH�XS�PRVW�RI�LWV�XQGHUO\LQJ�
VWUXFWXUH��RU�PHWDGDWD�

,03257$17 7KH�GLVFXVVLRQ�LQ�WKLV�FKDSWHU�DSSOLHV�HTXDOO\�WR�G\QDPLF�64/��'64/��DSSOLFDWLRQV��H[FHSW�
WKDW�XVHUV�HQWHU�'64/�GDWD�GHILQLWLRQ�VWDWHPHQWV�DW�UXQ�WLPH��DQG�GR�QRW�SUHIDFH�WKRVH�
VWDWHPHQWV�ZLWK�(;(&�64/�



CHAPTER 5 WORKING WITH DATA DEFINITION STATEMENTS

68 INTERBASE 5

7KH�SUHIHUUHG�PHWKRG�IRU�FUHDWLQJ��PRGLI\LQJ��DQG�GHOHWLQJ�PHWDGDWD�LV�WKURXJK�WKH�
,QWHU%DVH�LQWHUDFWLYH�64/�WRRO��isql��EXW�LQ�VRPH�LQVWDQFHV��LW�PD\�EH�QHFHVVDU\�RU�GHVLUDEOH�
WR�HPEHG�VRPH�GDWD�GHILQLWLRQ�FDSDELOLWLHV�LQ�DQ�64/�DSSOLFDWLRQ��%RWK�64/�DQG�'64/�
DSSOLFDWLRQV�FDQ�XVH�WKH�IROORZLQJ�VXEVHW�RI�GDWD�GHILQLWLRQ�VWDWHPHQWV�

'64/�DOVR�VXSSRUWV�FUHDWLQJ��DOWHULQJ��DQG�GURSSLQJ�VWRUHG�SURFHGXUHV��WULJJHUV��DQG�
H[FHSWLRQV��'64/�LV�HVSHFLDOO\�SRZHUIXO�IRU�GDWD�GHILQLWLRQ�EHFDXVH�LW�HQDEOHV�XVHUV�WR�HQWHU�
DQ\�VXSSRUWHG�GDWD�GHILQLWLRQ�VWDWHPHQW�DW�UXQ�WLPH��)RU�H[DPSOH��isql�LWVHOI�LV�D�'64/�
DSSOLFDWLRQ��)RU�PRUH�LQIRUPDWLRQ�DERXW�XVLQJ�isql�WR�GHILQH�VWRUHG�SURFHGXUHV��WULJJHUV��DQG�
H[FHSWLRQV��VHH�WKH�'DWD�'HILQLWLRQ�*XLGH��)RU�D�FRPSOHWH�GLVFXVVLRQ�RI�'64/�SURJUDPPLQJ��
VHH�&KDSWHU�����´8VLQJ�'\QDPLF�64/�µ

Creating metadata
64/�GDWD�GHILQLWLRQ�VWDWHPHQWV�DUH�XVHG�LQ�DSSOLFDWLRQV�WKH�VROH�SXUSRVH�RI�ZKLFK�LV�WR�FUHDWH�
RU�PRGLI\�GDWDEDVHV�RU�WDEOHV��7\SLFDOO\�WKH�H[SHFWDWLRQ�LV�WKDW�WKHVH�DSSOLFDWLRQV�ZLOO�EH�XVHG�
RQO\�RQFH�E\�DQ\�JLYHQ�XVHU��WKHQ�GLVFDUGHG��RU�VDYHG�IRU�ODWHU�PRGLILFDWLRQ�E\�D�GDWDEDVH�
GHVLJQHU�ZKR�FDQ�UHDG�WKH�SURJUDP�FRGH�DV�D�UHFRUG�RI�D�GDWDEDVH·V�VWUXFWXUH��,I�GDWD�
GHILQLWLRQ�FKDQJHV�PXVW�EH�PDGH��HGLWLQJ�D�FRS\�RI�H[LVWLQJ�FRGH�LV�HDVLHU�WKDQ�VWDUWLQJ�RYHU�

Note 8VH�WKH�,QWHU%DVH�LQWHUDFWLYH�64/�WRRO��isql��WR�FUHDWH�DQG�DOWHU�GDWD�GHILQLWLRQV�
ZKHQHYHU�SRVVLEOH��)RU�PRUH�LQIRUPDWLRQ�DERXW�isql��VHH�WKH�2SHUDWLRQV�*XLGH��

CREATE statement ALTER statement DROP statement

CREATE DATABASE ALTER DATABASE —

CREATE DOMAIN ALTER DOMAIN DROP DOMAIN

CREATE GENERATOR SET GENERATOR —

CREATE INDEX ALTER INDEX DROP INDEX

CREATE SHADOW ALTER SHADOW DROP SHADOW

CREATE TABLE ALTER TABLE DROP TABLE

CREATE VIEW — DROP VIEW

DECLARE EXTERNAL — DROP EXTERNAL

DECLARE FILTER — DROP FILTER

TABLE 5.1 Data definition statements supported for embedded applications
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7KH�64/�&5($7(�VWDWHPHQW�LV�XVHG�WR�PDNH�QHZ�GDWDEDVHV��GRPDLQV��WDEOHV��YLHZV��RU�
LQGH[HV��$�&200,7�VWDWHPHQW�PXVW�IROORZ�HYHU\�&5($7(�VR�WKDW�VXEVHTXHQW�&5($7(�
VWDWHPHQWV�FDQ�XVH�SUHYLRXVO\�GHILQHG�PHWDGDWD�XSRQ�ZKLFK�WKH\�PD\�UHO\��)RU�H[DPSOH��
GRPDLQ�GHILQLWLRQV�PXVW�EH�FRPPLWWHG�EHIRUH�WKH�GRPDLQ�FDQ�EH�UHIHUHQFHG�LQ�VXEVHTXHQW�
WDEOH�GHILQLWLRQV�

,03257$17 $SSOLFDWLRQV�WKDW�PL[�GDWD�GHILQLWLRQ�DQG�GDWD�PDQLSXODWLRQ�PXVW�EH�SUHSURFHVVHG�XVLQJ�WKH�
gpre -m�VZLWFK��6XFK�DSSOLFDWLRQV�PXVW�H[SOLFLWO\�VWDUW�HYHU\�WUDQVDFWLRQ�ZLWK�6(7�
75$16$&7,21�

Creating a database
&5($7(�'$7$%$6(�HVWDEOLVKHV�D�QHZ�GDWDEDVH�DQG�LWV�V\VWHP�WDEOHV��WDEOHV�WKDW�GHVFULEH�WKH�
LQWHUQDO�VWUXFWXUH�RI�WKH�GDWDEDVH��,QWHU%DVH�XVHV�WKH�V\VWHP�WDEOHV�ZKHQHYHU�DQ�DSSOLFDWLRQ�
DFFHVVHV�D�GDWDEDVH��64/�SURJUDPV�FDQ�UHDG�WKH�GDWD�LQ�PRVW�RI�WKHVH�WDEOHV�MXVW�OLNH�DQ\�
XVHU�FUHDWHG�WDEOH�

�,Q�LWV�PRVW�HOHPHQWDU\�IRUP��WKH�V\QWD[�IRU�&5($7(�'$7$%$6(�LV�

EXEC SQL

CREATE DATABASE "<filespec>";

&5($7(�'$7$%$6(�PXVW�DSSHDU�EHIRUH�DQ\�RWKHU�&5($7(�VWDWHPHQWV��,W�UHTXLUHV�RQH�
SDUDPHWHU��WKH�QDPH�RI�D�GDWDEDVH�WR�FUHDWH��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�FUHDWHV�D�
GDWDEDVH�QDPHG�HPSOR\HH�JGE�

EXEC SQL

CREATE DATABASE "employee.gdb";

Note 7KH�GDWDEDVH�QDPH�FDQ�LQFOXGH�D�IXOO�ILOH�VSHFLILFDWLRQ��LQFOXGLQJ�ERWK�KRVW�RU�QRGH�
QDPHV��DQG�D�GLUHFWRU\�SDWK�WR�WKH�ORFDWLRQ�ZKHUH�WKH�GDWDEDVH�ILOH�VKRXOG�EH�FUHDWHG��)RU�
LQIRUPDWLRQ�DERXW�ILOH�VSHFLILFDWLRQV�IRU�D�SDUWLFXODU�RSHUDWLQJ�V\VWHP��VHH�WKH�RSHUDWLQJ�
V\VWHP�PDQXDOV�

,03257$17 $OWKRXJK�,QWHU%DVH�HQDEOHV�DFFHVV�WR�UHPRWH�GDWDEDVHV��ZKHQ�D�GDWDEDVH�LV�FUHDWHG��LW�
VKRXOG�RQO\�EH�FUHDWHG�GLUHFWO\�RQ�WKH�PDFKLQH�ZKHUH�LW�LV�WR�UHVLGH�

4 2SWLRQDO�SDUDPHWHUV
7KHUH�DUH�RSWLRQDO�SDUDPHWHUV�IRU�&5($7(�'$7$%$6(��)RU�H[DPSOH��ZKHQ�DQ�DSSOLFDWLRQ�
UXQQLQJ�RQ�D�FOLHQW�DWWHPSWV�WR�FRQQHFW�WR�DQ�,QWHU%DVH�VHUYHU�LQ�RUGHU�WR�FUHDWH�D�GDWDEDVH��
LW�PD\�EH�H[SHFWHG�WR�SURYLGH�86(5�DQG�3$66:25'�SDUDPHWHUV�EHIRUH�WKH�FRQQHFWLRQ�LV�
HVWDEOLVKHG��2WKHU�SDUDPHWHUV�VSHFLI\�WKH�GDWDEDVH�SDJH�VL]H��WKH�QXPEHU�DQG�VL]H�RI�
PXOWL�ILOH�GDWDEDVHV��DQG�WKH�GHIDXOW�FKDUDFWHU�VHW�IRU�WKH�GDWDEDVH�
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)RU�D�FRPSOHWH�GLVFXVVLRQ�RI�DOO�&5($7(�'$7$%$6(�SDUDPHWHUV��VHH�WKH�'DWD�'HILQLWLRQ�*XLGH��
)RU�WKH�FRPSOHWH�V\QWD[�RI�&5($7(�'$7$%$6(��VHH�WKH�/DQJXDJH�5HIHUHQFH�

,03257$17 $Q�DSSOLFDWLRQ�WKDW�FUHDWHV�D�GDWDEDVH�PXVW�EH�SUHSURFHVVHG�ZLWK�WKH�gpre -m�VZLWFK��,W�
PXVW�DOVR�FUHDWH�DW�OHDVW�RQH�WDEOH��,I�D�GDWDEDVH�LV�FUHDWHG�ZLWKRXW�D�WDEOH��LW�FDQQRW�EH�
VXFFHVVIXOO\�RSHQHG�E\�DQRWKHU�SURJUDP��$SSOLFDWLRQV�WKDW�SHUIRUP�ERWK�GDWD�GHILQLWLRQ�
DQG�GDWD�PDQLSXODWLRQ�PXVW�GHFODUH�WDEOHV�ZLWK�'(&/$5(�7$%/(�EHIRUH�FUHDWLQJ�DQG�
SRSXODWLQJ�WKHP��)RU�PRUH�LQIRUPDWLRQ�DERXW�WDEOH�FUHDWLRQ��VHH�´&UHDWLQJ�D�WDEOHµ�RQ�
SDJH ���

4 6SHFLI\LQJ�D�GHIDXOW�FKDUDFWHU�VHW
$�GDWDEDVH·V�GHIDXOW�FKDUDFWHU�VHW�GHVLJQDWLRQ�VSHFLILHV�WKH�FKDUDFWHU�VHW�WKH�VHUYHU�XVHV�WR�
WUDQVOLWHUDWH�DQG�VWRUH�&+$5��9$5&+$5��DQG�WH[W�%ORE�GDWD�LQ�WKH�GDWDEDVH�ZKHQ�QR�RWKHU�
FKDUDFWHU�VHW�LQIRUPDWLRQ�LV�SURYLGHG��$�GHIDXOW�FKDUDFWHU�VHW�VKRXOG�DOZD\V�EH�VSHFLILHG�IRU�
D�GDWDEDVH�ZKHQ�LW�LV�FUHDWHG�ZLWK�&5($7(�'$7$%$6(�

7R�VSHFLI\�D�GHIDXOW�FKDUDFWHU�VHW��XVH�WKH�'()$8/7�&+$5$&7(5�6(7�FODXVH�RI�&5($7(�
'$7$%$6(��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�FUHDWHV�D�GDWDEDVH�WKDW�XVHV�WKH�,62����B��
FKDUDFWHU�VHW�

EXEC SQL

CREATE DATABASE "europe.gdb" DEFAULT CHARACTER SET ISO8859_1;

,I�\RX�GR�QRW�VSHFLI\�D�FKDUDFWHU�VHW��WKH�FKDUDFWHU�VHW�GHIDXOWV�WR�121(��8VLQJ�FKDUDFWHU�VHW�
121(�PHDQV�WKDW�WKHUH�LV�QR�FKDUDFWHU�VHW�DVVXPSWLRQ�IRU�FROXPQV��GDWD�LV�VWRUHG�DQG�
UHWULHYHG�MXVW�DV�\RX�RULJLQDOO\�HQWHUHG�LW��<RX�FDQ�ORDG�DQ\�FKDUDFWHU�VHW�LQWR�D�FROXPQ�GHILQHG�
ZLWK�121(��EXW�\RX�FDQQRW�ODWHU�PRYH�WKDW�GDWD�LQWR�DQRWKHU�FROXPQ�WKDW�KDV�EHHQ�GHILQHG�
ZLWK�D�GLIIHUHQW�FKDUDFWHU�VHW��,Q�WKLV�FDVH��QR�WUDQVOLWHUDWLRQ�LV�SHUIRUPHG�EHWZHHQ�WKH�VRXUFH�
DQG�GHVWLQDWLRQ�FKDUDFWHU�VHWV��DQG�HUURUV�PD\�RFFXU�GXULQJ�DVVLJQPHQW�

)RU�PRUH�LQIRUPDWLRQ�DERXW�VSHFLI\LQJ�D�GHIDXOW�FKDUDFWHU�VHW�IRU�D�GDWDEDVH��VHH�́ 6SHFLI\LQJ�
D�GHIDXOW�FKDUDFWHU�VHWµ�RQ�SDJH ����

)RU�D�FRPSOHWH�GHVFULSWLRQ�RI�WKH�'()$8/7�&+$5$&7(5�6(7�FODXVH�DQG�D�OLVW�RI�WKH�
FKDUDFWHU�VHWV�VXSSRUWHG�E\�,QWHU%DVH��VHH�WKH�'DWD�'HILQLWLRQ�*XLGH��

Creating a domain
&5($7(�'20$,1�FUHDWHV�D�FROXPQ�GHILQLWLRQ�WKDW�LV�JOREDO�WR�WKH�GDWDEDVH��DQG�WKDW�FDQ�EH�
XVHG�WR�GHILQH�FROXPQV�LQ�VXEVHTXHQW�&5($7(�7$%/(�VWDWHPHQWV��&5($7(�'20$,1�LV�
HVSHFLDOO\�XVHIXO�ZKHQ�PDQ\�WDEOHV�LQ�D�GDWDEDVH�FRQWDLQ�LGHQWLFDO�FROXPQ�GHILQLWLRQV��)RU�
H[DPSOH��LQ�DQ�HPSOR\HH�GDWDEDVH��VHYHUDO�WDEOHV�PLJKW�GHILQH�FROXPQV�IRU�HPSOR\HHV·�ILUVW�
DQG�ODVW�QDPHV�
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$W�LWV�VLPSOHVW��WKH�V\QWD[�IRU�&5($7(�'20$,1�LV�

EXEC SQL

CREATE DOMAIN name AS <datatype>;

7KH�IROORZLQJ�VWDWHPHQWV�FUHDWH�WZR�GRPDLQV��),5671$0(��DQG�/$671$0(�

EXEC SQL

CREATE DOMAIN FIRSTNAME AS VARCHAR(15);

EXEC SQL

CREATE DOMAIN LASTNAME AS VARCHAR(20);

EXEC SQL

COMMIT;

2QFH�D�GRPDLQ�LV�GHILQHG�DQG�FRPPLWWHG��LW�FDQ�EH�XVHG�LQ�&5($7(�7$%/(�VWDWHPHQWV�WR�
GHILQH�FROXPQV��)RU�H[DPSOH��WKH�IROORZLQJ�&5($7(�7$%/(�IUDJPHQW�LOOXVWUDWHV�KRZ�WKH�
),5671$0(�DQG�/$671$0(�GRPDLQV�FDQ�EH�XVHG�LQ�SODFH�RI�FROXPQ�GHILQLWLRQV�LQ�WKH�
(03/2<((�WDEOH�GHILQLWLRQ�

EXEC SQL

CREATE TABLE EMPLOYEE

(

. . .

FIRST_NAME FIRSTNAME NOT NULL,

LAST_NAME LASTNAME NOT NULL;

. . .

);

$�GRPDLQ�GHILQLWLRQ�FDQ�DOVR�VSHFLI\�D�GHIDXOW�YDOXH��D�127�18//�DWWULEXWH��D�&+(&.�
FRQVWUDLQW�WKDW�OLPLWV�LQVHUWV�DQG�XSGDWHV�WR�D�UDQJH�RI�YDOXHV��D�FKDUDFWHU�VHW��DQG�D�FROODWLRQ�
RUGHU�

)RU�PRUH�LQIRUPDWLRQ�DERXW�FUHDWLQJ�GRPDLQV�DQG�XVLQJ�WKHP�GXULQJ�WDEOH�FUHDWLRQ��VHH�WKH�
'DWD�'HILQLWLRQ�*XLGH��)RU�WKH�FRPSOHWH�V\QWD[�RI�&5($7(�'20$,1��VHH�WKH�/DQJXDJH�5HIHUHQFH�

Creating a table
7KH�&5($7(�7$%/(�VWDWHPHQW�GHILQHV�D�QHZ�GDWDEDVH�WDEOH�DQG�WKH�FROXPQV�DQG�LQWHJULW\�
FRQVWUDLQWV�ZLWKLQ�WKDW�WDEOH��(DFK�FROXPQ�FDQ�LQFOXGH�D�FKDUDFWHU�VHW�VSHFLILFDWLRQ�DQG�D�
FROODWLRQ�RUGHU�VSHFLILFDWLRQ��&5($7(�7$%/(�DOVR�DXWRPDWLFDOO\�LPSRVHV�D�GHIDXOW�64/�
VHFXULW\�VFKHPH�RQ�WKH�WDEOH��7KH�SHUVRQ�ZKR�FUHDWHV�D�WDEOH�EHFRPHV�LWV�RZQHU��$�WDEOH·V�
RZQHU�LV�DVVLJQHG�DOO�SULYLOHJHV�IRU�LW��LQFOXGLQJ�WKH�ULJKW�WR�JUDQW�SULYLOHJHV�WR�RWKHU�XVHUV��

$�WDEOH�FDQ�EH�FUHDWHG�RQO\�IRU�D�GDWDEDVH�WKDW�DOUHDG\�H[LVWV��$W�LWV�VLPSOHVW��WKH�V\QWD[�IRU�
&5($7(�7$%/(�LV�DV�IROORZV�
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EXEC SQL

CREATE TABLE name (<col_def> | <table_constraint>

[, <col_def> | <table_constraint> ...]);

�FROBGHI!�GHILQHV�D�FROXPQ�XVLQJ�WKH�IROORZLQJ�V\QWD[�

col {<datatype> | COMPUTED [BY] (<expr>) | domain} 

<col_constraint> COLLATE collation 

�FRO!�PXVW�EH�D�FROXPQ�QDPH�XQLTXH�ZLWKLQ�WKH�WDEOH�GHILQLWLRQ�

�GDWDW\SH!�VSHFLILHV�WKH�64/�GDWDW\SH�WR�XVH�IRU�FROXPQ�HQWULHV��&20387('�%<�FDQ�EH�XVHG�
WR�GHILQH�D�FROXPQ�ZKRVH�YDOXH�LV�FRPSXWHG�IURP�DQ�H[SUHVVLRQ�ZKHQ�WKH�FROXPQ�LV�DFFHVVHG�
DW�UXQ�WLPH�

�FROBFRQVWUDLQW!�LV�DQ�RSWLRQDO�LQWHJULW\�FRQVWUDLQW�WR�DSSO\�WR�D�FROXPQ��WDEOHFRQVWUDLQW�LV�DQ�
RSWLRQDO�LQWHJULW\�FRQVWUDLQW�WR�DSSO\�WR�DQ�HQWLUH�WDEOH��,QWHJULW\�FRQVWUDLQWV�DUH�XVHG�WR�
HQVXUH�GDWD�HQWHUHG�LQ�D�WDEOH�PHHWV�VSHFLILF�UHTXLUHPHQWV��WR�VSHFLI\�WKDW�GDWD�HQWHUHG�LQ�D�
WDEOH�RU�FROXPQ�LV�XQLTXH��RU�WR�HQIRUFH�UHIHUHQWLDO�LQWHJULW\�ZLWK�RWKHU�WDEOHV�LQ�WKH�GDWDEDVH��

7KH�IROORZLQJ�FRGH�IUDJPHQW�FRQWDLQV�64/�VWDWHPHQWV�WKDW�FUHDWH�D�GDWDEDVH��HPSOR\HH�JGE��DQG�
FUHDWH�D�WDEOH��(03/2<((B352-(&7��ZLWK�WKUHH�FROXPQV��(03B12��352-B,'��DQG�'87,(6�

EXEC SQL

CREATE DATABASE "employee.gdb";

EXEC SQL

CREATE TABLE EMPLOYEE_PROJECT

(

EMP_NO SMALLINT NOT NULL,

PROJ_ID CHAR(5) NOT NULL,

DUTIES Blob SUBTYPE 1 SEGMENT SIZE 240

);

EXEC SQL

COMMIT;

$Q�DSSOLFDWLRQ�FDQ�FUHDWH�PXOWLSOH�WDEOHV��EXW�GXSOLFDWLQJ�DQ�H[LVWLQJ�WDEOH�QDPH�LV�QRW�
SHUPLWWHG�

)RU�PRUH�LQIRUPDWLRQ�DERXW�64/�GDWDW\SHV�DQG�LQWHJULW\�FRQVWUDLQWV��VHH�WKH�'DWD�'HILQLWLRQ�
*XLGH��)RU�PRUH�LQIRUPDWLRQ�DERXW�&5($7(�7$%/(�V\QWD[��VHH�WKH�/DQJXDJH�5HIHUHQFH��)RU�
PRUH�LQIRUPDWLRQ�DERXW�FKDQJLQJ�RU�DVVLJQLQJ�WDEOH�SULYLOHJHV��VHH�WKH�VHFXULW\�FKDSWHU�LQ�WKH�
'DWD�'HILQLWLRQ�*XLGH�

4 &UHDWLQJ�D�FRPSXWHG�FROXPQ
$�FRPSXWHG�FROXPQ�LV�RQH�ZKRVH�YDOXH�LV�FDOFXODWHG�ZKHQ�WKH�FROXPQ�LV�DFFHVVHG�DW�UXQ�WLPH��
7KH�YDOXH�FDQ�EH�GHULYHG�IURP�DQ\�YDOLG�64/�H[SUHVVLRQ�WKDW�UHVXOWV�LQ�D�VLQJOH��QRQ�DUUD\�
YDOXH�
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7R�FUHDWH�D�FRPSXWHG�FROXPQ��XVH�WKH�IROORZLQJ�FROXPQ�GHFODUDWLRQ�V\QWD[�LQ�&5($7(�
7$%/(�

col COMPUTED [BY] (<expr>)

7KH�H[SUHVVLRQ�FDQ�UHIHUHQFH�SUHYLRXVO\�GHILQHG�FROXPQV�LQ�WKH�WDEOH��)RU�H[DPSOH��WKH�
IROORZLQJ�VWDWHPHQW�FUHDWHV�D�FRPSXWHG�FROXPQ��)8//B1$0(��E\�FRQFDWHQDWLQJ�WZR�RWKHU�
FROXPQV��/$67B1$0(��DQG�),567B1$0(�

EXEC SQL

CREATE TABLE EMPLOYEE

(

. . .

FIRST_NAME VARCHAR(10) NOT NULL,

LAST_NAME VARCHAR(15) NOT NULL,

. . .

FULL_NAME COMPUTED BY (LAST_NAME || ", " || FIRST_NAME)

);

)RU�PRUH�LQIRUPDWLRQ�DERXW�&20387('�%<��VHH�WKH�'DWD�'HILQLWLRQ�*XLGH�

4 'HFODULQJ�DQG�FUHDWLQJ�D�WDEOH
,Q�SURJUDPV�WKDW�PL[�GDWD�GHILQLWLRQ�DQG�GDWD�PDQLSXODWLRQ��WKH�'(&/$5(�7$%/(�VWDWHPHQW�
PXVW�EH�XVHG�WR�GHVFULEH�D�WDEOH·V�VWUXFWXUH�WR�WKH�,QWHU%DVH�SUHSURFHVVRU��gpre��EHIRUH�WKDW�
WDEOH�FDQ�EH�FUHDWHG��'XULQJ�SUHSURFHVVLQJ��LI�gpre�HQFRXQWHUV�D�'(&/$5(�7$%/(�VWDWHPHQW��
LW�VWRUHV�WKH�WDEOH·V�GHVFULSWLRQ�IRU�ODWHU�UHIHUHQFH��:KHQ�gpre�HQFRXQWHUV�D�&5($7(�7$%/(�
VWDWHPHQW�IRU�WKH�SUHYLRXVO\�GHFODUHG�WDEOH��LW�YHULILHV�WKDW�WKH�FROXPQ�GHVFULSWLRQV�LQ�WKH�
&5($7(�VWDWHPHQW�PDWFK�WKRVH�LQ�WKH�'(&/$5(�VWDWHPHQW��,I�WKH\�GR�QRW�PDWFK��gpre�
UHSRUWV�WKH�HUURUV�DQG�FDQFHOV�SUHSURFHVVLQJ�VR�WKDW�WKH�HUURU�FDQ�EH�IL[HG�

:KHQ�XVHG��'(&/$5(�7$%/(�PXVW�FRPH�EHIRUH�WKH�&5($7(�7$%/(�VWDWHPHQW�LW�GHVFULEHV��
)RU�H[DPSOH��WKH�IROORZLQJ�FRGH�IUDJPHQW�GHFODUHV�D�WDEOH�
(03/2<((B352-��WKHQ�FUHDWHV�LW�

EXEC SQL

DECLARE EMPLOYEE_PROJECT TABLE

(

EMP_NO SMALLINT,

PROJ_ID CHAR(5),

DUTIES Blob(240, 1)

);

EXEC SQL

CREATE TABLE EMPLOYEE_PROJECT

(

EMP_NO SMALLINT,

PROJ_ID CHAR(5),
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DUTIES Blob(240, 1)

);

EXEC SQL

COMMIT;

)RU�PRUH�LQIRUPDWLRQ�DERXW�'(&/$5(�7$%/(��VHH�WKH�/DQJXDJH�5HIHUHQFH�

Creating a view
$�YLHZ�LV�D�YLUWXDO�WDEOH�WKDW�LV�EDVHG�RQ�D�VXEVHW�RI�RQH�RU�PRUH�DFWXDO�WDEOHV�LQ�D�GDWDEDVH��
9LHZV�DUH�XVHG�WR�

g 5HVWULFW�XVHU�DFFHVV�WR�GDWD�E\�SUHVHQWLQJ�RQO\�D�VXEVHW�RI�DYDLODEOH�GDWD�
g 5HDUUDQJH�DQG�SUHVHQW�GDWD�IURP�WZR�RU�PRUH�WDEOHV�LQ�D�PDQQHU�HVSHFLDOO\�XVHIXO�WR�WKH�
SURJUDP�

8QOLNH�D�WDEOH��D�YLHZ�LV�QRW�VWRUHG�LQ�WKH�GDWDEDVH�DV�UDZ�GDWD��,QVWHDG��ZKHQ�D�YLHZ�LV�FUHDWHG��
WKH�GHILQLWLRQ�RI�WKH�YLHZ�LV�VWRUHG�LQ�WKH�GDWDEDVH��:KHQ�D�SURJUDP�XVHV�WKH�YLHZ��,QWHU%DVH�
UHDGV�WKH�YLHZ�GHILQLWLRQ�DQG�TXLFNO\�JHQHUDWHV�WKH�RXWSXW�DV�LI�LW�ZHUH�D�WDEOH�

7R�PDNH�D�YLHZ��XVH�WKH�IROORZLQJ�&5($7(�9,(:�V\QWD[�

EXEC SQL

CREATE VIEW name [(view_col [, view_col ...)] AS

<select> [WITH CHECK OPTION];

7KH�QDPH�RI�WKH�YLHZ��QDPH��PXVW�EH�XQLTXH�ZLWKLQ�WKH�GDWDEDVH�

7R�JLYH�HDFK�FROXPQ�GLVSOD\HG�LQ�WKH�YLHZ�LWV�RZQ�QDPH��LQGHSHQGHQW�RI�LWV�FROXPQ�QDPH�LQ�
DQ�XQGHUO\LQJ�WDEOH��HQFORVH�D�OLVW�RI�YLHZBFRO�SDUDPHWHUV�LQ�SDUHQWKHVHV��(DFK�FROXPQ�RI�GDWD�
UHWXUQHG�E\�WKH�YLHZ·V�6(/(&7�VWDWHPHQW�LV�DVVLJQHG�VHTXHQWLDOO\�WR�D�FRUUHVSRQGLQJ�YLHZ�
FROXPQ�QDPH��,I�D�OLVW�RI�YLHZ�FROXPQ�QDPHV�LV�RPLWWHG��FROXPQ�QDPHV�DUH�DVVLJQHG�GLUHFWO\�
IURP�WKH�XQGHUO\LQJ�WDEOH�

/LVWLQJ�LQGHSHQGHQW�QDPHV�IRU�FROXPQV�LQ�D�YLHZ�HQVXUHV�WKDW�WKH�DSSHDUDQFH�RI�D�YLHZ�GRHV�
QRW�FKDQJH�LI�LWV�XQGHUO\LQJ�WDEOH�VWUXFWXUHV�DUH�PRGLILHG�

Note $�YLHZ�FROXPQ�QDPH�PXVW�EH�SURYLGHG�IRU�HDFK�FROXPQ�RI�GDWD�UHWXUQHG�E\�WKH�YLHZ·V�
6(/(&7�VWDWHPHQW��RU�HOVH�QR�YLHZ�FROXPQ�QDPHV�VKRXOG�EH�VSHFLILHG�

7KH�VHOHFW�FODXVH�LV�D�VWDQGDUG�6(/(&7�VWDWHPHQW WKDW�VSHFLILHV�WKH�VHOHFWLRQ�FULWHULD�IRU�URZV�
WR�LQFOXGH�LQ�WKH�YLHZ��$�6(/(&7�LQ�D�YLHZ�FDQQRW�LQFOXGH�DQ�25'(5�%<�FODXVH��,Q�'64/��LW�
FDQQRW�LQFOXGH�D�81,21�FODXVH�

7KH�RSWLRQDO�:,7+�&+(&.�237,21�UHVWULFWV�LQVHUWV��XSGDWHV��DQG�GHOHWHV�LQ�D�YLHZ�WKDW�FDQ�
EH�XSGDWHG��)RU�PRUH�LQIRUPDWLRQ�DERXW�YLHZV�WKDW�DOORZ�XSGDWH��DQG�DERXW�WKH�:,7+�
&+(&.�237,21��VHH�´&UHDWLQJ�D�YLHZ�IRU�XSGDWHµ�RQ�SDJH ���
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7R�FUHDWH�D�UHDG�RQO\�YLHZ��D�YLHZ·V�FUHDWRU�PXVW�KDYH�6(/(&7�SULYLOHJH�IRU�WKH�WDEOH�RU�WDEOHV�
XQGHUO\LQJ�WKH�YLHZ��7R�FUHDWH�D�YLHZ�IRU�XSGDWH�UHTXLUHV�$//�SULYLOHJH IRU�WKH�WDEOH�RU�WDEOHV�
XQGHUO\LQJ�WKH�YLHZ��)RU�PRUH�LQIRUPDWLRQ�DERXW�64/�SULYLOHJHV��VHH�WKH�VHFXULW\�FKDSWHU�LQ�
WKH�'DWD�'HILQLWLRQ�*XLGH�

4 &UHDWLQJ�D�YLHZ�IRU�6(/(&7
0DQ\�YLHZV�FRPELQH�GDWD�IURP�PXOWLSOH�WDEOHV�RU�RWKHU�YLHZV��$�YLHZ�EDVHG�RQ�PXOWLSOH�
WDEOHV�RU�RWKHU�YLHZV�FDQ�EH�UHDG��EXW�QRW�XSGDWHG��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�
FUHDWHV�D�UHDG�RQO\�YLHZ��3+21(B/,67��EHFDXVH�LW�MRLQV�WZR�WDEOHV��(03/2<((��DQG�
'(3$570(17�

EXEC SQL

CREATE VIEW PHONE_LIST AS

SELECT EMP_NO, FIRST_NAME, LAST_NAME, LOCATION, PHONE_NO

FROM EMPLOYEE, DEPARTMENT

WHERE EMPLOYEE.DEPT_NO = DEPARTMENT.DEPT_NO;

EXEC SQL

COMMIT;

,03257$17 2QO\�D�YLHZ·V�FUHDWRU�LQLWLDOO\�KDV�DFFHVV�WR�LW��7R�DVVLJQ�UHDG�DFFHVV�WR�RWKHUV��XVH�*5$17��
)RU�PRUH�LQIRUPDWLRQ�DERXW�*5$17��VHH�WKH�VHFXULW\�FKDSWHU�RI�WKH�'DWD�'HILQLWLRQ�*XLGH�

4 &UHDWLQJ�D�YLHZ�IRU�XSGDWH
$Q�XSGDWDEOH�YLHZ�LV�RQH�WKDW�HQDEOHV�SULYLOHJHG�XVHUV�WR�LQVHUW��XSGDWH��DQG�GHOHWH�LQIRUPDWLRQ�
LQ�WKH�YLHZ·V�EDVH�WDEOH��7R�EH�XSGDWDEOH��D�YLHZ�PXVW�PHHW�WKH�IROORZLQJ�FRQGLWLRQV�

g ,W�GHULYHV�LWV�FROXPQV�IURP�D�VLQJOH�WDEOH�RU�XSGDWDEOH�YLHZ�
g ,W�GRHV�QRW�GHILQH�D�VHOI�MRLQ�RI�WKH�EDVH�WDEOH�
g ,W�GRHV�QRW�UHIHUHQFH�FROXPQV�GHULYHG�IURP�DULWKPHWLF�H[SUHVVLRQV�
g 7KH�YLHZ·V�6(/(&7�VWDWHPHQW�GRHV�QRW�FRQWDLQ�

Ã $�:+(5(�FODXVH�WKDW�XVHV�WKH�',67,1&7�SUHGLFDWH

Ã $�+$9,1*�FODXVH

Ã )XQFWLRQV

Ã 1HVWHG�TXHULHV

Ã 6WRUHG�SURFHGXUHV

,Q�WKH�IROORZLQJ�YLHZ��+,*+B&,7,(6�LV�DQ�XSGDWDEOH�YLHZ��,W�VHOHFWV�DOO�FLWLHV�LQ�WKH�&,7,(6�
WDEOH�ZLWK�DOWLWXGHV�JUHDWHU�WKDQ�RU�HTXDO�WR�D�KDOI�PLOH�

EXEC SQL

CREATE VIEW HIGH_CITIES AS
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SELECT CITY, COUNTRY_NAME, ALTITUDE FROM CITIES

WHERE ALTITUDE >= 2640;

EXEC SQL

COMMIT;

8VHUV�ZKR�KDYH�,16(57�DQG�83'$7(�SULYLOHJHV�IRU�WKLV�YLHZ�FDQ�FKDQJH�URZV�LQ�RU�DGG�QHZ�
URZV�WR�WKH�YLHZ·V�XQGHUO\LQJ�WDEOH��&,7,(6��7KH\�FDQ�HYHQ�LQVHUW�RU�XSGDWH�URZV�WKDW�FDQQRW�
EH�GLVSOD\HG�E\�WKH�+,*+B&,7,(6�YLHZ��7KH�IROORZLQJ�,16(57�DGGV�D�UHFRUG�IRU�6DQWD�&UX]��
&DOLIRUQLD��DOWLWXGH����IHHW��WR�WKH�&,7,(6�WDEOH�

EXEC SQL

INSERT INTO HIGH_CITIES (CITY, COUNTRY_NAME, ALTITUDE)

VALUES ("Santa Cruz", "United States", "23");

7R�UHVWULFW�LQVHUWV�DQG�XSGDWHV�WKURXJK�D�YLHZ�WR�RQO\�WKRVH�URZV�WKDW�FDQ�EH�VHOHFWHG�E\�WKH�
YLHZ��XVH�WKH�:,7+�&+(&.�237,21�LQ�WKH�YLHZ�GHILQLWLRQ��)RU�H[DPSOH��WKH�IROORZLQJ�
VWDWHPHQW�GHILQHV�WKH�YLHZ��+,*+B&,7,(6��WR�XVH�WKH�:,7+�&+(&.�237,21��8VHUV�ZLWK�
,16(57�DQG�83'$7(�SULYLOHJHV�ZLOO�EH�DEOH�WR�HQWHU�URZV�RQO\�IRU�FLWLHV�ZLWK�DOWLWXGHV�JUHDWHU�
WKDQ�RU�HTXDO�WR�D�KDOI�PLOH�

EXEC SQL

CREATE VIEW HIGH_CITIES AS

SELECT CITY, COUNTRY_NAME, ALTITUDE FROM CITIES

WHERE ALTITUDE > 2640 WITH CHECK OPTION;

Creating an index
64/�SURYLGHV�&5($7(�,1'(;�IRU�HVWDEOLVKLQJ�XVHU�GHILQHG�GDWDEDVH�LQGH[HV��$Q�LQGH[��
EDVHG�RQ�RQH�RU�PRUH�FROXPQV�LQ�D�WDEOH��LV�XVHG�WR�VSHHG�GDWD�UHWULHYDO�IRU�TXHULHV�WKDW�DFFHVV�
WKRVH�FROXPQV��7KH�V\QWD[�IRU�&5($7(�,1'(;�LV�

EXEC SQL

CREATE [UNIQUE] [ASC[ENDING] | DESC[ENDING]] INDEX <index> ON

table (col [, col ...]);

)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�GHILQHV�DQ�LQGH[��1$0(;��IRU�WKH�/$67B1$0(�DQG�
),567B1$0(�FROXPQV�LQ�WKH�(03/2<((�WDEOH�

EXEC SQL

CREATE INDEX NAMEX ON EMPLOYEE (LAST_NAME, FIRST_NAME);

Note ,QWHU%DVH�DXWRPDWLFDOO\�JHQHUDWHV�V\VWHP�OHYHO�LQGH[HV�ZKHQ�WDEOHV�DUH�GHILQHG�XVLQJ�
81,48(�DQG�35,0$5<�.(<�FRQVWUDLQWV��)RU�PRUH�LQIRUPDWLRQ�DERXW�FRQVWUDLQWV��VHH�WKH�
'DWD�'HILQLWLRQ�*XLGH�

6HH�WKH�/DQJXDJH�5HIHUHQFH�IRU�PRUH�LQIRUPDWLRQ�DERXW�&5($7(�,1'(;�V\QWD[�
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4 3UHYHQWLQJ�GXSOLFDWH�LQGH[�HQWULHV
7R�GHILQH�DQ�LQGH[�WKDW�HOLPLQDWHV�GXSOLFDWH�HQWULHV��LQFOXGH�WKH�81,48(�NH\ZRUG�LQ�&5($7(�
,1'(;��7KH�IROORZLQJ�VWDWHPHQW�FUHDWHV�D�XQLTXH�LQGH[��352'7<3(;��RQ�WKH�352-(&7�WDEOH�

EXEC SQL

CREATE UNIQUE INDEX PRODTYPEX ON PROJECT (PRODUCT, PROJ_NAME);

,03257$17 $IWHU�D�XQLTXH�LQGH[�LV�GHILQHG��XVHUV�FDQQRW�LQVHUW�RU�XSGDWH�YDOXHV�LQ�LQGH[HG�FROXPQV�LI�
WKRVH�YDOXHV�DOUHDG\�H[LVW�WKHUH��)RU�XQLTXH�LQGH[HV�GHILQHG�RQ�PXOWLSOH�FROXPQV��OLNH�
352'7<3(;�LQ�WKH�SUHYLRXV�H[DPSOH��WKH�VDPH�YDOXH�FDQ�EH�HQWHUHG�ZLWKLQ�LQGLYLGXDO�
FROXPQV��EXW�WKH�FRPELQDWLRQ�RI�YDOXHV�HQWHUHG�LQ�DOO�FROXPQV�GHILQHG�IRU�WKH�LQGH[�PXVW�
EH�XQLTXH�

4 6SHFLI\LQJ�LQGH[�VRUW�RUGHU
%\�GHIDXOW��64/�VWRUHV�DQ�LQGH[�LQ�DVFHQGLQJ�RUGHU��7R�PDNH�D�GHVFHQGLQJ�VRUW�RQ�D�FROXPQ�
RU�JURXS�RI�FROXPQV�PRUH�HIILFLHQW��XVH�WKH�'(6&(1',1*�NH\ZRUG�WR�GHILQH�WKH�LQGH[��)RU�
H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�FUHDWHV�DQ�LQGH[��&+$1*(;��EDVHG�RQ�WKH�&+$1*(B'$7(�
FROXPQ�LQ�WKH�6$/$5<B+,6725<�WDEOH�

EXEC SQL

CREATE DESCENDING INDEX CHANGEX ON SALARY_HISTORY (CHANGE_DATE);

Note 7R�UHWULHYH�LQGH[HG�GDWD�LQ�GHVFHQGLQJ�RUGHU��XVH�25'(5�%<�LQ�WKH�6(/(&7�VWDWHPHQW�
WR�VSHFLI\�UHWULHYDO�RUGHU�

Creating generators
$�JHQHUDWRU�LV�D�PRQRWRQLFDOO\�LQFUHDVLQJ�RU�GHFUHDVLQJ�QXPHULF�YDOXH�WKDW�LV�LQVHUWHG�LQ�D�ILHOG�
HLWKHU�GLUHFWO\�E\�DQ�64/�VWDWHPHQW�LQ�DQ�DSSOLFDWLRQ�RU�WKURXJK�D�WULJJHU��*HQHUDWRUV�DUH�
RIWHQ�XVHG�WR�SURGXFH�XQLTXH�YDOXHV�WR�LQVHUW�LQWR�D�FROXPQ�XVHG�DV�D�SULPDU\�NH\�

7R�FUHDWH�D�JHQHUDWRU�IRU�XVH�LQ�DQ�DSSOLFDWLRQ��XVH�WKH�IROORZLQJ�&5($7(�*(1(5$725�
V\QWD[�

EXEC SQL

CREATE GENERATOR name;

7KH�IROORZLQJ�VWDWHPHQW�FUHDWHV�D�JHQHUDWRU��(03B12B*(1��WR�VSHFLI\�D�XQLTXH�HPSOR\HH�
QXPEHU�

EXEC SQL

CREATE GENERATOR EMP_NO_GEN;

EXEC SQL

COMMIT;
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2QFH�D�JHQHUDWRU�LV�FUHDWHG��WKH�VWDUWLQJ�YDOXH�IRU�D�JHQHUDWHG�QXPEHU�FDQ�EH�VSHFLILHG�ZLWK�
6(7�*(1(5$725��7R�LQVHUW�D�JHQHUDWHG�QXPEHU�LQ�D�ILHOG��XVH�WKH�,QWHU%DVH�OLEUDU\�
*(1B,'���IXQFWLRQ�LQ�DQ�DVVLJQPHQW�VWDWHPHQW��)RU�PRUH�LQIRUPDWLRQ�DERXW�*(1B,'����
&5($7(�*(1(5$725��DQG�6(7�*(1(5$725��VHH�WKH�'DWD�'HILQLWLRQ�*XLGH�

Dropping metadata
64/�VXSSRUWV�VHYHUDO�VWDWHPHQWV�IRU�GHOHWLQJ�H[LVWLQJ�PHWDGDWD�

g '523�7$%/(��WR�GHOHWH�D�WDEOH�IURP�D�GDWDEDVH
g '523�9,(:��WR�GHOHWH�D�YLHZ�GHILQLWLRQ�IURP�D�GDWDEDVH
g '523�,1'(;��WR�GHOHWH�D�GDWDEDVH�LQGH[
g $/7(5�7$%/(��WR�GHOHWH�FROXPQV�IURP�D�WDEOH

)RU�PRUH�LQIRUPDWLRQ�DERXW�GHOHWLQJ�FROXPQV�ZLWK�$/7(5�7$%/(��VHH� $́OWHULQJ�D�WDEOHµ�RQ�
SDJH ���

Dropping an index
7R�GHOHWH�DQ�LQGH[��XVH�'523�,1'(;��$Q�LQGH[�FDQ�RQO\�EH�GURSSHG�E\�LWV�FUHDWRU��WKH�
6<6'%$��RU�D�XVHU�ZLWK�URRW�SULYLOHJHV��,I�DQ�LQGH[�LV�LQ�XVH�ZKHQ�WKH�GURS�LV�DWWHPSWHG��WKH�
GURS�LV�SRVWSRQHG�XQWLO�WKH�LQGH[�LV�QR�ORQJHU�LQ�XVH��7KH�V\QWD[�RI�'523�,1'(;�LV�

EXEC SQL

DROP INDEX name;

QDPH�LV�WKH�QDPH�RI�WKH�LQGH[�WR�GHOHWH��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�GURSV�WKH�LQGH[��
1((';�

EXEC SQL

DROP INDEX NEEDX;

EXEC SQL

COMMIT;

'HOHWLRQ�IDLOV�LI�WKH�LQGH[�LV�RQ�D�81,48(��35,0$5<�.(<��RU�)25(,*1�.(<�LQWHJULW\�
FRQVWUDLQW��7R�GURS�DQ�LQGH[�RQ�D�81,48(��35,0$5<�.(<��RU�)25(,*1�.(<�LQWHJULW\�
FRQVWUDLQW��ILUVW�GURS�WKH�FRQVWUDLQWV��WKH�FRQVWUDLQHG�FROXPQV��RU�WKH�WDEOH��

)RU�PRUH�LQIRUPDWLRQ�DERXW�'523�,1'(;�DQG�GURSSLQJ�LQWHJULW\�FRQVWUDLQWV��VHH�WKH�'DWD�
'HILQLWLRQ�*XLGH�
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Dropping a view
7R�GHOHWH�D�YLHZ��XVH�'523�9,(:��$�YLHZ�FDQ�RQO\�EH�GURSSHG�E\�LWV�RZQHU��WKH�6<6'%$��RU�
D�XVHU�ZLWK�URRW�SULYLOHJHV��,I�D�YLHZ�LV�LQ�XVH�ZKHQ�D�GURS�LV�DWWHPSWHG��WKH�GURS�LV�SRVWSRQHG�
XQWLO�WKH�YLHZ�LV�QR�ORQJHU�LQ�XVH��7KH�V\QWD[�RI�'523�9,(:�LV�

EXEC SQL

DROP VIEW name;

7KH�IROORZLQJ�VWDWHPHQW�GURSV�WKH�(03/2<((B6$/$5<�YLHZ�

EXEC SQL

DROP VIEW EMPLOYEE_SALARY;

EXEC SQL

COMMIT;

'HOHWLQJ�D�YLHZ�IDLOV�LI�D�YLHZ�LV�XVHG�LQ�DQRWKHU�YLHZ��D�WULJJHU��RU�D�FRPSXWHG�FROXPQ��7R�
GHOHWH�D�YLHZ�WKDW�PHHWV�DQ\�RI�WKHVH�FRQGLWLRQV�

�� 'HOHWH�WKH�RWKHU�YLHZ��WULJJHU��RU�FRPSXWHG�FROXPQ�

�� 'HOHWH�WKH�YLHZ�

)RU�PRUH�LQIRUPDWLRQ�DERXW�'523�9,(:��VHH�WKH�'DWD�'HILQLWLRQ�*XLGH�

Dropping a table
8VH�'523�7$%/(�WR�UHPRYH�D�WDEOH�IURP�D�GDWDEDVH��$�WDEOH�FDQ�RQO\�EH�GURSSHG�E\�LWV�
RZQHU��WKH�6<6'%$��RU�D�XVHU�ZLWK�URRW�SULYLOHJHV��,I�D�WDEOH�LV�LQ�XVH�ZKHQ�D�GURS�LV�DWWHPSWHG��
WKH�GURS�LV�SRVWSRQHG�XQWLO�WKH�WDEOH�LV�QR�ORQJHU�LQ�XVH��7KH�V\QWD[�RI�'523�7$%/(�LV�

EXEC SQL

DROP TABLE name;

QDPH�LV�WKH�QDPH�RI�WKH�WDEOH�WR�GURS��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�GURSV�WKH�
(03/2<((�WDEOH�

EXEC SQL

DROP TABLE EMPLOYEE;

EXEC SQL

COMMIT;

'HOHWLQJ�D�WDEOH�IDLOV�LI�D�WDEOH�LV�XVHG�LQ�D�YLHZ��D�WULJJHU��RU�D�FRPSXWHG�FROXPQ��$�WDEOH�
FDQQRW�EH�GHOHWHG�LI�D�81,48(�RU�35,0$5<�.(<�LQWHJULW\�FRQVWUDLQW�LV�GHILQHG�IRU�LW��DQG�WKH�
FRQVWUDLQW�LV�DOVR�UHIHUHQFHG�E\�D�)25(,*1�.(<�LQ�DQRWKHU�WDEOH��7R�GURS�WKH�WDEOH��ILUVW�GURS�
WKH�)25(,*1�.(<�FRQVWUDLQWV�LQ�WKH�RWKHU�WDEOH��WKHQ�GURS�WKH�WDEOH�
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Note &ROXPQV�ZLWKLQ�D�WDEOH�FDQ�EH�GURSSHG�ZLWKRXW�GURSSLQJ�WKH�UHVW�RI�WKH�WDEOH��)RU�
PRUH�LQIRUPDWLRQ��VHH�´'URSSLQJ�DQ�H[LVWLQJ�FROXPQµ�RQ�SDJH ���

)RU�PRUH�LQIRUPDWLRQ�DERXW�'523�7$%/(��VHH�WKH�'DWD�'HILQLWLRQ�*XLGH�

Altering metadata
0RVW�FKDQJHV�WR�GDWD�GHILQLWLRQV�DUH�PDGH�DW�WKH�WDEOH�OHYHO��DQG�LQYROYH�DGGLQJ�QHZ�FROXPQV�
WR�D�WDEOH��RU�GURSSLQJ�REVROHWH�FROXPQV�IURP�LW��64/�SURYLGHV�$/7(5�7$%/(�WR�DGG�QHZ�
FROXPQV�WR�D�WDEOH�DQG�WR�GURS�H[LVWLQJ�FROXPQV��$�VLQJOH�$/7(5�7$%/(�FDQ�FDUU\�RXW�D�VLQJOH�
RSHUDWLRQ��RU�ERWK�RSHUDWLRQV�

0DNLQJ�FKDQJHV�WR�YLHZV�DQG�LQGH[HV�DOZD\V�UHTXLUHV�WZR�VHSDUDWH�VWDWHPHQWV��

�� 'URS�WKH�H[LVWLQJ�GHILQLWLRQ�

�� &UHDWH�D�QHZ�GHILQLWLRQ�

,I�FXUUHQW�PHWDGDWD�FDQQRW�EH�GURSSHG��UHSODFHPHQW�GHILQLWLRQV�FDQQRW�EH�DGGHG��'URSSLQJ�
PHWDGDWD�FDQ�IDLO�IRU�WKH�IROORZLQJ�UHDVRQV�

g 7KH�SHUVRQ�DWWHPSWLQJ�WR�GURS�PHWDGDWD�LV�QRW�WKH�PHWDGDWD·V�FUHDWRU�
g 64/�LQWHJULW\�FRQVWUDLQWV�DUH�GHILQHG�IRU�WKH�PHWDGDWD�DQG�UHIHUHQFHG�LQ�RWKHU�PHWDGDWD�
g 7KH�PHWDGDWD�LV�XVHG�LQ�DQRWKHU�YLHZ��WULJJHU��RU�FRPSXWHG�FROXPQ�

)RU�PRUH�LQIRUPDWLRQ�DERXW�GURSSLQJ�PHWDGDWD��VHH�´'URSSLQJ�PHWDGDWDµ�RQ�SDJH ���

Altering a table
$/7(5�7$%/(�HQDEOHV�WKH�IROORZLQJ�FKDQJHV�WR�DQ�H[LVWLQJ�WDEOH�

g $GGLQJ�QHZ�FROXPQ�GHILQLWLRQV
g $GGLQJ�QHZ�WDEOH�FRQVWUDLQWV
g'URSSLQJ�H[LVWLQJ�FROXPQ�GHILQLWLRQV
g'URSSLQJ�H[LVWLQJ�WDEOH�FRQVWUDLQWV
g &KDQJLQJ�FROXPQ�GHILQLWLRQV�E\�GURSSLQJ�H[LVWLQJ�GHILQLWLRQV��DQG�DGGLQJ�QHZ�RQHV
g &KDQJLQJ�H[LVWLQJ�WDEOH�FRQVWUDLQWV�E\�GURSSLQJ�H[LVWLQJ�GHILQLWLRQV��DQG�DGGLQJ�QHZ�RQHV

7KH�VLPSOH�V\QWD[�RI�$/7(5�7$%/(�LV�DV�IROORZV�

EXEC SQL
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ALTER TABLE name {ADD colname <datatype> [NOT NULL] 

| DROP colname | ADD CONSTRAINT constraintname tableconstraint 

| DROP CONSTRAINT constraintname};

Note )RU�LQIRUPDWLRQ�DERXW�DGGLQJ��GURSSLQJ��DQG�PRGLI\LQJ�FRQVWUDLQWV�DW�WKH�WDEOH�OHYHO��
VHH�WKH�'DWD�'HILQLWLRQ�*XLGH�

)RU�WKH�FRPSOHWH�V\QWD[�RI�$/7(5�7$%/(��VHH�WKH�/DQJXDJH�5HIHUHQFH�

4 $GGLQJ�D�QHZ�FROXPQ�WR�D�WDEOH
7R�DGG�DQRWKHU�FROXPQ�WR�DQ�H[LVWLQJ�WDEOH��XVH�$/7(5�7$%/(��$�WDEOH�FDQ�RQO\�EH�PRGLILHG�
E\�LWV�FUHDWRU��7KH�V\QWD[�IRU�DGGLQJ�D�FROXPQ�ZLWK�$/7(5�7$%/(�LV�

EXEC SQL

ALTER TABLE name ADD colname <datatype> colconstraint

[, ADD colname datatype colconstraint ...];

)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�DGGV�D�FROXPQ��(03B12��WR�WKH�(03/2<((�WDEOH�

EXEC SQL

ALTER TABLE EMPLOYEE ADD EMP_NO EMPNO NOT NULL;

EXEC SQL

COMMIT;

7KLV�H[DPSOH�PDNHV�XVH�RI�D�GRPDLQ��(0312��WR�GHILQH�D�FROXPQ��)RU�PRUH�LQIRUPDWLRQ�
DERXW�GRPDLQV��VHH�WKH�'DWD�'HILQLWLRQ�*XLGH�

0XOWLSOH�FROXPQV�FDQ�EH�DGGHG�WR�D�WDEOH�DW�WKH�VDPH�WLPH��6HSDUDWH�FROXPQ�GHILQLWLRQV�ZLWK�
FRPPDV��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�DGGV�WZR�FROXPQV��(03B12��DQG�
)8//B1$0(��WR�WKH�(03/2<((�WDEOH��)8//B1$0(�LV�D�FRPSXWHG�FROXPQ��D�FROXPQ�WKDW�
GHULYHV�LW�YDOXHV�IURP�FDOFXODWLRQV�EDVHG�RQ�RWKHU�FROXPQV�

EXEC SQL

ALTER TABLE EMPLOYEE

ADD EMP_NO EMPNO NOT NULL,

ADD FULL_NAME COMPUTED BY (LAST_NAME || ’, ’ || FIRST_NAME);

EXEC SQL

COMMIT;

7KLV�H[DPSOH�FUHDWHV�D�FROXPQ�XVLQJ�D�YDOXH�FRPSXWHG�IURP�WZR�RWKHU�FROXPQV�DOUHDG\�
GHILQHG�IRU�WKH�(03/2<((�WDEOH��)RU�PRUH�LQIRUPDWLRQ�DERXW�FUHDWLQJ�FRPSXWHG�FROXPQV��
VHH�WKH�'DWD�'HILQLWLRQ�*XLGH�

1HZ�FROXPQV�DGGHG�WR�D�WDEOH�FDQ�EH�GHILQHG�ZLWK�LQWHJULW\�FRQVWUDLQWV��)RU�PRUH�
LQIRUPDWLRQ�DERXW�DGGLQJ�FROXPQV�ZLWK�LQWHJULW\�FRQVWUDLQWV�WR�D�WDEOH��VHH�WKH�'DWD�'HILQLWLRQ�
*XLGH�
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4 'URSSLQJ�DQ�H[LVWLQJ�FROXPQ
7R�GHOHWH�D�FROXPQ�GHILQLWLRQ�DQG�LWV�GDWD�IURP�D�WDEOH��XVH�$/7(5�7$%/(��$�FROXPQ�FDQ�RQO\�
EH�GURSSHG�E\�WKH�RZQHU�RI�WKH�WDEOH��WKH�6<6'%$��RU�D�XVHU�ZLWK�URRW�SULYLOHJHV��,I�D�WDEOH�LV�
LQ�XVH�ZKHQ�D�FROXPQ�LV�GURSSHG��WKH�GURS�LV�SRVWSRQHG�XQWLO�WKH�WDEOH�LV�QR�ORQJHU�LQ�XVH��
7KH�V\QWD[�IRU�GURSSLQJ�D�FROXPQ�ZLWK�$/7(5�7$%/(�LV�

EXEC SQL

ALTER TABLE name DROP colname [, colname ...];

)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�GURSV�WKH�(03B12�FROXPQ�IURP�WKH�(03/2<((�WDEOH�

EXEC SQL

ALTER TABLE EMPLOYEE DROP EMP_NO;

EXEC SQL

COMMIT;

0XOWLSOH�FROXPQV�FDQ�EH�GURSSHG�ZLWK�D�VLQJOH�$/7(5�7$%/(��7KH�IROORZLQJ�VWDWHPHQW�
GURSV�WKH�(03B12�DQG�)8//B1$0(�FROXPQV�IURP�WKH�(03/2<((�WDEOH�

EXEC SQL

ALTER TABLE EMPLOYEE

DROP EMP_NO,

DROP FULL_NAME;

EXEC SQL

COMMIT;

'HOHWLQJ�D�FROXPQ�IDLOV�LI�WKH�FROXPQ�LV�SDUW�RI�D�81,48(��35,0$5<�.(<��RU�)25(,*1�.(<�
FRQVWUDLQW��7R�GURS�WKH�FROXPQ��ILUVW�GURS�WKH�FRQVWUDLQW��WKHQ�WKH�FROXPQ�

'HOHWLQJ�D�FROXPQ�DOVR�IDLOV�LI�WKH�FROXPQ�LV�XVHG�E\�D�&+(&.�FRQVWUDLQW�IRU�DQRWKHU�FROXPQ��
7R�GURS�WKH�FROXPQ��ILUVW�GURS�WKH�&+(&.�FRQVWUDLQW��WKHQ�GURS�WKH�FROXPQ�

)RU�PRUH�LQIRUPDWLRQ�DERXW�LQWHJULW\�FRQVWUDLQWV��VHH�WKH�'DWD�'HILQLWLRQ�*XLGH�

40RGLI\LQJ�D�FROXPQ
$Q�H[LVWLQJ�FROXPQ�GHILQLWLRQ�FDQ�EH�PRGLILHG�XVLQJ�$/7(5�7$%/(��EXW�LI�GDWD�DOUHDG\�VWRUHG�
LQ�WKDW�FROXPQ�LV�QRW�SUHVHUYHG�EHIRUH�PDNLQJ�FKDQJHV��LW�ZLOO�EH�ORVW�

3UHVHUYLQJ�GDWD�HQWHUHG�LQ�D�FROXPQ�DQG�PRGLI\LQJ�WKH�GHILQLWLRQ�IRU�D�FROXPQ��LV�D�VL[�VWHS�
SURFHVV�

�� $GGLQJ�D�QHZ��WHPSRUDU\�FROXPQ�WR�WKH�WDEOH�WKDW�PLUURUV�WKH�FXUUHQW�PHWDGDWD�
RI�WKH�FROXPQ�WR�EH�FKDQJHG�

�� &RS\LQJ�WKH�GDWD�IURP�WKH�FROXPQ�WR�EH�FKDQJHG�WR�WKH�QHZO\�FUHDWHG�WHPSRUDU\�
FROXPQ�

�� 'URSSLQJ�WKH�FROXPQ�WR�FKDQJH�
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�� $GGLQJ�D�QHZ�FROXPQ�GHILQLWLRQ��JLYLQJ�LW�WKH�VDPH�QDPH�WKDW�WKH�SUHYLRXVO\�
GURSSHG�FROXPQ�KDG�

�� &RS\LQJ�GDWD�IURP�WKH�WHPSRUDU\�FROXPQ�WR�WKH�UHGHILQHG�FROXPQ�

�� 'URSSLQJ�WKH�WHPSRUDU\�FROXPQ�

)RU�H[DPSOH��VXSSRVH�WKH�(03/2<((�WDEOH�FRQWDLQV�D�FROXPQ��2)),&(B12��GHILQHG�WR�KROG�
D�GDWDW\SH�RI�&+$5�����DQG�VXSSRVH�WKDW�WKH�VL]H�RI�WKH�FROXPQ�QHHGV�WR�EH�LQFUHDVHG�E\�RQH��
7KH�IROORZLQJ�QXPEHUHG�VHTXHQFH�GHVFULEHV�HDFK�VWHS�DQG�SURYLGHV�VDPSOH�FRGH�

�� )LUVW��FUHDWH�D�WHPSRUDU\�FROXPQ�WR�KROG�WKH�GDWD�LQ�2)),&(B12�GXULQJ�WKH�
PRGLILFDWLRQ�SURFHVV�

EXEC SQL

ALTER TABLE EMPLOYEE ADD TEMP_NO CHAR(3);

EXEC SQL

COMMIT;

�� 0RYH�H[LVWLQJ�GDWD�IURP�2)),&(B12�WR�7(03B12�WR�SUHVHUYH�LW�

EXEC SQL

UPDATE EMPLOYEE

SET TEMP_NO = OFFICE_NO;

�� $IWHU�WKH�GDWD�LV�PRYHG��GURS�WKH�2)),&(B12�FROXPQ�

EXEC SQL

ALTER TABLE DROP OFFICE_NO;

EXEC SQL

COMMIT;

�� $GG�D�QHZ�FROXPQ�GHILQLWLRQ�IRU�2)),&(B12��VSHFLI\LQJ�WKH�GDWDW\SH�DQG�
QHZ�VL]H�

EXEC SQL

ALTER TABLE ADD OFFICE_NO CHAR (4);

EXEC SQL

COMMIT;

�� 0RYH�WKH�GDWD�IURP�7(03B12�WR�2)),&(B12�

EXEC SQL

UPDATE EMPLOYEE

SET OFFICE_NO = TEMP_NO;

�� )LQDOO\��GURS�WKH�7(03B12�FROXPQ�

EXEC SQL

ALTER TABLE DROP TEMP_NO;

EXEC SQL

COMMIT;



CHAPTER 5 WORKING WITH DATA DEFINITION STATEMENTS

84 INTERBASE 5

)RU�PRUH�LQIRUPDWLRQ�DERXW�GURSSLQJ�FROXPQ�GHILQLWLRQV��VHH�´'URSSLQJ�DQ�H[LVWLQJ�
FROXPQµ�RQ�SDJH ����)RU�PRUH�LQIRUPDWLRQ�DERXW�DGGLQJ�FROXPQ�GHILQLWLRQV��VHH� $́GGLQJ�D�
QHZ�FROXPQ�WR�D�WDEOHµ�RQ�SDJH ���

Altering a view
7R�FKDQJH�WKH�LQIRUPDWLRQ�SURYLGHG�E\�D�YLHZ��IROORZ�WKHVH�VWHSV�

�� 'URS�WKH�FXUUHQW�YLHZ�GHILQLWLRQ�

�� &UHDWH�D�QHZ�YLHZ�GHILQLWLRQ�DQG�JLYH�LW�WKH�VDPH�QDPH�DV�WKH�GURSSHG�YLHZ�

)RU�H[DPSOH��WKH�IROORZLQJ�YLHZ�LV�GHILQHG�WR�VHOHFW�HPSOR\HH�VDODU\�LQIRUPDWLRQ�

EXEC SQL

CREATE VIEW EMPLOYEE_SALARY AS

SELECT EMP_NO, LAST_NAME, CURRENCY, SALARY

FROM EMPLOYEE, COUNTRY

WHERE EMPLOYEE.COUNTRY_CODE = COUNTRY.CODE;

6XSSRVH�WKH�IXOO�QDPH�RI�HDFK�HPSOR\HH�VKRXOG�EH�GLVSOD\HG�LQVWHDG�RI�WKH�ODVW�QDPH��)LUVW��
GURS�WKH�FXUUHQW�YLHZ�GHILQLWLRQ�

EXEC SQL

DROP EMPLOYEE_SALARY;

EXEC SQL

COMMIT;

7KHQ�FUHDWH�D�QHZ�YLHZ�GHILQLWLRQ�WKDW�GLVSOD\V�HDFK�HPSOR\HH·V�IXOO�QDPH�

EXEC SQL

CREATE VIEW EMPLOYEE_SALARY AS

SELECT EMP_NO, FULL_NAME, CURRENCY, SALARY

FROM EMPLOYEE, COUNTRY

WHERE EMPLOYEE.COUNTRY_CODE = COUNTRY.CODE;

EXEC SQL

COMMIT;

Altering an index
7R�FKDQJH�WKH�GHILQLWLRQ�RI�DQ�LQGH[��IROORZ�WKHVH�VWHSV�

�� 8VH�$/7(5�,1'(;�WR�PDNH�WKH�FXUUHQW�LQGH[�LQDFWLYH�

�� 'URS�WKH�FXUUHQW�LQGH[�
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�� &UHDWH�D�QHZ�LQGH[�DQG�JLYH�LW�WKH�VDPH�QDPH�DV�WKH�GURSSHG�LQGH[�

$Q�LQGH[�LV�XVXDOO\�PRGLILHG�WR�FKDQJH�WKH�FRPELQDWLRQ�RI�FROXPQV�WKDW�DUH�LQGH[HG��WR�
SUHYHQW�RU�DOORZ�LQVHUWLRQ�RI�GXSOLFDWH�HQWULHV��RU�WR�VSHFLI\�LQGH[�VRUW�RUGHU��)RU�H[DPSOH��
JLYHQ�WKH�IROORZLQJ�GHILQLWLRQ�RI�WKH�1$0(;�LQGH[�

EXEC SQL

CREATE INDEX NAMEX ON EMPLOYEE (LAST_NAME, FIRST_NAME);

6XSSRVH�WKHUH�LV�DQ�DGGLWLRQDO�QHHG�WR�SUHYHQW�GXSOLFDWH�HQWULHV�ZLWK�WKH�81,48(�NH\ZRUG��
)LUVW��PDNH�WKH�FXUUHQW�LQGH[�LQDFWLYH��WKHQ�GURS�LW�

EXEC SQL

ALTER INDEX NAMEX INACTIVE;

EXEC SQL

DROP INDEX NAMEX;

EXEC SQL

COMMIT;

7KHQ�FUHDWH�D�QHZ�LQGH[��1$0(;��EDVHG�RQ�WKH�SUHYLRXV�GHILQLWLRQ��WKDW�DOVR�LQFOXGHV�WKH�
81,48(�NH\ZRUG�

EXEC SQL

CREATE UNIQUE INDEX NAMEX ON EMPLOYEE (LAST_NAME, FIRST_NAME);

EXEC SQL

COMMIT

$/7(5�,1'(;�FDQ�EH�XVHG�GLUHFWO\�WR�FKDQJH�DQ�LQGH[·V�VRUW�RUGHU��RU�WR�DGG�WKH�DELOLW\�WR�
KDQGOH�XQLTXH�RU�GXSOLFDWH�HQWULHV��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�FKDQJHV�WKH�1$0(;�
LQGH[�WR�SHUPLW�GXSOLFDWH�HQWULHV�

EXEC SQL

ALTER INDEX NAMEX DUPLICATE;

,03257$17 %H�FDUHIXO�ZKHQ�DOWHULQJ�DQ�LQGH[�GLUHFWO\��)RU�H[DPSOH��FKDQJLQJ�DQ�LQGH[�IURP�VXSSRUWLQJ�
GXSOLFDWH�HQWULHV�WR�RQH�WKDW�UHTXLUHV�XQLTXH�HQWULHV�ZLWKRXW�GLVDEOLQJ�WKH�LQGH[�DQG�
UHFUHDWLQJ�LW�FDQ�UHGXFH�LQGH[�SHUIRUPDQFH�

)RU�PRUH�LQIRUPDWLRQ�DERXW�GURSSLQJ�DQ�LQGH[��VHH�´'URSSLQJ�DQ�LQGH[µ�RQ�SDJH ����)RU�
PRUH�LQIRUPDWLRQ�DERXW�FUHDWLQJ�DQ�LQGH[��VHH�´&UHDWLQJ�DQ�LQGH[µ�RQ�SDJH ���
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7KH�PDMRULW\�RI�64/�VWDWHPHQWV�LQ�DQ�HPEHGGHG�SURJUDP�DUH�GHYRWHG�WR�UHDGLQJ�RU�
PRGLI\LQJ�H[LVWLQJ�GDWD��RU�DGGLQJ�QHZ�GDWD�WR�D�GDWDEDVH��7KLV�FKDSWHU�GHVFULEHV�WKH�W\SHV�
RI�GDWD�UHFRJQL]HG�E\�,QWHU%DVH��DQG�KRZ�WR�UHWULHYH��PRGLI\��DGG��RU�GHOHWH�GDWD�LQ�D�GDWDEDVH�
XVLQJ�64/�H[SUHVVLRQV�DQG�WKH�IROORZLQJ�VWDWHPHQWV�

g 6(/(&7�VWDWHPHQWV�TXHU\�D�GDWDEDVH��WKDW�LV��UHDG�RU�UHWULHYH�H[LVWLQJ�GDWD�IURP�D�GDWDEDVH��
9DULDWLRQV�RI�WKH�6(/(&7�VWDWHPHQW�PDNH�LW�SRVVLEOH�WR�UHWULHYH�

Ã $�VLQJOH�URZ��RU�SDUW�RI�D�URZ��IURP�D�WDEOH��7KLV�RSHUDWLRQ�LV�UHIHUUHG�WR�DV�D�VLQJOHWRQ�VHOHFW�

Ã 0XOWLSOH�URZV��RU�SDUWV�RI�URZV��IURP�D�WDEOH�XVLQJ�D�6(/(&7�ZLWKLQ�D�'(&/$5(�&85625�
VWDWHPHQW�

Ã 5HODWHG�URZV��RU�SDUWV�RI�URZV��IURP�WZR�RU�PRUH�WDEOHV�LQWR�D�YLUWXDO�WDEOH��RU�UHVXOWV�WDEOH��
7KLV�RSHUDWLRQ�LV�UHIHUUHG�WR�DV�D�MRLQ�

Ã $OO�URZV��RU�SDUWV�RI�URZV��IURP�WZR�RU�PRUH�WDEOHV�LQWR�D�YLUWXDO�WDEOH��7KLV�RSHUDWLRQ�LV�
UHIHUUHG�WR�DV�D�XQLRQ�

g ,16(57�VWDWHPHQWV�ZULWH�QHZ�URZV�RI�GDWD�WR�D�WDEOH�
g 83'$7(�VWDWHPHQWV�PRGLI\�H[LVWLQJ�URZV�RI�GDWD�LQ�D�WDEOH�
g '(/(7(�VWDWHPHQWV�UHPRYH�H[LVWLQJ�URZV�RI�GDWD�IURP�D�WDEOH�
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7R�OHDUQ�KRZ�WR�XVH�WKH�6(/(&7�VWDWHPHQW�WR�UHWULHYH�GDWD��VHH�́ 8QGHUVWDQGLQJ�GDWD�UHWULHYDO�
ZLWK�6(/(&7µ�RQ�SDJH �����)RU�LQIRUPDWLRQ�DERXW�UHWULHYLQJ�D�VLQJOH�URZ�ZLWK�6(/(&7��VHH�
´6HOHFWLQJ�D�VLQJOH�URZµ�RQ�SDJH �����)RU�LQIRUPDWLRQ�DERXW�UHWULHYLQJ�PXOWLSOH�URZV��VHH�
´6HOHFWLQJ�PXOWLSOH�URZVµ�RQ�SDJH ����

)RU�LQIRUPDWLRQ�DERXW�XVLQJ�,16(57�WR�ZULWH�QHZ�GDWD�WR�D�WDEOH��VHH�´,QVHUWLQJ�GDWDµ�RQ�
SDJH �����7R�PRGLI\�GDWD�ZLWK�83'$7(��VHH�´8SGDWLQJ�GDWDµ�RQ�SDJH �����7R�UHPRYH�GDWD�
IURP�D�WDEOH�ZLWK�'(/(7(��VHH�´'HOHWLQJ�GDWDµ�RQ�SDJH ����

Supported datatypes
7R�TXHU\�RU�ZULWH�WR�D�WDEOH��LW�LV�QHFHVVDU\�WR�NQRZ�WKH�VWUXFWXUH�RI�WKH�WDEOH��ZKDW�FROXPQV�
LW�FRQWDLQV��DQG�ZKDW�GDWDW\SHV�DUH�GHILQHG�IRU�WKRVH�FROXPQV��,QWHU%DVH�VXSSRUWV�WHQ�
IXQGDPHQWDO�GDWDW\SHV��GHVFULEHG�LQ�WKH�IROORZLQJ�WDEOH�

Name Size Range/Precision Description

Blob Variable None. Blob segment size is limited to 64K. Binary large object. Stores large data, 
such as graphics, text, and digitized voice. 
Basic structural unit: segment. Blob 
subtype describes Blob contents. 

CHAR(n) n characters 1 to 32,767 bytes.

Character set character size determines 
the maximum number of characters that 
can fit in 32K.

Fixed length CHAR or text string type.

Alternate keyword: CHARACTER.

DATE 64 bits 1 Jan 100 to 11 Dec 5941. Also includes time information.

DECIMAL (precision, 
scale)

Variable precision = 1 to 15. Specifies at least 
precision digits of precision to store.

scale = 1 to 15. Specifies number of 
decimal places for storage. Must be less 
than or equal to precision.

Number with a decimal point scale digits 
from the right. For example, DECIMAL(10, 
3) holds numbers accurately in the 
following format:

ppppppp.sss

DOUBLE PRECISION 64 bitsa 1.7 x 10–308 to 1.7 x 10308. Scientific: 15 digits of precision.

FLOAT 32 bits 3.4 x 10–38 to 3.4 x 1038. Single precision: 7 digits of precision. 

INTEGER 32 bits –2,147,483,648 to 2,147,483,647. Signed long (longword). 

TABLE 6.1 Datatypes supported by InterBase
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$�%ORE�LV�XVHG�WR�VWRUH�ODUJH�GDWD�REMHFWV�RI�LQGHWHUPLQDWH�DQG�YDULDEOH�VL]H��VXFK�DV�
ELWPDSSHG�JUDSKLFV�LPDJHV��YHFWRU�GUDZLQJV��VRXQG�ILOHV��FKDSWHU�RU�ERRN�OHQJWK�GRFXPHQWV��
RU�DQ\�RWKHU�NLQG�RI�PXOWLPHGLD�LQIRUPDWLRQ��%HFDXVH�D�%ORE�FDQ�KROG�GLIIHUHQW�NLQGV�RI�
LQIRUPDWLRQ��LW�UHTXLUHV�VSHFLDO�SURFHVVLQJ�IRU�UHDGLQJ�DQG�ZULWLQJ��)RU�PRUH�LQIRUPDWLRQ�
DERXW�%ORE�KDQGOLQJ��VHH�&KDSWHU����´:RUNLQJ�ZLWK�%ORE�'DWD�µ

7KH�'$7(�GDWDW\SH�PD\�UHTXLUH�FRQYHUVLRQ�WR�DQG�IURP�,QWHU%DVH�ZKHQ�HQWHUHG�RU�
PDQLSXODWHG�LQ�D�KRVW�ODQJXDJH�SURJUDP��)RU�PRUH�LQIRUPDWLRQ�DERXW�UHWULHYLQJ�DQG�ZULWLQJ�
GDWHV��VHH�&KDSWHU����´:RUNLQJ�ZLWK�'DWHV�µ

,QWHU%DVH�DOVR�VXSSRUWV�DUUD\V�RI�PRVW�GDWDW\SHV��$Q�DUUD\�LV�D�PDWUL[�RI�LQGLYLGXDO�LWHPV��DOO�
RI�DQ\�VLQJOH�,QWHU%DVH�GDWDW\SH��H[FHSW�%ORE��WKDW�FDQ�EH�KDQGOHG�HLWKHU�DV�D�VLQJOH�HQWLW\��RU�
PDQLSXODWHG�LWHP�E\�LWHP��7R�OHDUQ�PRUH�DERXW�WKH�IOH[LEOH�GDWD�DFFHVV�SURYLGHG�E\�DUUD\V��
VHH�&KDSWHU����´8VLQJ�$UUD\V�µ

)RU�D�FRPSOHWH�GLVFXVVLRQ�RI�,QWHU%DVH�GDWDW\SHV��VHH�WKH�'DWD�'HILQLWLRQ�*XLGH�

NUMERIC (precision, 
scale)

Variable precision = 1 to 15. Specifies exactly 
precision digits of precision to store.

scale = 1 to 15. Specifies number of 
decimal places for storage. Must be less 
than or equal to precision.

Number with a decimal point scale digits 
from the right. For example, 
NUMERIC(10,3) holds numbers accurately 
in the following format:

ppppppp.sss

SMALLINT 16 bits –32,768 to 32,767. Signed short (word).

VARCHAR (n) n characters 1 to 32,765 bytes.

Character set character size determines 
the maximum number of characters that 
can fit in 32K.

Variable length CHAR or text string type. 

Alternate keywords: CHAR VARYING, 
CHARACTER VARYING.

D� �$FWXDO�VL]H�RI�'28%/(�LV�SODWIRUP�GHSHQGHQW��0RVW�SODWIRUPV�VXSSRUW�WKH����ELW�VL]H�

Name Size Range/Precision Description

TABLE 6.1 Datatypes supported by InterBase  (continued)
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Understanding SQL expressions
$OO�64/�GDWD�PDQLSXODWLRQ�VWDWHPHQWV�VXSSRUW�64/�H[SUHVVLRQV��64/�V\QWD[�IRU�FRPSDULQJ�
DQG�HYDOXDWLQJ�FROXPQV��FRQVWDQWV��DQG�KRVW�ODQJXDJH�YDULDEOHV�WR�SURGXFH�D�VLQJOH�YDOXH�

,Q�WKH�6(/(&7�VWDWHPHQW��IRU�H[DPSOH��WKH�:+(5(�FODXVH�LV�XVHG�WR�VSHFLI\�D�VHDUFK�FRQGLWLRQ�
WKDW�GHWHUPLQHV�LI�D�URZ�TXDOLILHV�IRU�UHWULHYDO��7KDW�VHDUFK�FRQGLWLRQ�LV�DQ�64/�H[SUHVVLRQ��
'(/(7(�DQG�83'$7(�DOVR�VXSSRUW�VHDUFK�FRQGLWLRQ�H[SUHVVLRQV��7\SLFDOO\��ZKHQ�DQ�
H[SUHVVLRQ�LV�XVHG�DV�D�VHDUFK�FRQGLWLRQ��WKH�H[SUHVVLRQ�HYDOXDWHV�WR�D�%RROHDQ�YDOXH�WKDW�LV�
7UXH��)DOVH��RU�8QNQRZQ�

64/�H[SUHVVLRQV�FDQ�DOVR�DSSHDU�LQ�WKH�,16(57�VWDWHPHQW�9$/8(�FODXVH�DQG�WKH�83'$7(�
VWDWHPHQW�6(7�FODXVH�WR�VSHFLI\�RU�FDOFXODWH�YDOXHV�WR�LQVHUW�LQWR�D�FROXPQ��:KHQ�LQVHUWLQJ�RU�
XSGDWLQJ�D�QXPHULF�YDOXH�YLD�DQ�H[SUHVVLRQ��WKH�H[SUHVVLRQ�LV�XVXDOO\�DULWKPHWLF��VXFK�DV�
PXOWLSO\LQJ�RQH�QXPEHU�E\�DQRWKHU�WR�SURGXFH�D�QHZ�QXPEHU�ZKLFK�LV�WKHQ�LQVHUWHG�RU�
XSGDWHG�LQ�D�FROXPQ��:KHQ�LQVHUWLQJ�RU�XSGDWLQJ�D�VWULQJ�YDOXH��WKH�H[SUHVVLRQ�PD\�
FRQFDWHQDWH��RU�FRPELQH��WZR�VWULQJV�WR�SURGXFH�D�VLQJOH�VWULQJ�IRU�LQVHUWLRQ�RU�XSGDWLQJ�

7KH�IROORZLQJ�WDEOH�GHVFULEHV�WKH�HOHPHQWV�WKDW�FDQ�EH�XVHG�LQ�H[SUHVVLRQV�

Element Description

Column names Columns from specified tables, against which to search or compare values, or 
from which to calculate values.

Host-language variables Program variables containing changeable values. Host-language variables 
must be preceded by a colon (:).

Constants Hard-coded numbers or quoted strings, like 507 or “Tokyo”.

Concatenation operator ||, used to combine character strings.

Arithmetic operators +, –, *, and /, used to calculate and evaluate values.

Logical operators Keywords, NOT, AND, and OR, used within simple search conditions, or to 
combine simple search conditions to make complex searches. A logical 
operation evaluates to true or false. Usually used only in search conditions.

TABLE 6.2 Elements of SQL expressions
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&RPSOH[�H[SUHVVLRQV�FDQ�EH�FRQVWUXFWHG�E\�FRPELQLQJ�VLPSOH�H[SUHVVLRQV�LQ�GLIIHUHQW�ZD\V��
)RU�H[DPSOH�WKH�IROORZLQJ�:+(5(�FODXVH�XVHV�D�FROXPQ�QDPH��WKUHH�FRQVWDQWV��WKUHH�
FRPSDULVRQ�RSHUDWRUV��DQG�D�VHW�RI�JURXSLQJ�SDUHQWKHVHV�WR�UHWULHYH�RQO\�WKRVH�URZV�IRU�
HPSOR\HHV�ZLWK�VDODULHV�EHWZHHQ���������DQG����������

WHERE DEPARTMENT = "Publications" AND

(SALARY > 60000 AND SALARY < 120000)

$V�DQRWKHU�H[DPSOH��VHDUFK�FRQGLWLRQV�LQ�:+(5(�FODXVHV�RIWHQ�FRQWDLQ�QHVWHG�6(/(&7�
VWDWHPHQWV��RU�VXETXHULHV��,Q�WKH�IROORZLQJ�TXHU\��WKH�:+(5(�FODXVH�FRQWDLQV�D�VXETXHU\�WKDW�
XVHV�WKH�DJJUHJDWH�IXQFWLRQ��$9*����WR�UHWULHYH�D�OLVW�RI�DOO�GHSDUWPHQWV�ZLWK�ELJJHU�WKDQ�
DYHUDJH�VDODULHV�

Comparison operators <, >, <=, >=, =, and <>, used to compare a value on the left side of the 
operator to another on the right. A comparative operation evaluates to true or 
false.

Other, more specialized comparison operators include ALL, ANY, BETWEEN, 
CONTAINING, EXISTS, IN, IS, LIKE, NULL, SINGULAR, SOME, and STARTING WITH. These 
operators can evaluate to True, False, or Unknown. They are usually used only 
in search conditions.

COLLATE clause Comparisons of CHAR and VARCHAR values can sometimes take advantage of a 
COLLATE clause to force the way text values are compared.

Stored procedures Reusable SQL statement blocks that can receive and return parameters, and 
that are stored as part of a database’s metadata. 

Subqueries SELECT statements, typically nested in WHERE clauses, that return values to be 
compared with the result set of the main SELECT statement. 

Parentheses Used to group expressions into hierarchies; operations inside parentheses are 
performed before operations outside them. When parentheses are nested, 
the contents of the innermost set is evaluated first and evaluation proceeds 
outward. 

Date literals String values that can be entered in quotes and be interpreted as date values 
in SELECT, INSERT, and UPDATE operations. Possible strings are ‘TODAY’, ‘NOW’, 
‘YESTERDAY’, and ‘TOMORROW’.

The USER pseudocolumn References the name of the user who is currently logged in. For example, USER 
can be used as a default in a column definition or to enter the current user’s 
name in an INSERT. When a user name is present in a table, it can be referenced 
with USER in SELECT and DELETE statements.

Element Description

TABLE 6.2 Elements of SQL expressions  (continued)
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EXEC SQL

DECLARE WELL_PAID CURSOR FOR

SELECT DEPT_NO

INTO :wellpaid

FROM DEPARTMENT

WHERE SALARY > (SELECT AVG(SALARY) FROM DEPARTMENT);

)RU�PRUH�LQIRUPDWLRQ�DERXW�XVLQJ�VXETXHULHV�WR�VSHFLI\�VHDUFK�FRQGLWLRQV��VHH�´8VLQJ�
VXETXHULHVµ�RQ�SDJH �����)RU�PRUH�LQIRUPDWLRQ�DERXW�DJJUHJDWH�IXQFWLRQV��VHH�´5HWULHYLQJ�
DJJUHJDWH�FROXPQ�LQIRUPDWLRQµ�RQ�SDJH ����

Using the string operator in expressions
7KH�VWULQJ�RSHUDWRU��__��DOVR�UHIHUUHG�WR�DV�D�FRQFDWHQDWLRQ�RSHUDWRU��HQDEOHV�D�VLQJOH�FKDUDFWHU�
VWULQJ�WR�EH�EXLOW�IURP�WZR�RU�PRUH�FKDUDFWHU�VWULQJV��&KDUDFWHU�VWULQJV�FDQ�EH�FRQVWDQWV�RU�
YDOXHV�UHWULHYHG�IURP�D�FROXPQ��)RU�H[DPSOH�

char strbuf[80];

. . .

EXEC SQL

SELECT LAST_NAME || " is the manager of publications."

INTO :strbuf

FROM DEPARTMENT, EMPLOYEE

WHERE DEPT_NO = 5900 AND MNGR_NO = EMP_NO;

7KH�VWULQJ�RSHUDWRU�FDQ�DOVR�EH�XVHG�LQ�,16(57�RU�83'$7(�VWDWHPHQWV�

EXEC SQL

INSERT INTO DEPARTMENT (MANAGER_NAME)

VALUES(:fname || :lname);
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Using arithmetic operators in expressions
7R�FDOFXODWH�QXPHULF�YDOXHV�LQ�H[SUHVVLRQV��,QWHU%DVH�UHFRJQL]HV�IRXU�DULWKPHWLF�RSHUDWRUV�
OLVWHG�LQ�WKH�IROORZLQJ�WDEOH�

$ULWKPHWLF�RSHUDWRUV�DUH�HYDOXDWHG�IURP�OHIW�WR�ULJKW��H[FHSW�ZKHQ�DPELJXLWLHV�DULVH��,Q�WKHVH�
FDVHV��,QWHU%DVH�HYDOXDWHV�RSHUDWLRQV�DFFRUGLQJ�WR�WKH�SUHFHGHQFH�VSHFLILHG�LQ�WKH�WDEOH��IRU�
H[DPSOH��PXOWLSOLFDWLRQV�DUH�SHUIRUPHG�EHIRUH�GLYLVLRQV��DQG�GLYLVLRQV�DUH�SHUIRUPHG�EHIRUH�
VXEWUDFWLRQV��

$ULWKPHWLF�RSHUDWLRQV�DUH�DOZD\V�FDOFXODWHG�EHIRUH�FRPSDULVRQ�DQG�ORJLFDO�RSHUDWLRQV��7R�
FKDQJH�RU�IRUFH�WKH�RUGHU�RI�HYDOXDWLRQ��JURXS�RSHUDWLRQV�LQ�SDUHQWKHVHV��,QWHU%DVH�FDOFXODWHV�
RSHUDWLRQV�ZLWKLQ�SDUHQWKHVHV�ILUVW��,I�SDUHQWKHVHV�DUH�QHVWHG��WKH�HTXDWLRQ�LQ�WKH�LQQHUPRVW�
VHW�LV�WKH�ILUVW�HYDOXDWHG��DQG�WKH�RXWHUPRVW�VHW�LV�HYDOXDWHG�ODVW��)RU�PRUH�LQIRUPDWLRQ�DERXW�
SUHFHGHQFH�DQG�XVLQJ�SDUHQWKHVHV�IRU�JURXSLQJ��VHH�́ 'HWHUPLQLQJ�SUHFHGHQFH�RI�RSHUDWRUVµ�
RQ�SDJH ����

7KH�IROORZLQJ�H[DPSOH�LOOXVWUDWHV�D�:+(5(�FODXVH�VHDUFK�FRQGLWLRQ�WKDW�XVHV�DQ�DULWKPHWLF�
RSHUDWRU�WR�FRPELQH�WKH�YDOXHV�IURP�WZR�FROXPQV��WKHQ�XVHV�D�FRPSDULVRQ�RSHUDWRU�WR�
GHWHUPLQH�LI�WKDW�YDOXH�LV�JUHDWHU�WKDQ����

DECLARE RAINCITIES CURSOR FOR

SELECT CITYNAME, COUNTRYNAME

INTO :cityname, :countryname

FROM CITIES

WHERE JANUARY_RAIN + FEBRUARY_RAIN > 10;

Using logical operators in expressions
/RJLFDO�RSHUDWRUV�FDOFXODWH�D�%RROHDQ�YDOXH��7UXH��)DOVH��RU�8QNQRZQ��EDVHG�RQ�FRPSDULQJ�
SUHYLRXVO\�FDOFXODWHG�VLPSOH�VHDUFK�FRQGLWLRQV�LPPHGLDWHO\�WR�WKH�OHIW�DQG�ULJKW�RI�WKH�
RSHUDWRU��,QWHU%DVH�UHFRJQL]HV�WKUHH�ORJLFDO�RSHUDWRUV��127��$1'��DQG�25�

Operator Purpose
Precedenc
e Operator Purpose

Precedenc
e

* Multiplication 1 + Addition 3

/ Division 2 – Subtraction 4

TABLE 6.3 Arithmetic operators
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127�UHYHUVHV�WKH�VHDUFK�FRQGLWLRQ�LQ�ZKLFK�LW�DSSHDUV��ZKLOH�$1'�DQG�25�DUH�XVHG�WR�
FRPELQH�VLPSOH�VHDUFK�FRQGLWLRQV��)RU�H[DPSOH��WKH�IROORZLQJ�TXHU\�UHWXUQV�DQ\�HPSOR\HH�
ZKRVH�ODVW�QDPH�LV�QRW�´6PLWKµ�

DECLARE NOSMITH CURSOR FOR

SELECT LAST_NAME

INTO :lname

FROM EMPLOYEE

WHERE NOT LNAME = "Smith";

:KHQ�$1'�DSSHDUV�EHWZHHQ�VHDUFK�FRQGLWLRQV��ERWK�VHDUFK�FRQGLWLRQV�PXVW�EH�WUXH�LI�D�URZ�
LV�WR�EH�UHWULHYHG��7KH�IROORZLQJ�TXHU\�UHWXUQV�DQ\�HPSOR\HH�ZKRVH�ODVW�QDPH�LV�QHLWKHU�
´6PLWKµ�QRU�´-RQHVµ�

DECLARE NO_SMITH_OR_JONES CURSOR FOR

SELECT LAST_NAME

INTO :lname

FROM EMPLOYEE

WHERE NOT LNAME = "Smith" AND NOT LNAME = "Jones";

25�VWLSXODWHV�WKDW�RQH�VHDUFK�FRQGLWLRQ�RU�WKH�RWKHU�PXVW�EH�WUXH��)RU�H[DPSOH��WKH�IROORZLQJ�
TXHU\�UHWXUQV�DQ\�HPSOR\HH�QDPHG�´6PLWKµ�RU�´-RQHVµ�

DECLARE ALL_SMITH_JONES CURSOR FOR

SELECT LAST_NAME, FIRST_NAME

INTO :lname, :fname

FROM EMPLOYEE

WHERE LNAME = "Smith" OR LNAME = "Jones";

7KH�RUGHU�LQ�ZKLFK�FRPELQHG�VHDUFK�FRQGLWLRQV�DUH�HYDOXDWHG�LV�GLFWDWHG�E\�WKH�SUHFHGHQFH�
RI�WKH�RSHUDWRUV�WKDW�FRQQHFW�WKHP��$�127�FRQGLWLRQ�LV�HYDOXDWHG�EHIRUH�$1'��DQG�$1'�LV�
HYDOXDWHG�EHIRUH�25��3DUHQWKHVHV�FDQ�EH�XVHG�WR�FKDQJH�WKH�RUGHU�RI�HYDOXDWLRQ��)RU�PRUH�
LQIRUPDWLRQ�DERXW�SUHFHGHQFH�DQG�XVLQJ�SDUHQWKHVHV�IRU�JURXSLQJ��VHH�´'HWHUPLQLQJ�
SUHFHGHQFH�RI�RSHUDWRUVµ�RQ�SDJH ����

Using comparison operators in expressions
&RPSDULVRQ�RSHUDWRUV�HYDOXDWH�WR�D�%RROHDQ�YDOXH��7UXH��)DOVH��RU�8QNQRZQ��EDVHG�RQ�D�WHVW�
IRU�D�VSHFLILF�UHODWLRQVKLS�EHWZHHQ�D�YDOXH�WR�WKH�OHIW�RI�WKH�RSHUDWRU��DQG�D�YDOXH�RU�UDQJH�RI�
YDOXHV�WR�WKH�ULJKW�RI�WKH�RSHUDWRU��9DOXHV�FRPSDUHG�PXVW�HYDOXDWH�WR�WKH�VDPH�GDWDW\SH��
XQOHVV�WKH�&$67���IXQFWLRQ�LV�XVHG�WR�WUDQVODWH�RQH�GDWDW\SH�WR�D�GLIIHUHQW�RQH�IRU�FRPSDULVRQ��
9DOXHV�FDQ�EH�FROXPQV��FRQVWDQWV��RU�FDOFXODWHG�YDOXHV�

7KH�IROORZLQJ�WDEOH�OLVWV�RSHUDWRUV�WKDW�FDQ�EH�XVHG�LQ�VWDWHPHQWV��GHVFULEHV�KRZ�WKH\�DUH�
XVHG��DQG�SURYLGHV�VDPSOHV�RI�WKHLU�XVH�
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Note &RPSDULVRQV�HYDOXDWH�WR�8QNQRZQ�LI�D�18//�YDOXH�LV�HQFRXQWHUHG��

)RU�PRUH�LQIRUPDWLRQ�DERXW�&$67����VHH�´8VLQJ�&$67���IRU�GDWDW\SH�FRQYHUVLRQVµ�RQ�
SDJH ����

,QWHU%DVH�DOVR�VXSSRUWV�FRPSDULVRQ�RSHUDWRUV�WKDW�FRPSDUH�D�YDOXH�RQ�WKH�OHIW�RI�WKH�
RSHUDWRU�WR�WKH�UHVXOWV�RI�D�VXETXHU\�WR�WKH�ULJKW�RI�WKH�RSHUDWRU��7KH�IROORZLQJ�WDEOH�OLVWV�
WKHVH�RSHUDWRUV��DQG�GHVFULEHV�KRZ�WKH\�DUH�XVHG�

)RU�PRUH�LQIRUPDWLRQ�DERXW�XVLQJ�VXETXHULHV��VHH�´8VLQJ�VXETXHULHVµ�RQ�SDJH ����

4 8VLQJ�%(7:((1
%(7:((1�WHVWV�ZKHWKHU�D�YDOXH�IDOOV�ZLWKLQ�D�UDQJH�RI�YDOXHV��7KH�FRPSOHWH�V\QWD[�IRU�WKH�
%(7:((1�RSHUDWRU�LV�

<value> [NOT] BETWEEN <value> AND <value>

)RU�H[DPSOH��WKH�IROORZLQJ�FXUVRU�GHFODUDWLRQ�UHWULHYHV�/$67B1$0(�DQG�),567B1$0(�
FROXPQV�IRU�HPSOR\HHV�ZLWK�VDODULHV�EHWZHHQ����������DQG�����������LQFOXVLYH�

EXEC SQL

DECLARE LARGE_SALARIES CURSOR FOR

SELECT LAST_NAME, FIRST_NAME

FROM EMPLOYEE

WHERE SALARY BETWEEN 100000 AND 250000;

8VH�127�%(7:((1�WR�WHVW�ZKHWKHU�D�YDOXH�IDOOV�RXWVLGH�D�UDQJH�RI�YDOXHV��)RU�H[DPSOH��WKH�
IROORZLQJ�FXUVRU�GHFODUDWLRQ�UHWULHYHV�WKH�QDPHV�RI�HPSOR\HHV�ZLWK�VDODULHV�OHVV�WKDQ���������
DQG�JUHDWHU�WKDQ����������

EXEC SQL

DECLARE EXTREME_SALARIES CURSOR FOR

SELECT LAST_NAME, FIRST_NAME

FROM EMPLOYEE

WHERE SALARY NOT BETWEEN 30000 AND 150000;

Operator Purpose

ALL Determines if a value is equal to all values returned by a subquery.

ANY and SOME Determines if a value is equal to any values returned by a subquery.

EXISTS Determines if a value exists in at least one value returned by a subquery.

SINGULAR Determines if a value exists in exactly one value returned by a subquery.

TABLE 6.4 InterBase comparison operators requiring subqueries
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4 8VLQJ�&217$,1,1*
&217$,1,1*�WHVWV�WR�VHH�LI�DQ�$6&,,�VWULQJ�YDOXH�FRQWDLQV�D�TXRWHG�$6&,,�VWULQJ�VXSSOLHG�
E\�WKH�SURJUDP��6WULQJ�FRPSDULVRQV�DUH�FDVH�LQVHQVLWLYH��´6WULQJµ��´675,1*µ��DQG�´VWULQJµ�
DUH�HTXLYDOHQW�YDOXHV�IRU�&217$,1,1*��7KH�FRPSOHWH�V\QWD[�IRU�&217$,1,1*�LV�

<value> [NOT] CONTAINING "<string>"

)RU�H[DPSOH��WKH�IROORZLQJ�FXUVRU�GHFODUDWLRQ�UHWULHYHV�WKH�QDPHV�RI�DOO�HPSOR\HHV�ZKRVH�ODVW�
QDPHV�FRQWDLQ�WKH�WKUHH�OHWWHU�FRPELQDWLRQ��´ODVµ��DQG�´/$6µ�RU�´/DVµ��

EXEC SQL

DECLARE LAS_EMP CURSOR FOR

SELECT LAST_NAME, FIRST_NAME

FROM EMPLOYEE

WHERE LAST_NAME CONTAINING "las";

8VH�127�&217$,1,1*�WR�WHVW�IRU�VWULQJV�WKDW�H[FOXGH�D�VSHFLILHG�YDOXH��)RU�H[DPSOH��WKH�
IROORZLQJ�FXUVRU�GHFODUDWLRQ�UHWULHYHV�WKH�QDPHV�RI�DOO�HPSOR\HHV�ZKRVH�ODVW�QDPHV�GR�QRW�
FRQWDLQ�´ODVµ��DOVR�´/$6µ�RU�´/DVµ��

EXEC SQL

DECLARE NOT_LAS_EMP CURSOR FOR

SELECT LAST_NAME, FIRST_NAME

FROM EMPLOYEE

WHERE LAST_NAME NOT CONTAINING "las";

7,3 &217$,1,1*�FDQ�EH�XVHG�WR�VHDUFK�D�%ORE�VHJPHQW�E\�VHJPHQW�IRU�DQ�RFFXUUHQFH�RI�D�
TXRWHG�VWULQJ�

4 8VLQJ�,1
,1�WHVWV�WKDW�D�NQRZQ�YDOXH�HTXDOV�DW�OHDVW�RQH�YDOXH�LQ�D�OLVW�RI�YDOXHV��$�OLVW�LV�D�VHW�RI�YDOXHV�
VHSDUDWHG�E\�FRPPDV�DQG�HQFORVHG�E\�SDUHQWKHVHV��7KH�YDOXHV�LQ�WKH�OLVW�PXVW�EH�
SDUHQWKHVL]HG�DQG�VHSDUDWHG�E\�FRPPDV��,I�WKH�YDOXH�EHLQJ�FRPSDUHG�WR�D�OLVW�RI�YDOXHV�LV�
18//��,1�UHWXUQV�8QNQRZQ��

7KH�V\QWD[�IRU�,1�LV�

<value> [NOT] IN (<value> [, <value> ...])

)RU�H[DPSOH��WKH�IROORZLQJ�FXUVRU�GHFODUDWLRQ�UHWULHYHV�WKH�QDPHV�RI�DOO�HPSOR\HHV�LQ�WKH�
DFFRXQWLQJ��SD\UROO��DQG�KXPDQ�UHVRXUFHV�GHSDUWPHQWV�

EXEC SQL

DECLARE ACCT_PAY_HR CURSOR FOR

SELECT DEPARTMENT, LAST_NAME, FIRST_NAME, EMP_NO

FROM EMPLOYEE EMP, DEPTARTMENT DEP
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WHERE EMP.DEPT_NO = DEP.DEPT_NO AND

DEPARTMENT IN ("Accounting", "Payroll", "Human Resources")

GROUP BY DEPARTMENT;

8VH�127�,1�WR�WHVW�WKDW�D�YDOXH�GRHV�QRW�RFFXU�LQ�D�VHW�RI�VSHFLILHG�YDOXHV��)RU�H[DPSOH��WKH�
IROORZLQJ�FXUVRU�GHFODUDWLRQ�UHWULHYHV�WKH�QDPHV�RI�DOO�HPSOR\HHV�QRW�LQ�WKH�DFFRXQWLQJ��
SD\UROO��DQG�KXPDQ�UHVRXUFHV�GHSDUWPHQWV�

EXEC SQL

DECLARE NOT_ACCT_PAY_HR CURSOR FOR

SELECT DEPARTMENT, LAST_NAME, FIRST_NAME, EMP_NO

FROM EMPLOYEE EMP, DEPTARTMENT DEP

WHERE EMP.DEPT_NO = DEP.DEPT_NO AND

DEPARTMENT NOT IN ("Accounting", "Payroll",

 "Human Resources")

GROUP BY DEPARTMENT;

,1�FDQ�DOVR�EH�XVHG�WR�FRPSDUH�D�YDOXH�DJDLQVW�WKH�UHVXOWV�RI�D�VXETXHU\��)RU�H[DPSOH��WKH�
IROORZLQJ�FXUVRU�GHFODUDWLRQ�UHWULHYHV�DOO�FLWLHV�LQ�(XURSH�

EXEC SQL

DECLARE NON_JFG_CITIES CURSOR FOR

SELECT C.COUNTRY, C.CITY, C.POPULATION

FROM CITIES C

WHERE C.COUNTRY NOT IN (SELECT O.COUNTRY FROM COUNTRIES O

WHERE O.CONTINENT <> "Europe")

GROUP BY C.COUNTRY;

)RU�PRUH�LQIRUPDWLRQ�DERXW�VXETXHULHV��VHH�´8VLQJ�VXETXHULHVµ�RQ�SDJH ����

4 8VLQJ�/,.(
/,.(�LV�D�FDVH�VHQVLWLYH�RSHUDWRU�WKDW�WHVWV�D�VWULQJ�YDOXH�DJDLQVW�D�VWULQJ�FRQWDLQLQJ�ZLOGFDUGV��
V\PEROV�WKDW�VXEVWLWXWH�IRU�D�VLQJOH��YDULDEOH�FKDUDFWHU��RU�D�VWULQJ�RI�YDULDEOH�FKDUDFWHUV��/,.(�
UHFRJQL]HV�WZR�ZLOGFDUG�V\PEROV�

g���SHUFHQW��VXEVWLWXWHV�IRU�D�VWULQJ�RI�]HUR�RU�PRUH�FKDUDFWHUV�
g B��XQGHUVFRUH��VXEVWLWXWHV�IRU�D�VLQJOH�FKDUDFWHU�

7KH�V\QWD[�IRU�/,.(�LV�

<value> [NOT] LIKE <value> [ESCAPE "symbol"]

)RU�H[DPSOH��WKLV�FXUVRU�UHWULHYHV�LQIRUPDWLRQ�DERXW�DQ\�HPSOR\HH�ZKRVH�ODVW�QDPHV�FRQWDLQ�
WKH�WKUHH�OHWWHU�FRPELQDWLRQ�´WRQµ��EXW�QRW�´7RQµ��

EXEC SQL

DECLARE TON_EMP CURSOR FOR
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SELECT LAST_NAME, FIRST_NAME, EMP_NO

FROM EMPLOYEE

WHERE LAST_NAME LIKE "%ton%";

7R�WHVW�IRU�D�VWULQJ�WKDW�FRQWDLQV�D�SHUFHQW�RU�XQGHUVFRUH�FKDUDFWHU�

�� 3UHFHGH�WKH ��RU�B�ZLWK�DQRWKHU�V\PERO��IRU�H[DPSOH��#���LQ�WKH�TXRWHG�
FRPSDULVRQ�VWULQJ�

�� 8VH�WKH�(6&$3(�FODXVH�WR�LGHQWLI\�WKH�V\PERO��#��LQ�WKLV�FDVH��SUHFHGLQJ ��RU�
B�DV�D�OLWHUDO�V\PERO��$�OLWHUDO�V\PERO�WHOOV�,QWHU%DVH�WKDW�WKH�QH[W�FKDUDFWHU�VKRXOG�
EH�LQFOXGHG�DV�LV�LQ�WKH�VHDUFK�VWULQJ�

)RU�H[DPSOH��WKLV�FXUVRU�UHWULHYHV�DOO�WDEOH�QDPHV�LQ�5'%�5(/$7,216�WKDW�KDYH�XQGHUVFRUHV�
LQ�WKHLU�QDPHV�

EXEC SQL

DECLARE UNDER_TABLE CURSOR FOR

SELECT RDB$RELATION_NAME

FROM RDB$RELATIONS

WHERE RDB$RELATION_NAME LIKE "%@_%" ESCAPE "@";

8VH�127�/,.(�WR�UHWULHYH�URZV�WKDW�GR�QRW�FRQWDLQ�VWULQJV�PDWFKLQJ�WKRVH�GHVFULEHG��)RU�
H[DPSOH��WKH�IROORZLQJ�FXUVRU�UHWULHYHV�DOO�WDEOH�QDPHV�LQ�5'%�5(/$7,216�WKDW�GR�QRW�KDYH�
XQGHUVFRUHV�LQ�WKHLU�QDPHV�

EXEC SQL

DECLARE NOT_UNDER_TABLE CURSOR FOR

SELECT RDB$RELATION_NAME

FROM RDB$RELATIONS

WHERE RDB$RELATION_NAME NOT LIKE "%@_%" ESCAPE "@";

4 8VLQJ�,6�18//
,6�18//�WHVWV�IRU�WKH�DEVHQFH�RI�D�YDOXH�LQ�D�FROXPQ��7KH�FRPSOHWH�V\QWD[�RI�WKH�,6�18//�
FODXVH�LV�

<value> IS [NOT] NULL

)RU�H[DPSOH��WKH�IROORZLQJ�FXUVRU�UHWULHYHV�WKH�QDPHV�RI�HPSOR\HHV�ZKR�GR�QRW�KDYH�SKRQH�
H[WHQVLRQV�

EXEC SQL

DECLARE MISSING_PHONE CURSOR FOR

SELECT LAST_NAME, FIRST_NAME

FROM EMPLOYEE

WHERE PHONE_EXT IS NULL;

8VH�,6�127�18//�WR�WHVW�WKDW�D�FROXPQ�FRQWDLQV�D�YDOXH��)RU�H[DPSOH��WKH�IROORZLQJ�FXUVRU�
UHWULHYHV�WKH�SKRQH�QXPEHUV�RI�DOO�HPSOR\HHV�WKDW�KDYH�SKRQH�H[WHQVLRQV�
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EXEC SQL

DECLARE PHONE_LIST CURSOR FOR

SELECT LAST_NAME, FIRST_NAME, PHONE_EXT

FROM EMPLOYEE

WHERE PHONE_EXT IS NOT NULL

ORDER BY LAST_NAME, FIRST_NAME;

4 8VLQJ�67$57,1*�:,7+
67$57,1*�:,7+�LV�D�FDVH�VHQVLWLYH�RSHUDWRU�WKDW�WHVWV�D�VWULQJ�YDOXH�WR�VHH�LI�LW�EHJLQV�ZLWK�D�
VWLSXODWHG�VWULQJ�RI�FKDUDFWHUV��7R�VXSSRUW�LQWHUQDWLRQDO�FKDUDFWHU�VHW�FRQYHUVLRQV��67$57,1*�
:,7+�IROORZV�E\WH�PDWFKLQJ�UXOHV�IRU�WKH�VSHFLILHG�FROODWLRQ�RUGHU��7KH�FRPSOHWH�V\QWD[�IRU�
67$57,1*�:,7+�LV�

<value> [NOT] STARTING WITH <value>

)RU�H[DPSOH��WKH�IROORZLQJ�FXUVRU�UHWULHYHV�HPSOR\HH�ODVW�QDPHV�WKDW�VWDUW�ZLWK�´7Rµ�

EXEC SQL

DECLARE TO_EMP CURSOR FOR

SELECT LAST_NAME, FIRST_NAME

FROM EMPLOYEE

WHERE LAST_NAME STARTING WITH "To";

8VH�127�67$57,1*�:,7+�WR�UHWULHYH�LQIRUPDWLRQ�IRU�FROXPQV�WKDW�GR�QRW�EHJLQ�ZLWK�WKH�
VWLSXODWHG�VWULQJ��)RU�H[DPSOH��WKH�IROORZLQJ�FXUVRU�UHWULHYHV�DOO�HPSOR\HHV�H[FHSW�WKRVH�
ZKRVH�ODVW�QDPHV�VWDUW�ZLWK�´7Rµ�

EXEC SQL

DECLARE NOT_TO_EMP CURSOR FOR

SELECT LAST_NAME, FIRST_NAME

FROM EMPLOYEE

WHERE LAST_NAME NOT STARTING WITH "To";

)RU�PRUH�LQIRUPDWLRQ�DERXW�FROODWLRQ�RUGHU�DQG�E\WH�PDWFKLQJ�UXOHV��VHH�WKH�'DWD�'HILQLWLRQ�
*XLGH�

4 8VLQJ�$//
$//�WHVWV�WKDW�D�YDOXH�LV�WUXH�ZKHQ�FRPSDUHG�WR�HYHU\�YDOXH�LQ�D�OLVW�UHWXUQHG�E\�D�VXETXHU\��
7KH�FRPSOHWH�V\QWD[�IRU�$//�LV�

<value> <comparison_operator> ALL (<subquery>)

)RU�H[DPSOH��WKH�IROORZLQJ�FXUVRU�UHWULHYHV�LQIRUPDWLRQ�DERXW�HPSOR\HHV�ZKRVH�VDODULHV�DUH�
ODUJHU�WKDQ�WKDW�RI�WKH�YLFH�SUHVLGHQW�RI�FKDQQHO�PDUNHWLQJ�

EXEC SQL

DECLARE MORE_THAN_VP CURSOR FOR
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SELECT LAST_NAME, FIRST_NAME, SALARY

FROM EMPLOYEE

WHERE SALARY > ALL (SELECT SALARY FROM EMPLOYEE

WHERE DEPT_NO = 7734);

$//�UHWXUQV�8QNQRZQ�LI�WKH�VXETXHU\�UHWXUQV�D�18//�YDOXH��,W�FDQ�DOVR�UHWXUQ�8QNQRZQ�LI�
WKH�YDOXH�WR�EH�FRPSDUHG�LV�18//�DQG�WKH�VXETXHU\�UHWXUQV�DQ\�QRQ�18//�GDWD��,I�WKH�YDOXH�
LV�18//�DQG�WKH�VXETXHU\�UHWXUQV�DQ�HPSW\�VHW��$//�HYDOXDWHV�WR�7UXH�

)RU�PRUH�LQIRUPDWLRQ�DERXW�VXETXHULHV��VHH�´8VLQJ�VXETXHULHVµ�RQ�SDJH ����

4 8VLQJ�$1<�DQG�620(
$1<�DQG�620(�WHVW�WKDW�D�YDOXH�LV�WUXH�LI�LW�PDWFKHV�DQ\�YDOXH�LQ�D�OLVW�UHWXUQHG�E\�D�VXETXHU\��
7KH�FRPSOHWH�V\QWD[�IRU�$1<�LV�

<value> <comparison_operator> ANY | SOME (<subquery>)

)RU�H[DPSOH��WKH�IROORZLQJ�FXUVRU�UHWULHYHV�LQIRUPDWLRQ�DERXW�VDODULHV�WKDW�DUH�ODUJHU�WKDQ�DW�
OHDVW�RQH�VDODU\�LQ�WKH�FKDQQHO�PDUNHWLQJ�GHSDUWPHQW�

EXEC SQL

DECLARE MORE_CHANNEL CURSOR FOR

SELECT LAST_NAME, FIRST_NAME, SALARY

FROM EMPLOYEE

WHERE SALARY > ANY (SELECT SALARY FROM EMPLOYEE

WHERE DEPT_NO = 7734);

$1<�DQG�620(�UHWXUQ�8QNQRZQ�LI�WKH�VXETXHU\�UHWXUQV�D�18//�YDOXH��7KH\�FDQ�DOVR�UHWXUQ�
8QNQRZQ�LI�WKH�YDOXH�WR�EH�FRPSDUHG�LV�18//�DQG�WKH�VXETXHU\�UHWXUQV�DQ\�QRQ�18//�GDWD��
,I�WKH�YDOXH�LV�18//�DQG�WKH�VXETXHU\�UHWXUQV�DQ�HPSW\�VHW��$1<�DQG�620(�HYDOXDWH�WR�)DOVH�

)RU�PRUH�LQIRUPDWLRQ�DERXW�VXETXHULHV��VHH�´8VLQJ�VXETXHULHVµ�RQ�SDJH ����

4 8VLQJ�(;,676
(;,676�WHVWV�WKDW�IRU�D�JLYHQ�YDOXH�WKHUH�LV�DW�OHDVW�RQH�TXDOLI\LQJ�URZ�PHHWLQJ�WKH�VHDUFK�
FRQGLWLRQ�VSHFLILHG�LQ�D�VXETXHU\��7KH�6(/(&7�FODXVH�LQ�WKH�VXETXHU\�PXVW�XVH�WKH�
�
�DVWHULVN��WR�VHOHFW�DOO�FROXPQV��7KH�FRPSOHWH�V\QWD[�IRU�(;,676�LV�

[NOT] EXISTS (SELECT * FROM <tablelist> WHERE <search_condition>)

7KH�IROORZLQJ�FXUVRU�UHWULHYHV�DOO�FRXQWULHV�ZLWK�ULYHUV�

EXEC SQL

DECLARE RIVER_COUNTRIES CURSOR FOR

SELECT COUNTRY

FROM COUNTRIES C
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WHERE EXISTS (SELECT * FROM RIVERS R

WHERE R.COUNTRY = C.COUNTRY);

8VH�127�(;,676�WR�UHWULHYH�URZV�WKDW�GR�QRW�PHHW�WKH�TXDOLI\LQJ�FRQGLWLRQ�VSHFLILHG�LQ�WKH�
VXETXHU\��7KH�IROORZLQJ�FXUVRU�UHWULHYHV�DOO�FRXQWULHV�ZLWKRXW�ULYHUV�

EXEC SQL

DECLARE NON_RIVER_COUNTRIES COUNTRIES FOR

SELECT COUNTRY

FROM COUNTRIES C

WHERE NOT EXISTS (SELECT * FROM RIVERS R

WHERE R.COUNTRY = C.COUNTRY);

(;,676�DOZD\V�UHWXUQV�HLWKHU�7UXH�RU�)DOVH��HYHQ�ZKHQ�KDQGOLQJ�18//�YDOXHV�

)RU�PRUH�LQIRUPDWLRQ�DERXW�VXETXHULHV��VHH�´8VLQJ�VXETXHULHVµ�RQ�SDJH ����

4 8VLQJ�6,1*8/$5
6,1*8/$5�WHVWV�WKDW�IRU�D�JLYHQ�YDOXH�WKHUH�LV�H[DFWO\�RQH�TXDOLI\LQJ�URZ�PHHWLQJ�WKH�VHDUFK�
FRQGLWLRQ�VSHFLILHG�LQ�D�VXETXHU\��7KH�6(/(&7�FODXVH�LQ�WKH�VXETXHU\�PXVW�XVH�WKH�
�
�DVWHULVN��WR�VHOHFW�DOO�FROXPQV��7KH�FRPSOHWH�V\QWD[�IRU�6,1*8/$5�LV�

[NOT] SINGULAR (SELECT * FROM <tablelist> WHERE <search_condition>)

7KH�IROORZLQJ�FXUVRU�UHWULHYHV�DOO�FRXQWULHV�ZLWK�D�VLQJOH�FDSLWDO�

EXEC SQL

DECLARE SINGLE_CAPITAL CURSOR FOR

SELECT COUNTRY

FROM COUNTRIES COU

WHERE SINGULAR (SELECT * FROM CITIES CIT

WHERE CIT.CITY = COU.CAPITAL);

8VH�127�6,1*8/$5�WR�UHWULHYH�URZV�WKDW�GR�QRW�PHHW�WKH�TXDOLI\LQJ�FRQGLWLRQ�VSHFLILHG�LQ�
WKH�VXETXHU\��)RU�H[DPSOH��WKH�IROORZLQJ�FXUVRU�UHWULHYHV�DOO�FRXQWULHV�ZLWK�PRUH�WKDQ�RQH�
FDSLWDO�

EXEC SQL

DECLARE MULTI_CAPITAL CURSOR FOR

SELECT COUNTRY

FROM COUNTRIES COU

WHERE NOT SINGULAR (SELECT * FROM CITIES CIT

WHERE CIT.CITY = COU.CAPITAL);

)RU�PRUH�LQIRUPDWLRQ�DERXW�VXETXHULHV��VHH�´8VLQJ�VXETXHULHVµ�RQ�SDJH ����
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Determining precedence of operators
7KH�RUGHU�LQ�ZKLFK�RSHUDWRUV�DQG�WKH�YDOXHV�WKH\�DIIHFW�DUH�HYDOXDWHG�LQ�D�VWDWHPHQW�LV�FDOOHG�
SUHFHGHQFH��7KHUH�DUH�WZR�OHYHOV�RI�SUHFHGHQFH�IRU�64/�RSHUDWRUV�

g 3UHFHGHQFH�DPRQJ�RSHUDWRUV�RI�GLIIHUHQW�W\SHV�
g 3UHFHGHQFH�DPRQJ�RSHUDWRUV�RI�WKH�VDPH�W\SH�

4 3UHFHGHQFH�DPRQJ�RSHUDWRUV

AMONG OPERATORS OF DIFFERENT TYPES

7KH�IROORZLQJ�WDEOH�OLVWV�WKH�HYDOXDWLRQ�RUGHU�RI�GLIIHUHQW�,QWHU%DVH�RSHUDWRU�W\SHV��IURP�ILUVW�
HYDOXDWHG��KLJKHVW�SUHFHGHQFH��WR�ODVW�HYDOXDWHG��ORZHVW�SUHFHGHQFH��

AMONG OPERATORS OF THE SAME TYPE

:KHQ�DQ�H[SUHVVLRQ�FRQWDLQV�VHYHUDO�RSHUDWRUV�RI�WKH�VDPH�W\SH��WKRVH�RSHUDWRUV�DUH�
HYDOXDWHG�IURP�OHIW�WR�ULJKW�XQOHVV�WKHUH�LV�D�FRQIOLFW�ZKHUH�WZR�RSHUDWRUV�RI�WKH�VDPH�W\SH�
DIIHFW�WKH�VDPH�YDOXHV�

)RU�H[DPSOH��LQ�WKH�PDWKHPDWLFDO�HTXDWLRQ��������
����ERWK�WKH�DGGLWLRQ�DQG�PXOWLSOLFDWLRQ�
RSHUDWRUV�ZRUN�ZLWK�WKH�VDPH�YDOXH�����(YDOXDWHG�IURP�OHIW�WR�ULJKW��WKH�HTXDWLRQ�HYDOXDWHV�WR�
��������� ������
��� �����,QWHU%DVH�IROORZV�VWDQGDUG�PDWKHPDWLFDO�UXOHV�IRU�HYDOXDWLQJ�
PDWKHPDWLFDO�H[SUHVVLRQV��WKDW�VWLSXODWH�PXOWLSOLFDWLRQ�LV�SHUIRUPHG�EHIRUH�DGGLWLRQ����
�� �
����������� ����

Operator type Precedence Explanation

String Highest Strings are always concatenated before all other operations take 
place.

Mathematical ? Math is performed after string concatenation, but before 
comparison and logical operations.

Comparison ? Comparison operations are evaluated after string concatenation 
and math, but before logical operations.

Logical Lowest Logical operations are evaluated after all other operations.

TABLE 6.5 Operator precedence by operator type
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7KH�IROORZLQJ�WDEOH�OLVWV�WKH�HYDOXDWLRQ�RUGHU�IRU�DOO�PDWKHPDWLFDO�RSHUDWRUV��IURP�KLJKHVW�WR�
ORZHVW�

,QWHU%DVH�DOVR�IROORZV�UXOHV�IRU�GHWHUPLQLQJ�WKH�RUGHU�LQ�ZKLFK�FRPSDULVRQ�RSHUDWRUV�DUH�
HYDOXDWHG�ZKHQ�FRQIOLFWV�DULVH�GXULQJ�QRUPDO�OHIW�WR�ULJKW�HYDOXDWLRQ��7KH�QH[W�WDEOH�GHVFULEHV�
WKH�HYDOXDWLRQ�RUGHU�IRU�FRPSDULVRQ�RSHUDWRUV��IURP�KLJKHVW�WR�ORZHVW�

$//��$1<��%(7:((1��&217$,1,1*��(;,676��,1��/,.(��18//��6,1*8/$5��620(��DQG�
67$57,1*�:,7+�DUH�HYDOXDWHG�DIWHU�DOO�OLVWHG�FRPSDULVRQ�RSHUDWRUV�ZKHQ�WKH\�FRQIOLFW�ZLWK�
RWKHU�FRPSDULVRQ�RSHUDWRUV�GXULQJ�QRUPDO�OHIW�WR�ULJKW�HYDOXDWLRQ��:KHQ�WKH\�FRQIOLFW�ZLWK�
RQH�DQRWKHU�WKH\�DUH�HYDOXDWHG�VWULFWO\�IURP�OHIW�WR�ULJKW�

Operator Precedence Explanation

* Highest Multiplication is performed before all other mathematical operations.

/ ? Division is performed before addition and subtraction.

+ ? Addition is performed before subtraction.

– Lowest Subtraction is performed after all other mathematical operations.

TABLE 6.6 Mathematical operator precedence

Operator Precedence Explanation

=, == Highest Equality operations are evaluated before all other 
comparison operations.

<>, !=, ~=, ^= ?

> ?

< ?

>= ?

<= ?

!>, ~>, ^> ?

!<, ~<, ^< Lowest Not less than operations are evaluated after all other 
comparison operations.

TABLE 6.7 Comparison operator precedence
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:KHQ�ORJLFDO�RSHUDWRUV�FRQIOLFW�GXULQJ�QRUPDO�OHIW�WR�ULJKW�SURFHVVLQJ��WKH\��WRR��DUH�HYDOXDWHG�
DFFRUGLQJ�WR�D�KLHUDUFK\��GHWDLOHG�LQ�WKH�IROORZLQJ�WDEOH�

4 &KDQJLQJ�HYDOXDWLRQ�RUGHU�RI�RSHUDWRUV
7R�FKDQJH�WKH�HYDOXDWLRQ�RUGHU�RI�RSHUDWLRQV�LQ�DQ�H[SUHVVLRQ��XVH�SDUHQWKHVHV�WR�JURXS�
RSHUDWLRQV�WKDW�VKRXOG�EH�HYDOXDWHG�DV�D�XQLW��RU�WKDW�VKRXOG�GHULYH�D�VLQJOH�YDOXH�IRU�XVH�LQ�
RWKHU�RSHUDWLRQV��)RU�H[DPSOH��ZLWKRXW�SDUHQWKHWLFDO�JURXSLQJ��������
���HYDOXDWHV�WR�����7R�
FDXVH�WKH�DGGLWLRQ�WR�EH�SHUIRUPHG�EHIRUH�WKH�PXOWLSOLFDWLRQ��XVH�SDUHQWKHVHV�

(3 + 2) * 6 = 30

7,3 $OZD\V�XVH�SDUHQWKHVHV�WR�JURXS�RSHUDWLRQV�LQ�FRPSOH[�H[SUHVVLRQV��HYHQ�ZKHQ�GHIDXOW�
RUGHU�RI�HYDOXDWLRQ�LV�GHVLUHG��([SOLFLWO\�JURXSHG�H[SUHVVLRQV�DUH�HDVLHU�WR�XQGHUVWDQG�DQG�
GHEXJ�

Using CAST() for datatype conversions
1RUPDOO\��RQO\�VLPLODU�GDWDW\SHV�FDQ�EH�FRPSDUHG�RU�HYDOXDWHG�LQ�H[SUHVVLRQV��7KH�&$67���
IXQFWLRQ�FDQ�EH�XVHG�LQ�H[SUHVVLRQV�WR�WUDQVODWH�RQH�GDWDW\SH�LQWR�DQRWKHU�IRU�FRPSDULVRQ�
SXUSRVHV��7KH�V\QWD[�IRU�&$67���LV�

CAST (<value> | NULL AS datatype)

)RU�H[DPSOH��LQ�WKH�IROORZLQJ�:+(5(�FODXVH��&$67���LV�XVHG�WR�WUDQVODWH�D�&+$5�GDWDW\SH��
,17(59,(:B'$7(��WR�D�'$7(�GDWDW\SH�WR�FRPSDUH�DJDLQVW�D�'$7(�GDWDW\SH��+,5(B'$7(�

WHERE HIRE_DATE = CAST(INTERVIEW_DATE AS DATE);

Operator Precedence Explanation

NOT Highest NOT operations are evaluated before all other logical operations.

AND ? AND operations are evaluated after NOT operations, and before OR 
operations.

OR Lowest OR operations are evaluated after all other logical operations.

TABLE 6.8 Logical operator precedence
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&$67���FDQ�EH�XVHG�WR�FRPSDUH�FROXPQV�ZLWK�GLIIHUHQW�GDWDW\SHV�LQ�WKH�VDPH�WDEOH��RU�DFURVV�
WDEOHV��<RX�FDQ�FRQYHUW�RQH�GDWDW\SH�WR�DQRWKHU�DV�VKRZQ�LQ�WKH�IROORZLQJ�WDEOH�

$Q�HUURU�UHVXOWV�LI�D�JLYHQ�GDWDW\SH�FDQQRW�EH�FRQYHUWHG�LQWR�WKH�GDWDW\SH�VSHFLILHG�LQ�&$67���

Using UPPER() on text data
7KH�833(5���IXQFWLRQ�FDQ�EH�XVHG�LQ�6(/(&7��,16(57��83'$7(��RU�'(/(7(�RSHUDWLRQV�WR�
IRUFH�FKDUDFWHU�DQG�%ORE�WH[W�GDWD�WR�XSSHUFDVH��)RU�H[DPSOH��DQ�DSSOLFDWLRQ�WKDW�SURPSWV�D�
XVHU�IRU�D�GHSDUWPHQW�QDPH�PLJKW�ZDQW�WR�HQVXUH�WKDW�DOO�GHSDUWPHQW�QDPHV�DUH�VWRUHG�LQ�
XSSHUFDVH�WR�VLPSOLI\�GDWD�UHWULHYDO�ODWHU��7KH�IROORZLQJ�FRGH�LOOXVWUDWHV�KRZ�833(5���ZRXOG�
EH�XVHG�LQ�WKH�,16(57�VWDWHPHQW�WR�JXDUDQWHH�D�XVHU·V�HQWU\�LV�XSSHUFDVH�

EXEC SQL

BEGIN DECLARE SECTION;

char response[26];

EXEC SQL

END DECLARE SECTION;

. . .

printf("Enter new department name: ");

response[0] = ’\0’;

gets(response);

if (response)

EXEC SQL

INSERT INTO DEPARTMENT(DEPT_NO, DEPARTMENT)

VALUES(GEN_ID(GDEPT_NO, 1), UPPER(:response));

. . .

7KH�QH[W�VWDWHPHQW�LOOXVWUDWHV�KRZ�833(5���FDQ�EH�XVHG�LQ�D�6(/(&7�VWDWHPHQW�WR�DIIHFW�ERWK�
WKH�DSSHDUDQFH�RI�YDOXHV�UHWULHYHG��DQG�WR�DIIHFW�LWV�VHDUFK�FRQGLWLRQ�

EXEC SQL

SELECT DEPT_NO, UPPER(DEPARTMENT)

FROM DEPARTMENT

WHERE UPPER(DEPARTMENT) STARTING WITH ’A’;

From datatype To datatype

NUMERIC CHARACTER, DATE

CHARACTER NUMERIC, DATE

DATE CHARACTER, NUMERIC

TABLE 6.9 Compatible datatypes for CAST()
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Understanding data retrieval with SELECT
7KH�6(/(&7�VWDWHPHQW�KDQGOHV�DOO�TXHULHV�LQ�64/��6(/(&7�FDQ�UHWULHYH�RQH�RU�PRUH�URZV�
IURP�D�WDEOH��DQG�FDQ�UHWXUQ�HQWLUH�URZV��RU�D�VXEVHW�RI�FROXPQV�IURP�HDFK�URZ��RIWHQ�UHIHUUHG�
WR�DV�D�SURMHFWLRQ��2SWLRQDO�6(/(&7�V\QWD[�FDQ�EH�XVHG�WR�VSHFLI\�VHDUFK�FULWHULD�WKDW�UHVWULFW�
WKH�QXPEHU�RI�URZV�UHWXUQHG��WR�VHOHFW�URZV�ZLWK�XQNQRZQ�YDOXHV��WR�VHOHFW�URZV�WKURXJK�D�
YLHZ��DQG�WR�FRPELQH�URZV�IURP�WZR�RU�PRUH�WDEOHV�

$W�D�PLQLPXP��HYHU\�6(/(&7�VWDWHPHQW�PXVW�
g /LVW�ZKLFK�FROXPQV�WR�UHWULHYH�IURP�D�WDEOH��7KH�FROXPQ�OLVW�LPPHGLDWHO\�IROORZV�WKH�6(/(&7�
NH\ZRUG�

g1DPH�WKH�WDEOH�WR�VHDUFK�LQ�D�)520�FODXVH�

6LQJOHWRQ�VHOHFWV�PXVW�DOVR�LQFOXGH�ERWK�DQ�,172�FODXVH�WR�VSHFLI\�WKH�KRVW�YDULDEOHV�LQWR�
ZKLFK�UHWULHYHG�YDOXHV�VKRXOG�EH�VWRUHG��DQG�D�:+(5(�FODXVH�WR�VSHFLI\�WKH�VHDUFK�FRQGLWLRQV�
WKDW�FDXVH�RQO\�D�VLQJOH�URZ�WR�EH�UHWXUQHG�

7KH�IROORZLQJ�6(/(&7�UHWULHYHV�WKUHH�FROXPQV�IURP�D�WDEOH�DQG�VWRUHV�WKH�YDOXHV�LQ�WKUHH�
KRVW�ODQJXDJH�YDULDEOHV�

EXEC SQL

SELECT EMP_NO, FIRSTNAME, LASTNAME

INTO :emp_no, :fname, :lname

FROM EMPLOYEE WHERE EMP_NO = 1888;

7,3 +RVW�YDULDEOHV�PXVW�EH�GHFODUHG�LQ�D�SURJUDP�EHIRUH�WKH\�FDQ�EH�XVHG�LQ�64/�VWDWHPHQWV��
)RU�PRUH�LQIRUPDWLRQ�DERXW�GHFODULQJ�KRVW�YDULDEOHV��VHH�&KDSWHU����´$SSOLFDWLRQ�
5HTXLUHPHQWV�µ

7KH�IROORZLQJ�WDEOH�OLVWV�DOO�6(/(&7�VWDWHPHQW�FODXVHV��LQ�WKH�RUGHU�WKDW�WKH\�DUH�XVHG��DQG�
SUHVFULEHV�WKHLU�XVH�LQ�VLQJOHWRQ�DQG�PXOWL�URZ�VHOHFWV�

Clause Purpose
Singleton 
SELECT

Multi-row 
SELECT

SELECT Lists columns to retrieve. Required Required

INTO Lists host variables for storing retrieved columns. Required Not allowed

FROM Identifies the tables to search for values. Required Required

WHERE Specifies the search conditions used to restrict retrieved rows 
to a subset of all available rows. A WHERE clause can contain its 
own SELECT statement, referred to as a subquery.

Optional Optional

TABLE 6.10 SELECT statement clauses
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8VLQJ�HDFK�RI�WKHVH�FODXVHV�ZLWK�6(/(&7�LV�GHVFULEHG�LQ�WKH�IROORZLQJ�VHFWLRQV��DIWHU�ZKLFK�
XVLQJ�6(/(&7�GLUHFWO\�WR�UHWXUQ�D�VLQJOH�URZ��DQG�XVLQJ�6(/(&7�ZLWKLQ�D�'(&/$5(�&85625�
VWDWHPHQW�WR�UHWXUQ�PXOWLSOH�URZV�DUH�GHVFULEHG�LQ�GHWDLO��)RU�D�FRPSOHWH�RYHUYLHZ�RI�6(/(&7�
V\QWD[��VHH�WKH�/DQJXDJH�5HIHUHQFH�

Listing columns to retrieve with SELECT

$�OLVW�RI�FROXPQV�WR�UHWULHYH�PXVW�DOZD\V�IROORZ�WKH�6(/(&7�NH\ZRUG�LQ�D�6(/(&7�VWDWHPHQW��
7KH�6(/(&7�NH\ZRUG�DQG�LWV�FROXPQ�OLVW�LV�FDOOHG�D�6(/(&7�FODXVH�

4 5HWULHYLQJ�D�OLVW�RI�FROXPQV
7R�UHWULHYH�D�VXEVHW�RI�FROXPQV�IRU�D�URZ�RI�GDWD��OLVW�HDFK�FROXPQ�E\�QDPH��LQ�WKH�RUGHU�RI�
GHVLUHG�UHWULHYDO��DQG�VHSDUDWH�HDFK�FROXPQ�QDPH�IURP�WKH�QH[W�E\�D�FRPPD��2SHUDWLRQV�WKDW�
UHWULHYH�D�VXEVHW�RI�FROXPQV�DUH�RIWHQ�FDOOHG�SURMHFWLRQV��

)RU�H[DPSOH��WKH�IROORZLQJ�6(/(&7�UHWULHYHV�WKUHH�FROXPQV�

EXEC SQL

SELECT EMP_NO, FIRSTNAME, LASTNAME

INTO :emp_no, :fname, :lname

FROM EMPLOYEE WHERE EMP_NO = 2220;

GROUP BY Groups related rows based on common column values. Used in 
conjunction with HAVING.

Optional Optional

HAVING Restricts rows generated by GROUP BY to a subset of those rows. Optional Optional

UNION Combines the results of two or more SELECT statements to 
produce a single, dynamic table without duplicate rows.

Optional Optional

PLAN Specifies the query plan that should be used by the query 
optimizer instead of one it would normally choose.

Optional Optional

ORDER BY Specifies the sort order of rows returned by a SELECT, either 
ascending (ASC), the default, or descending (DESC).

Optional Optional

FOR UPDATE Specifies columns listed after the SELECT clause of a DECLARE 
CURSOR statement that can be updated using a WHERE CURRENT 
OF clause.

Not allowed Optional

Clause Purpose
Singleton 
SELECT

Multi-row 
SELECT

TABLE 6.10 SELECT statement clauses  (continued)
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4 5HWULHYLQJ�DOO�FROXPQV
7R�UHWULHYH�DOO�FROXPQV�RI�GDWD��XVH�DQ�DVWHULVN��
��LQVWHDG�RI�OLVWLQJ�DQ\�FROXPQV�E\�QDPH��)RU�
H[DPSOH��WKH�IROORZLQJ�6(/(&7�UHWULHYHV�HYHU\�FROXPQ�RI�GDWD�IRU�D�VLQJOH�URZ�LQ�WKH�
(03/2<((�WDEOH�

EXEC SQL

SELECT *

INTO :emp_no, :fname, :lname, :phone_ext, :hire, :dept_no,

:job_code, :job_grade, :job_country, :salary, :full_name

FROM EMPLOEE WHERE EMP_NO = 1888;

,03257$17 <RX�PXVW�SURYLGH�RQH�KRVW�YDULDEOH�IRU�HDFK�FROXPQ�UHWXUQHG�E\�D�TXHU\�

ELIMINATING DUPLICATE COLUMNS WITH DISTINCT

,Q�D�TXHU\�UHWXUQLQJ�PXOWLSOH�URZV��LW�PD\�EH�GHVLUDEOH�WR�HOLPLQDWH�GXSOLFDWH�FROXPQV��)RU�
H[DPSOH��WKH�IROORZLQJ�TXHU\��PHDQW�WR�GHWHUPLQH�LI�WKH�(03/2<((�WDEOH�FRQWDLQV�HPSOR\HHV�
ZLWK�WKH�ODVW�QDPH��60,7+��PLJKW�ORFDWH�PDQ\�VXFK�URZV�

EXEC SQL

DECLARE SMITH CURSOR FOR

SELECT LAST_NAME

FROM EMPLOYEE

WHERE LAST_NAME = "Smith";

7R�HOLPLQDWH�GXSOLFDWH�FROXPQV�LQ�VXFK�D�TXHU\��XVH�WKH�',67,1&7�NH\ZRUG�ZLWK�6(/(&7��)RU�
H[DPSOH��WKH�IROORZLQJ�6(/(&7�\LHOGV�RQO\�D�VLQJOH�LQVWDQFH�RI�´6PLWKµ�

EXEC SQL

DECLARE SMITH CURSOR FOR

SELECT DISTINCT LAST_NAME

FROM EMPLOYEE

WHERE LAST_NAME = "Smith";

',67,1&7�DIIHFWV�DOO�FROXPQV�OLVWHG�LQ�D�6(/(&7�VWDWHPHQW�
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4 5HWULHYLQJ�DJJUHJDWH�FROXPQ�LQIRUPDWLRQ
6(/(&7�FDQ�LQFOXGH�DJJUHJDWH�IXQFWLRQV��IXQFWLRQV�WKDW�FDOFXODWH�RU�UHWULHYH�D�VLQJOH��FROOHFWLYH�
QXPHULF�YDOXH�IRU�D�FROXPQ�RU�H[SUHVVLRQ�EDVHG�RQ�HDFK�TXDOLI\LQJ�URZ�LQ�D�TXHU\�UDWKHU�WKDQ�
UHWULHYLQJ�HDFK�YDOXH�VHSDUDWHO\��7KH�IROORZLQJ�WDEOH�OLVWV�WKH�DJJUHJDWH�IXQFWLRQV�VXSSRUWHG�
E\�,QWHU%DVH�

)RU�H[DPSOH��WKH�IROORZLQJ�TXHU\�UHWXUQV�WKH�DYHUDJH�VDODU\�IRU�DOO�HPSOR\HHV�LQ�WKH�
(03/2<((�WDEOH�

EXEC SQL

SELECT AVG(SALARY)

INTO :avg_sal

FROM EMPLOYEE;

7KH�IROORZLQJ�6(/(&7�UHWXUQV�WKH�QXPEHU�RI�TXDOLI\LQJ�URZV�LW�HQFRXQWHUV�LQ�WKH�
(03/2<((�WDEOH��ERWK�WKH�PD[LPXP�DQG�PLQLPXP�HPSOR\HH�QXPEHU�RI�HPSOR\HHV�LQ�WKH�
WDEOH��DQG�WKH�WRWDO�VDODU\�RI�DOO�HPSOR\HHV�LQ�WKH�WDEOH�

EXEC SQL

SELECT COUNT(*), MAX(EMP_NO), MIN(EMP_NO), SUM(SALARY)

INTO :counter, :maxno, :minno, :total_salary

FROM EMPLOYEE;

,I�D�ILHOG�YDOXH�LQYROYHG�LQ�DQ�DJJUHJDWH�FDOFXODWLRQ�LV�18//�RU�XQNQRZQ��WKH�HQWLUH�URZ�LV�
DXWRPDWLFDOO\�H[FOXGHG�IURP�WKH�FDOFXODWLRQ��$XWRPDWLF�H[FOXVLRQ�SUHYHQWV�DYHUDJHV�IURP�
EHLQJ�VNHZHG�E\�PHDQLQJOHVV�GDWD�

Note $JJUHJDWH�IXQFWLRQV�FDQ�DOVR�EH�XVHG�WR�FDOFXODWH�YDOXHV�IRU�JURXSV�RI�URZV��7KH�
UHVXOWLQJ�YDOXH�LV�FDOOHG�D�JURXS�DJJUHJDWH��)RU�PRUH�LQIRUPDWLRQ�DERXW�XVLQJ�JURXS�DJJUHJDWHV��
VHH�´*URXSLQJ�URZV�ZLWK�*5283�%<µ�RQ�SDJH �����

Function Purpose

AVG() Calculates the average numeric value for a set of values.

MIN() Retrieves the minimum value in a set of values.

MAX() Retrieves the maximum value in a set of values.

SUM() Calculates the total of numeric values in a set of values.

COUNT() Calculates the number of rows that satisfy the query’s search condition 
(specified in the WHERE clause).

TABLE 6.11 Aggregate functions in SQL



CHAPTER 6 WORKING WITH DATA

110 INTERBASE 5

40XOWL�WDEOH�6(/(&7�VWDWHPHQWV
:KHQ�GDWD�LV�UHWULHYHG�IURP�PXOWLSOH�WDEOHV��YLHZV��DQG�VHOHFW�SURFHGXUHV��WKH�VDPH�FROXPQ�
QDPH�PD\�DSSHDU�LQ�PRUH�WKDQ�RQH�WDEOH��,Q�WKHVH�FDVHV��WKH�6(/(&7�VWDWHPHQW�PXVW�FRQWDLQ�
HQRXJK�LQIRUPDWLRQ�WR�GLVWLQJXLVK�OLNH�QDPHG�FROXPQV�IURP�RQH�DQRWKHU�

7R�GLVWLQJXLVK�FROXPQ�QDPHV�LQ�PXOWLSOH�WDEOHV��SUHFHGH�WKRVH�FROXPQV�ZLWK�RQH�RI�WKH�
IROORZLQJ�TXDOLILHUV�LQ�WKH�6(/(&7�FODXVH�

g 7KH�QDPH�RI�WKH�WDEOH��IROORZHG�E\�D�SHULRG��)RU�H[DPSOH�
(03/2<((�(03B12�LGHQWLILHV�D�FROXPQ�QDPHG�(03B12�LQ�WKH�(03/2<((�WDEOH�

g $�WDEOH�FRUUHODWLRQ�QDPH��DOLDV��IROORZHG�E\�D�SHULRG��)RU�H[DPSOH��LI�WKH�FRUUHODWLRQ�QDPH�
IRU�WKH�(03/2<((�WDEOH�LV�(03��WKHQ�(03�(03B12�LGHQWLILHV�D�FROXPQ�QDPHG�(03B12�LQ�
WKH�(03/2<((6�WDEOH�

&RUUHODWLRQ�QDPHV�FDQ�EH�GHFODUHG�IRU�WDEOHV��YLHZV��DQG�VHOHFW�SURFHGXUHV�LQ�WKH�)520�FODXVH�
RI�WKH�6(/(&7�VWDWHPHQW��)RU�PRUH�LQIRUPDWLRQ�DERXW�GHFODULQJ�FRUUHODWLRQ�QDPHV��DQG�IRU�
H[DPSOHV�RI�WKHLU�XVH��VHH�´'HFODULQJ�DQG�XVLQJ�FRUUHODWLRQ�QDPHVµ�RQ�SDJH ����

4 6SHFLI\LQJ�WUDQVDFWLRQ�QDPHV
,QWHU%DVH�HQDEOHV�DQ�64/�DSSOLFDWLRQ�WR�UXQ�PDQ\�VLPXOWDQHRXV�WUDQVDFWLRQV�LI�

g (DFK�WUDQVDFWLRQ�LV�ILUVW�QDPHG�ZLWK�D�6(7�75$16$&7,21�VWDWHPHQW��
g (DFK�GDWD�PDQLSXODWLRQ�VWDWHPHQW��6(/(&7��,16(57��83'$7(��'(/(7(��VSHFLILHV�D�
75$16$&7,21�FODXVH�WKDW�LGHQWLILHV�WKH�QDPH�RI�WKH�WUDQVDFWLRQ�XQGHU�ZKLFK�LW�RSHUDWHV�

g 64/�VWDWHPHQWV�DUH�QRW�G\QDPLF�

,Q�6(/(&7��WKH�75$16$&7,21�FODXVH�LQWHUYHQHV�EHWZHHQ�WKH�6(/(&7�NH\ZRUG�DQG�WKH�
FROXPQ�OLVW��DV�LQ�WKH�IROORZLQJ�V\QWD[�IUDJPHQW�

SELECT TRANSACTION name <col> [, <col> ...]

7KH�75$16$&7,21�FODXVH�LV�RSWLRQDO�LQ�VLQJOH�WUDQVDFWLRQ�SURJUDPV�RU�LQ�SURJUDPV�ZKHUH�
RQO\�RQH�WUDQVDFWLRQ�LV�RSHQ�DW�D�WLPH��,W�PXVW�EH�XVHG�LQ�D�PXOWL�WUDQVDFWLRQ�SURJUDP��)RU�
H[DPSOH��WKH�IROORZLQJ�6(/(&7�LV�FRQWUROOHG�E\�WKH�WUDQVDFWLRQ��7��

EXEC SQL

SELECT TRANSACTION T1:

COUNT(*), MAX(EMP_NO), MIN(EMP_NO), SUM(SALARY)

INTO :counter, :maxno, :minno, :total_salary

FROM EMPLOYEE;

)RU�D�FRPSOHWH�GLVFXVVLRQ�RI�WUDQVDFWLRQ�KDQGOLQJ�DQG�QDPLQJ��VHH�&KDSWHU����́ :RUNLQJ�ZLWK�
7UDQVDFWLRQV�µ
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Specifying host variables with INTO

$�VLQJOHWRQ�VHOHFW�UHWXUQV�GDWD�WR�D�OLVW�RI�KRVW�ODQJXDJH�YDULDEOHV�VSHFLILHG�E\�DQ�,172�FODXVH�
LQ�WKH�6(/(&7�VWDWHPHQW��7KH�,172�FODXVH�LPPHGLDWHO\�IROORZV�WKH�OLVW�RI�WDEOH�FROXPQV�
IURP�ZKLFK�GDWD�LV�WR�EH�H[WUDFWHG��(DFK�KRVW�YDULDEOH�LQ�WKH�OLVW�PXVW�EH�SUHFHGHG�E\�D�FRORQ�
����DQG�VHSDUDWHG�IURP�WKH�QH[W�E\�D�FRPPD�

7KH�KRVW�ODQJXDJH�YDULDEOHV�LQ�WKH�,172�FODXVH�PXVW�DOUHDG\�KDYH�EHHQ�GHFODUHG�EHIRUH�WKH\�
FDQ�EH�XVHG��7KH�QXPEHU��RUGHU��DQG�GDWDW\SH�RI�KRVW�ODQJXDJH�YDULDEOHV�PXVW�FRUUHVSRQG�WR�
WKH�QXPEHU��RUGHU��DQG�GDWDW\SH�RI�WKH�FROXPQV�UHWULHYHG��2WKHUZLVH��RYHUIORZ�RU�GDWD�
FRQYHUVLRQ�HUURUV�PD\�RFFXU�

)RU�H[DPSOH��WKH�IROORZLQJ�&�SURJUDP�IUDJPHQW�GHFODUHV�WKUHH�KRVW�YDULDEOHV��OQDPH��IQDPH��
DQG�VDODU\��7ZR��OQDPH��DQG�IQDPH��DUH�GHFODUHG�DV�FKDUDFWHU�DUUD\V��VDODU\�LV�GHFODUHG�DV�D�ORQJ�
LQWHJHU��7KH�6(/(&7�VWDWHPHQW�VSHFLILHV�WKDW�WKUHH�FROXPQV�RI�GDWD�DUH�WR�EH�UHWULHYHG��ZKLOH�
WKH�,172�FODXVH�VSHFLILHV�WKH�KRVW�YDULDEOHV�LQWR�ZKLFK�WKH�GDWD�VKRXOG�EH�UHDG�

. . .

EXEC SQL

BEGIN DECLARE SECTION;

long salary;

char lname[20], fname[15];

EXEC SQL

END DECLARE SECTION;

. . .

EXEC SQL

SELECT LAST_NAME, FIRST_NAME, SALARY

INTO :lanem, :fname, :salary

FROM EMPLOYEE

WHERE LNAME = "Smith";

. . .

Note ,Q�D�PXOWL�URZ�VHOHFW��WKH�,172�FODXVH�LV�SDUW�RI�WKH�)(7&+�VWDWHPHQW��QRW�WKH�6(/(&7�
VWDWHPHQW��)RU�PRUH�LQIRUPDWLRQ�DERXW�WKH�,172�FODXVH�LQ�)(7&+��VHH�´)HWFKLQJ�URZV�ZLWK�
D�FXUVRUµ�RQ�SDJH ����

Listing tables to search with FROM

7KH�)520�FODXVH�LV�UHTXLUHG�LQ�D�6(/(&7�VWDWHPHQW��,W�LGHQWLILHV�WKH�WDEOHV��YLHZV��RU�VHOHFW�
SURFHGXUHV�IURP�ZKLFK�GDWD�LV�WR�EH�UHWULHYHG��7KH�FRPSOHWH�V\QWD[�RI�WKH�)520�FODXVH�LV�

FROM table | view | procedure [alias] [, table | view | procedure [alias] 

...]
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7KHUH�PXVW�EH�DW�OHDVW�RQH�WDEOH��YLHZ��RU�VHOHFW�SURFHGXUH�QDPH�IROORZLQJ�WKH�)520�
NH\ZRUG��:KHQ�UHWULHYLQJ�GDWD�IURP�PXOWLSOH�VRXUFHV��HDFK�VRXUFH�PXVW�EH�OLVWHG��DVVLJQHG�
DQ�DOLDV��DQG�VHSDUDWHG�IURP�WKH�QH[W�ZLWK�D�FRPPD��)RU�PRUH�LQIRUPDWLRQ�DERXW�VHOHFW�
SURFHGXUHV��VHH�&KDSWHU�����´:RUNLQJ�ZLWK�6WRUHG 3URFHGXUHV�µ

4 /LVWLQJ�D�VLQJOH�WDEOH�RU�YLHZ
7KH�)520�FODXVH�LQ�WKH�IROORZLQJ�6(/(&7�VSHFLILHV�D�VLQJOH�WDEOH��(03/2<((��IURP�ZKLFK�
WR�UHWULHYH�GDWD�

EXEC SQL

SELECT LAST_NAME, FIRST_NAME, SALARY

INTO :lanem, :fname, :salary

FROM EMPLOYEE

WHERE LNAME = "Smith";

8VH�WKH�VDPH�,172�FODXVH�V\QWD[�WR�VSHFLI\�D�YLHZ�RU�VHOHFW�SURFHGXUH�DV�WKH�VRXUFH�IRU�GDWD�
UHWULHYDO�LQVWHDG�RI�D�WDEOH��)RU�H[DPSOH��WKH�IROORZLQJ�6(/(&7�VSHFLILHV�D�VHOHFW�SURFHGXUH��
09,(:��IURP�ZKLFK�WR�UHWULHYH�GDWD��09,(:�UHWXUQV�LQIRUPDWLRQ�IRU�DOO�PDQDJHUV�ZKRVH�ODVW�
QDPHV�EHJLQ�ZLWK�WKH�OHWWHU�́ 0�µ�DQG�WKH�:+(5(�FODXVH�QDUURZV�WKH�URZV�UHWXUQHG�WR�D�VLQJOH�
URZ�ZKHUH�WKH�'(37B12�FROXPQ�LV�����

EXEC SQL

SELECT DEPT_NO, LAST_NAME, FIRST_NAME, SALARY

INTO :lname, :fname, :salary

FROM MVIEW

WHERE DEPT_NO = 430;

)RU�PRUH�LQIRUPDWLRQ�DERXW�VHOHFW�SURFHGXUHV��VHH�&KDSWHU�����´:RUNLQJ�ZLWK�
6WRUHG 3URFHGXUHV�µ

4 /LVWLQJ�PXOWLSOH�WDEOHV
7R�UHWULHYH�GDWD�IURP�PXOWLSOH�WDEOHV��YLHZV��RU�VHOHFW�SURFHGXUHV��LQFOXGH�DOO�VRXUFHV�LQ�WKH�
)520�FODXVH��VHSDUDWLQJ�VRXUFHV�IURP�RQH�DQRWKHU�E\�FRPPDV��

7KHUH�DUH�WZR�GLIIHUHQW�SRVVLELOLWLHV�WR�FRQVLGHU�ZKHQ�ZRUNLQJ�ZLWK�PXOWLSOH�GDWD�VRXUFHV�

�� 7KH�QDPH�RI�HDFK�UHIHUHQFHG�FROXPQ�LV�XQLTXH�DFURVV�DOO�WDEOHV�

�� 7KH�QDPHV�RI�RQH�RU�PRUH�UHIHUHQFHG�FROXPQV�H[LVW�LQ�WZR�RU�PRUH�WDEOHV�

,Q�WKH�ILUVW�FDVH��MXVW�XVH�WKH�FROXPQ�QDPHV�WKHPVHOYHV�WR�UHIHUHQFH�WKH�FROXPQV��)RU�
H[DPSOH��WKH�IROORZLQJ�TXHU\�UHWXUQV�GDWD�IURP�WZR�WDEOHV��'(3$570(17��DQG�(03/2<((�

EXEC SQL

SELECT DEPARTMENT, DEPT_NO, LAST_NAME, FIRST_NAME, EMP_NO

INTO :dept_name, :dept_no, :lname, :fname, :empno
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FROM DEPARTMENT, EMPLOYEE

WHERE DEPT_NO = "Publications" AND MNGR_NO = EMP_NO;

,Q�WKH�VHFRQG�FDVH��FROXPQ�QDPHV�WKDW�RFFXU�LQ�WZR�RU�PRUH�WDEOHV�PXVW�EH�GLVWLQJXLVKHG�
IURP�RQH�DQRWKHU�E\�SUHFHGLQJ�HDFK�FROXPQ�QDPH�ZLWK�LWV�WDEOH�QDPH�DQG�D�SHULRG�LQ�WKH�
6(/(&7�FODXVH��)RU�H[DPSOH��LI�DQ�(03B12�FROXPQ�H[LVWV�LQ�ERWK�WKH�'(3$570(17�DQG�
(03/2<((�WKHQ�WKH�SUHYLRXV�TXHU\�PXVW�EH�UHFDVW�DV�IROORZV�

EXEC SQL

SELECT DEPARTMENT, DEPT_NO, LAST_NAME, FIRST_NAME,

EMLOYEE.EMP_NO

INTO :dept_name, :dept_no, :lname, :fname, :empno

FROM DEPARTMENT, EMPLOYEE

WHERE DEPT_NO = "Publications" AND

DEPARTMENT.EMP_NO = EMPLOYEE.EMP_NO;

)RU�PRUH�LQIRUPDWLRQ�DERXW�WKH�6(/(&7�FODXVH��VHH�´/LVWLQJ�FROXPQV�WR�UHWULHYH�ZLWK�
6(/(&7µ�RQ�SDJH ����

,03257$17 )RU�TXHULHV�LQYROYLQJ�MRLQV��FROXPQ�QDPHV�FDQ�EH�TXDOLILHG�E\�FRUUHODWLRQ�QDPHV��EULHI�
DOWHUQDWH�QDPHV��RU�DOLDVHV��WKDW�DUH�DVVLJQHG�WR�HDFK�WDEOH�LQ�D�)520�FODXVH�DQG�VXEVWLWXWHG�
IRU�WKHP�LQ�RWKHU�6(/(&7�VWDWHPHQW�FODXVHV�ZKHQ�TXDOLI\LQJ�FROXPQ�QDPHV��(YHQ�ZKHQ�
MRLQV�DUH�QRW�LQYROYHG��DVVLJQLQJ�DQG�XVLQJ�FRUUHODWLRQ�QDPHV�FDQ�UHGXFH�WKH�OHQJWK�RI�
FRPSOH[�TXHULHV�

4 'HFODULQJ�DQG�XVLQJ�FRUUHODWLRQ�QDPHV
$�FRUUHODWLRQ�QDPH��RU�DOLDV��LV�D�WHPSRUDU\�YDULDEOH�WKDW�UHSUHVHQWV�D�WDEOH�QDPH��,W�FDQ�FRQWDLQ�
XS�WR����DOSKDQXPHULF�FKDUDFWHUV��GROODU�VLJQV������DQG�XQGHUVFRUHV��B���EXW�PXVW�DOZD\V�VWDUW�
ZLWK�DQ�DOSKDEHWLF�FKDUDFWHU��8VLQJ�EULHI�FRUUHODWLRQ�QDPHV�UHGXFHV�W\SLQJ�RI�ORQJ�TXHULHV��
&RUUHODWLRQ�QDPHV�PXVW�EH�VXEVWLWXWHG�IRU�DFWXDO�WDEOH�QDPHV�LQ�MRLQV��DQG�FDQ�EH�VXEVWLWXWHG�
IRU�WKHP�LQ�FRPSOH[�TXHULHV�

$�FRUUHODWLRQ�QDPH�LV�DVVRFLDWHG�ZLWK�D�WDEOH�LQ�WKH�)520�FODXVH��LW�UHSODFHV�WDEOH�QDPHV�WR�
TXDOLI\�FROXPQ�QDPHV�HYHU\ZKHUH�HOVH�LQ�WKH�VWDWHPHQW��)RU�H[DPSOH��WR�DVVRFLDWH�WKH�
FRUUHODWLRQ�QDPH��'(37�ZLWK�WKH�'(3$570(17�WDEOH��DQG�(03��ZLWK�WKH�(03/2<((6�WDEOH��
D�)520�FODXVH�PLJKW�DSSHDU�DV�

FROM DEPARTMENT DEPT, EMPLOYEE EMP

/LNH�DQ�DFWXDO�WDEOH�QDPH��D�FRUUHODWLRQ�QDPH�LV�XVHG�WR�TXDOLI\�FROXPQ�QDPHV�ZKHUHYHU�WKH\�
DSSHDU�LQ�D�6(/(&7�VWDWHPHQW��)RU�H[DPSOH��WKH�IROORZLQJ�TXHU\�HPSOR\V�WKH�FRUUHODWLRQ�
QDPHV��'(37��DQG�(03��SUHYLRXVO\�GHVFULEHG�

EXEC SQL

SELECT DEPARTMENT, DEPT_NO, LAST_NAME, FIRST_NAME,

EMLOYEE.EMP_NO
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INTO :dept_name, :dept_no, :lname, :fname, :empno

FROM DEPARTMENT DEPT, EMPLOYEE EMP

WHERE DEPT_NO = "Publications" AND DEPT.EMP_NO = EMP.EMP_NO;

)RU�PRUH�LQIRUPDWLRQ�DERXW�WKH�6(/(&7�FODXVH��VHH�´/LVWLQJ�FROXPQV�WR�UHWULHYH�ZLWK�
6(/(&7µ�RQ�SDJH ����

Restricting row retrieval with WHERE

,Q�D�TXHU\��WKH�:+(5(�FODXVH�VSHFLILHV�WKH�GDWD�D�URZ�PXVW��RU�PXVW�QRW��FRQWDLQ�WR�EH�
UHWULHYHG�

,Q�VLQJOHWRQ�VHOHFWV��ZKHUH�D�TXHU\�PXVW�RQO\�UHWXUQ�RQH�URZ��:+(5(�LV�PDQGDWRU\�XQOHVV�D�
VHOHFW�SURFHGXUH�VSHFLILHG�LQ�WKH�)520�FODXVH�UHWXUQV�RQO\�RQH�URZ�LWVHOI�

,Q�6(/(&7�VWDWHPHQWV�ZLWKLQ�'(&/$5(�&85625�VWDWHPHQWV��WKH�:+(5(�FODXVH�LV�RSWLRQDO��
,I�WKH�:+(5(�FODXVH�LV�RPLWWHG��D�TXHU\�UHWXUQV�DOO�URZV�LQ�WKH�WDEOH��7R�UHWULHYH�D�VXEVHW�RI�
URZV�LQ�D�WDEOH��D�FXUVRU�GHFODUDWLRQ�PXVW�LQFOXGH�D�:+(5(�FODXVH�

7KH�VLPSOH�V\QWD[�IRU�:+(5(�LV�

WHERE <search_condition>

)RU�H[DPSOH��WKH�IROORZLQJ�VLPSOH�:+(5(�FODXVH�WHVWV�D�URZ�WR�VHH�LI�WKH
'(3$570(17�FROXPQ�LV�´3XEOLFDWLRQVµ�

WHERE DEPARTMENT = "Publications"

4:KDW�LV�D�VHDUFK�FRQGLWLRQ"
%HFDXVH�WKH�:+(5(�FODXVH�VSHFLILHV�WKH�W\SH�RI�GDWD�D�TXHU\�LV�VHDUFKLQJ�IRU�LW�LV�RIWHQ�FDOOHG�
D�VHDUFK�FRQGLWLRQ��$�TXHU\�H[DPLQHV�HDFK�URZ�LQ�D�WDEOH�WR�VHH�LI�LW�PHHWV�WKH�FULWHULD�VSHFLILHG�
LQ�WKH�VHDUFK�FRQGLWLRQ��,I�LW�GRHV��WKH�URZ�TXDOLILHV�IRU�UHWULHYDO�

:KHQ�D�URZ�LV�FRPSDUHG�WR�D�VHDUFK�FRQGLWLRQ��RQH�RI�WKUHH�YDOXHV�LV�UHWXUQHG�
g 7UXH��$�URZ�PHHWV�WKH�FRQGLWLRQV�VSHFLILHG�LQ�WKH�:+(5(�FODXVH�
g )DOVH��$�URZ�IDLOV�WR�PHHW�WKH�FRQGLWLRQV�VSHFLILHG�LQ�WKH�:+(5(�FODXVH�
g 8QNQRZQ��$�FROXPQ�WHVWHG�LQ�WKH�:+(5(�FODXVH�FRQWDLQV�DQ�XQNQRZQ�YDOXH�WKDW�FRXOG�QRW�
EH�HYDOXDWHG�EHFDXVH�RI�D�18//�FRPSDULVRQ�

0RVW�VHDUFK�FRQGLWLRQV��QR�PDWWHU�KRZ�FRPSOH[��HYDOXDWH�WR�7UXH�RU�)DOVH��$Q�H[SUHVVLRQ�
WKDW�HYDOXDWHV�WR�7UXH�RU�)DOVH³OLNH�WKH�VHDUFK�FRQGLWLRQ�LQ�WKH�:+(5(�FODXVH³LV�FDOOHG�D�
%RROHDQ�H[SUHVVLRQ�
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4 6WUXFWXUH�RI�D�VHDUFK�FRQGLWLRQ
$�W\SLFDO�VLPSOH�VHDUFK�FRQGLWLRQ�FRPSDUHV�D�YDOXH�LQ�RQH�FROXPQ�DJDLQVW�D�FRQVWDQW�RU�D�
YDOXH�LQ�DQRWKHU�FROXPQ��)RU�H[DPSOH��WKH�IROORZLQJ�:+(5(�FODXVH�WHVWV�D�URZ�WR�VHH�LI�D�
ILHOG�HTXDOV�D�KDUG�FRGHG�FRQVWDQW�

WHERE DEPARTMENT = "Publications"

7KLV�VHDUFK�FRQGLWLRQ�KDV�WKUHH�HOHPHQWV��D�FROXPQ�QDPH��D�FRPSDULVRQ�RSHUDWRU��WKH�HTXDO�
VLJQ���DQG�D�FRQVWDQW��0RVW�VHDUFK�FRQGLWLRQV�DUH�PRUH�FRPSOH[�WKDQ�WKLV��7KH\�LQYROYH�
DGGLWLRQDO�HOHPHQWV�DQG�FRPELQDWLRQV�RI�VLPSOH�VHDUFK�FRQGLWLRQV��7KH�IROORZLQJ�WDEOH�
GHVFULEHV�H[SUHVVLRQ�HOHPHQWV�WKDW�FDQ�EH�XVHG�LQ�VHDUFK�FRQGLWLRQV�

Element Description

Column names Columns from tables listed in the FROM clause, against which to search or 
compare values.

Host-language variables Program variables containing changeable values. When used in a SELECT, 
host-language variables must be preceded by a colon (:).

Constants Hard-coded numbers or quoted strings, like 507 or “Tokyo”.

Concatenation operators ||, used to combine character strings.

Arithmetic operators +, –, *, and /, used to calculate and evaluate search condition values.

Logical operators Keywords, NOT, AND, and OR, used within simple search conditions, or to 
combine simple search conditions to make complex searches. A logical 
operation evaluates to true or false.

TABLE 6.12 Elements of WHERE clause SEARCH conditions
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&RPSOH[�VHDUFK�FRQGLWLRQV�FDQ�EH�FRQVWUXFWHG�E\�FRPELQLQJ�VLPSOH�VHDUFK�FRQGLWLRQV�LQ�
GLIIHUHQW�ZD\V��)RU�H[DPSOH��WKH�IROORZLQJ�:+(5(�FODXVH�XVHV�D�FROXPQ�QDPH��WKUHH�
FRQVWDQWV��WKUHH�FRPSDULVRQ�RSHUDWRUV��DQG�D�VHW�RI�JURXSLQJ�SDUHQWKHVHV�WR�UHWULHYH�RQO\�
WKRVH�URZV�IRU�HPSOR\HHV�ZLWK�VDODULHV�EHWZHHQ���������DQG����������

WHERE DEPARTMENT = "Publications" AND

(SALARY > 60000 AND SALARY < 120000)

6HDUFK�FRQGLWLRQV�LQ�:+(5(�FODXVHV�RIWHQ�FRQWDLQ�QHVWHG�6(/(&7�VWDWHPHQWV��RU�VXETXHULHV��
)RU�H[DPSOH��LQ�WKH�IROORZLQJ�TXHU\��WKH�:+(5(�FODXVH�FRQWDLQV�D�VXETXHU\�WKDW�XVHV�WKH�
DJJUHJDWH�IXQFWLRQ��$9*����WR�UHWULHYH�D�OLVW�RI�DOO�GHSDUWPHQWV�ZLWK�ELJJHU�WKDQ�DYHUDJH�
VDODULHV�

EXEC SQL

DECLARE WELL_PAID CURSOR FOR

SELECT DEPT_NO

INTO :wellpaid

FROM DEPARTMENT

WHERE SALARY > (SELECT AVG(SALARY) FROM DEPARTMENT);

Comparison operators <, >, <=, >=, =, and <>, used to compare a value on the left side of the 
operator to another on the right. A comparative operation evaluates to True 
or False.

Other, more specialized comparison operators include ALL, ANY, BETWEEN, 
CONTAINING, EXISTS, IN, IS, LIKE, NULL, SINGULAR, SOME, and STARTING WITH. These 
operators can evaluate to True, False, or Unknown.

COLLATE clause Comparisons of CHAR and VARCHAR values can sometimes take advantage of a 
COLLATE clause to force the way text values are compared.

Stored procedures Reusable SQL statement blocks that can receive and return parameters, and 
that are stored as part of a database’s metadata. For more information about 
stored procedures in queries, see Chapter 11, “Working with 
Stored Procedures.”

Subqueries A SELECT statement nested within the WHERE clause to return or calculate 
values against which rows searched by the main SELECT statement are 
compared. For more information about subqueries, see “Using subqueries” 
on page 140.

Parentheses Group related parts of search conditions which should be processed 
separately to produce a single value which is then used to evaluate the search 
condition. Parenthetical expressions can be nested.

Element Description

TABLE 6.12 Elements of WHERE clause SEARCH conditions  (continued)
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)RU�D�JHQHUDO�GLVFXVVLRQ�RI�EXLOGLQJ�VHDUFK�FRQGLWLRQV�IURP�64/�H[SUHVVLRQV��VHH�
´8QGHUVWDQGLQJ�64/�H[SUHVVLRQVµ�RQ�SDJH ����)RU�PRUH�LQIRUPDWLRQ�DERXW�XVLQJ�
VXETXHULHV�WR�VSHFLI\�VHDUFK�FRQGLWLRQV��VHH�´8VLQJ�VXETXHULHVµ�RQ�SDJH �����)RU�PRUH�
LQIRUPDWLRQ�DERXW�DJJUHJDWH�IXQFWLRQV��VHH�´5HWULHYLQJ�DJJUHJDWH�FROXPQ�LQIRUPDWLRQµ�RQ�
SDJH ����

4 &ROODWLRQ�RUGHU�LQ�FRPSDULVRQV
:KHQ�&+$5�RU�9$5&+$5�YDOXHV�DUH�FRPSDUHG�LQ�D�:+(5(�FODXVH��LW�FDQ�EH�QHFHVVDU\�WR�
VSHFLI\�D�FROODWLRQ�RUGHU�IRU�WKH�FRPSDULVRQV�LI�WKH�YDOXHV�EHLQJ�FRPSDUHG�XVH�GLIIHUHQW�
FROODWLRQ�RUGHUV�

7R�VSHFLI\�WKH�FROODWLRQ�RUGHU�WR�XVH�IRU�D�YDOXH�GXULQJ�D�FRPSDULVRQ��LQFOXGH�D�&2//$7(�
FODXVH�DIWHU�WKH�YDOXH��)RU�H[DPSOH��LQ�WKH�IROORZLQJ�:+(5(�FODXVH�IUDJPHQW�IURP�DQ�
HPEHGGHG�DSSOLFDWLRQ��WKH�YDOXH�WR�WKH�OHIW�RI�WKH�FRPSDULVRQ�RSHUDWRU�LV�IRUFHG�WR�EH�
FRPSDUHG�XVLQJ�D�VSHFLILF�FROODWLRQ�

WHERE LNAME COLLATE FR_CA = :lname_search;

)RU�PRUH�LQIRUPDWLRQ�DERXW�FROODWLRQ�RUGHU�DQG�D�OLVW�RI�FROODWLRQV�DYDLODEOH�WR�,QWHU%DVH��VHH�
WKH�'DWD�'HILQLWLRQ�*XLGH�

Sorting rows with ORDER BY

%\�GHIDXOW��D�TXHU\�UHWULHYHV�URZV�LQ�WKH�H[DFW�RUGHU�LW�ILQGV�WKHP�LQ�D�WDEOH��DQG�EHFDXVH�
LQWHUQDO�WDEOH�VWRUDJH�LV�XQRUGHUHG��UHWULHYDO��WRR��LV�OLNHO\�WR�EH�XQRUGHUHG��7R�VSHFLI\�WKH�
RUGHU�LQ�ZKLFK�URZV�DUH�UHWXUQHG�E\�D�TXHU\��XVH�WKH�RSWLRQDO�25'(5�%<�FODXVH�DW�WKH�HQG�RI�
D�6(/(&7�VWDWHPHQW�

25'(5�%<�UHWULHYHV�URZV�EDVHG�RQ�D�FROXPQ�OLVW��(YHU\�FROXPQ�LQ�WKH�25'(5�%<�FODXVH�
PXVW�DOVR�DSSHDU�VRPHZKHUH�LQ�WKH�6(/(&7�FODXVH�DW�WKH�VWDUW�RI�WKH�VWDWHPHQW��(DFK�FROXPQ�
FDQ�RSWLRQDOO\�EH�RUGHUHG�LQ�DVFHQGLQJ�RUGHU��$6&��WKH�GHIDXOW���RU�GHVFHQGLQJ�RUGHU��'(6&���
7KH�FRPSOHWH�V\QWD[�RI�25'(5�%<�LV�

ORDER BY col [COLLATE collation] [ASC | DESC]

[,col [COLLATE collation] [ASC | DESC] ...];

)RU�H[DPSOH��WKH�IROORZLQJ�FXUVRU�GHFODUDWLRQ�RUGHUV�RXWSXW�EDVHG�RQ�WKH�/$67B1$0(�
FROXPQ��%HFDXVH�'(6&�LV�VSHFLILHG�LQ�WKH�25'(5�%<�FODXVH��HPSOR\HHV�DUH�UHWULHYHG�IURP�=�
WR�$�

EXEC SQL

DECLARE PHONE_LIST CURSOR FOR

SELECT LAST_NAME, FIRST_NAME, PHONE_EXT

FROM EMPLOYEE
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WHERE PHONE_EXT IS NOT NULL

ORDER BY LAST_NAME DESC, FIRST_NAME;

4 25'(5�%<�ZLWK�PXOWLSOH�FROXPQV
,I�PRUH�WKDQ�RQH�FROXPQ�LV�VSHFLILHG�LQ�DQ�25'(5�%<�FODXVH��URZV�DUH�ILUVW�DUUDQJHG�E\�WKH�
YDOXHV�LQ�WKH�ILUVW�FROXPQ��7KHQ�URZV�WKDW�FRQWDLQ�WKH�VDPH�ILUVW�FROXPQ�YDOXH�DUH�DUUDQJHG�
DFFRUGLQJ�WR�WKH�YDOXHV�LQ�WKH�VHFRQG�FROXPQ��DQG�VR�RQ��(DFK�25'(5�%<�FROXPQ�FDQ�
LQFOXGH�LWV�RZQ�VRUW�RUGHU�VSHFLILFDWLRQ�

,03257$17 ,Q�PXOWL�FROXPQ�VRUWV��DIWHU�D�VRUW�RUGHU�LV�VSHFLILHG��LW�DSSOLHV�WR�DOO�VXEVHTXHQW�FROXPQV�
XQWLO�DQRWKHU�VRUW�RUGHU�LV�VSHFLILHG��DV�LQ�WKH�SUHYLRXV�H[DPSOH��7KLV�DWWULEXWH�LV�VRPHWLPHV�
FDOOHG�VWLFN\�VRUW�RUGHU��)RU�H[DPSOH��WKH�IROORZLQJ�FXUVRU�GHFODUDWLRQ�RUGHUV�UHWULHYDO�E\�
/$67B1$0(�LQ�GHVFHQGLQJ�RUGHU��WKHQ�UHILQHV�LW�DOSKDEHWLFDOO\�ZLWKLQ�/$67B1$0(�JURXSV�
E\�),567B1$0(�LQ�DVFHQGLQJ�RUGHU�

EXEC SQL

DECLARE PHONE_LIST CURSOR FOR

SELECT LAST_NAME, FIRST_NAME, PHONE_EXT

FROM EMPLOYEE

WHERE PHONE_EXT IS NOT NULL

ORDER BY LAST_NAME DESC, FIRST_NAME ASC;

4 &ROODWLRQ�RUGHU�LQ�DQ�25'(5�%<�FODXVH
:KHQ�&+$5�RU�9$5&+$5�FROXPQV�DUH�RUGHUHG�LQ�D�6(/(&7�VWDWHPHQW��LW�FDQ�EH�QHFHVVDU\�
WR�VSHFLI\�D�FROODWLRQ�RUGHU�IRU�WKH�RUGHULQJ��HVSHFLDOO\�LI�FROXPQV�XVHG�IRU�RUGHULQJ�XVH�
GLIIHUHQW�FROODWLRQ�RUGHUV�

7R�VSHFLI\�WKH�FROODWLRQ�RUGHU�WR�XVH�IRU�RUGHULQJ�D�FROXPQ�LQ�WKH�25'(5�%<�FODXVH��LQFOXGH�
D�&2//$7(�FODXVH�DIWHU�WKH�FROXPQ�QDPH��)RU�H[DPSOH��LQ�WKH�IROORZLQJ�25'(5�%<�FODXVH��
D�GLIIHUHQW�FROODWLRQ�RUGHU�IRU�HDFK�RI�WZR�FROXPQV�LV�VSHFLILHG�

. . .

ORDER BY LNAME COLLATE FR_CA, FNAME COLLATE FR_FR;

)RU�PRUH�LQIRUPDWLRQ�DERXW�FROODWLRQ�RUGHU�DQG�D�OLVW�RI�DYDLODEOH�FROODWLRQV�LQ�,QWHU%DVH��VHH�
WKH�'DWD�'HILQLWLRQ�*XLGH�
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Grouping rows with GROUP BY

7KH�RSWLRQDO�*5283�%<�FODXVH�HQDEOHV�D�TXHU\�WR�UHWXUQ�VXPPDU\�LQIRUPDWLRQ�DERXW�JURXSV�
RI�URZV�WKDW�VKDUH�FROXPQ�YDOXHV�LQVWHDG�RI�UHWXUQLQJ�HDFK�TXDOLI\LQJ�URZ��7KH�FRPSOHWH�
V\QWD[�RI�*5283�%<�LV�

GROUP BY col [COLLATE collation] [, col [COLLATE collation] ...]

)RU�H[DPSOH��FRQVLGHU�WZR�FXUVRU�GHFODUDWLRQV��7KH�ILUVW�GHFODUDWLRQ�UHWXUQV�WKH�QDPHV�RI�DOO�
HPSOR\HHV�HDFK�GHSDUWPHQW��DQG�DUUDQJHV�UHWULHYDO�LQ�DVFHQGLQJ�DOSKDEHWLF�RUGHU�E\�
GHSDUWPHQW�DQG�HPSOR\HH�QDPH�

EXEC SQL

DECLARE DEPT_EMP CURSOR FOR

SELECT DEPARTMENT, LAST_NAME, FIRST_NAME

FROM DEPARTMENT D, EMPLOYEE E

WHERE D.DEPT_NO = E.DEPT_NO"

ORDER BY DEPARTMENT, LAST_NAME, FIRST_NAME;

,Q�FRQWUDVW��WKH�QH[W�FXUVRU�LOOXVWUDWHV�WKH�XVH�RI�DJJUHJDWH�IXQFWLRQV�ZLWK�*5283�%<�WR�
UHWXUQ�UHVXOWV�NQRZQ�DV�JURXS�DJJUHJDWHV��,W�UHWXUQV�WKH�DYHUDJH�VDODU\�RI�DOO�HPSOR\HHV�LQ�HDFK�
GHSDUWPHQW��7KH�*5283�%<�FODXVH�DVVXUHV�WKDW�DYHUDJH�VDODULHV�DUH�FDOFXODWHG�DQG�UHWULHYHG�
EDVHG�RQ�GHSDUWPHQW�QDPHV��ZKLOH�WKH�25'(5�%<�FODXVH�DUUDQJHV�UHWULHYHG�URZV�
DOSKDEHWLFDOO\�E\�GHSDUWPHQW�QDPH�

EXEC SQL

DECLARE AVG_DEPT_SAL CURSOR FOR

SELECT DEPARTMENT, AVG(SALARY)

FROM DEPARTMENT D, EMPLOYEE E

WHERE D.DEPT_NO = E.DEPT_NO

GROUP BY DEPARTMENT

ORDER BY DEPARTMENT;

4 &ROODWLRQ�RUGHU�LQ�D�*5283�%<�FODXVH
:KHQ�&+$5�RU�9$5&+$5�FROXPQV�DUH�JURXSHG�LQ�D�6(/(&7�VWDWHPHQW��LW�FDQ�EH�QHFHVVDU\�
WR�VSHFLI\�D�FROODWLRQ�RUGHU�IRU�WKH�JURXSLQJ��HVSHFLDOO\�LI�FROXPQV�XVHG�IRU�JURXSLQJ�XVH�
GLIIHUHQW�FROODWLRQ�RUGHUV�

7R�VSHFLI\�WKH�FROODWLRQ�RUGHU�WR�XVH�IRU�JURXSLQJ�FROXPQV�LQ�WKH�*5283�%<�FODXVH��LQFOXGH�
D�&2//$7(�FODXVH�DIWHU�WKH�FROXPQ�QDPH��)RU�H[DPSOH��LQ�WKH�IROORZLQJ�*5283�%<�FODXVH��
WKH�FROODWLRQ�RUGHU�IRU�WZR�FROXPQV�LV�VSHFLILHG�

. . .

GROUP BY LNAME COLLATE FR_CA, FNAME COLLATE FR_CA;
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)RU�PRUH�LQIRUPDWLRQ�DERXW�FROODWLRQ�RUGHU�DQG�D�OLVW�RI�FROODWLRQ�RUGHUV�DYDLODEOH�LQ�
,QWHU%DVH��VHH�WKH�'DWD�'HILQLWLRQ�*XLGH�

4 /LPLWDWLRQV�RI�*5283�%<
:KHQ�XVLQJ�*5283�%<��EH�DZDUH�RI�WKH�IROORZLQJ�OLPLWDWLRQV�

g (DFK�FROXPQ�QDPH�WKDW�DSSHDUV�LQ�D�*5283�%<�FODXVH�PXVW�DOVR�EH�VSHFLILHG�LQ�WKH�6(/(&7�
FODXVH�

g *5283�%<�FDQQRW�VSHFLI\�D�FROXPQ�ZKRVH�YDOXHV�DUH�GHULYHG�IURP�D�PDWKHPDWLFDO��
DJJUHJDWH��RU�XVHU�GHILQHG�IXQFWLRQ�

g *5283�%<�FDQQRW�EH�XVHG�LQ�6(/(&7�VWDWHPHQWV�WKDW�

Ã &RQWDLQ�DQ�,172�FODXVH��VLQJOHWRQ�VHOHFWV��

Ã 8VH�D�VXETXHU\�ZLWK�D�)520�FODXVH�ZKLFK�UHIHUHQFHV�D�YLHZ�ZKRVH�GHILQLWLRQ�FRQWDLQV�D�
*5283�%<�RU�+$9,1*�FODXVH�

g )RU�HDFK�6(/(&7�FODXVH�LQ�D�TXHU\��LQFOXGLQJ�VXETXHULHV��WKHUH�FDQ�RQO\�EH�RQH�*5283�%<�
FODXVH�

Restricting grouped rows with HAVING

-XVW�DV�D�:+(5(�FODXVH�UHGXFHV�WKH�QXPEHU�RI�URZV�UHWXUQHG�E\�D�6(/(&7�FODXVH��WKH�
+$9,1*�FODXVH�FDQ�EH�XVHG�WR�UHGXFH�WKH�QXPEHU�RI�URZV�UHWXUQHG�E\�D�*5283�%<�FODXVH��
7KH�V\QWD[�RI�+$9,1*�LV�

HAVING <search_condition>

+$9,1*�XVHV�VHDUFK�FRQGLWLRQV�WKDW�DUH�OLNH�WKH�VHDUFK�FRQGLWLRQV�WKDW�FDQ�DSSHDU�LQ�WKH�
:+(5(�FODXVH��EXW�ZLWK�WKH�IROORZLQJ�UHVWULFWLRQV�

g (DFK�VHDUFK�FRQGLWLRQ�XVXDOO\�FRUUHVSRQGV�WR�DQ�DJJUHJDWH�IXQFWLRQ�XVHG�LQ�WKH�6(/(&7�
FODXVH�

g 7KH�)520�FODXVH�RI�D�VXETXHU\�DSSHDULQJ�LQ�D�+$9,1*�FODXVH�FDQQRW�QDPH�DQ\�WDEOH�RU�YLHZ�
VSHFLILHG�LQ�WKH�PDLQ�TXHU\·V�)520�FODXVH�

g $�FRUUHODWHG�VXETXHU\�FDQQRW�EH�XVHG�LQ�D�+$9,1*�FODXVH�

)RU�H[DPSOH��WKH�IROORZLQJ�FXUVRU�GHFODUDWLRQ�UHWXUQV�WKH�DYHUDJH�VDODU\�IRU�DOO�HPSOR\HHV�LQ�
HDFK�GHSDUWPHQW��7KH�*5283�%<�FODXVH�DVVXUHV�WKDW�DYHUDJH�VDODULHV�DUH�FDOFXODWHG�DQG�
UHWULHYHG�EDVHG�RQ�GHSDUWPHQW�QDPHV��7KH�+$9,1*�FODXVH�UHVWULFWV�UHWULHYDO�WR�WKRVH�JURXSV�
ZKHUH�WKH�DYHUDJH�VDODU\�LV�JUHDWHU�WKDQ���������ZKLOH�WKH�25'(5�%<�FODXVH�DUUDQJHV�UHWULHYHG�
URZV�DOSKDEHWLFDOO\�E\�GHSDUWPHQW�QDPH�

EXEC SQL
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DECLARE SIXTY_THOU CURSOR FOR

SELECT DEPARTMENT, AVG(SALARY)

FROM DEPARTMENT D, EMPLOYEE E

WHERE D.DEPT_NO = E.DEPT_NO

GROUP BY DEPARTMENT

HAVING AVG(SALARY) > 60000

ORDER BY DEPARTMENT;

Note +$9,1*�FDQ�DOVR�EH�XVHG�ZLWKRXW�*5283�%<��,Q�WKLV�FDVH��DOO�URZV�UHWULHYHG�E\�D�
6(/(&7�DUH�WUHDWHG�DV�D�VLQJOH�JURXS��DQG�HDFK�FROXPQ�QDPHG�LQ�WKH�6(/(&7�FODXVH�LV�
QRUPDOO\�RSHUDWHG�RQ�E\�DQ�DJJUHJDWH�IXQFWLRQ�

)RU�PRUH�LQIRUPDWLRQ�DERXW�VHDUFK�FRQGLWLRQV��VHH�́ 5HVWULFWLQJ�URZ�UHWULHYDO�ZLWK�:+(5(µ�
RQ�SDJH �����)RU�PRUH�LQIRUPDWLRQ�DERXW�VXETXHULHV��VHH�´8VLQJ�VXETXHULHVµ�RQ�SDJH ����

Appending tables with UNION

6RPHWLPHV�WZR�RU�PRUH�WDEOHV�LQ�D�GDWDEDVH�DUH�LGHQWLFDOO\�VWUXFWXUHG��RU�KDYH�FROXPQV�WKDW�
FRQWDLQ�VLPLODU�GDWD��:KHUH�WDEOH�VWUXFWXUHV�RYHUODS��LQIRUPDWLRQ�IURP�WKRVH�WDEOHV�FDQ�EH�
FRPELQHG�WR�SURGXFH�D�VLQJOH�UHVXOWV�WDEOH�WKDW�UHWXUQV�D�SURMHFWLRQ�IRU�HYHU\�TXDOLI\LQJ�URZ�
LQ�ERWK�WDEOHV��7KH�81,21�FODXVH�UHWULHYHV�DOO�URZV�IURP�HDFK�WDEOH��DSSHQGV�RQH�WDEOH�WR�WKH�
HQG�RI�DQRWKHU��DQG�HOLPLQDWHV�GXSOLFDWH�URZV�

8QLRQV�DUH�FRPPRQO\�XVHG�WR�SHUIRUP�DJJUHJDWH�RSHUDWLRQV�RQ�WDEOHV�

7KH�V\QWD[�IRU�81,21�LV�

UNION SELECT col [, col ...] | * FROM <tableref> [, <tableref> ...]

)RU�H[DPSOH��WKUHH�WDEOHV��&,7,(6��&28175,(6��DQG�1$7,21$/B3$5.6��HDFK�FRQWDLQ�WKH�
QDPHV�RI�FLWLHV��$VVXPLQJ�WULJJHUV�KDYH�QRW�EHHQ�FUHDWHG�WKDW�HQVXUH�WKDW�D�FLW\�HQWHUHG�LQ�
RQH�WDEOH�LV�DOVR�HQWHUHG�LQ�WKH�RWKHUV�WR�ZKLFK�LW�DOVR�DSSOLHV��81,21�FDQ�EH�XVHG�WR�UHWULHYH�
WKH�QDPHV�RI�DOO�FLWLHV�WKDW�DSSHDU�LQ�DQ\�RI�WKHVH�WDEOHV�

EXEC SQL

DECLARE ALLCITIES CURSOR FOR

SELECT CIT.CITY FROM CITIES CIT

UNION SELECT COU.CAPITAL FROM COUNTRIES COU

UNION SELECT N.PARKCITY FROM NATIONAL_PARKS N;

7,3 ,I�WZR�RU�PRUH�WDEOHV�VKDUH�HQWLUHO\�LGHQWLFDO�VWUXFWXUHV³VLPLODUO\�QDPHG�FROXPQV��LGHQWLFDO�
GDWDW\SHV��DQG�VLPLODU�GDWD�YDOXHV�LQ�HDFK�FROXPQ³81,21�FDQ�UHWXUQ�DOO�URZV�IRU�HDFK�WDEOH�
E\�VXEVWLWXWLQJ�DQ�DVWHULVN��
��IRU�VSHFLILF�FROXPQ�QDPHV�LQ�WKH�6(/(&7�FODXVHV�RI�WKH�
81,21�
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Specifying a query plan with PLAN

7R�SURFHVV�D�6(/(&7�VWDWHPHQW��,QWHU%DVH�XVHV�DQ�LQWHUQDO�DOJRULWKP��FDOOHG�WKH�TXHU\�
RSWLPL]HU��WR�GHWHUPLQH�WKH�PRVW�HIILFLHQW�SODQ�IRU�UHWULHYLQJ�GDWD��7KH�PRVW�HIILFLHQW�UHWULHYDO�
SODQ�DOVR�UHVXOWV�LQ�WKH�IDVWHVW�UHWULHYDO�WLPH��2FFDVLRQDOO\�WKH�RSWLPL]HU�PD\�FKRRVH�D�SODQ�
WKDW�LV�OHVV�HIILFLHQW��)RU�H[DPSOH��ZKHQ�WKH�QXPEHU�RI�URZV�LQ�D�WDEOH�JURZV�VXIILFLHQWO\�ODUJH��
RU�ZKHQ�PDQ\�GXSOLFDWH�URZV�DUH�LQVHUWHG�RU�GHOHWHG�IURP�LQGH[HG�FROXPQV�LQ�D�WDEOH��EXW�
WKH�LQGH[·V�VHOHFWLYLW\�LV�QRW�UHFRPSXWHG��WKH�RSWLPL]HU�PLJKW�FKRRVH�D�OHVV�HIILFLHQW�SODQ�

)RU�WKHVH�RFFDVLRQV��6(/(&7�SURYLGHG�DQ�RSWLRQDO�3/$1�FODXVH�WKDW�HQDEOHV�D�NQRZOHGJHDEOH�
SURJUDPPHU�WR�VSHFLI\�D�UHWULHYDO�SODQ��$�TXHU\�SODQ�LV�EXLOW�DURXQG�WKH�DYDLODELOLW\�RI�LQGH[HV��
WKH�ZD\�LQGH[HV�DUH�MRLQHG�RU�PHUJHG��DQG�D�FKRVHQ�DFFHVV�PHWKRG�

7R�VSHFLI\�D�TXHU\�SODQ��XVH�WKH�IROORZLQJ�3/$1�V\QWD[�

PLAN <plan_expr>

<plan_expr> =

[JOIN | [SORT] MERGE] (<plan_item> | <plan_expr>

[, <plan_item> | <plan_expr> ...])

<plan_item> = {table | alias}

NATURAL | INDEX ( <index> [, <index> ...]) | ORDER <index>

7KH�3/$1�V\QWD[�HQDEOHV�VSHFLI\LQJ�D�VLQJOH�WDEOH��RU�D�MRLQ�RI�WZR�RU�PRUH�WDEOHV�LQ�D�VLQJOH�
SDVV��3ODQ�H[SUHVVLRQV�FDQ�EH�QHVWHG�LQ�SDUHQWKHVHV�WR�VSHFLI\�DQ\�FRPELQDWLRQ�RI�MRLQV�

'XULQJ�UHWULHYDO��LQIRUPDWLRQ�IURP�GLIIHUHQW�WDEOHV�LV�MRLQHG�WR�VSHHG�UHWULHYDO��,I�LQGH[HV�DUH�
GHILQHG�IRU�WKH�LQIRUPDWLRQ�WR�EH�MRLQHG��WKHQ�WKHVH�LQGH[HV�DUH�XVHG�WR�SHUIRUP�D�MRLQ��7KH�
RSWLRQDO�-2,1�NH\ZRUG�FDQ�EH�XVHG�WR�GRFXPHQW�WKLV�W\SH�RI�RSHUDWLRQ��:KHQ�QR�LQGH[HV�
H[LVW�IRU�WKH�LQIRUPDWLRQ�WR�MRLQ��UHWULHYDO�VSHHG�FDQ�EH�LPSURYHG�E\�VSHFLI\LQJ�6257�0(5*(�
LQVWHDG�RI�-2,1�

$��SODQBLWHP!�LV�WKH�QDPH�RI�D�WDEOH�WR�VHDUFK�IRU�GDWD��,I�D�WDEOH�LV�XVHG�PRUH�WKDQ�RQFH�LQ�
D�TXHU\��DOLDVHV�PXVW�EH�XVHG�WR�GLVWLQJXLVK�WKHP�LQ�WKH�3/$1�FODXVH��3DUW�RI�WKH��SODQBLWHP!�
VSHFLILFDWLRQ�LQGLFDWHV�WKH�ZD\�WKDW�URZV�VKRXOG�EH�DFFHVVHG��7KH�IROORZLQJ�FKRLFHV�DUH�
SRVVLEOH�

g 1$785$/��WKH�GHIDXOW�RUGHU��VSHFLILHV�WKDW�URZV�DUH�DFFHVVHG�VHTXHQWLDOO\�LQ�QR�GHILQHG�RUGHU��
)RU�XQLQGH[HG�LWHPV��WKLV�LV�WKH�RQO\�RSWLRQ�

g ,1'(;�VSHFLILHV�WKDW�RQH�RU�PRUH�LQGH[HV�VKRXOG�EH�XVHG�WR�DFFHVV�LWHPV��$OO�LQGH[HV�WR�EH�
XVHG�PXVW�EH�VSHFLILHG��,I�DQ\�%RROHDQ�RU�MRLQ�WHUPV�UHPDLQ�DIWHU�DOO�LQGH[HV�DUH�XVHG��WKH\�
ZLOO�EH�HYDOXDWHG�ZLWKRXW�EHQHILW�RI�DQ�LQGH[��,I�DQ\�LQGH[HV�DUH�VSHFLILHG�WKDW�FDQQRW�EH�XVHG��
DQ�HUURU�LV�UHWXUQHG�

g 25'(5�VSHFLILHV�WKDW�LWHPV�DUH�WR�EH�VRUWHG�EDVHG�RQ�D�VSHFLILHG�LQGH[�
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Selecting a single row
$Q�RSHUDWLRQ�WKDW�UHWULHYHV�D�VLQJOH�URZ�RI�GDWD�LV�FDOOHG�D�VLQJOHWRQ�VHOHFW��7R�UHWULHYH�D�VLQJOH�
URZ�IURP�D�WDEOH��WR�UHWULHYH�D�FROXPQ�GHILQHG�ZLWK�D�XQLTXH�LQGH[��RU�WR�VHOHFW�DQ�DJJUHJDWH�
YDOXH�OLNH�&2817���RU�$9*���IURP�D�WDEOH��XVH�WKH�IROORZLQJ�6(/(&7�VWDWHPHQW�V\QWD[�

SELECT <col> [, <col> ...]

INTO :variable [, :variable ...]

FROM table

WHERE <search_condition>;

7KH�PDQGDWRU\�,172�FODXVH�VSHFLILHV�WKH�KRVW�YDULDEOHV�ZKHUH�UHWULHYHG�GDWD�LV�FRSLHG�IRU�XVH�
LQ�WKH�SURJUDP��(DFK�KRVW�YDULDEOH·V�QDPH�PXVW�EH�SUHFHGHG�E\�D�FRORQ������)RU�HDFK�FROXPQ�
UHWULHYHG��WKHUH�PXVW�EH�RQH�KRVW�YDULDEOH�RI�D�FRUUHVSRQGLQJ�GDWDW\SH��&ROXPQV�DUH�UHWULHYHG�
LQ�WKH�RUGHU�WKH\�DUH�OLVWHG�LQ�WKH�6(/(&7�FODXVH��DQG�DUH�FRSLHG�LQWR�KRVW�YDULDEOHV�LQ�WKH�
RUGHU�WKH�YDULDEOHV�DUH�OLVWHG�LQ�WKH�,172�FODXVH�

7KH�:+(5(�FODXVH�PXVW�VSHFLI\�D�VHDUFK�FRQGLWLRQ�WKDW�JXDUDQWHHV�WKDW�RQO\�RQH�URZ�LV�
UHWULHYHG��,I�WKH�:+(5(�FODXVH�GRHV�QRW�UHGXFH�WKH�QXPEHU�RI�URZV�UHWXUQHG�WR�D�VLQJOH�URZ��
WKH�6(/(&7�IDLOV�

,03257$17 7R�VHOHFW�GDWD�IURP�D�WDEOH��D�XVHU�PXVW�KDYH�6(/(&7�SULYLOHJH�IRU�D�WDEOH��RU�D�VWRUHG�
SURFHGXUH�LQYRNHG�E\�WKH�XVHU·V�DSSOLFDWLRQ�PXVW�KDYH�6(/(&7�SULYLOHJHV�IRU�WKH�WDEOH�

)RU�H[DPSOH��WKH�IROORZLQJ�6(/(&7�UHWULHYHV�LQIRUPDWLRQ�IURP�WKH
'(3$570(17�WDEOH�IRU�WKH�GHSDUWPHQW��3XEOLFDWLRQV�

EXEC SQL

SELECT DEPARTMENT, DEPT_NO, HEAD_DEPT, BUDGET, LOCATION, PHONE_NO

INTO :deptname, :dept_no, :manager, :budget, :location, :phone

FROM DEPARTMENT

WHERE DEPARTMENT = "Publications";

:KHQ�64/�UHWULHYHV�WKH�VSHFLILHG�URZ��LW�FRSLHV�WKH�YDOXH�LQ�'(3$570(17�WR�WKH�KRVW�
YDULDEOH��GHSWQDPH��FRSLHV�WKH�YDOXH�LQ�'(37B12�WR �GHSWBQR��FRSLHV�WKH�YDOXH�LQ�+($'B'(37�
WR��PDQDJHU��DQG�VR�RQ�

Selecting multiple rows 
0RVW�TXHULHV�VSHFLI\�VHDUFK�FRQGLWLRQV�WKDW�UHWULHYH�PRUH�WKDQ�RQH�URZ��)RU�H[DPSOH��D�TXHU\�
WKDW�DVNV�WR�VHH�DOO�HPSOR\HHV�LQ�D�FRPSDQ\�WKDW�PDNH�PRUH�WKDQ���������FDQ�UHWULHYH�PDQ\�
HPSOR\HHV�
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%HFDXVH�KRVW�YDULDEOHV�FDQ�RQO\�KROG�D�VLQJOH�FROXPQ�YDOXH�DW�D�WLPH��D�TXHU\�WKDW�UHWXUQV�
PXOWLSOH�URZV�PXVW�EXLOG�D�WHPSRUDU\�WDEOH�LQ�PHPRU\��FDOOHG�D�UHVXOWV�WDEOH��IURP�ZKLFK�URZV�
FDQ�WKHQ�EH�H[WUDFWHG�DQG�SURFHVVHG��RQH�DW�D�WLPH��LQ�VHTXHQWLDO�RUGHU��64/�NHHSV�WUDFN�RI�
WKH�QH[W�URZ�WR�SURFHVV�LQ�WKH�UHVXOWV�WDEOH�E\�HVWDEOLVKLQJ�D�SRLQWHU�WR�LW��FDOOHG�D�FXUVRU�

,03257$17 ,Q�G\QDPLF�64/��'64/���WKH�SURFHVV�IRU�FUHDWLQJ�D�TXHU\�DQG�UHWULHYLQJ�GDWD�LV�VRPHZKDW�
GLIIHUHQW��)RU�PRUH�LQIRUPDWLRQ�DERXW�PXOWL�URZ�VHOHFWLRQ�LQ�'64/��VHH�´6HOHFWLQJ�PXOWLSOH�
URZV�LQ�'64/µ�RQ�SDJH ����

7R�UHWULHYH�PXOWLSOH�URZV�LQWR�D�UHVXOWV�WDEOH��HVWDEOLVK�D�FXUVRU�LQWR�WKH�WDEOH��DQG�SURFHVV�
LQGLYLGXDO�URZV�LQ�WKH�WDEOH��64/�SURYLGHV�WKH�IROORZLQJ�VHTXHQFH�RI�VWDWHPHQWV�

�� '(&/$5(�&85625�HVWDEOLVKHV�D�QDPH�IRU�WKH�FXUVRU�DQG�VSHFLILHV�WKH�TXHU\�WR�
SHUIRUP�

�� 23(1�H[HFXWHV�WKH�TXHU\��EXLOGV�WKH�UHVXOWV�WDEOH��DQG�SRVLWLRQV�WKH�FXUVRU�DW�WKH�
VWDUW�RI�WKH�WDEOH�

�� )(7&+�UHWULHYHV�D�VLQJOH�URZ�DW�D�WLPH�IURP�WKH�UHVXOWV�WDEOH�LQWR�KRVW�YDULDEOHV�
IRU�SURJUDP�SURFHVVLQJ�

�� &/26(�UHOHDVHV�V\VWHP�UHVRXUFHV�ZKHQ�DOO�URZV�DUH�UHWULHYHG�

,03257$17 7R�VHOHFW�GDWD�IURP�D�WDEOH��D�XVHU�PXVW�KDYH�6(/(&7�SULYLOHJH�IRU�D�WDEOH��RU�D�VWRUHG�
SURFHGXUH�LQYRNHG�E\�WKH�XVHU·V�DSSOLFDWLRQ�PXVW�KDYH�6(/(&7�SULYLOHJH�IRU�LW�

Declaring a cursor
7R�GHFODUH�D�FXUVRU�DQG�VSHFLI\�URZV�RI�GDWD�WR�UHWULHYH��XVH�WKH�'(&/$5(
&85625�VWDWHPHQW��'(&/$5(�&85625�LV�D�GHVFULSWLYH��QRQ�H[HFXWDEOH�VWDWHPHQW��,QWHU%DVH�
XVHV�WKH�LQIRUPDWLRQ�LQ�WKH�VWDWHPHQW�WR�SUHSDUH�V\VWHP�UHVRXUFHV�IRU�WKH�FXUVRU�ZKHQ�LW�LV�
RSHQHG��EXW�GRHV�QRW�DFWXDOO\�SHUIRUP�WKH�TXHU\��%HFDXVH�'(&/$5(�&85625�LV�
QRQ�H[HFXWDEOH��64/&2'(�LV�QRW�DVVLJQHG�ZKHQ�WKLV�VWDWHPHQW�LV�XVHG�

7KH�V\QWD[�IRU�'(&/$5(�&85625�LV�

DECLARE cursorname CURSOR FOR

SELECT <col> [, <col> ...]

FROM table [, <table> ...]

WHERE <search_condition>

[GROUP BY col [, col ...]]

[HAVING <search_condition>]

[ORDER BY col [ASC | DESC] [, col ...] [ASC | DESC]

| FOR UPDATE OF col [, col ...]];
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7KH�FXUVRUQDPH�LV�XVHG�LQ�VXEVHTXHQW�23(1��)(7&+��DQG�&/26(�VWDWHPHQWV�WR�LGHQWLI\�WKH�
DFWLYH�FXUVRU�

:LWK�WKH�IROORZLQJ�H[FHSWLRQV��WKH�6(/(&7�VWDWHPHQW�LQVLGH�D�'(&/$5(
&85625�LV�VLPLODU�WR�D�VWDQG�DORQH�6(/(&7�

g $�6(/(&7�LQ�D�'(&/$5(�&85625�FDQQRW�LQFOXGH�DQ�,172�FODXVH�
g $�6(/(&7�LQ�D�'(&/$5(�&85625�FDQ�RSWLRQDOO\�LQFOXGH�HLWKHU�DQ�25'(5�%<�FODXVH�RU�D�
)25�83'$7(�FODXVH�

)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�GHFODUHV�D�FXUVRU�

EXEC SQL

DECLARE TO_BE_HIRED CURSOR FOR

SELECT D.DEPARTMENT, D.LOCATION, P.DEPARTMENT

FROM DEPARTMENT D, DEPARTMENT P

WHERE D.MNGR_NO IS NULL

AND D.HEAD_DEPT = P.DEPT_NO;

4 8SGDWLQJ�WKURXJK�FXUVRUV�
,Q�PDQ\�DSSOLFDWLRQV��GDWD�UHWULHYDO�DQG�XSGDWH�PD\�EH�LQWHUGHSHQGHQW��'(&/$5(�&85625�
VXSSRUWV�DQ�RSWLRQDO�)25�83'$7(�FODXVH�WKDW�RSWLRQDOO\�OLVWV�FROXPQV�LQ�UHWULHYHG�URZV�WKDW�
FDQ�EH�PRGLILHG��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�GHFODUHV�VXFK�D�FXUVRU�

EXEC SQL

DECLARE H CURSOR FOR

SELECT CUST_NO

FROM CUSTOMER

WHERE ON_HOLD = "*"

FOR UPDATE OF ON_HOLD;

,I�D�FROXPQ�OLVW�DIWHU�)25�83'$7(�LV�RPLWWHG��DOO�FROXPQV�UHWULHYHG�IRU�HDFK�URZ�PD\�EH�
XSGDWHG��)RU�H[DPSOH��WKH�IROORZLQJ�TXHU\�HQDEOHV�XSGDWLQJ�IRU�WZR�FROXPQV�

EXEC SQL

DECLARE H CURSOR FOR

SELECT CUST_NAME CUST_NO

FROM CUSTOMER

WHERE ON_HOLD = "*";

)RU�PRUH�LQIRUPDWLRQ�DERXW�XSGDWLQJ�FROXPQV�WKURXJK�D�FXUVRU��VHH�´8SGDWLQJ�PXOWLSOH�
URZVµ�RQ�SDJH ����
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Opening a cursor
%HIRUH�GDWD�VHOHFWHG�E\�D�FXUVRU�FDQ�EH�DFFHVVHG��WKH�FXUVRU�PXVW�EH�RSHQHG�ZLWK�WKH�23(1�
VWDWHPHQW��23(1�DFWLYDWHV�WKH�FXUVRU�DQG�EXLOGV�D�UHVXOWV�WDEOH��,W�EXLOGV�WKH�UHVXOWV�WDEOH�
EDVHG�RQ�WKH�VHOHFWLRQ�FULWHULD�VSHFLILHG�LQ�WKH�'(&/$5(�&85625�VWDWHPHQW��7KH�URZV�LQ�WKH�
UHVXOWV�WDEOH�FRPSULVH�WKH�DFWLYH�VHW�RI�WKH�FXUVRU�

)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�RSHQV�D�SUHYLRXVO\�GHFODUHG�FXUVRU�FDOOHG�'(37B(03��

EXEC SQL

OPEN DEPT_EMP;

:KHQ�,QWHU%DVH�H[HFXWHV�WKH�23(1�VWDWHPHQW��WKH�FXUVRU�LV�SRVLWLRQHG�DW�WKH�VWDUW�RI�WKH�ILUVW�
URZ�LQ�WKH�UHVXOWV�WDEOH�

Fetching rows with a cursor
2QFH�D�FXUVRU�LV�RSHQHG��URZV�FDQ�EH�UHWULHYHG��RQH�DW�D�WLPH��IURP�WKH�UHVXOWV�WDEOH�E\�XVLQJ�
WKH�)(7&+�VWDWHPHQW��)(7&+�

�� 5HWULHYHV�WKH�QH[W�DYDLODEOH�URZ�IURP�WKH�UHVXOWV�WDEOH�

�� &RSLHV�WKRVH�URZV�LQWR�WKH�KRVW�YDULDEOHV�VSHFLILHG�LQ�WKH�,172�FODXVH�RI�WKH�
)(7&+�VWDWHPHQW�

�� $GYDQFHV�WKH�FXUVRU�WR�WKH�VWDUW�RI�WKH�QH[W�DYDLODEOH�URZ�RU�VHWV
64/&2'(�WR������LQGLFDWLQJ�WKH�FXUVRU�LV�DW�WKH�HQG�RI�WKH�UHVXOWV�WDEOH�DQG�WKHUH�
DUH�QR�PRUH�URZV�WR�UHWULHYH�

7KH�FRPSOHWH�V\QWD[�RI�WKH�)(7&+�VWDWHPHQW�LQ�64/�LV�

FETCH <cursorname> INTO :variable [[INDICATOR] :variable]

[, :variable [[INDICATOR] :variable>] ...];

,03257$17 ,Q�G\QDPLF�64/��'64/��PXOWL�URZ�VHOHFW�SURFHVVLQJ��D�GLIIHUHQW�)(7&+�V\QWD[�LV�XVHG��)RU�
PRUH�LQIRUPDWLRQ�DERXW�UHWULHYLQJ�PXOWLSOH�URZV�LQ�'64/��VHH�´)HWFKLQJ�URZV�ZLWK�D�
'64/�FXUVRUµ�RQ�SDJH ����

)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�UHWULHYHV�D�URZ�IURP�WKH�UHVXOWV�WDEOH�IRU�WKH�
'(37B(03�FXUVRU��DQG�FRSLHV�LWV�FROXPQ�YDOXHV�LQWR�WKH�KRVW�ODQJXDJH�YDULDEOHV��GHSWQDPH��
OQDPH��DQG�IQDPH�

EXEC SQL

FETCH DEPT_EMP

INTO :deptname, :lname, :fname;
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7R�SURFHVV�HDFK�URZ�LQ�D�UHVXOWV�WDEOH�LQ�WKH�VDPH�PDQQHU��HQFORVH�WKH�)(7&+�VWDWHPHQW�LQ�D�
KRVW�ODQJXDJH�ORRSLQJ�FRQVWUXFW��)RU�H[DPSOH��WKH�IROORZLQJ�&�FRGH�IHWFKHV�DQG�SULQWV�HDFK�
URZ�GHILQHG�IRU�WKH�'(37B(03�FXUVRU�

. . .

EXEC SQL

FETCH DEPT_EMP

INTO :deptname, :lname, :fname;

while (!SQLCODE)

{

printf("%s %s works in the %s department.\n", fname,

lname, deptname);

EXEC SQL

FETCH DEPT_EMP

INTO :deptname, :lname, :fname;

}

EXEC SQL

CLOSE DEPT_EMP;

. . .

(YHU\�)(7&+�VWDWHPHQW�VKRXOG�EH�WHVWHG�WR�VHH�LI�WKH�HQG�RI�WKH�DFWLYH�VHW�LV�UHDFKHG��7KH�
SUHYLRXV�H[DPSOH�RSHUDWHV�LQ�WKH�FRQWH[W�RI�D�ZKLOH�ORRS�WKDW�FRQWLQXHV�SURFHVVLQJ�DV�ORQJ�
DV�64/&2'(�LV�]HUR��,I�64/&2'(�LV������LW�LQGLFDWHV�WKDW�WKHUH�DUH�QR�PRUH�URZV�WR�UHWULHYH��
,I�64/&2'(�LV�OHVV�WKDQ�]HUR��LW�LQGLFDWHV�WKDW�DQ�HUURU�RFFXUUHG�

4 5HWULHYLQJ�LQGLFDWRU�VWDWXV
$Q\�FROXPQ�FDQ�KDYH�D�18//�YDOXH��H[FHSW�WKRVH�GHILQHG�ZLWK�WKH�127�18//�RU�81,48(�
LQWHJULW\�FRQVWUDLQWV��5DWKHU�WKDQ�VWRUH�D�YDOXH�IRU�WKH�FROXPQ��,QWHU%DVH�VHWV�D�IODJ�LQGLFDWLQJ�
WKH�FROXPQ�KDV�QR�DVVLJQHG�YDOXH�

7R�GHWHUPLQH�LI�D�YDOXH�UHWXUQHG�IRU�D�FROXPQ�LV�18//��IROORZ�HDFK�YDULDEOH�QDPHG�LQ�WKH�
,172�FODXVH�ZLWK�WKH�,1',&$725�NH\ZRUG�DQG�WKH�QDPH�RI�D�VKRUW�LQWHJHU�YDULDEOH��FDOOHG�
DQ�LQGLFDWRU�YDULDEOH��ZKHUH�,QWHU%DVH�VKRXOG�VWRUH�WKH�VWDWXV�RI�WKH�18//�YDOXH�IODJ�IRU�WKH�
FROXPQ��,I�WKH�YDOXH�UHWULHYHG�LV�

g 18//��WKH�LQGLFDWRU�YDULDEOH�LV�VHW�WR�²��
g1RW�18//��WKH�LQGLFDWRU�SDUDPHWHU�LV�VHW�WR���

)RU�H[DPSOH��WKH�IROORZLQJ�&�FRGH�GHFODUHV�WKUHH�KRVW�ODQJXDJH�YDULDEOHV��GHSDUWPHQW��PDQDJHU��
DQG�PLVVLQJBPDQDJHU��WKHQ�UHWULHYHV�FROXPQ�YDOXHV�LQWR
GHSDUWPHQW��PDQDJHU��DQG�D�VWDWXV�IODJ�IRU�WKH�FROXPQ�UHWULHYHG�LQWR�PDQDJHU��PLVVLQJBPDQDJHU��
ZLWK�D�)(7&+�IURP�D�SUHYLRXVO\�GHFODUHG�FXUVRU��*(7&,7<�

. . .

char department[26];



CHAPTER 6 WORKING WITH DATA

128 INTERBASE 5

char manager[36];

short missing_manager;

. . . 

FETCH GETCITY INTO :department, :manager INDICATOR :missing_manager;

7KH�RSWLRQDO�,1',&$725�NH\ZRUG�FDQ�EH�RPLWWHG�

FETCH GETCITY INTO :department, :manager :missing_manager;

2IWHQ��WKH�VSDFH�EHWZHHQ�WKH�YDULDEOH�WKDW�UHFHLYHV�WKH�DFWXDO�FRQWHQWV�RI�D�
FROXPQ�DQG�WKH�YDULDEOH�WKDW�KROGV�WKH�VWDWXV�RI�WKH�18//�YDOXH�IODJ�LV�DOVR�RPLWWHG�

FETCH GETCITY INTO :department, :manager:missing_manager;

Note :KLOH�,QWHU%DVH�HQIRUFHV�WKH�64/�UHTXLUHPHQW�WKDW�WKH�QXPEHU�RI�KRVW�YDULDEOHV�LQ�D�
)(7&+�PXVW�HTXDO�WKH�QXPEHU�RI�FROXPQV�VSHFLILHG�LQ�'(&/$5(�&85625��LQGLFDWRU�
YDULDEOHV�LQ�D�)(7&+�VWDWHPHQW�DUH�QRW�FRXQWHG�WRZDUG�WKH�FROXPQ�FRXQW�

4 5HIHWFKLQJ�URZV�ZLWK�D�FXUVRU
7KH�RQO\�VXSSRUWHG�FXUVRU�PRYHPHQW�LV�IRUZDUG�LQ�VHTXHQWLDO�RUGHU�WKURXJK�WKH�DFWLYH�VHW�

7R�UHYLVLW�SUHYLRXVO\�IHWFKHG�URZV��FORVH�WKH�FXUVRU�DQG�WKHQ�UHRSHQ�LW�ZLWK�DQRWKHU�23(1�
VWDWHPHQW��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQWV�FORVH�WKH�'(37B(03�FXUVRU��WKHQ�UHFUHDWH�
LW��HIIHFWLYHO\�UHSRVLWLRQLQJ�WKH�FXUVRU�DW�WKH�VWDUW�RI�WKH�'(37B(03�UHVXOWV�WDEOH�

EXEC SQL

CLOSE DEPT_EMP;

EXEC SQL

OPEN DEPT_EMP;

Closing the cursor
:KHQ�WKH�HQG�RI�D�FXUVRU·V�DFWLYH�VHW�LV�UHDFKHG��D�FXUVRU�VKRXOG�EH�FORVHG�WR�IUHH�XS�V\VWHP�
UHVRXUFHV��7R�FORVH�D�FXUVRU��XVH�WKH�&/26(�VWDWHPHQW��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�
FORVHV�WKH�'(37B(03�FXUVRU�

EXEC SQL

CLOSE DEPT_EMP;

3URJUDPV�FDQ�FKHFN�IRU�WKH�HQG�RI�WKH�DFWLYH�VHW�E\�H[DPLQLQJ�64/&2'(��ZKLFK�LV�VHW�WR�����
WR�LQGLFDWH�WKHUH�DUH�QR�PRUH�URZV�WR�UHWULHYH�
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A complete cursor example
7KH�IROORZLQJ�SURJUDP�GHFODUHV�D�FXUVRU��RSHQV�WKH�FXUVRU��DQG�WKHQ�ORRSV�WKURXJK�WKH�
FXUVRU·V�DFWLYH�VHW��IHWFKLQJ�DQG�SULQWLQJ�YDOXHV��7KH�SURJUDP�FORVHV�WKH�FXUVRU�ZKHQ�DOO�
SURFHVVLQJ�LV�ILQLVKHG�RU�DQ�HUURU�RFFXUV�

#include <stdio.h>

EXEC SQL

BEGIN DECLARE SECTION;

char deptname[26];

char lname[16];

char fname[11];

EXEC SQL

END DECLARE SECTION;

main ()

{

EXEC SQL

WHENEVER SQLERROR GO TO abend;

EXEC SQL

DECLARE DEPT_EMP CURSOR FOR

SELECT DEPARTMENT, LAST_NAME, FIRST_NAME

FROM DEPARTMENT D, EMPLOYEE E

WHERE D.DEPT_NO = E.DEPT_NO"

ORDER BY DEPARTMENT, LAST_NAME, FIRST_NAME;

EXEC SQL

OPEN DEPT_EMP;

EXEC SQL

FETCH DEPT_EMP

INTO :deptname, :lname, :fname;

while (!SQLCODE)

{

printf("%s %s works in the %s department.\n",fname,

lname, deptname);

EXEC SQL

FETCH DEPT_EMP

INTO :deptname, :lname, :fname;

}

EXEC SQL

CLOSE DEPT_EMP;

exit();

abend:
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if (SQLCODE)

{

isc_print_sqlerror();

EXEC SQL

ROLLBACK;

EXEC SQL

CLOSE_DEPT_EMP;

EXEC SQL

DISCONNECT ALL;

exit(1)

}

else

{

EXEC SQL

COMMIT;

EXEC SQL

DISCONNECT ALL;

exit()

}

}

Selecting rows with NULL values
$Q\�FROXPQ�FDQ�KDYH�18//�YDOXHV��H[FHSW�WKRVH�GHILQHG�ZLWK�WKH�127�18//�RU�81,48(�
LQWHJULW\�FRQVWUDLQWV��5DWKHU�WKDQ�VWRUH�D�YDOXH�IRU�WKH�FROXPQ��,QWHU%DVH�VHWV�D�IODJ�LQGLFDWLQJ�
WKH�FROXPQ�KDV�QR�DVVLJQHG�YDOXH�

8VH�,6�18//�LQ�D�:+(5(�FODXVH�VHDUFK�FRQGLWLRQ�WR�TXHU\�IRU�18//�YDOXHV��)RU�H[DPSOH��
VRPH�URZV�LQ�WKH�'(3$570(17�WDEOH�GR�QRW�KDYH�D�YDOXH�IRU�WKH�
%8'*(7�FROXPQ��'HSDUWPHQWV�ZLWK�QR�VWRUHG�EXGJHW�KDYH�WKH�18//�YDOXH�IODJ�VHW�IRU�WKDW�
FROXPQ��7KH�IROORZLQJ�FXUVRU�GHFODUDWLRQ�UHWULHYHV�URZV�IRU�GHSDUWPHQWV�ZLWKRXW�EXGJHWV�IRU�
SRVVLEOH�XSGDWH�

EXEC SQL

DECLARE NO_BUDGET CURSOR FOR

SELECT DEPARTMENT, BUDGET

FROM DEPARTMENT

WHERE BUDGET IS NULL

FOR UPDATE OF BUDGET;

Note 7R�GHWHUPLQH�LI�D�FROXPQ�KDV�D�18//�YDOXH��XVH�DQ�LQGLFDWRU�YDULDEOH��)RU�PRUH�
LQIRUPDWLRQ�DERXW�LQGLFDWRU�YDULDEOHV��VHH�´5HWULHYLQJ�LQGLFDWRU�VWDWXVµ�RQ�SDJH ����
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$�GLUHFW�TXHU\�RQ�D�FROXPQ�FRQWDLQLQJ�D�18//�YDOXH�UHWXUQV�]HUR�IRU�QXPEHUV��EODQNV�IRU�
FKDUDFWHUV��DQG����1RYHPEHU������IRU�GDWHV��)RU�H[DPSOH��WKH�IROORZLQJ�FXUVRU�GHFODUDWLRQ�
UHWULHYHV�DOO�GHSDUWPHQW�EXGJHWV��HYHQ�WKRVH�ZLWK�18//�YDOXHV��ZKLFK�DUH�UHSRUWHG�DV�]HUR�

EXEC SQL

DECLARE ALL_BUDGETS CURSOR FOR

SELECT DEPARTMENT, BUDGET

FROM DEPARTMENT

ORDER BY BUDGET DESCENDING;

4 /LPLWDWLRQV�RQ�18//�YDOXHV
%HFDXVH�,QWHU%DVH�WUHDWV�18//�YDOXHV�DV�QRQ�YDOXHV��WKH�IROORZLQJ�OLPLWDWLRQV�RQ�18//�
YDOXHV�LQ�TXHULHV�VKRXOG�EH�QRWHG�

g 5RZV�ZLWK�18//�YDOXHV�DUH�VRUWHG�DIWHU�DOO�RWKHU�URZV�
g 18//�YDOXHV�DUH�VNLSSHG�E\�DOO�DJJUHJDWH�RSHUDWLRQV��H[FHSW�IRU�&2817�
��
g 18//�YDOXHV�FDQQRW�EH�HOLFLWHG�E\�D�QHJDWHG�WHVW�LQ�D�VHDUFK�FRQGLWLRQ�
g 18//�YDOXHV�FDQQRW�VDWLVI\�D�MRLQ�FRQGLWLRQ��

18//�YDOXHV�FDQ�EH�WHVWHG�LQ�FRPSDULVRQV��,I�D�YDOXH�RQ�HLWKHU�VLGH�RI�D�FRPSDULVRQ�RSHUDWRU�
LV�18//��WKH�UHVXOW�RI�WKH�FRPSDULVRQ�LV�8QNQRZQ�

)RU�WKH�%RROHDQ�RSHUDWRUV��127��$1'��DQG�25���WKH�IROORZLQJ�FRQVLGHUDWLRQV�DUH�PDGH�
g 18//�YDOXHV�ZLWK�127�DOZD\V�UHWXUQV�8QNQRZQ�
g 18//�YDOXHV�ZLWK�$1'�UHWXUQ�8QNQRZQ�XQOHVV�RQH�RSHUDQG�IRU�$1'�LV�IDOVH��,Q�WKLV�ODWWHU�
FDVH��)DOVH�LV�UHWXUQHG�

g 18//�YDOXHV�ZLWK�25�UHWXUQ�8QNQRZQ�XQOHVV�RQH�RSHUDQG�IRU�25�LV�WUXH��,Q�WKLV�ODWWHU�FDVH��
7UXH�LV�UHWXUQHG�

)RU�LQIRUPDWLRQ�DERXW�GHILQLQJ�DOWHUQDWH�18//�YDOXHV��VHH�WKH�'DWD�'HILQLWLRQ�*XLGH�

Selecting rows through a view
7R�VHOHFW�D�VXEVHW�RI�URZV�DYDLODEOH�WKURXJK�D�YLHZ��VXEVWLWXWH�WKH�QDPH�RI�WKH�YLHZ�IRU�D�WDEOH�
QDPH�LQ�WKH�)520�FODXVH�RI�D�6(/(&7��)RU�H[DPSOH��WKH�IROORZLQJ�FXUVRU�SURGXFHV�D�OLVW�RI�
HPSOR\HH�SKRQH�QXPEHUV�EDVHG�RQ�WKH�3+21(B9,(:�YLHZ�

EXEC SQL

DECLARE PHONE_LIST CURSOR FOR

SELECT FIRST_NAME, LAST_NAME, PHONE_EXT

FROM PHONE_VIEW

WHERE EMPLOYEE.DEPT_NO = DEPARTMENT.DEPT_NO;
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$�YLHZ�FDQ�EH�D�MRLQ��9LHZV�FDQ�DOVR�EH�XVHG�LQ�MRLQV��WKHPVHOYHV��LQ�SODFH�RI�WDEOHV��)RU�PRUH�
LQIRUPDWLRQ�DERXW�YLHZV�LQ�MRLQV��VHH�´-RLQLQJ�WDEOHVµ�RQ�SDJH ����

Selecting multiple rows in DSQL
,Q�'64/�XVHUV�DUH�XVXDOO\�SHUPLWWHG�WR�VSHFLI\�TXHULHV�DW�UXQ�WLPH��7R�DFFRPPRGDWH�DQ\�
W\SH�RI�TXHU\�WKH�XVHU�VXSSOLHV��'64/�UHTXLUHV�WKH�XVH�RI�H[WHQGHG�64/�GHVFULSWRU�DUHDV�
�;64/'$V��ZKHUH�D�TXHU\·V�LQSXW�DQG�RXWSXW�FDQ�EH�SUHSDUHG�DQG�GHVFULEHG��)RU�TXHULHV�
UHWXUQLQJ�PXOWLSOH�URZV��'64/�VXSSRUWV�YDULDWLRQV�RI�WKH�'(&/$5(�&85625��23(1��DQG�
)(7&+�VWDWHPHQWV�WKDW�PDNH�XVH�RI�WKH�;64/'$�

7R�UHWULHYH�PXOWLSOH�URZV�LQWR�D�UHVXOWV�WDEOH��HVWDEOLVK�D�FXUVRU�LQWR�WKH�WDEOH��DQG�SURFHVV�
LQGLYLGXDO�URZV�LQ�WKH�WDEOH��'64/�SURYLGHV�WKH�IROORZLQJ�VHTXHQFH�RI�VWDWHPHQWV�

�� 35(3$5(�HVWDEOLVKHV�WKH�XVHU�GHILQHG�TXHU\�VSHFLILFDWLRQ�LQ�WKH�;64/'$�
VWUXFWXUH�XVHG�IRU�RXWSXW�

�� '(&/$5(�&85625�HVWDEOLVKHV�D�QDPH�IRU�WKH�FXUVRU�DQG�VSHFLILHV�WKH�TXHU\�WR�
SHUIRUP�

�� 23(1�H[HFXWHV�WKH�TXHU\��EXLOGV�WKH�UHVXOWV�WDEOH��DQG�SRVLWLRQV�WKH�FXUVRU�DW�WKH�
VWDUW�RI�WKH�WDEOH�

�� )(7&+�UHWULHYHV�D�VLQJOH�URZ�DW�D�WLPH�IURP�WKH�UHVXOWV�WDEOH�IRU�SURJUDP�
SURFHVVLQJ�

�� &/26(�UHOHDVHV�V\VWHP�UHVRXUFHV�ZKHQ�DOO�URZV�DUH�UHWULHYHG�

7KH�IROORZLQJ�WKUHH�VHFWLRQV�GHVFULEH�KRZ�WR�GHFODUH�D�'64/�FXUVRU��KRZ�WR�RSHQ�LW��DQG�
KRZ�WR�IHWFK�URZV�XVLQJ�WKH�FXUVRU��)RU�PRUH�LQIRUPDWLRQ�DERXW�FUHDWLQJ�DQG�ILOOLQJ�;64/'$�
VWUXFWXUHV��DQG�SUHSDULQJ�'64/�TXHULHV�ZLWK�35(3$5(��VHH�&KDSWHU�����´8VLQJ�'\QDPLF�
64/�µ)RU�PRUH�LQIRUPDWLRQ�DERXW�FORVLQJ�D�FXUVRU��VHH�´&ORVLQJ�WKH�FXUVRUµ�RQ�SDJH ����

Declaring a DSQL cursor
'64/�PXVW�GHFODUH�D�FXUVRU�EDVHG�RQ�D�XVHU�GHILQHG�6(/(&7�VWDWHPHQW��8VXDOO\��'64/�
SURJUDPV�

g 3URPSW�WKH�XVHU�IRU�D�TXHU\��6(/(&7��
g 6WRUH�WKH�TXHU\�LQ�D�KRVW�ODQJXDJH�YDULDEOH�
g ,VVXH�D�35(3$5(�VWDWHPHQW�WKDW�XVHV�WKH�KRVW�ODQJXDJH�YDULDEOH�WR�GHVFULEH�WKH�TXHU\�UHVXOWV�
LQ�DQ�;64/'$�
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g'HFODUH�D�FXUVRU�XVLQJ�WKH�TXHU\�DOLDV�

7KH�FRPSOHWH�V\QWD[�IRU�'(&/$5(�&85625�LQ�'64/�LV�

DECLARE cursorname CURSOR FOR queryname;

)RU�H[DPSOH��WKH�IROORZLQJ�&�FRGH�IUDJPHQW�GHFODUHV�D�VWULQJ�YDULDEOH�
TXHU\VWULQJ��WR�KROG�WKH�XVHU�GHILQHG�TXHU\��JHWV�D�TXHU\�IURP�WKH�XVHU�DQG�VWRUHV�LW�LQ�
TXHU\VWULQJ��XVHV�TXHU\VWULQJ�WR�35(3$5(�D�TXHU\�FDOOHG�48(5<��WKHQ�GHFODUHV�D�FXUVRU��&��WKDW�
XVHV�48(5<�

. . .

EXEC SQL

BEGIN DECLARE SECTION;

char querystring [512];

XSQLDA *InputSqlda, *OutputSqlda;

EXEC SQL

END DECLARE SECTION;

. . .

printf("Enter query: "); /* prompt for query from user */

gets(querystring); /* get the string, store in querystring */

. . .

EXEC SQL

PREPARE QUERY INTO OutputSqlda FROM :querystring;

. . .

EXEC SQL

DECLARE C CURSOR FOR QUERY;

)RU�PRUH�LQIRUPDWLRQ�DERXW�FUHDWLQJ�DQG�ILOOLQJ�;64/'$�VWUXFWXUHV��DQG�SUHSDULQJ�'64/�
TXHULHV�ZLWK�35(3$5(��VHH�&KDSWHU�����´8VLQJ�'\QDPLF�64/�µ

Opening a DSQL cursor
7KH�23(1�VWDWHPHQW�LQ�'64/�HVWDEOLVKHV�D�UHVXOWV�WDEOH�IURP�WKH�LQSXW�SDUDPHWHUV�VSHFLILHG�
LQ�D�SUHYLRXVO\�GHFODUHG�DQG�SRSXODWHG�;64/'$��$�FXUVRU�PXVW�EH�RSHQHG�EHIRUH�GDWD�FDQ�
EH�UHWULHYHG��7KH�V\QWD[�IRU�D�'64/�23(1�LV�

OPEN cursorname USING DESCRIPTOR sqldaname;

)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�RSHQV�WKH�FXUVRU��&��XVLQJ�WKH�;64/'$��,QSXW6TOGD�

EXEC SQL

OPEN C USING DESCRIPTOR InputSqlda;
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Fetching rows with a DSQL cursor
'64/�XVHV�WKH�)(7&+�VWDWHPHQW�WR�UHWULHYH�URZV�IURP�D�UHVXOWV�WDEOH��7KH�URZV�DUH�UHWULHYHG�
DFFRUGLQJ�WR�VSHFLILFDWLRQV�SURYLGHG�LQ�D�SUHYLRXVO\�HVWDEOLVKHG�DQG�SRSXODWHG�H[WHQGHG�64/�
GHVFULSWRU�DUHD��;64/'$��WKDW�GHVFULEHV�WKH�XVHU·V�UHTXHVW��7KH�V\QWD[�IRU�WKH�'64/�)(7&+�
VWDWHPHQW�LV�

FETCH cursorname USING DESCRIPTOR descriptorname;

)RU�H[DPSOH��WKH�IROORZLQJ�&�FRGH�IUDJPHQW�GHFODUHV�;64/'$�VWUXFWXUHV�IRU�LQSXW�DQG�
RXWSXW��DQG�LOOXVWUDWHV�KRZ�WKH�RXWSXW�VWUXFWXUH�LV�XVHG�LQ�D�)(7&+�VWDWHPHQW�

. . .

XSQLDA *InputSqlda, *OutputSqlda;

. . .

EXEC SQL

FETCH C USING DESCRIPTOR OutputSqlda;

. . .

)RU�PRUH�LQIRUPDWLRQ�DERXW�FUHDWLQJ�DQG�ILOOLQJ�;64/'$�VWUXFWXUHV��DQG�SUHSDULQJ�'64/�
TXHULHV�ZLWK�35(3$5(��VHH�&KDSWHU�����´8VLQJ�'\QDPLF�64/�µ

Joining tables
-RLQV�HQDEOH�UHWULHYDO�RI�GDWD�IURP�WZR�RU�PRUH�WDEOHV�LQ�D�GDWDEDVH�ZLWK�D�VLQJOH�6(/(&7��7KH�
WDEOHV�IURP�ZKLFK�GDWD�LV�WR�EH�H[WUDFWHG�DUH�OLVWHG�LQ�WKH�)520�FODXVH��2SWLRQDO�V\QWD[�LQ�WKH�
)520�FODXVH�FDQ�UHGXFH�WKH�QXPEHU�RI�URZV�UHWXUQHG��DQG�DGGLWLRQDO�:+(5(�FODXVH�V\QWD[�
FDQ�IXUWKHU�UHGXFH�WKH�QXPEHU�RI�URZV�UHWXUQHG�

)URP�WKH�LQIRUPDWLRQ�LQ�D�6(/(&7�WKDW�GHVFULEHV�D�MRLQ��,QWHU%DVH�EXLOGV�D�WDEOH�WKDW�FRQWDLQV�
WKH�UHVXOWV�RI�WKH�MRLQ�RSHUDWLRQ��WKH�UHVXOWV�WDEOH��VRPHWLPHV�DOVR�FDOOHG�D�G\QDPLF�RU�YLUWXDO�WDEOH�

,QWHU%DVH�VXSSRUWV�WZR�EDVLF�W\SHV�RI�MRLQV�
g ,QQHU�MRLQV�OLQN�URZV�LQ�WDEOHV�EDVHG�RQ�VSHFLILHG�MRLQ�FRQGLWLRQV��DQG�UHWXUQ�RQO\�WKRVH�URZV�
WKDW�PDWFK�WKH�MRLQ�FRQGLWLRQV��7KHUH�DUH�WKUHH�W\SHV�RI�LQQHU�MRLQV�

Ã (TXL�MRLQV�OLQN�URZV�EDVHG�RQ�FRPPRQ�YDOXHV�RU�HTXDOLW\�UHODWLRQVKLSV�LQ�WKH�MRLQ�FROXPQV�

Ã -RLQV�WKDW�OLQN�URZV�EDVHG�RQ�FRPSDULVRQV�RWKHU�WKDQ�HTXDOLW\�LQ�WKH�MRLQ�FROXPQV��7KHUH�LV�
QRW�DQ�RIILFLDOO\�UHFRJQL]HG�QDPH�IRU�WKHVH�W\SHV�RI�MRLQV��EXW�IRU�VLPSOLFLW\·V�VDNH�WKH\�PD\�
EH�FDWHJRUL]HG�DV�FRPSDUDWLYH�MRLQV��RU�QRQ�HTXL�MRLQV�

Ã 5HIOH[LYH�RU�VHOI�MRLQV��FRPSDUH�YDOXHV�ZLWKLQ�D�FROXPQ�RI�D�VLQJOH�WDEOH�
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g 2XWHU�MRLQV�OLQN�URZV�LQ�WDEOHV�EDVHG�RQ�VSHFLILHG�MRLQ�FRQGLWLRQV�DQG�UHWXUQ�ERWK�URZV�WKDW�
PDWFK�WKH�MRLQ�FRQGLWLRQV��DQG�DOO�RWKHU�URZV�IURP�RQH�RU�PRUH�WDEOHV�HYHQ�LI�WKH\�GR�QRW�
PDWFK�WKH�MRLQ�FRQGLWLRQ�

7KH�PRVW�FRPPRQO\�XVHG�MRLQV�DUH�LQQHU�MRLQV��EHFDXVH�WKH\�ERWK�UHVWULFW�WKH�GDWD�UHWXUQHG��
DQG�VKRZ�D�FOHDU�UHODWLRQVKLS�EHWZHHQ�WZR�RU�PRUH�WDEOHV��2XWHU�MRLQV��KRZHYHU��DUH�XVHIXO�
IRU�YLHZLQJ�MRLQHG�URZV�DJDLQVW�D�EDFNJURXQG�RI�URZV�WKDW�GR�QRW�PHHW�WKH�MRLQ�FRQGLWLRQV�

Choosing join columns
5HJDUGOHVV�RI�MRLQ�W\SHV��WR�FUHDWH�D�XVHIXO�MRLQ��WKH�FROXPQV�WKDW�DUH�FRPSDUHG�VKRXOG�EH�D�
35,0$5<�.(<�RU�D�)25(,*1�.(<��-RLQHG�FROXPQV�QHHG�QRW�KDYH�WKH�VDPH�QDPHV��EXW�WKH\�
PXVW�EH�RI�FRPSDWLEOH�GDWDW\SHV��)RU�H[DPSOH��,17(*(5��'(&,0$/��180(5,&��DQG�)/2$7�
GDWDW\SHV�FDQ�EH�FRPSDUHG�WR�RQH�DQRWKHU�EHFDXVH�WKH\�DUH�DOO�QXPEHUV��6WULQJ�YDOXHV��OLNH�
&+$5�DQG�9$5&+$5��FDQ�RQO\�EH�FRPSDUHG�WR�RWKHU�VWULQJ�YDOXHV�XQOHVV�WKH\�FRQWDLQ�$6&,,�
YDOXHV�WKDW�DUH�DOO�QXPEHUV��7KH�&$67���IXQFWLRQ�FDQ�EH�XVHG�WR�IRUFH�WUDQVODWLRQ�RI�RQH�
,QWHU%DVH�GDWDW\SH�WR�DQRWKHU�IRU�FRPSDULVRQV��)RU�PRUH�LQIRUPDWLRQ�DERXW�&$67����VHH�
´8VLQJ�&$67���IRU�GDWDW\SH�FRQYHUVLRQVµ�RQ�SDJH ����

,03257$17 ,I�D�MRLQHG�FROXPQ�FRQWDLQV�D�18//�YDOXH�IRU�D�JLYHQ�URZ��,QWHU%DVH�GRHV�QRW�LQFOXGH�WKDW�
URZ�LQ�WKH�UHVXOWV�WDEOH�XQOHVV�SHUIRUPLQJ�DQ�RXWHU�MRLQ�

Using inner joins
,QWHU%DVH�VXSSRUWV�WZR�PHWKRGV�IRU�FUHDWLQJ�LQQHU�MRLQV��)RU�SRUWDELOLW\�DQG�FRPSDWLELOLW\�
ZLWK�H[LVWLQJ�64/�DSSOLFDWLRQV��,QWHU%DVH�FRQWLQXHV�WR�VXSSRUW�WKH�ROG�64/�PHWKRG�IRU�
VSHFLI\LQJ�MRLQV��,Q�ROGHU�YHUVLRQV�RI�64/��WKHUH�LV�QR�H[SOLFLW�MRLQ�ODQJXDJH��$Q�LQQHU�MRLQ�LV�
VSHFLILHG�E\�OLVWLQJ�WDEOHV�WR�MRLQ�LQ�WKH�)520�FODXVH�RI�D�6(/(&7��DQG�WKH�FROXPQV�WR�
FRPSDUH�LQ�WKH�:+(5(�FODXVH�

)RU�H[DPSOH��WKH�IROORZLQJ�MRLQ�UHWXUQV�WKH�GHSDUWPHQW�QDPH��PDQDJHU�QXPEHU��DQG�VDODU\�
IRU�DQ\�PDQDJHU�ZKRVH�VDODU\�DFFRXQWV�IRU�RQH�WKLUG�RU�PRUH�RI�WKH�WRWDO�VDODULHV�RI�
HPSOR\HHV�LQ�WKDW�GHSDUWPHQW�

EXEC SQL

DECLARE BIG_SAL CURSOR FOR

SELECT D.DEPARTMENT, D.MNGR_NO, E.SALARY

FROM DEPARTMENT D, EMPLOYEE E

WHERE D.MNGR_NO = E.EMP_NO AND E.SALARY*2

>= (SELECT SUM(S.SALARY) FROM EMPLOYEE S

WHERE D.DEPT_NO = S.DEPT_NO)

ORDER BY D.DEPARTMENT;
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,QWHU%DVH�DOVR�LPSOHPHQWV�QHZ��H[SOLFLW�MRLQ�V\QWD[�EDVHG�RQ�64/����

SELECT col [, col ...] | * 

FROM <tablerefleft> [INNER] JOIN <tablerefright>

[ON <searchcondition>]

[WHERE <searchcondition>];

7KH�MRLQ�LV�H[SOLFLWO\�GHFODUHG�LQ�WKH�)520�FODXVH�XVLQJ�WKH�-2,1�NH\ZRUG��7KH�WDEOH�UHIHUHQFH�
DSSHDULQJ�WR�WKH�OHIW�RI�WKH�-2,1�NH\ZRUG�LV�FDOOHG�WKH�OHIW�WDEOH��ZKLOH�WKH�WDEOH�WR�WKH�ULJKW�RI�
WKH�-2,1�LV�FDOOHG�WKH�ULJKW�WDEOH��6HDUFK�FRQGLWLRQV�EDVHG�RQ�D�FROXPQ�LQ�WKH�ULJKW�WDEOH�FDQ�EH�
VSHFLILHG�LQ�DQ�RSWLRQDO�21�FODXVH�IROORZLQJ�WKH�ULJKW�WDEOH�UHIHUHQFH��)RU�H[DPSOH��XVLQJ�WKH�
QHZ�MRLQ�V\QWD[��WKH�SUHYLRXVO\�GHVFULEHG�TXHU\�FDQ�EH�UHZULWWHQ�DV�

EXEC SQL

DECLARE BIG_SAL CURSOR FOR

SELECT D.DEPARTMENT, D.MNGR_NO, E.SALARY

     FROM DEPARTMENT D INNER JOIN EMPLOYEE E

ON D.MNGR_NO = E.EMP_NO

AND E.SALARY*2 > (SELECT SUM(S.SALARY) FROM EMPLOYEE S

WHERE D.DEPT_NO = S.DEPT_NO)

ORDER BY D.DEPARTMENT;

The new join syntax offers several advantages. An explicit join declaration 

makes the intention of the program clear when reading its source code.

7KH�21�FODXVH�HQDEOHV�MRLQ�VHDUFK�FRQGLWLRQV�WR�EH�H[SUHVVHG�LQ�WKH�)520�FODXVH��7KH�VHDUFK�
FRQGLWLRQ�WKDW�IROORZV�WKH�21�FODXVH�LV�WKH�RQO\�SODFH�ZKHUH�UHWULHYDO�RI�URZV�FDQ�EH�
UHVWULFWHG�EDVHG�RQ�FROXPQV�DSSHDULQJ�LQ�WKH�ULJKW�WDEOH��7KH�:+(5(�FODXVH�FDQ�EH�XVHG�WR�
IXUWKHU�UHVWULFW�URZV�EDVHG�VROHO\�RQ�FROXPQV�LQ�WKH�OHIW�WDEOH�

7KH�)520�FODXVH�DOVR�SHUPLWV�WKH�XVH�RI�WDEOH�UHIHUHQFHV��SDUHQWKHWLFDO��QHVWHG�MRLQV�ZKRVH�
UHVXOW�WDEOHV�DUH�FUHDWHG�DQG�WKHQ�SURFHVVHG�DV�LI�WKH\�ZHUH�DFWXDO�WDEOHV�VWRUHG�LQ�D�GDWDEDVH��
)RU�PRUH�LQIRUPDWLRQ�DERXW�QHVWHG�MRLQV��VHH�´8VLQJ�QHVWHG�MRLQVµ�RQ�SDJH ����

4 &UHDWLQJ�HTXL�MRLQV
$Q�LQQHU�MRLQ�WKDW�PDWFKHV�YDOXHV�LQ�MRLQ�FROXPQV�LV�FDOOHG�DQ�HTXL�MRLQ��(TXL�MRLQV�DUH�DPRQJ�
WKH�PRVW�FRPPRQ�MRLQ�RSHUDWLRQV��7KH�21�FODXVH�LQ�DQ�HTXL�MRLQ�DOZD\V�WDNHV�WKH�IRUP�

ON t1.column = t2.column

)RU�H[DPSOH��WKH�IROORZLQJ�MRLQ�UHWXUQV�D�OLVW�RI�FLWLHV�DURXQG�WKH�ZRUOG�LI�WKH�FDSLWDO�FLWLHV�
DOVR�DSSHDU�LQ�WKH�&,7,(6�WDEOH��DQG�DOVR�UHWXUQV�WKH�SRSXODWLRQV�RI�WKRVH�FLWLHV�

EXEC SQL

DECLARE CAPPOP CURSOR FOR

SELECT COU.NAME, COU.CAPITAL, CIT.POPULATION

FROM COUNTRIES COU JOIN CITIES CIT ON CIT.NAME = COU.CAPITAL
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WHERE COU.CAPITAL NOT NULL

ORDER BY COU.NAME;

,Q�WKLV�H[DPSOH��WKH�21�FODXVH�VSHFLILHV�WKDW�WKH�&,7,(6�WDEOH�PXVW�FRQWDLQ�D�FLW\�QDPH�WKDW�
PDWFKHV�D�FDSLWDO�QDPH�LQ�WKH�&28175,(6�WDEOH�LI�D�URZ�LV�WR�EH�UHWXUQHG��1RWH�WKDW�WKH�
:+(5(�FODXVH�UHVWULFWV�URZV�UHWULHYHG�IURP�WKH�&28175,(6�WDEOH�WR�WKRVH�ZKHUH�WKH�
&$3,7$/�FROXPQ�FRQWDLQV�D�YDOXH�

4 -RLQV�EDVHG�RQ�FRPSDULVRQ�RSHUDWRUV
,QQHU�MRLQV�FDQ�FRPSDUH�YDOXHV�LQ�MRLQ�FROXPQV�XVLQJ�RWKHU�FRPSDULVRQ�RSHUDWRUV�EHVLGHV�WKH�
HTXDOLW\�RSHUDWRU��)RU�H[DPSOH��D�MRLQ�PLJKW�EH�EDVHG�RQ�D�FROXPQ�LQ�RQH�WDEOH�KDYLQJ�D�YDOXH�
OHVV�WKDQ�WKH�YDOXH�LQ�D�FROXPQ�LQ�DQRWKHU�WDEOH��7KH�21�FODXVH�LQ�D�FRPSDULVRQ�MRLQ�DOZD\V�
WDNHV�WKH�IRUP�

ON t1.column <operator> t2.column

ZKHUH��RSHUDWRU!�LV�D�YDOLG�FRPSDULVRQ�RSHUDWRU��)RU�D�OLVW�RI�YDOLG�FRPSDULVRQ�RSHUDWRUV��VHH�
´8VLQJ�FRPSDULVRQ�RSHUDWRUV�LQ�H[SUHVVLRQVµ�RQ�SDJH ���

)RU�H[DPSOH��WKH�IROORZLQJ�MRLQ�UHWXUQV�LQIRUPDWLRQ�DERXW�SURYLQFHV�LQ�&DQDGD�WKDW�DUH�ODUJHU�
WKDQ�WKH�VWDWH�RI�$ODVND�LQ�WKH�8QLWHG�6WDWHV�

EXEC SQL

DECLARE BIGPROVINCE CURSOR FOR

SELECT S.STATE_NAME, S.AREA, P.PROVINCE_NAME, P.AREA

FROM STATES S JOIN PROVINCE P ON P.AREA > S.AREA AND

P.COUNTRY = "Canada"

WHERE S.STATE_NAME = "Alaska";

,Q�WKLV�H[DPSOH��WKH�ILUVW�FRPSDULVRQ�RSHUDWRU�LQ�WKH�21�FODXVH�WHVWV�WR�VHH�LI�WKH�DUHD�RI�D�
SURYLQFH�LV�JUHDWHU�WKDQ�WKH�DUHD�RI�DQ\�VWDWH��WKH�:+(5(�FODXVH�UHVWULFWV�ILQDO�RXWSXW�WR�
GLVSOD\�RQO\�LQIRUPDWLRQ�IRU�SURYLQFHV�WKDW�DUH�ODUJHU�LQ�DUHD�WKDQ�WKH�VWDWH�RI�$ODVND��

4 &UHDWLQJ�VHOI�MRLQV
$�VHOI�MRLQ�LV�DQ�LQQHU�MRLQ�ZKHUH�D�WDEOH�LV�MRLQHG�WR�LWVHOI�WR�FRUUHODWH�FROXPQV�RI�GDWD��)RU�
H[DPSOH��WKH�5,9(56�WDEOH�OLVWV�ULYHUV�E\�QDPH��DQG��IRU�HDFK�ULYHU��OLVWV�WKH�ULYHU�LQWR�ZKLFK�LW�
IORZV��1RW�DOO�ULYHUV��RI�FRXUVH��IORZ�LQWR�RWKHU�ULYHUV��7R�GLVFRYHU�ZKLFK�ULYHUV�IORZ�LQWR�RWKHU�
ULYHUV��DQG�ZKDW�WKHLU�QDPHV�DUH��WKH
5,9(56�WDEOH�PXVW�EH�MRLQHG�WR�LWVHOI�

EXEC SQL

DECLARE RIVERSTORIVERS CURSOR FOR

SELECT R1.RIVER, R2.RIVER

FROM RIVERS R1 JOIN RIVERS R2 ON R2.OUTFLOW = R1.RIVER

ORDER BY R1.RIVER, R2.SOURCE;
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$V�WKLV�H[DPSOH�LOOXVWUDWHV��ZKHQ�D�WDEOH�LV�MRLQHG�WR�LWVHOI��HDFK�LQYRFDWLRQ�RI�WKH�WDEOH�PXVW�
EH�DVVLJQHG�D�XQLTXH�FRUUHODWLRQ�QDPH��5��DQG�5��DUH�FRUUHODWLRQ�QDPHV�LQ�WKH�H[DPSOH���)RU�
PRUH�LQIRUPDWLRQ�DERXW�DVVLJQLQJ�DQG�XVLQJ�FRUUHODWLRQ�QDPHV��VHH�´'HFODULQJ�DQG�XVLQJ�
FRUUHODWLRQ�QDPHVµ�RQ�SDJH ����

Using outer joins
2XWHU�MRLQV�SURGXFH�D�UHVXOWV�WDEOH�WKDW�FRQWDLQV�FROXPQV�IURP�HYHU\�URZ�LQ�RQH�WDEOH��DQG�D�
VXEVHW�RI�URZV�IURP�DQRWKHU�WDEOH��$FWXDOO\��RQH�W\SH�RI�RXWHU�MRLQ�UHWXUQV�DOO�URZV�IURP�HDFK�
WDEOH��EXW�WKLV�W\SH�RI�MRLQ�LV�XVHG�OHVV�IUHTXHQWO\�WKDQ�RWKHU�W\SHV��2XWHU�MRLQ�V\QWD[�LV�YHU\�
VLPLODU�WR�WKDW�RI�LQQHU�MRLQV�

SELECT col [, col ...] | * 

FROM <tablerefleft> {LEFT | RIGHT | FULL} [OUTER] JOIN

<tablerefright> [ON <searchcondition>]

[WHERE <searchcondition>];

2XWHU�MRLQ�V\QWD[�UHTXLUHV�WKDW�\RX�VSHFLI\�WKH�W\SH�RI�MRLQ�WR�SHUIRUP��7KHUH�DUH�WKUHH�
SRVVLELOLWLHV�

g $�OHIW�RXWHU�MRLQ�UHWULHYHV�DOO�URZV�IURP�WKH�OHIW�WDEOH�LQ�D�MRLQ��DQG�UHWULHYHV�DQ\�URZV�IURP�WKH�
ULJKW�WDEOH�WKDW�PDWFK�WKH�VHDUFK�FRQGLWLRQ�VSHFLILHG�LQ�WKH�21�FODXVH�

g $�ULJKW�RXWHU�MRLQ�UHWULHYHV�DOO�URZV�IURP�WKH�ULJKW�WDEOH�LQ�D�MRLQ��DQG�UHWULHYHV�DQ\�URZV�IURP�
WKH�OHIW�WDEOH�WKDW�PDWFK�WKH�VHDUFK�FRQGLWLRQ�VSHFLILHG�LQ�WKH�21�FODXVH�

g $�IXOO�RXWHU�MRLQ�UHWULHYHV�DOO�URZV�IURP�ERWK�WKH�OHIW�DQG�ULJKW�WDEOHV�LQ�D�MRLQ�UHJDUGOHVV�RI�WKH�
VHDUFK�FRQGLWLRQ�VSHFLILHG�LQ�WKH�21�FODXVH�

2XWHU�MRLQV�DUH�XVHIXO�IRU�FRPSDULQJ�D�VXEVHW�RI�GDWD�WR�WKH�EDFNJURXQG�RI�DOO�GDWD�IURP�
ZKLFK�LW�LV�UHWULHYHG��)RU�H[DPSOH��ZKHQ�OLVWLQJ�WKRVH�FRXQWULHV�ZKLFK�FRQWDLQ�WKH�VRXUFHV�RI�
ULYHUV��LW�PD\�EH�LQWHUHVWLQJ�WR�VHH�WKRVH�FRXQWULHV�ZKLFK�DUH�QRW�WKH�VRXUFHV�RI�ULYHUV�DV�ZHOO�

4 8VLQJ�D�OHIW�RXWHU�MRLQ
7KH�OHIW�RXWHU�MRLQ�LV�PRUH�FRPPRQO\�XVHG�WKDQ�RWKHU�W\SHV�RI�RXWHU�MRLQV��7KH�IROORZLQJ�OHIW�
RXWHU�MRLQ�UHWULHYHV�WKRVH�FRXQWULHV�WKDW�FRQWDLQ�WKH�VRXUFHV�RI�ULYHUV��DQG�LGHQWLILHV�WKRVH�
FRXQWULHV�WKDW�GR�QRW�KDYH�18//�YDOXHV�LQ�WKH�5�5,9(56�FROXPQ�

EXEC SQL

DECLARE RIVSOURCE CURSOR FOR

SELECT C.COUNTRY, R.RIVER

FROM COUNTRIES C LEFT JOIN RIVERS R ON R.SOURCE = C.COUNTRY

ORDER BY C.COUNTRY;
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7KH�21�FODXVH�HQDEOHV�MRLQ�VHDUFK�FRQGLWLRQV�WR�EH�H[SUHVVHG�LQ�WKH�)520�FODXVH��7KH�
VHDUFK�FRQGLWLRQ�WKDW�IROORZV�WKH�21�FODXVH�LV�WKH�RQO\�SODFH�ZKHUH�UHWULHYDO�RI�URZV�FDQ�EH�
UHVWULFWHG�EDVHG�RQ�FROXPQV�DSSHDULQJ�LQ�WKH�ULJKW�WDEOH��7KH�:+(5(�FODXVH�FDQ�EH�XVHG�WR�
IXUWKHU�UHVWULFW�URZV�EDVHG�VROHO\�RQ�FROXPQV�LQ�WKH�OHIW��RXWHU��WDEOH�

4 8VLQJ�D�ULJKW�RXWHU�MRLQ
$�ULJKW�RXWHU�MRLQ�UHWULHYHV�DOO�URZV�IURP�WKH�ULJKW�WDEOH�LQ�D�MRLQ��DQG�RQO\�WKRVH�URZV�IURP�
WKH�OHIW�WDEOH�WKDW�PDWFK�WKH�VHDUFK�FRQGLWLRQ�VSHFLILHG�LQ�WKH�21�FODXVH��7KH�IROORZLQJ�ULJKW�
RXWHU�MRLQ�UHWULHYHV�D�OLVW�RI�ULYHUV�DQG�WKHLU�FRXQWULHV�RI�RULJLQ��EXW�DOVR�UHSRUWV�WKRVH�
FRXQWULHV�WKDW�DUH�QRW�WKH�VRXUFH�RI�DQ\�ULYHU�

EXEC SQL

DECLARE RIVSOURCE CURSOR FOR

SELECT R.RIVER, C.COUNTRY

FROM RIVERS.R RIGHT JOIN COUNTRIES C ON C.COUNTRY = R.SOURCE

ORDER BY C.COUNTRY;

7,3 0RVW�ULJKW�RXWHU�MRLQV�FDQ�EH�UHZULWWHQ�DV�OHIW�RXWHU�MRLQV�E\�UHYHUVLQJ�WKH�RUGHU�LQ�ZKLFK�
WDEOHV�DUH�OLVWHG�

4 8VLQJ�D�IXOO�RXWHU�MRLQ
$�IXOO�RXWHU�MRLQ�UHWXUQV�DOO�VHOHFWHG�FROXPQV�WKDW�GR�QRW�FRQWDLQ�18//�YDOXHV�IURP�HDFK�WDEOH�
LQ�WKH�)520�FODXVH�ZLWKRXW�UHJDUG�WR�VHDUFK�FRQGLWLRQV��,W�LV�XVHIXO�WR�FRQVROLGDWH�VLPLODU�GDWD�
IURP�GLVSDUDWH�WDEOHV�

)RU�H[DPSOH��VHYHUDO�WDEOHV�LQ�D�GDWDEDVH�PD\�FRQWDLQ�FLW\�QDPHV��$VVXPLQJ�WULJJHUV�KDYH�QRW�
EHHQ�FUHDWHG�WKDW�HQVXUH�WKDW�D�FLW\�HQWHUHG�LQ�RQH�WDEOH�LV�DOVR�HQWHUHG�LQ�WKH�RWKHUV�WR�ZKLFK�
LW�DOVR�DSSOLHV��RQH�RI�WKH�RQO\�ZD\V�WR�VHH�D�OLVW�RI�DOO�FLWLHV�LQ�WKH�GDWDEDVH�LV�WR�XVH�IXOO�RXWHU�
MRLQV��7KH�IROORZLQJ�H[DPSOH�XVHV�WZR�IXOO�RXWHU�MRLQV�WR�UHWULHYH�WKH�QDPH�RI�HYHU\�FLW\�OLVWHG�
LQ�WKUHH�WDEOHV��&28175,(6��&,7,(6��DQG�1$7,21$/B3$5.6�

EXEC SQL

DECLARE ALLCITIES CURSOR FOR

SELECT DISTINCT CIT.CITY, COU.CAPITAL, N.PARKCITY

FROM (CITIES CIT FULL JOIN COUNTRIES COU) FULL

JOIN NATIONAL_PARKS N;

7KLV�H[DPSOH�XVHV�D�QHVWHG�IXOO�RXWHU�MRLQ�WR�SURFHVV�DOO�URZV�IURP�WKH�&,7,(6�DQG�&28175,(6�
WDEOHV��7KH�UHVXOW�WDEOH�SURGXFHG�E\�WKDW�RSHUDWLRQ�LV�WKHQ�XVHG�DV�WKH�OHIW�WDEOH�RI�WKH�IXOO�
RXWHU�MRLQ�ZLWK�WKH�1$7,21$/B3$5.6�WDEOH��)RU�PRUH�LQIRUPDWLRQ�DERXW�XVLQJ�QHVWHG�MRLQV��
VHH�´8VLQJ�QHVWHG�MRLQVµ�RQ�SDJH ����

Note ,Q�PRVW�GDWDEDVHV�ZKHUH�WDEOHV�VKDUH�VLPLODU�RU�UHODWHG�LQIRUPDWLRQ��WULJJHUV�DUH�XVXDOO\�
FUHDWHG�WR�HQVXUH�WKDW�DOO�WDEOHV�DUH�XSGDWHG�ZLWK�VKDUHG�LQIRUPDWLRQ��)RU�PRUH�LQIRUPDWLRQ�
DERXW�WULJJHUV��VHH�WKH�'DWD�'HILQLWLRQ�*XLGH�
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Using nested joins
7KH�6(/(&7�VWDWHPHQW�)520�FODXVH�FDQ�EH�XVHG�WR�VSHFLI\�DQ\�FRPELQDWLRQ�RI�DYDLODEOH�
WDEOHV�RU�WDEOH�UHIHUHQFHV��SDUHQWKHWLFDO��QHVWHG�MRLQV�ZKRVH�UHVXOWV�WDEOHV�DUH�FUHDWHG�DQG�WKHQ�
SURFHVVHG�DV�LI�WKH\�ZHUH�DFWXDO�WDEOHV�VWRUHG�LQ�WKH�GDWDEDVH��7DEOH�UHIHUHQFHV�DUH�IOH[LEOH�DQG�
SRZHUIXO��HQDEOLQJ�WKH�VXFFLQFW�FUHDWLRQ�RI�FRPSOH[�MRLQV�LQ�D�VLQJOH�ORFDWLRQ�LQ�D�6(/(&7�

)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�FRQWDLQV�D�SDUHQWKHWLFDO�RXWHU�MRLQ�WKDW�FUHDWHV�D�UHVXOWV�
WDEOH�ZLWK�WKH�QDPHV�RI�HYHU\�FLW\�LQ�WKH�&,7,(6�WDEOH�HYHQ�LI�WKH�FLW\�LV�QRW�DVVRFLDWHG�ZLWK�D�
FRXQWU\�LQ�WKH�&28175,(6�WDEOH��7KH�UHVXOWV�WDEOH�LV�WKHQ�SURFHVVHG�DV�WKH�OHIW�WDEOH�RI�DQ�
LQQHU�MRLQ�WKDW�UHWXUQV�RQO\�WKRVH�FLWLHV�WKDW�KDYH�SURIHVVLRQDO�VSRUWV�WHDPV�RI�DQ\�NLQG��WKH�
QDPH�RI�WKH�WHDP��DQG�WKH�VSRUW�WKH�WHDP�SOD\V�

DECLARE SPORTSCITIES CURSOR FOR

SELECT COU.COUNTRY, C.CITY, T.TEAM, T.SPORT

FROM (CITIES CIT LEFT JOIN COUNTRIES COU ON COU.COUNTRY =

CIT.COUNTRY) INNER JOIN TEAMS T ON T.CITY = C.CITY

ORDER BY COU.COUNTRY;

)RU�PRUH�LQIRUPDWLRQ�DERXW�OHIW�MRLQV��VHH�´8VLQJ�RXWHU�MRLQVµ�RQ�SDJH ����

Using subqueries
$�VXETXHU\�LV�D�SDUHQWKHWLFDO�6(/(&7�VWDWHPHQW�QHVWHG�LQVLGH�WKH�:+(5(�FODXVH�RI�DQRWKHU�
6(/(&7�VWDWHPHQW��ZKHUH�LW�IXQFWLRQV�DV�D�VHDUFK�FRQGLWLRQ�WR�UHVWULFW�WKH�QXPEHU�RI�URZV�
UHWXUQHG�E\�WKH�RXWHU��RU�SDUHQW��TXHU\��$�VXETXHU\�FDQ�UHIHU�WR�WKH�VDPH�WDEOH�RU�WDEOHV�DV�LWV�
SDUHQW�TXHU\��RU�WR�RWKHU�WDEOHV�

7KH�HOHPHQWDU\�V\QWD[�IRU�D�VXETXHU\�LV�

SELECT [DISTINCT] col [, col ...]

FROM <tableref> [, <tableref> ...]

WHERE {expression {[NOT] IN | comparison_operator} 

| [NOT] EXISTS} (SELECT [DISTINCT] col [, col ...]

FROM <tableref> [, <tableref> ...]

WHERE <search_condition>);

%HFDXVH�D�VXETXHU\�LV�D�VHDUFK�FRQGLWLRQ��LW�LV�XVXDOO\�HYDOXDWHG�EHIRUH�LWV�SDUHQW�TXHU\��ZKLFK�
WKHQ�XVHV�WKH�UHVXOW�WR�GHWHUPLQH�ZKHWKHU�RU�QRW�D�URZ�TXDOLILHV�IRU�UHWULHYDO��7KH�RQO\�
H[FHSWLRQ�LV�WKH�FRUUHODWHG�VXETXHU\��ZKHUH�WKH�SDUHQW�TXHU\�SURYLGHV�YDOXHV�IRU�WKH�VXETXHU\�WR�
HYDOXDWH��)RU�PRUH�LQIRUPDWLRQ�DERXW�FRUUHODWHG�VXETXHULHV��VHH�´&RUUHODWHG�VXETXHULHVµ�RQ�
SDJH ����
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$�VXETXHU\�GHWHUPLQHV�WKH�VHDUFK�FRQGLWLRQ�IRU�D�SDUHQW·V�:+(5(�FODXVH�LQ�RQH�RI�WKH�
IROORZLQJ�ZD\V�

g 3URGXFHV�D�OLVW�RI�YDOXHV�IRU�HYDOXDWLRQ�E\�DQ�,1�RSHUDWRU�LQ�WKH�SDUHQW�TXHU\·V�:+(5(�FODXVH��
RU�ZKHUH�D�FRPSDULVRQ�RSHUDWRU�LV�PRGLILHG�E\�WKH�$//��$1<��RU�620(�RSHUDWRUV�

g 5HWXUQV�D�VLQJOH�YDOXH�IRU�XVH�ZLWK�D�FRPSDULVRQ�RSHUDWRU�
g 7HVWV�ZKHWKHU�RU�QRW�GDWD�PHHWV�FRQGLWLRQV�VSHFLILHG�E\�DQ�(;,676�RSHUDWRU�LQ�WKH�SDUHQW�
TXHU\·V�:+(5(�FODXVH�

6XETXHULHV�FDQ�EH�QHVWHG�ZLWKLQ�RWKHU�VXETXHULHV�DV�VHDUFK�FRQGLWLRQV��HVWDEOLVKLQJ�D�FKDLQ�
RI�SDUHQW�FKLOG�TXHULHV��

Simple subqueries
$�VXETXHU\�LV�HVSHFLDOO\�XVHIXO�IRU�H[WUDFWLQJ�GDWD�IURP�D�VLQJOH�WDEOH�ZKHQ�D�VHOI�MRLQ�LV�
LQDGHTXDWH��)RU�H[DPSOH��LW�LV�LPSRVVLEOH�WR�UHWULHYH�D�OLVW�RI�WKRVH�FRXQWULHV�ZLWK�D�ODUJHU�WKDQ�
DYHUDJH�DUHD�E\�MRLQLQJ�WKH�&28175,(6�WDEOH�WR�LWVHOI��$�VXETXHU\��KRZHYHU��FDQ�HDVLO\�UHWXUQ�
WKDW�LQIRUPDWLRQ�

EXEC SQL

DECLARE LARGECOUNTRIES CURSOR FOR

SELECT COUNTRY, AREA

FROM COUNTRIES

WHERE AREA > (SELECT AVG(AREA) FROM COUNTRIES);

ORDER BY AREA;

,Q�WKLV�H[DPSOH��ERWK�WKH�TXHU\�DQG�VXETXHU\�UHIHU�WR�WKH�VDPH�WDEOH��4XHULHV�DQG�VXETXHULHV�
FDQ�UHIHU�WR�GLIIHUHQW�WDEOHV��WRR��)RU�H[DPSOH��WKH�IROORZLQJ�TXHU\�UHIHUV�WR�WKH�&,7,(6�WDEOH��
DQG�LQFOXGHV�D�VXETXHU\�WKDW�UHIHUV�WR�WKH�&28175,(6�WDEOH�

EXEC SQL

DECLARE EUROCAPPOP CURSOR FOR

SELECT CIT.CITY, CIT.POPULATION

FROM CITIES CIT

WHERE CIT.CITY IN (SELECT COU.CAPITAL FROM COUNTRIES COU

WHERE COU.CONTINENT = "Europe")

ORDER BY CIT.CITY;

7KLV�H[DPSOH�XVHV�FRUUHODWLRQ�QDPHV�WR�GLVWLQJXLVK�EHWZHHQ�WDEOHV�HYHQ�WKRXJK�WKH�TXHU\�
DQG�VXETXHU\�UHIHUHQFH�VHSDUDWH�WDEOHV��&RUUHODWLRQ�QDPHV�DUH�RQO\�QHFHVVDU\�ZKHQ�ERWK�D�
TXHU\�DQG�VXETXHU\�UHIHU�WR�WKH�VDPH�WDEOHV�DQG�WKRVH�WDEOHV�VKDUH�FROXPQ�QDPHV��EXW�LW�LV�
JRRG�SURJUDPPLQJ�SUDFWLFH�WR�XVH�WKHP��)RU�PRUH�LQIRUPDWLRQ�DERXW�XVLQJ�FRUUHODWLRQ�
QDPHV��VHH�´'HFODULQJ�DQG�XVLQJ�FRUUHODWLRQ�QDPHVµ�RQ�SDJH ����
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Correlated subqueries
$�FRUUHODWHG�VXETXHU\�LV�D�VXETXHU\�WKDW�GHSHQGV�RQ�LWV�SDUHQW�TXHU\�IRU�WKH�YDOXHV�LW�HYDOXDWHV��
%HFDXVH�HDFK�URZ�HYDOXDWHG�E\�WKH�SDUHQW�TXHU\�LV�SRWHQWLDOO\�GLIIHUHQW��WKH�VXETXHU\�LV�
H[HFXWHG�RQFH�IRU�HDFK�URZ�SUHVHQWHG�WR�LW�E\�WKH�SDUHQW�TXHU\�

)RU�H[DPSOH��WKH�IROORZLQJ�TXHU\�OLVWV�HDFK�FRXQWU\�IRU�ZKLFK�WKHUH�DUH�WKUHH�RU�PRUH�FLWLHV�
VWRUHG�LQ�WKH�&,7,(6�WDEOH��)RU�HDFK�URZ�LQ�WKH�&28175,(6�WDEOH��D�FRXQWU\�QDPH�LV�UHWULHYHG�
LQ�WKH�SDUHQW�TXHU\��WKHQ�XVHG�LQ�WKH�FRPSDULVRQ�RSHUDWLRQ�LQ�WKH�VXETXHU\·V�:+(5(�FODXVH�
WR�YHULI\�LI�D�FLW\�LQ�WKH�&,7,(6�WDEOH�VKRXOG�EH�FRXQWHG�E\�WKH�&2817���IXQFWLRQ��,I�&2817���
H[FHHGV���IRU�D�URZ��WKH�URZ�LV�UHWULHYHG�

EXEC SQL

DECLARE TRICITIES CURSOR FOR

SELECT COUNTRY

FROM COUNTRIES COU

WHERE 3 <= (SELECT COUNT (*)

FROM CITIES CIT

WHERE CIT.CITY = COU.CAPITAL);

6LPSOH�DQG�FRUUHODWHG�VXETXHULHV�FDQ�EH�QHVWHG�DQG�PL[HG�WR�EXLOG�FRPSOH[�TXHULHV��)RU�
H[DPSOH��WKH�IROORZLQJ�TXHU\�UHWULHYHV�WKH�FRXQWU\�QDPH��FDSLWDO�FLW\��DQG�ODUJHVW�FLW\�RI�
FRXQWULHV�ZKRVH�DUHDV�DUH�ODUJHU�WKDQ�WKH�DYHUDJH�DUHD�RI�FRXQWULHV�WKDW�KDYH�DW�OHDVW�RQH�FLW\�
ZLWKLQ����PHWHUV�RI�VHD�OHYHO�

EXEC SQL

DECLARE SEACOUNTRIES CURSOR FOR

SELECT CO1.COUNTRY, C01.CAPITAL, CI1.CITY

FROM COUNTRIES C01, CITIES CI1

WHERE CO1.COUNTRY = CI1.COUNTRY AND CI1.POPULATION = 

(SELECT MAX(CI2.POPULATION)

FROM CITIES CI2 WHERE CI2.COUNTRY = CI1.COUNTRY)

AND CO1.AREA >

(SELECT AVG (CO2.AREA)

FROM COUNTRIES C02 WHERE EXISTS

(SELECT *

FROM CITIES CI3 WHERE CI3.COUNTRY = CO2.COUNTRY

AND CI3.ALTITUDE <= 30));

:KHQ�D�WDEOH�LV�VHSDUDWHO\�VHDUFKHG�E\�TXHULHV�DQG�VXETXHULHV��DV�LQ�WKLV�H[DPSOH��HDFK�
LQYRFDWLRQ�RI�WKH�WDEOH�PXVW�HVWDEOLVK�D�VHSDUDWH�FRUUHODWLRQ�QDPH�IRU�WKH�WDEOH��8VLQJ�
FRUUHODWLRQ�QDPHV�LV�WKH�RQO\�PHWKRG�WR�DVVXUH�WKDW�FROXPQ�UHIHUHQFHV�DUH�DVVRFLDWHG�ZLWK�
DSSURSULDWH�LQVWDQFHV�RI�WKHLU�WDEOHV��)RU�PRUH�LQIRUPDWLRQ�DERXW�FRUUHODWLRQ�QDPHV��VHH�
´'HFODULQJ�DQG�XVLQJ�FRUUHODWLRQ�QDPHVµ�RQ�SDJH ����
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Inserting data
1HZ�URZV�RI�GDWD�DUH�DGGHG�WR�RQH�WDEOH�DW�D�WLPH�ZLWK�WKH�,16(57�VWDWHPHQW��7R�LQVHUW�GDWD��
D�XVHU�RU�VWRUHG�SURFHGXUH�PXVW�KDYH�,16(57�SULYLOHJH�IRU�D�WDEOH�

7KH�,16(57�VWDWHPHQW�HQDEOHV�GDWD�LQVHUWLRQ�IURP�WZR�GLIIHUHQW�VRXUFHV�
g $�9$/8(6�FODXVH�WKDW�FRQWDLQV�D�OLVW�RI�YDOXHV�WR�DGG��HLWKHU�WKURXJK�KDUG�FRGHG�YDOXHV��RU�
KRVW�ODQJXDJH�YDULDEOHV�

g $�6(/(&7�VWDWHPHQW�WKDW�UHWULHYHV�YDOXHV�IURP�RQH�WDEOH�WR�DGG�WR�DQRWKHU�

7KH�V\QWD[�RI�,16(57�LV�DV�IROORZV�

INSERT [TRANSACTION name] INTO table [(col [, col ...])]

{VALUES (<val>[:ind] [, <val>[:ind] ...]) 

| SELECT <clause>};

7KH�OLVW�RI�FROXPQV�LQWR�ZKLFK�WR�LQVHUW�YDOXHV�LV�RSWLRQDO�LQ�'64/�DSSOLFDWLRQV��,I�LW�LV�
RPLWWHG��WKHQ�YDOXHV�DUH�LQVHUWHG�LQWR�D�WDEOH·V�FROXPQV�DFFRUGLQJ�WR�WKH�RUGHU�LQ�ZKLFK�WKH�
FROXPQV�ZHUH�FUHDWHG��,I�WKHUH�DUH�PRUH�FROXPQV�WKDQ�YDOXHV��WKH�UHPDLQLQJ�FROXPQV�DUH�
ILOOHG�ZLWK�]HURV�

Using VALUES to insert columns
8VH�WKH�9$/8(6�FODXVH�WR�DGG�D�URZ�RI�VSHFLILF�YDOXHV�WR�D�WDEOH��RU�WR�DGG�YDOXHV�HQWHUHG�E\�
D�XVHU�DW�UXQ�WLPH��7KH�OLVW�RI�YDOXHV�WKDW�IROORZV�WKH�NH\ZRUG�FDQ�FRPH�IURP�HLWKHU�IURP�
KRVW�ODQJXDJH�YDULDEOHV��RU�IURP�KDUG�FRGHG�DVVLJQPHQWV�

)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�DGGV�D�QHZ�URZ�WR�WKH�'(3$570(17�WDEOH�XVLQJ�
KDUG�FRGHG�YDOXH�DVVLJQPHQWV�

EXEC SQL

INSERT INTO DEPARTMENT (DEPT_NO, DEPARTMENT)

VALUES (7734, "Marketing");

%HFDXVH�WKH�'(3$570(17�WDEOH�FRQWDLQV�DGGLWLRQDO�FROXPQV�QRW�VSHFLILHG�LQ�WKH�,16(57��
18//�YDOXHV�DUH�DVVLJQHG�WR�WKH�PLVVLQJ�ILHOGV�

7KH�IROORZLQJ�&�FRGH�H[DPSOH�SURPSWV�D�XVHU�IRU�LQIRUPDWLRQ�WR�DGG�WR�WKH�'(3$570(17�
WDEOH��DQG�LQVHUWV�WKRVH�YDOXHV�IURP�KRVW�YDULDEOHV�

. . .

EXEC SQL

BEGIN DECLARE SECTION;

char department[26], dept_no[16];

int dept_num;
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EXEC SQL

END DECLARE SECTION;

. . .

printf("Enter name of department: ");

gets(department);

printf("\nEnter department number: ");

dept_num = atoi(gets(dept_no));

EXEC SQL

INSERT INTO COUNTRIES (DEPT_NO, DEPARTMENT)

VALUES (:dept_num, :department);

:KHQ�KRVW�YDULDEOHV�DUH�XVHG�LQ�WKH�YDOXHV�OLVW��WKH\�PXVW�EH�SUHFHGHG�E\�FRORQV�����VR�WKDW�
64/�FDQ�GLVWLQJXLVK�WKHP�IURP�WDEOH�FROXPQ�QDPHV�

Using SELECT to insert columns
7R�LQVHUW�YDOXHV�IURP�RQH�WDEOH�LQWR�DQRWKHU�URZ�LQ�WKH�VDPH�WDEOH�RU�LQWR�D�URZ�LQ�DQRWKHU�
WDEOH��XVH�D�6(/(&7�VWDWHPHQW�WR�VSHFLI\�D�OLVW�RI�LQVHUWLRQ�YDOXHV��)RU�H[DPSOH��WKH�IROORZLQJ�
,16(57�VWDWHPHQW�FRSLHV�'(3$570(17�DQG�%8'*(7�LQIRUPDWLRQ�DERXW�WKH�SXEOLFDWLRQV�
GHSDUWPHQW�IURP�WKH�2/''(37�WDEOH�WR�WKH�'(3$570(17�WDEOH��,W�DOVR�LOOXVWUDWHV�KRZ�
YDOXHV�FDQ�EH�KDUG�FRGHG�LQWR�D�6(/(&7�VWDWHPHQW�WR�VXEVWLWXWH�DFWXDO�FROXPQ�GDWD�

EXEC SQL

INSERT INTO DEPARTMENTS (DEPT_NO, DEPARTMENT, BUDGET)

SELECT DEPT_NO, "Publications", BUDGET

FROM OLDDEPT

WHERE DEPARTMENT = "Documentation";

7KH�DVVLJQPHQWV�LQ�WKH�6(/(&7�FDQ�LQFOXGH�DULWKPHWLF�RSHUDWLRQV��)RU�H[DPSOH��VXSSRVH�DQ�
DSSOLFDWLRQ�NHHSV�WUDFN�RI�HPSOR\HHV�E\�XVLQJ�DQ�HPSOR\HH�QXPEHU��:KHQ�D�QHZ�HPSOR\HH�
LV�KLUHG��WKH�IROORZLQJ�VWDWHPHQW�LQVHUWV�D�QHZ�HPSOR\HH�URZ�LQWR�WKH�(03/2<((�WDEOH��DQG�
DVVLJQV�D�QHZ�HPSOR\HH�QXPEHU�WR�WKH�URZ�E\�XVLQJ�D�6(/(&7�VWDWHPHQW�WR�ILQG�WKH�FXUUHQW�
PD[LPXP�HPSOR\HH�QXPEHU�DQG�DGGLQJ�RQH�WR�LW��,W�DOVR�UHDGV�YDOXHV�IRU�/$67B1$0(�DQG�
),567B1$0(�IURP�WKH�KRVW�YDULDEOHV��ODVWQDPH��DQG�ILUVWQDPH�

EXEC SQL

INSERT INTO EMPLOYEE (EMP_NO, LAST_NAME, FIRST_NAME)

SELECT (MAX(EMP_NO) + 1, :lastname, :firstname)

FROM EMPLOYEE;
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Inserting rows with NULL column values
6RPHWLPHV�ZKHQ�D�QHZ�URZ�LV�DGGHG�WR�D�WDEOH��YDOXHV�DUH�QRW�QHFHVVDU\�RU�DYDLODEOH�IRU�DOO�
LWV�FROXPQV��,Q�WKHVH�FDVHV��D�18//�YDOXH�VKRXOG�EH�DVVLJQHG�WR�WKRVH�FROXPQV�ZKHQ�WKH�URZ�
LV�LQVHUWHG��7KHUH�DUH�WKUHH�ZD\V�WR�DVVLJQ�D�18//�YDOXH�WR�D�FROXPQ�RQ�LQVHUWLRQ�

g ,JQRUH�WKH�FROXPQ�
g $VVLJQ�D�18//�YDOXH�WR�WKH�FROXPQ��7KLV�LV�VWDQGDUG�64/�SUDFWLFH�
g 8VH�LQGLFDWRU�YDULDEOHV�

4 ,JQRULQJ�D�FROXPQ
$�18//�YDOXH�LV�DVVLJQHG�WR�DQ\�FROXPQ�WKDW�LV�QRW�H[SOLFLWO\�VSHFLILHG�LQ�DQ�,172�FODXVH��
:KHQ�,QWHU%DVH�HQFRXQWHUV�DQ�XQUHIHUHQFHG�FROXPQ�GXULQJ�LQVHUWLRQ��LW�VHWV�D�IODJ�IRU�WKH�
FROXPQ�LQGLFDWLQJ�WKDW�LWV�YDOXH�LV�XQNQRZQ��)RU�H[DPSOH��WKH�'(3$570(17�WDEOH�FRQWDLQV�
VHYHUDO�FROXPQV��DPRQJ�WKHP�+($'B'(37��01*5B12��DQG�%8'*(7��7KH�IROORZLQJ�
,16(57�GRHV�QRW�SURYLGH�YDOXHV�IRU�WKHVH�FROXPQV�

EXEC SQL

INSERT INTO DEPARTMENT (DEPT_NO, DEPARTMENT)

VALUES (:newdept_no, :newdept_name);

%HFDXVH�+($'B'(37��01*5B12��DQG�%8'*(7�DUH�QRW�VSHFLILHG��,QWHU%DVH�VHWV�WKH�18//�
YDOXH�IODJ�IRU�HDFK�RI�WKHVH�FROXPQV�

Note ,I�D�FROXPQ�LV�DGGHG�WR�DQ�H[LVWLQJ�WDEOH��,QWHU%DVH�VHWV�D�18//�YDOXH�IODJ�IRU�DOO�
H[LVWLQJ�URZV�LQ�WKH�WDEOH�

4 $VVLJQLQJ�D�18//�YDOXH�WR�D�FROXPQ
:KHQ�D�VSHFLILF�YDOXH�LV�QRW�SURYLGHG�IRU�D�FROXPQ�RQ�LQVHUWLRQ��LW�LV�VWDQGDUG�64/�SUDFWLFH�
WR�DVVLJQ�D�18//�YDOXH�WR�WKDW�FROXPQ��,Q�,QWHU%DVH�D�FROXPQ�LV�VHW�WR�18//�E\�VSHFLI\LQJ�
18//�IRU�WKH�FROXPQ�LQ�WKH�,16(57�VWDWHPHQW�

)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�VWRUHV�D�URZ�LQWR�WKH�'(3$570(17�WDEOH��DVVLJQV�WKH�
YDOXHV�RI�KRVW�YDULDEOHV�WR�VRPH�FROXPQV��DQG�DVVLJQV�D�18//�YDOXH�WR�RWKHU�FROXPQV��

EXEC SQL

INSERT INTO DEPARTMENT

(DEPT_NO, DEPARTMENT, HEAD_DEPT, MNGR_NO, BUDGET,

LOCATION, PHONE_NO)

VALUES (:dept_no, :dept_name, NULL, NULL, 1500000, NULL, NULL);
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4 8VLQJ�LQGLFDWRU�YDULDEOHV
$QRWKHU�PHWKRG�IRU�WUDSSLQJ�DQG�DVVLJQLQJ�18//�YDOXHV³WKURXJK�LQGLFDWRU�YDULDEOHV³LV�
QHFHVVDU\�LQ�DSSOLFDWLRQV�WKDW�SURPSW�XVHUV�IRU�GDWD��ZKHUH�XVHUV�FDQ�FKRRVH�QRW�WR�HQWHU�
YDOXHV��%\�GHIDXOW��ZKHQ�,QWHU%DVH�VWRUHV�QHZ�GDWD��LW�VWRUHV�]HURHV�IRU�18//�QXPHULF�GDWD��
DQG�VSDFHV�IRU�18//�FKDUDFWHU�GDWD��%HFDXVH�]HURHV�DQG�VSDFHV�PD\�EH�YDOLG�GDWD��LW�EHFRPHV�
LPSRVVLEOH�WR�GLVWLQJXLVK�PLVVLQJ�GDWD�LQ�WKH�QHZ�URZ�IURP�DFWXDO�]HURHV�DQG�VSDFHV�

7R�WUDS�PLVVLQJ�GDWD�ZLWK�LQGLFDWRU�YDULDEOHV��DQG�VWRUH�18//�YDOXH�IODJV��IROORZ�WKHVH�VWHSV�

�� 'HFODUH�D�KRVW�ODQJXDJH�YDULDEOH�WR�XVH�DV�DQ�LQGLFDWRU�YDULDEOH�

�� 7HVW�D�YDOXH�HQWHUHG�E\�WKH�XVHU�DQG�VHW�WKH�LQGLFDWRU�YDULDEOH�WR�RQH�RI�WKH�
IROORZLQJ�YDOXHV�

�� $VVRFLDWH�WKH�LQGLFDWRU�YDULDEOH�ZLWK�WKH�KRVW�YDULDEOH�LQ�WKH�,16(57�VWDWHPHQW�
XVLQJ�WKH�IROORZLQJ�V\QWD[�

INSERT INTO table (<col> [, <col> ...])

VALUES (:variable [INDICATOR] :indicator 

[, :variable [INDICATOR] :indicator ...]);

Note 7KH�,1',&$725�NH\ZRUG�LV�RSWLRQDO�

)RU�H[DPSOH��WKH�IROORZLQJ�&�FRGH�IUDJPHQW�SURPSWV�WKH�XVHU�IRU�WKH�QDPH�RI�D�GHSDUWPHQW��
WKH�GHSDUWPHQW�QXPEHU��DQG�D�EXGJHW�IRU�WKH�GHSDUWPHQW��,W�WHVWV�WKDW�WKH�XVHU�KDV�HQWHUHG�D�
EXGJHW��,I�QRW��LW�VHWV�WKH�LQGLFDWRU�YDULDEOH��EL��WR�²���2WKHUZLVH��LW�VHWV�EL�WR����)LQDOO\��WKH�
SURJUDP�,16(576�WKH�LQIRUPDWLRQ�LQWR�WKH�'(3$570(17�WDEOH��,I�WKH�LQGLFDWRU�YDULDEOH�LV�
²���WKHQ�QR�DFWXDO�GDWD�LV�VWRUHG�LQ�WKH�%8'*(7�FROXPQ��EXW�D�IODJ�LV�VHW�IRU�WKH�FROXPQ�
LQGLFDWLQJ�WKDW�WKH�YDOXH�LV�18//

. . .

EXEC SQL

BEGIN DECLARE SECTION;

short bi; /* indicator variable declaration */

char department[26], dept_no_ascii[26], budget_ascii[26];

long num_val; /* host variable for inserting budget */

short dept_no;

EXEC SQL

END DECLARE SECTION;

. . .

printf("Enter new department name: ");

gets(cidepartment);

0 The host-language variable contains data.

–1 The host-language variable does not contain data.
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printf("\nEnter department number: ");

gets(dept_no_ascii);

printf("\nEnter department’s budget: ");

gets(budget_ascii);

if (budget_ascii = "")

{

bi = -1; num_val = 0;

}

else

{

bi = 0;

num_val = atoi(budget_ascii);

}

dept_no = atoi(dept_no_ascii);

EXEC SQL

INSERT INTO DEPARTMENT (DEPARTMENT, DEPT_NO, BUDGET)

VALUES (:department, :dept_no, :num_val INDICATOR :bi);

. . .

,QGLFDWRU�VWDWXV�FDQ�DOVR�EH�GHWHUPLQHG�IRU�GDWD�UHWULHYHG�IURP�D�WDEOH��)RU�LQIRUPDWLRQ�DERXW�
WUDSSLQJ�18//�YDOXHV�UHWULHYHG�IURP�D�WDEOH��VHH�´5HWULHYLQJ�LQGLFDWRU�VWDWXVµ�RQ�SDJH ����

Inserting data through a view
1HZ�URZV�FDQ�EH�LQVHUWHG�WKURXJK�D�YLHZ�LI�WKH�IROORZLQJ�FRQGLWLRQV�DUH�PHW�

g 7KH�YLHZ�LV�XSGDWDEOH��)RU�D�FRPSOHWH�GLVFXVVLRQ�RI�XSGDWDEOH�YLHZV��VHH�WKH�'DWD�'HILQLWLRQ�
*XLGH�

g 7KH�YLHZ�LV�FUHDWHG�XVLQJ�WKH�:,7+�&+(&.�237,21�
g $�XVHU�RU�VWRUHG�SURFHGXUH�KDV�,16(57�SULYLOHJH�IRU�WKH�YLHZ�

9DOXHV�FDQ�RQO\�EH�LQVHUWHG�WKURXJK�D�YLHZ�IRU�WKRVH�FROXPQV�QDPHG�LQ�WKH�YLHZ��,QWHU%DVH�
VWRUHV�18//�YDOXHV�IRU�XQUHIHUHQFHG�FROXPQV��)RU�H[DPSOH��VXSSRVH�WKH�YLHZ��3$57B'(37��
LV�GHILQHG�DV�IROORZV�

EXEC SQL

CREATE VIEW PART_DEPT

(DEPARTMENT, DEPT_NO, BUDGET)

AS SELECT DEPARTMENT, DEPT_NO, BUDGET

FROM DEPARTMENT

WHERE DEPT_NO NOT NULL AND BUDGET > 50000

WITH CHECK OPTION;
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%HFDXVH�3$57B'(37�UHIHUHQFHV�D�VLQJOH�WDEOH��'(3$570(17��QHZ�GDWD�FDQ�EH�LQVHUWHG�IRU�
WKH�'(3$570(17��'(37B12��DQG�%8'*(7�FROXPQV��7KH�:,7+�&+(&.�237,21�DVVXUHV�
WKDW�DOO�YDOXHV�HQWHUHG�WKURXJK�WKH�YLHZ�IDOO�ZLWKLQ�UDQJHV�RI�YDOXHV�WKDW�FDQ�EH�VHOHFWHG�E\�
WKLV�YLHZ��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�LQVHUWV�D�QHZ�URZ�IRU�WKH�3XEOLFDWLRQV�
GHSDUWPHQW�WKURXJK�WKH�3$57B'(37�YLHZ�

EXEC SQL

INSERT INTO PART_DEPT (DEPARTMENT, DEPT_NO, BUDGET)

VALUES ("Publications", "7735", 1500000);

,QWHU%DVH�LQVHUWV�18//�YDOXHV�IRU�DOO�RWKHU�FROXPQV�LQ�WKH�'(3$570(17�WDEOH�WKDW�DUH�QRW�
DYDLODEOH�GLUHFWO\�WKURXJK�WKH�YLHZ�

)RU�LQIRUPDWLRQ�DERXW�FUHDWLQJ�D�YLHZ��VHH�&KDSWHU����´:RUNLQJ�ZLWK�'DWD�'HILQLWLRQ�
6WDWHPHQWV�µ�)RU�WKH�FRPSOHWH�V\QWD[�RI�&5($7(�9,(:��VHH�WKH�/DQJXDJH�5HIHUHQFH�

Note 6HH�WKH�FKDSWHU�RQ�WULJJHUV�LQ�WKH�'DWD�'HILQLWLRQ�*XLGH�IRU�WLSV�RQ�XVLQJ�WULJJHUV�WR�
XSGDWH�QRQ�XSGDWDEOH�YLHZV�

Specifying transaction names in an INSERT

,QWHU%DVH�HQDEOHV�DQ�64/�DSSOLFDWLRQ�WR�UXQ�VLPXOWDQHRXV�WUDQVDFWLRQV�LI�
g (DFK�WUDQVDFWLRQ�LV�ILUVW�QDPHG�ZLWK�D�6(7�75$16$&7,21�VWDWHPHQW��)RU�D�FRPSOHWH�
GLVFXVVLRQ�RI�WUDQVDFWLRQ�KDQGOLQJ�DQG�QDPLQJ��VHH�&KDSWHU����´:RUNLQJ�ZLWK�7UDQVDFWLRQV�µ�

g (DFK�GDWD�PDQLSXODWLRQ�VWDWHPHQW��6(/(&7��,16(57��83'$7(��'(/(7(��'(&/$5(��23(1��
)(7&+��DQG�&/26(��VSHFLILHV�D�75$16$&7,21�FODXVH�WKDW�LGHQWLILHV�WKH�QDPH�RI�WKH�
WUDQVDFWLRQ�XQGHU�ZKLFK�LW�RSHUDWHV�

g 64/�VWDWHPHQWV�DUH�QRW�G\QDPLF��'64/���'64/�GRHV�QRW�VXSSRUW�XVHU�VSHFLILHG�WUDQVDFWLRQ�
QDPHV�

:LWK�,16(57��WKH�75$16$&7,21�FODXVH�LQWHUYHQHV�EHWZHHQ�WKH�,16(57�NH\ZRUG�DQG�WKH�OLVW�
RI�FROXPQV�WR�LQVHUW��DV�LQ�WKH�IROORZLQJ�V\QWD[�IUDJPHQW�

INSERT TRANSACTION name INTO table (col [, col ...])

7KH�75$16$&7,21�FODXVH�LV�RSWLRQDO�LQ�VLQJOH�WUDQVDFWLRQ�SURJUDPV��,W�PXVW�EH�XVHG�LQ�D�
PXOWL�WUDQVDFWLRQ�SURJUDP�XQOHVV�D�VWDWHPHQW�RSHUDWHV�XQGHU�FRQWURO�RI�WKH�GHIDXOW�
WUDQVDFWLRQ��gds__trans��)RU�H[DPSOH��WKH�IROORZLQJ�,16(57�LV�FRQWUROOHG�E\�WKH�WUDQVDFWLRQ��
7��

EXEC SQL

INSERT TRANSACTION T1 INTO DEPARTMENT (DEPARTMENT, DEPT_NO, BUDGET)

VALUES (:deptname, :deptno, :budget INDICATOR :bi);
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Updating data
7R�FKDQJH�YDOXHV�IRU�H[LVWLQJ�URZV�RI�GDWD�LQ�D�WDEOH��XVH�WKH�83'$7(�VWDWHPHQW��7R�XSGDWH�
D�WDEOH��D�XVHU�RU�SURFHGXUH�PXVW�KDYH�83'$7(�SULYLOHJH�IRU�LW��7KH�V\QWD[�RI�83'$7(�LV�

UPDATE [TRANSACTION name] table

SET col = <assignment> [, col = <assignment> ...]

WHERE <search_condition> | WHERE CURRENT OF cursorname;

83'$7(�FKDQJHV�YDOXHV�IRU�FROXPQV�VSHFLILHG�LQ�WKH�6(7�FODXVH��FROXPQV�QRW�OLVWHG�LQ�WKH�
6(7�FODXVH�DUH�QRW�FKDQJHG��$�VLQJOH�83'$7(�VWDWHPHQW�FDQ�EH�XVHG�WR�PRGLI\�DQ\�QXPEHU�
RI�URZV�LQ�D�WDEOH��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�PRGLILHV�D�VLQJOH�URZ�

EXEC SQL

UPDATE DEPARTMENT

SET DEPARTMENT = "Publications"

WHERE DEPARTMENT = "Documentation";

7KH�:+(5(�FODXVH�LQ�WKLV�H[DPSOH�WDUJHWV�D�VLQJOH�URZ�IRU�XSGDWH��,I�WKH�VDPH�FKDQJH�VKRXOG�
EH�SURSDJDWHG�WR�D�QXPEHU�RI�URZV�LQ�D�WDEOH��WKH�:+(5(�FODXVH�FDQ�EH�PRUH�JHQHUDO��)RU�
H[DPSOH��WR�FKDQJH�DOO�RFFXUUHQFHV�RI�´'RFXPHQWDWLRQµ�WR�´3XEOLFDWLRQVµ�IRU�DOO�
GHSDUWPHQWV�LQ�WKH�'(3$570(17�WDEOH�ZKHUH�'(3$570(17�HTXDOV�́ 'RFXPHQWDWLRQ�µ�WKH�
83'$7(�VWDWHPHQW�ZRXOG�EH�DV�IROORZV�

EXEC SQL

UPDATE DEPARTMENT

SET DEPARTMENT = "Publications"

WHERE DEPARTMENT = "Documentation";

8VLQJ�83'$7(�WR�PDNH�WKH�VDPH�PRGLILFDWLRQ�WR�D�QXPEHU�RI�URZV�LV�VRPHWLPHV�FDOOHG�D�
PDVV�XSGDWH��RU�D�VHDUFKHG�XSGDWH�

7KH�:+(5(�FODXVH�LQ�DQ�83'$7(�VWDWHPHQW�FDQ�FRQWDLQ�D�VXETXHU\�WKDW�UHIHUHQFHV�RQH�RU�
PRUH�RWKHU�WDEOHV��)RU�D�FRPSOHWH�GLVFXVVLRQ�RI�VXETXHULHV��VHH�´8VLQJ�VXETXHULHVµ�RQ�
SDJH ����

Updating multiple rows
7KHUH�DUH�WZR�EDVLF�PHWKRGV�IRU�PRGLI\LQJ�URZV�

g 7KH�VHDUFKHG�XSGDWH�PHWKRG��ZKHUH�WKH�VDPH�FKDQJHV�DUH�DSSOLHG�WR�D�QXPEHU�RI�URZV��LV�PRVW�
XVHIXO�IRU�DXWRPDWHG�XSGDWLQJ�RI�URZV�ZLWKRXW�D�FXUVRU�

g 7KH�SRVLWLRQHG�XSGDWH�PHWKRG��ZKHUH�URZV�DUH�UHWULHYHG�WKURXJK�D�FXUVRU�DQG�XSGDWHG�URZ�E\�
URZ��LV�PRVW�XVHIXO�IRU�HQDEOLQJ�XVHUV�WR�HQWHU�GLIIHUHQW�FKDQJHV�IRU�HDFK�URZ�UHWULHYHG�
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$�VHDUFKHG�XSGDWH�LV�HDVLHU�WR�SURJUDP�WKDQ�D�SRVLWLRQHG�XSGDWH��EXW�DOVR�PRUH�OLPLWHG�LQ�
ZKDW�LW�FDQ�DFFRPSOLVK�

4 8VLQJ�D�VHDUFKHG�XSGDWH
8VH�D�VHDUFKHG�XSGDWH�WR�PDNH�WKH�VDPH�FKDQJHV�WR�D�QXPEHU�RI�URZV��7KH�83'$7(�6(7�
FODXVH�VSHFLILHV�WKH�DFWXDO�FKDQJHV�WKDW�DUH�WR�EH�PDGH�WR�FROXPQV�IRU�HDFK�URZ�WKDW�PDWFKHV�
WKH�VHDUFK�FRQGLWLRQ�VSHFLILHG�LQ�WKH�:+(5(�FODXVH��9DOXHV�WR�VHW�FDQ�EH�VSHFLILHG�DV�
FRQVWDQWV�RU�YDULDEOHV�

)RU�H[DPSOH��WKH�IROORZLQJ�&�FRGH�IUDJPHQW�SURPSWV�IRU�D�FRXQWU\�QDPH�DQG�D�SHUFHQWDJH�
FKDQJH�LQ�SRSXODWLRQ��WKHQ�XSGDWHV�DOO�FLWLHV�LQ�WKDW�FRXQWU\�ZLWK�WKH�QHZ�SRSXODWLRQ�

. . .

EXEC SQL

BEGIN DECLARE SECTION;

char country[26], asciimult[10];

int multiplier;

EXEC SQL

END DECLARE SECTION;

. . .

main ()

{

printf("Enter country with city populations needing adjustment: ");

gets(country);

printf("\nPercent change (100%% to -100%%:");

gets(asciimult);

multiplier = atoi(asciimult);

EXEC SQL

UPDATE CITIES

SET POPULATION  = POPULATION * (1 + :multiplier / 100)

WHERE COUNTRY = :country;

if (SQLCODE && (SQLCODE != 100))

{

isc_print_sqlerr(SQLCODE, isc_status);

EXEC SQL

ROLLBACK RELEASE;

}

else

{

EXEC SQL

COMMIT RELEASE;

}

}
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,03257$17 6HDUFKHG�XSGDWHV�FDQQRW�EH�SHUIRUPHG�RQ�DUUD\V�RI�GDWDW\SHV�

4 8VLQJ�D�SRVLWLRQHG�XSGDWH
8VH�FXUVRUV�WR�VHOHFW�URZV�IRU�XSGDWH�ZKHQ�SURPSWLQJ�XVHUV�IRU�FKDQJHV�RQ�D�URZ�E\�URZ�
EDVLV��DQG�GLVSOD\LQJ�SUH��RU�SRVW�PRGLILFDWLRQ�YDOXHV�EHWZHHQ�URZ�XSGDWHV��8SGDWLQJ�
WKURXJK�D�FXUVRU�LV�D�VHYHQ�VWHS�SURFHVV�

�� 'HFODUH�KRVW�ODQJXDJH�YDULDEOHV�QHHGHG�IRU�WKH�XSGDWH�RSHUDWLRQ�

�� 'HFODUH�D�FXUVRU�GHVFULELQJ�WKH�URZV�WR�UHWULHYH�IRU�XSGDWH��DQG�LQFOXGH�WKH�)25�
83'$7(�FODXVH�LQ�'64/��)RU�PRUH�LQIRUPDWLRQ�DERXW�GHFODULQJ�DQG�XVLQJ�
FXUVRUV��VHH�´6HOHFWLQJ�PXOWLSOH�URZVµ�RQ�SDJH ����

�� 2SHQ�WKH�FXUVRU�

�� )HWFK�D�URZ�

�� 'LVSOD\�FXUUHQW�YDOXHV�DQG�SURPSW�IRU�QHZ�YDOXHV�

�� 8SGDWH�WKH�FXUUHQWO\�VHOHFWHG�URZ�XVLQJ�WKH�:+(5(�&855(17�2)�FODXVH�

�� 5HSHDW�VWHSV���WR���XQWLO�DOO�VHOHFWHG�URZV�DUH�XSGDWHG�

)RU�H[DPSOH��WKH�IROORZLQJ�&�FRGH�IUDJPHQW�XSGDWHV�WKH�3238/$7,21�FROXPQ�E\�
XVHU�VSHFLILHG�DPRXQWV�IRU�FLWLHV�LQ�WKH�&,7,(6�WDEOH�WKDW�DUH�LQ�D�FRXQWU\�DOVR�VSHFLILHG�E\�WKH�
XVHU�

. . .

EXEC SQL

BEGIN DECLARE SECTION;

char country[26], asciimult[10];

int multiplier;

EXEC SQL

END DECLARE SECTION;

. . .

main ()

{

EXEC SQL

DECLARE CHANGEPOP CURSOR FOR

SELECT CITY, POPULATION

FROM CITIES

WHERE COUNTRY = :country;

printf("Enter country with city populations needing adjustment: ");

gets(country);

EXEC SQL

OPEN CHANGEPOP;
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EXEC SQL

FETCH CHANGEPOP INTO :country;

while(!SQLCODE)

{

printf("\nPercent change (100%% to -100%%:");

gets(asciimult);

multiplier = atoi(asciimult);

EXEC SQL

UPDATE CITIES

SET POPULATION  = POPULATION * (1 + :multiplier / 100)

WHERE CURRENT OF CHANGEPOP;

EXEC SQL

FETCH CHANGEPOP INTO :country;

if (SQLCODE && (SQLCODE != 100))

{

isc_print_sqlerr(SQLCODE, isc_status);

EXEC SQL

ROLLBACK RELEASE;

exit(1);

}

}

EXEC SQL

COMMIT RELEASE;

}

,03257$17 8VLQJ�)25�83'$7(�ZLWK�D�FXUVRU�FDXVHV�URZV�WR�EH�IHWFKHG�IURP�WKH�GDWDEDVH�RQH�DW�D�
WLPH��,I�)25�83'$7(�LV�RPLWWHG��URZV�DUH�IHWFKHG�LQ�EDWFKHV�

NULLing columns with UPDATE

7R�VHW�D�FROXPQ·V�YDOXH�WR�18//�GXULQJ�XSGDWH��VSHFLI\�D�18//�YDOXH�IRU�WKH�FROXPQ�LQ�WKH�
6(7�FODXVH��)RU�H[DPSOH��WKH�IROORZLQJ�83'$7(�VHWV�WKH�EXGJHW�RI�DOO�GHSDUWPHQWV�ZLWKRXW�
PDQDJHUV�WR�18//�

EXEC SQL

UPDATE DEPARTMENT

SET BUDGET = NULL

WHERE MNGR_NO = NULL;
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Updating through a view
([LVWLQJ�URZV�FDQ�EH�XSGDWHG�WKURXJK�D�YLHZ�LI�WKH�IROORZLQJ�FRQGLWLRQV�DUH�PHW�

g 7KH�YLHZ�LV�XSGDWDEOH��)RU�D�FRPSOHWH�GLVFXVVLRQ�RI�XSGDWDEOH�YLHZV��VHH�WKH�'DWD�'HILQLWLRQ�
*XLGH�

g 7KH�YLHZ�LV�FUHDWHG�XVLQJ�WKH�:,7+�&+(&.�237,21�
g $�XVHU�RU�VWRUHG�SURFHGXUH�KDV�83'$7(�SULYLOHJH�IRU�WKH�YLHZ�

9DOXHV�FDQ�RQO\�EH�XSGDWHG�WKURXJK�D�YLHZ�IRU�WKRVH�FROXPQV�QDPHG�LQ�WKH�YLHZ��)RU�
H[DPSOH��VXSSRVH�WKH�YLHZ��3$57B'(37��LV�GHILQHG�DV�IROORZV�

EXEC SQL

CREATE VIEW PART_DEPT

(DEPARTMENT, NUMBER, BUDGET)

AS SELECT DEPARTMENT, DEPT_NO, BUDGET

FROM DEPARTMENT

WITH CHECK OPTION;

%HFDXVH�3$57B'(37�UHIHUHQFHV�D�VLQJOH�WDEOH��GDWD�FDQ�EH�XSGDWHG�IRU�WKH�FROXPQV�QDPHG�
LQ�WKH�YLHZ��7KH�:,7+�&+(&.�237,21�DVVXUHV�WKDW�DOO�YDOXHV�HQWHUHG�WKURXJK�WKH�YLHZ�IDOO�
ZLWKLQ�UDQJHV�SUHVFULEHG�IRU�HDFK�FROXPQ�ZKHQ�WKH�'(3$570(17�WDEOH�ZDV�FUHDWHG��)RU�
H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�XSGDWHV�WKH�EXGJHW�RI�WKH�3XEOLFDWLRQV�GHSDUWPHQW�WKURXJK�
WKH�3$57B'(37�YLHZ�

EXEC SQL

UPDATE PART_DEPT

SET BUDGET = 2505700

WHERE DEPARTMENT = "Publications";

)RU�LQIRUPDWLRQ�DERXW�FUHDWLQJ�D�YLHZ��VHH�&KDSWHU����´:RUNLQJ�ZLWK�'DWD�'HILQLWLRQ�
6WDWHPHQWV�µ�)RU�WKH�FRPSOHWH�V\QWD[�RI�&5($7(�9,(:��VHH�WKH�/DQJXDJH�5HIHUHQFH�

Note 6HH�WKH�FKDSWHU�RQ�WULJJHUV�LQ�WKH�'DWD�'HILQLWLRQ�*XLGH�IRU�WLSV�RQ�XVLQJ�WULJJHUV�WR�
XSGDWH�QRQ�XSGDWDEOH�YLHZV�

Specifying transaction names in UPDATE

,QWHU%DVH�HQDEOHV�DQ�64/�DSSOLFDWLRQ�WR�UXQ�VLPXOWDQHRXV�WUDQVDFWLRQV�LI�
g (DFK�WUDQVDFWLRQ�LV�ILUVW�QDPHG�ZLWK�D�6(7�75$16$&7,21�VWDWHPHQW��)RU�D�FRPSOHWH�
GLVFXVVLRQ�RI�WUDQVDFWLRQ�KDQGOLQJ�DQG�QDPLQJ��VHH�&KDSWHU����´:RUNLQJ�ZLWK�7UDQVDFWLRQV�µ�



CHAPTER 6 WORKING WITH DATA

154 INTERBASE 5

g (DFK�GDWD�PDQLSXODWLRQ�VWDWHPHQW��6(/(&7��,16(57��83'$7(��'(/(7(��'(&/$5(��23(1��
)(7&+��DQG�&/26(��VSHFLILHV�D�75$16$&7,21�FODXVH�WKDW�LGHQWLILHV�WKH�QDPH�RI�WKH�
WUDQVDFWLRQ�XQGHU�ZKLFK�LW�RSHUDWHV�

g 64/�VWDWHPHQWV�DUH�QRW�G\QDPLF��'64/���'64/�GRHV�QRW�VXSSRUW�PXOWLSOH�VLPXOWDQHRXV�
WUDQVDFWLRQV�

,Q�83'$7(��WKH�75$16$&7,21�FODXVH�LQWHUYHQHV�EHWZHHQ�WKH�83'$7(�NH\ZRUG�DQG�WKH�
QDPH�RI�WKH�WDEOH�WR�XSGDWH��DV�LQ�WKH�IROORZLQJ�V\QWD[�

UPDATE [TRANSACTION name] table

SET col = <assignment> [, col = <assignment> ...]

WHERE <search_condition> | WHERE CURRENT OF cursorname;

7KH�75$16$&7,21�FODXVH�PXVW�EH�XVHG�LQ�PXOWL�WUDQVDFWLRQ�SURJUDPV��EXW�LV�RSWLRQDO�LQ�
VLQJOH�WUDQVDFWLRQ�SURJUDPV�RU�LQ�SURJUDPV�ZKHUH�RQO\�RQH�WUDQVDFWLRQ�LV�RSHQ�DW�D�WLPH��)RU�
H[DPSOH��WKH�IROORZLQJ�83'$7(�LV�FRQWUROOHG�E\�WKH�WUDQVDFWLRQ��7��

EXEC SQL

UPDATE TRANSACTION T1 DEPARTMENT

SET BUDGET = 2505700

WHERE DEPARTMENT = "Publications";

Deleting data
7R�UHPRYH�URZV�RI�GDWD�IURP�D�WDEOH��XVH�WKH�'(/(7(�VWDWHPHQW��7R�GHOHWH�URZV�D�XVHU�RU�
SURFHGXUH�PXVW�KDYH�'(/(7(�SULYLOHJH�IRU�WKH�WDEOH�

7KH�V\QWD[�RI�'(/(7(�LV�

DELETE [TRANSACTION name] FROM table

WHERE <search_condition> | WHERE CURRENT OF cursorname;

'(/(7(�LUUHWULHYDEO\�UHPRYHV�HQWLUH�URZV�IURP�WKH�WDEOH�VSHFLILHG�LQ�WKH�)520�FODXVH��
UHJDUGOHVV�RI�HDFK�FROXPQ·V�GDWDW\SH�

$�VLQJOH�'(/(7(�FDQ�EH�XVHG�WR�UHPRYH�DQ\�QXPEHU�RI�URZV�LQ�D�WDEOH��)RU�H[DPSOH��WKH�
IROORZLQJ�VWDWHPHQW�UHPRYHV�WKH�VLQJOH�URZ�FRQWDLQLQJ�´&KDQQHO�0DUNHWLQJµ�IURP�WKH�
'(3$570(17�WDEOH�

EXEC SQL

DELETE FROM DEPARTMENT

WHERE DEPARTMENT = "Channel Marketing:;
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7KH�:+(5(�FODXVH�LQ�WKLV�H[DPSOH�WDUJHWV�D�VLQJOH�URZ�IRU�XSGDWH��,I�WKH�VDPH�GHOHWLRQ�
FULWHULD�DSSO\�WR�D�QXPEHU�RI�URZV�LQ�D�WDEOH��WKH�:+(5(�FODXVH�FDQ�EH�PRUH�JHQHUDO��)RU�
H[DPSOH��WR�UHPRYH�DOO�URZV�IURP�WKH�'(3$570(17�WDEOH�ZLWK�%8'*(7�YDOXHV�
� ������������WKH�'(/(7(�VWDWHPHQW�ZRXOG�EH�DV�IROORZV�

EXEC SQL

DELETE FROM DEPARTMENT

WHERE BUDGET < 1000000;

8VLQJ�'(/(7(�WR�UHPRYH�D�QXPEHU�RI�URZV�LV�VRPHWLPHV�FDOOHG�D�PDVV�GHOHWH�

7KH�:+(5(�FODXVH�LQ�D�'(/(7(�VWDWHPHQW�FDQ�FRQWDLQ�D�VXETXHU\�WKDW�UHIHUHQFHV�RQH�RU�
PRUH�RWKHU�WDEOHV��)RU�D�GLVFXVVLRQ�RI�VXETXHULHV��VHH�´8VLQJ�VXETXHULHVµ�RQ�SDJH ����

Deleting multiple rows
7KHUH�DUH�WZR�PHWKRGV�IRU�PRGLI\LQJ�URZV�

g 7KH�VHDUFKHG�GHOHWH�PHWKRG��ZKHUH�WKH�VDPH�GHOHWLRQ�FRQGLWLRQ�DSSOLHV�WR�D�QXPEHU�RI�URZV��LV�
PRVW�XVHIXO�IRU�DXWRPDWHG�UHPRYDO�RI�URZV�

g 7KH�SRVLWLRQHG�GHOHWH�PHWKRG��ZKHUH�URZV�DUH�UHWULHYHG�WKURXJK�D�FXUVRU�DQG�GHOHWHG�URZ�E\�
URZ��LV�PRVW�XVHIXO�IRU�HQDEOLQJ�XVHUV�WR�FKRRVH�ZKLFK�URZV�WKDW�PHHW�FHUWDLQ�FRQGLWLRQV�
VKRXOG�EH�UHPRYHG�

$�VHDUFKHG�GHOHWH�LV�HDVLHU�WR�SURJUDP�WKDQ�D�SRVLWLRQHG�GHOHWH��EXW�OHVV�IOH[LEOH�

4 8VLQJ�D�VHDUFKHG�GHOHWH
8VH�D�VHDUFKHG�GHOHWH�WR�UHPRYH�D�QXPEHU�RI�URZV�WKDW�PDWFK�D�FRQGLWLRQ�VSHFLILHG�LQ�WKH�
:+(5(�FODXVH��)RU�H[DPSOH��WKH�IROORZLQJ�&�FRGH�IUDJPHQW�SURPSWV�IRU�D�FRXQWU\�QDPH��
WKHQ�GHOHWHV�DOO�URZV�WKDW�KDYH�FLWLHV�LQ�WKDW�FRXQWU\�

. . .

EXEC SQL

BEGIN DECLARE SECTION;

char country[26];

EXEC SQL

END DECLARE SECTION;

. . .

main ()

{

printf("Enter country with cities to delete: ");

gets(country);

EXEC SQL

DELETE FROM CITIES
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WHERE COUNTRY = :country;

if(SQLCODE && (SQLCODE != 100))

{

isc_print_sqlerr(SQLCODE, isc_status);

EXEC SQL

ROLLBACK RELEASE;

}

else

{

EXEC SQL

COMMIT RELEASE;

}

}

4 8VLQJ�D�SRVLWLRQHG�GHOHWH
8VH�FXUVRUV�WR�VHOHFW�URZV�IRU�GHOHWLRQ�ZKHQ�XVHUV�VKRXOG�GHFLGH�GHOHWLRQ�RQ�D�URZ�E\�URZ�
EDVLV��DQG�GLVSOD\LQJ�SUH��RU�SRVW�PRGLILFDWLRQ�YDOXHV�EHWZHHQ�URZ�XSGDWHV��8SGDWLQJ�
WKURXJK�D�FXUVRU�LV�D�VHYHQ�VWHS�SURFHVV�

�� 'HFODUH�KRVW�ODQJXDJH�YDULDEOHV�QHHGHG�IRU�WKH�GHOHWH�RSHUDWLRQ�

�� 'HFODUH�D�FXUVRU�GHVFULELQJ�WKH�URZV�WR�UHWULHYH�IRU�SRVVLEOH�GHOHWLRQ��DQG�
LQFOXGH�WKH�)25�83'$7(�FODXVH��)RU�PRUH�LQIRUPDWLRQ�DERXW�GHFODULQJ�DQG�
XVLQJ�FXUVRUV��VHH�´6HOHFWLQJ�PXOWLSOH�URZVµ�RQ�SDJH ����

�� 2SHQ�WKH�FXUVRU�

�� )HWFK�D�URZ�

�� 'LVSOD\�FXUUHQW�YDOXHV�DQG�SURPSW�IRU�SHUPLVVLRQ�WR�GHOHWH�

�� 'HOHWH�WKH�FXUUHQWO\�VHOHFWHG�URZ�XVLQJ�WKH�:+(5(�&855(17�2)�FODXVH�WR�
VSHFLI\�WKH�QDPH�RI�WKH�FXUVRU�

�� 5HSHDW�VWHSV���WR���XQWLO�DOO�VHOHFWHG�URZV�DUH�GHOHWHG�

)RU�H[DPSOH��WKH�IROORZLQJ�&�FRGH�GHOHWHV�URZV�LQ�WKH�&,7,(6�WDEOH�WKDW�DUH�LQ�1RUWK�$PHULFD�
RQO\�LI�D�XVHU�W\SHV�Y�ZKHQ�SURPSWHG�

. . .

EXEC SQL

BEGIN DECLARE SECTION;

char cityname[26];

EXEC SQL

END DECLARE SECTION;

char response[5];

. . .
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main ()

{

EXEC SQL

DECLARE DELETECITY CURSOR FOR

SELECT CITY, 

FROM CITIES

WHERE CONTINENT = "North America";

EXEC SQL

OPEN DELETECITY;

while (!SQLCODE)

{

EXEC SQL

FETCH DELETECITY INTO :cityname;

if (SQLCODE)

{

if (SQLCODE == 100)

{

printf("Deletions complete.");

EXEC SQL

COMMIT;

EXEC SQL

CLOSE DELETECITY;

EXEC SQL

DISCONNECT ALL:

}

isc_print_sqlerr(SQLCODE, isc_status);

EXEC SQL

ROLLBACK;

EXEC SQL

DISCONNECT ALL;

exit(1);

}

printf("\nDelete %s (Y/N)?", cityname);

gets(response);

if(response[0] == ’Y’ || response == ’y’)

{

EXEC SQL

DELETE FROM CITIES

WHERE CURRENT OF DELETECITY;

if(SQLCODE && (SQLCODE != 100))

{

isc_print_sqlerr(SQLCODE, isc_status);

EXEC SQL

ROLLBACK;
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EXEC SQL

DISCONNECT;

exit(1);

}

}

}

Deleting through a view
(QWLUH�URZV�FDQ�EH�GHOHWHG�WKURXJK�D�YLHZ�LI�WKH�IROORZLQJ�FRQGLWLRQV�DUH�PHW�

g 7KH�YLHZ�LV�XSGDWDEOH��)RU�D�FRPSOHWH�GLVFXVVLRQ�RI�XSGDWDEOH�YLHZV��VHH�WKH�'DWD�'HILQLWLRQ�
*XLGH�

g $�XVHU�RU�VWRUHG�SURFHGXUH�KDV�'(/(7(�SULYLOHJH�IRU�WKH�YLHZ�

)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�GHOHWHV�DOO�GHSDUWPHQWV�ZLWK�EXGJHWV�XQGHU�������������
IURP�WKH�'(3$570(17�WDEOH�WKURXJK�WKH�3$57B'(37�YLHZ�

EXEC SQL

DELETE FROM PART_DEPT

WHERE BUDGET < 1000000;

)RU�LQIRUPDWLRQ�DERXW�FUHDWLQJ�D�YLHZ��VHH�&KDSWHU����´:RUNLQJ�ZLWK�'DWD�'HILQLWLRQ�
6WDWHPHQWV�µ�)RU�&5($7(�9,(:�V\QWD[��VHH�WKH�/DQJXDJH�5HIHUHQFH�

Note 6HH�WKH�FKDSWHU�RQ�WULJJHUV�LQ�WKH�'DWD�'HILQLWLRQ�*XLGH�IRU�WLSV�RQ�XVLQJ�WULJJHUV�WR�
GHOHWH�WKURXJK�QRQ�XSGDWDEOH�YLHZV�

Specifying transaction names in a DELETE

,QWHU%DVH�HQDEOHV�DQ�64/�DSSOLFDWLRQ�WR�UXQ�VLPXOWDQHRXV�WUDQVDFWLRQV�LI�
g (DFK�WUDQVDFWLRQ�LV�ILUVW�QDPHG�ZLWK�D�6(7�75$16$&7,21�VWDWHPHQW��)RU�D�FRPSOHWH�
GLVFXVVLRQ�RI�WUDQVDFWLRQ�KDQGOLQJ�DQG�QDPLQJ��VHH�&KDSWHU����´:RUNLQJ�ZLWK�7UDQVDFWLRQV�µ�

g (DFK�GDWD�PDQLSXODWLRQ�VWDWHPHQW��6(/(&7��,16(57��83'$7(��'(/(7(��'(&/$5(��23(1��
)(7&+��DQG�&/26(��VSHFLILHV�D�75$16$&7,21�FODXVH�WKDW�LGHQWLILHV�WKH�QDPH�RI�WKH�
WUDQVDFWLRQ�XQGHU�ZKLFK�LW�RSHUDWHV�

g 64/�VWDWHPHQWV�DUH�QRW�G\QDPLF��'64/���'64/�GRHV�QRW�VXSSRUW�PXOWLSOH�VLPXOWDQHRXV�
WUDQVDFWLRQV�



DELETING DATA

PROGRAMMER’S GUIDE 159

)RU�'(/(7(��WKH�75$16$&7,21�FODXVH�LQWHUYHQHV�EHWZHHQ�WKH�'(/(7(�NH\ZRUG�DQG�WKH�
)520�FODXVH�VSHFLI\LQJ�WKH�WDEOH�IURP�ZKLFK�WR�GHOHWH�

DELETE TRANSACTION name FROM table ...

7KH�75$16$&7,21�FODXVH�LV�RSWLRQDO�LQ�VLQJOH�WUDQVDFWLRQ�SURJUDPV�RU�LQ�SURJUDPV�ZKHUH�
RQO\�RQH�WUDQVDFWLRQ�LV�RSHQ�DW�D�WLPH��,W�PXVW�EH�XVHG�LQ�D�PXOWL�WUDQVDFWLRQ�SURJUDP��)RU�
H[DPSOH��WKH�IROORZLQJ�'(/(7(�LV�FRQWUROOHG�E\�WKH�WUDQVDFWLRQ��7��

EXEC SQL

DELETE TRANSACTION T1 FROM PART_DEPT

WHERE BUDGET < 1000000";
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0RVW�KRVW�ODQJXDJHV�GR�QRW�VXSSRUW�WKH�'$7(�GDWDW\SH��,QVWHDG��WKH\�WUHDW�GDWHV�DV�VWULQJV�
RU�VWUXFWXUHV��,QWHU%DVH�VXSSRUWV�D�'$7(�GDWDW\SH�WKDW�LV�VWRUHG�LQ�WDEOHV�DV�WZR�ORQJ�LQWHJHUV��
$Q�,QWHU%DVH�'$7(�GDWDW\SH�LQFOXGHV�LQIRUPDWLRQ�DERXW�\HDU��PRQWK��GD\�RI�WKH�PRQWK��DQG�
WLPH�

7KLV�FKDSWHU�GLVFXVVHV�KRZ�WR�6(/(&7��,16(57��DQG�83'$7(�GDWHV�IURP�WDEOHV�LQ�64/�
DSSOLFDWLRQV�XVLQJ�WKH�IROORZLQJ�LVF�FDOO�LQWHUIDFH�URXWLQHV�

g isc_decode_date()�WR�FRQYHUW�WKH�,QWHU%DVH�LQWHUQDO�GDWH�IRUPDW�WR�WKH�&�WLPH�VWUXFWXUH
g isc_encode_date()�WR�FRQYHUW�WKH�&�WLPH�VWUXFWXUH�WR�WKH�LQWHUQDO�,QWHU%DVH�GDWH�IRUPDW

7KH�FKDSWHU�DOVR�GLVFXVVHV�KRZ�WR�XVH�WKH�&$67���IXQFWLRQ�WR�WUDQVODWH�D�'$7(�GDWDW\SH�LQWR�
D�&+$5$&7(5�GDWDW\SH�DQG�EDFN�DJDLQ��DQG�KRZ�WR�XVH�WKH�'$7(�OLWHUDOV��12:�DQG�72'$<�
ZKHQ�VHOHFWLQJ�DQG�LQVHUWLQJ�GDWHV�

Note ,QWHU%DVH�GRHV�QRW�GLUHFWO\�VXSSRUW�64/����'$7(��7,0(��DQG�7,0(67$03�GDWDW\SHV�
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Selecting dates
7R�VHOHFW�D�GDWH�IURP�D�WDEOH��DQG�FRQYHUW�LW�WR�D�IRUP�XVDEOH�LQ�D�&�ODQJXDJH�SURJUDP��IROORZ�
WKHVH�VWHSV�

�� &UHDWH�D�KRVW�YDULDEOH�IRU�D�&�WLPH�VWUXFWXUH��0RVW�&�DQG�&���FRPSLOHUV�SURYLGH�
D�W\SHGHI�GHFODUDWLRQ��WP��IRU�WKH�&�WLPH�VWUXFWXUH�LQ�WKH�WLPH�K�KHDGHU�ILOH��7KH�
IROORZLQJ�&�FRGH�LQFOXGHV�WKDW�KHDGHU�ILOH��DQG�GHFODUHV�D�YDULDEOH�RI�W\SH�WP�

#include <time.h>;

. . .

struct tm hire_time;

. . .

7R�FUHDWH�KRVW�ODQJXDJH�WLPH�VWUXFWXUHV�LQ�ODQJXDJHV�RWKHU�WKDQ�&�DQG�&����VHH�WKH�
KRVW�ODQJXDJH�UHIHUHQFH�PDQXDO�

�� &UHDWH�D�KRVW�YDULDEOH�RI�W\SH�,6&B48$'��)RU�H[DPSOH��WKH�KRVW�YDULDEOH�
GHFODUDWLRQ�PLJKW�ORRN�OLNH�WKLV�

ISC_QUAD hire_date;

7KH�,6&B48$'�VWUXFWXUH�LV�DXWRPDWLFDOO\�GHFODUHG�IRU�SURJUDPV�ZKHQ�WKH\�DUH�
SUHSURFHVVHG�ZLWK�gpre��EXW�WKH�SURJUDPPHU�PXVW�GHFODUH�DFWXDO�KRVW�ODQJXDJH�YDULDEOHV�
RI�W\SH�,6&B48$'�

�� 5HWULHYH�D�GDWH�IURP�D�WDEOH�LQWR�WKH�,6&B48$'�YDULDEOH��)RU�H[DPSOH�

EXEC SQL

SELECT LAST_NAME, FIRST_NAME, DATE_OF_HIRE

INTO :lname, :fname, :hire_date

FROM EMPLOYEE

WHERE LAST_NAME = ’Smith’ AND FIRST_NAME = ’Margaret’;

&RQYHUW�WKH�,6&B48$'�YDULDEOH�LQWR�D�QXPHULF�8QL[�IRUPDW�ZLWK�WKH�,QWHU%DVH�IXQFWLRQ��
isc_decode_date()��7KLV�IXQFWLRQ�LV�DXWRPDWLFDOO\�GHFODUHG�IRU�SURJUDPV�ZKHQ�WKH\�DUH�
SUHSURFHVVHG�ZLWK�gpre��isc_decode_date()�UHTXLUHV�WZR�SDUDPHWHUV��WKH�DGGUHVV�RI�WKH�
,6&B48$'�KRVW�ODQJXDJH�YDULDEOH��DQG�WKH�DGGUHVV�RI�WKH�WP�KRVW�ODQJXDJH�YDULDEOH��)RU�
H[DPSOH��WKH�IROORZLQJ�FRGH�IUDJPHQW�FRYHUWV�KLUHBGDWH�WR�KLUHBWLPH�

isc_decode_date(&hire_date, &hire_time);
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Inserting dates
7R�LQVHUW�D�GDWH�LQ�D�WDEOH��LW�PXVW�EH�FRQYHUWHG�IURP�WKH�KRVW�ODQJXDJH�IRUPDW�LQWR�,QWHU%DVH�
IRUPDW��DQG�WKHQ�VWRUHG��7R�SHUIRUP�WKH�FRQYHUVLRQ�DQG�LQVHUWLRQ�LQ�D�&�SURJUDP��IROORZ�
WKHVH�VWHSV�

�� &UHDWH�D�KRVW�YDULDEOH�IRU�D�&�WLPH�VWUXFWXUH��0RVW�&�DQG�&���FRPSLOHUV�SURYLGH�
D�W\SHGHI�GHFODUDWLRQ��WP��IRU�WKH�&�WLPH�VWUXFWXUH�LQ�WKH�WLPH�K�KHDGHU�ILOH��7KH�
IROORZLQJ�&�FRGH�LQFOXGHV�WKDW�KHDGHU�ILOH��DQG�GHFODUHV�D�WP�YDULDEOH��KLUHBWLPH�

#include <time.h>;

. . .

struct tm hire_time;

. . .

7R�FUHDWH�KRVW�ODQJXDJH�WLPH�VWUXFWXUHV�LQ�ODQJXDJHV�RWKHU�WKDQ�&�DQG�&����VHH�WKH�
KRVW�ODQJXDJH�UHIHUHQFH�PDQXDO�

�� &UHDWH�D�KRVW�YDULDEOH�RI�W\SH�,6&B48$'��IRU�XVH�E\�,QWHU%DVH��)RU�H[DPSOH��WKH�
KRVW�YDULDEOH�GHFODUDWLRQ�PLJKW�ORRN�OLNH�WKLV�

ISC_QUAD mydate;

7KH�,6&B48$'�VWUXFWXUH�LV�DXWRPDWLFDOO\�GHFODUHG�IRU�SURJUDPV�ZKHQ�WKH\�DUH�
SUHSURFHVVHG�ZLWK�gpre��EXW�WKH�SURJUDPPHU�PXVW�GHFODUH�DFWXDO�KRVW�ODQJXDJH�YDULDEOHV�
RI�W\SH�,6&B48$'�

�� 3XW�GDWH�DQG�WLPH�LQIRUPDWLRQ�LQWR�KLUHBWLPH�

�� 8VH�WKH�,QWHU%DVH�isc_encode_date()�IXQFWLRQ�WR�FRQYHUW�WKH�LQIRUPDWLRQ�LQ�
KLUHBWLPH�LQWR�,QWHU%DVH�LQWHUQDO�IRUPDW�DQG�VWRUH�WKDW�IRUPDWWHG�LQIRUPDWLRQ�LQ�
WKH�,6&B48$'�KRVW�YDULDEOH��KLUHBGDWH�LQ�WKH�H[DPSOH���7KLV�IXQFWLRQ�LV�
DXWRPDWLFDOO\�GHFODUHG�IRU�SURJUDPV�ZKHQ�WKH\�DUH�SUHSURFHVVHG�ZLWK�gpre��
isc_encode_date()�UHTXLUHV�WZR�SDUDPHWHUV��WKH�DGGUHVV�RI�WKH�8QL[�WLPH�
VWUXFWXUH��DQG�WKH�DGGUHVV�RI�WKH�,6&B48$'�KRVW�ODQJXDJH�YDULDEOH�

)RU�H[DPSOH��WKH�IROORZLQJ�FRGH�FRQYHUWV�KLUHBWLPH�WR�KLUHBGDWH�

isc_encode_date(&hire_time, &hire_date);

�� ,QVHUW�WKH�GDWH�LQWR�D�WDEOH��)RU�H[DPSOH�

EXEC SQL

INSERT INTO EMPLOYEE (EMP_NO, DEPARTMENT, DATE_OF_HIRE)

VALUES (:emp_no, :deptname, :hire_date);
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Updating dates
7R�XSGDWH�D�GDWH�LQ�D�WDEOH��LW�PXVW�EH�FRQYHUWHG�IURP�WKH�KRVW�ODQJXDJH�IRUPDW�LQWR�
,QWHU%DVH�IRUPDW��DQG�WKHQ�VWRUHG��7R�FRQYHUW�D�KRVW�YDULDEOH�LQWR�,QWHU%DVH�IRUPDW��VHH�
´,QVHUWLQJ�GDWHVµ�RQ�SDJH �����7KH�DFWXDO�XSGDWH�LV�SHUIRUPHG�XVLQJ�DQ�83'$7(�VWDWHPHQW��
)RU�H[DPSOH�

EXEC SQL

UPDATE EMPLOYEE

SET DATE_OF_HIRE = :hire_date

WHERE DATE_OF_HIRE < ’1 JAN 1994’

Using CAST() to convert dates
7KH�EXLOW�LQ�&$67���IXQFWLRQ�FDQ�EH�XVHG�LQ�6(/(&7�VWDWHPHQWV�WR�WUDQVODWH�D�'$7(�GDWDW\SH�
LQWR�D�&+$5$&7(5�RU�180(5,&�GDWDW\SH��RU�WR�WUDQVODWH�&+$5$&7(5�DQG�180(5,&�
GDWDW\SHV�LQWR�'$7(�GDWDW\SHV��7\SLFDOO\��&$67���LV�XVHG�LQ�WKH�:+(5(�FODXVH�WR�FRPSDUH�
GLIIHUHQW�GDWDW\SHV��7KH�V\QWD[�IRU�&$67���LV�

CAST (<value> AS <datatype>)

,Q�WKH�IROORZLQJ�:+(5(�FODXVH��&$67���LV�WUDQVODWHV�D�&+$5�GDWDW\SH��,17(59,(:B'$7(��WR�
D�'$7(�GDWDW\SH�WR�FRPSDUH�DJDLQVW�D�'$7(�GDWDW\SH��+,5(B'$7(�

… WHERE HIRE_DATE = CAST(INTERVIEW_DATE AS DATE);

,Q�WKH�QH[W�H[DPSOH��&$67���WUDQVODWHV�D�'$7(�GDWDW\SH�LQWR�D�&+$5�GDWDW\SH�

… WHERE CAST(HIRE_DATE AS CHAR) = INTERVIEW_DATE;

&$67���DOVR�FDQ�EH�XVHG�WR�FRPSDUH�FROXPQV�ZLWK�GLIIHUHQW�GDWDW\SHV�LQ�WKH�VDPH�WDEOH��RU�
DFURVV�WDEOHV��

7,3 7R�WUXQFDWH�WKH�WLPH�SRUWLRQ�RI�D�GDWH�ILHOG��FDVW�WKH�GDWH�WR�D�&+$5�WKDW�LV�ORQJ�HQRXJK�WR�
FRQWDLQ�WKH�GDWH�EXW�QRW�WKH�WLPH��)RU�H[DPSOH�

CAST(INTERVIEW_DATE AS CHAR(7));

)RU�PRUH�LQIRUPDWLRQ�DERXW�&$67����VHH�&KDSWHU����´:RUNLQJ�ZLWK�'DWD�µ
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Using date literals
,QWHU%DVH�VXSSRUWV�IRXU�GDWH�OLWHUDOV��
12:
��
72'$<
��
<(67(5'$<
��DQG�
7202552:
��'DWH�
OLWHUDOV�DUH�VWULQJ�YDOXHV�HQWHUHG�EHWZHHQ�TXRWDWLRQ�PDUNV�WKDW�FDQ�EH�LQWHUSUHWHG�DV�GDWH�
YDOXHV�IRU�6(/(&7��,16(57��DQG�83'$7(�RSHUDWLRQV��
12:
�LV�D�GDWH�OLWHUDO�WKDW�FRPELQHV�
WRGD\·V�GDWH�DQG�WLPH�LQ�,QWHU%DVH�IRUPDW��
72'$<
�LV�WRGD\·V�GDWH�ZLWK�WLPH�LQIRUPDWLRQ�VHW�
WR�]HUR��6LPLODUO\��
<(67(5'$<
�DQG�
7202552:
�DUH�WKH�H[SHFWHG�GDWHV�ZLWK�WKH�WLPH�
LQIRUPDWLRQ�VHW�WR�]HUR�

,Q�6(/(&7��
12:
�DQG�
72'$<
�FDQ�EH�XVHG�LQ�WKH�VHDUFK�FRQGLWLRQ�RI�D�:+(5(�FODXVH�WR�
UHVWULFW�WKH�GDWD�UHWULHYHG�

EXEC SQL

SELECT * FROM CROSS_RATE WHERE UPDATE_DATE = ’TODAY’;

,Q�,16(57�DQG�83'$7(��
12:
�DQG�
72'$<
�FDQ�EH�XVHG�WR�HQWHU�GDWH�DQG�WLPH�YDOXHV�LQVWHDG�
RI�UHO\LQJ�RQ�LVF�FDOOV�WR�FRQYHUW�&�GDWHV�WR�,QWHU%DVH�GDWHV�

EXEC SQL

INSERT INTO CROSS_RATE VALUES(:from, :to, :rate, ’NOW’);

EXEC SQL

UPDATE CROSS_RATE

SET CONV_RATE = 1.75,

SET UPDATE_DATE = ’NOW’

WHERE FROM_CURRENCY = ’POUND’ AND TO_CURRENCT = ’DOLLAR’

AND UPDATE_DATE < ’TODAY’;
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7KLV�FKDSWHU�GHVFULEHV�WKH�%/2%�GDWDW\SH�DQG�LWV�VXEW\SHV��KRZ�WR�VWRUH�%OREV��KRZ�WR�DFFHVV�
WKHP�ZLWK�64/��'64/��DQG�$3,�FDOOV��DQG�KRZ�WR�ILOWHU�%OREV��,W�DOVR�LQFOXGHV�LQIRUPDWLRQ�
RQ�ZULWLQJ�%ORE�ILOWHUV�

What is a Blob?
$�%ORE�LV�D�G\QDPLFDOO\�VL]DEOH�GDWDW\SH�WKDW�KDV�QR�VSHFLILHG�VL]H�DQG�HQFRGLQJ��<RX�FDQ�XVH�
D�%ORE�WR�VWRUH�ODUJH�DPRXQWV�RI�GDWD�RI�YDULRXV�W\SHV��LQFOXGLQJ�

g %LWPDSSHG�LPDJHV
g 9HFWRU�GUDZLQJV
g 6RXQGV��YLGHR�VHJPHQWV��DQG�RWKHU�PXOWLPHGLD�LQIRUPDWLRQ
g 7H[W�DQG�GDWD��LQFOXGLQJ�ERRN�OHQJWK�GRFXPHQWV

'DWD�VWRUHG�LQ�WKH�%ORE�GDWDW\SH�FDQ�EH�PDQLSXODWHG�LQ�PRVW�RI�WKH�VDPH�ZD\V�DV�GDWD�VWRUHG�
LQ�DQ\�RWKHU�GDWDW\SH��,QWHU%DVH�VWRUHV�%ORE�GDWD�LQVLGH�WKH�GDWDEDVH��LQ�FRQWUDVW�WR�VLPLODU�
RWKHU�V\VWHPV�WKDW�VWRUH�SRLQWHUV�WR�QRQ�GDWDEDVH�ILOHV��)RU�HDFK�%ORE��WKHUH�LV�D�XQLTXH�
LGHQWLILFDWLRQ�KDQGOH�LQ�WKH�DSSURSULDWH�WDEOH�WR�SRLQW�WR�WKH�GDWDEDVH�ORFDWLRQ�RI�WKH�%ORE��
%\�PDLQWDLQLQJ�WKH�%ORE�GDWD�ZLWKLQ�WKH�GDWDEDVH��,QWHU%DVH�LPSURYHV�GDWD�PDQDJHPHQW�DQG�
DFFHVV�
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7KH�FRPELQDWLRQ�RI�WUXH�GDWDEDVH�PDQDJHPHQW�RI�%ORE�GDWD�DQG�VXSSRUW�IRU�D�YDULHW\�RI�
GDWDW\SHV�PDNHV�,QWHU%DVH�%ORE�VXSSRUW�LGHDO�IRU�WUDQVDFWLRQ�LQWHQVLYH�PXOWLPHGLD�
DSSOLFDWLRQV��)RU�H[DPSOH��,QWHU%DVH�LV�DQ�H[FHOOHQW�SODWIRUP�IRU�LQWHUDFWLYH�NLRVN�DSSOLFDWLRQV�
WKDW�PLJKW�SURYLGH�KXQGUHGV�RU�WKRXVDQGV�RI�SURGXFW�GHVFULSWLRQV��SKRWRJUDSKV��DQG�YLGHR�
FOLSV��LQ�DGGLWLRQ�WR�SRLQW�RI�VDOH�DQG�RUGHU�SURFHVVLQJ�FDSDELOLWLHV��

How are Blob data stored?
%ORE�LV�WKH�,QWHU%DVH�GDWDW\SH�WKDW�UHSUHVHQWV�YDULRXV�REMHFWV��VXFK�DV�ELWPDSSHG�LPDJHV��
VRXQG��YLGHR��DQG�WH[W��%HIRUH�\RX�VWRUH�WKHVH�LWHPV�LQ�WKH�GDWDEDVH��\RX�FUHDWH�RU�PDQDJH�
WKHP�DV�SODWIRUP��RU�SURGXFW�VSHFLILF�ILOHV�RU�GDWD�VWUXFWXUHV��VXFK�DV�

g 7,))��3,&7��%03��:0)��*(0��7$5*$�RU�RWKHU�ELWPDSSHG�RU�YHFWRU�JUDSKLF�ILOHV�
g 0,',�RU�:$9�VRXQG�ILOHV�
g $XGLR�9LGHR�,QWHUOHDYHG�IRUPDW���$9,��RU�4XLFN7LPH�YLGHR�ILOHV�
g $6&,,��0,)��'2&��57)��:3[�RU�RWKHU�WH[W�ILOHV�
g &$'�ILOHV�

<RX�PXVW�ORDG�WKHVH�ILOHV�IURP�PHPRU\�LQWR�WKH�GDWDEDVH�SURJUDPPDWLFDOO\��DV�\RX�GR�DQ\�
RWKHU�KRVW�ODQJXDJH�GDWD�LWHPV�RU�UHFRUGV�\RX�LQWHQG�WR�VWRUH�LQ�,QWHU%DVH�
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Blob subtypes
$OWKRXJK�\RX�PDQDJH�%ORE�GDWD�LQ�WKH�VDPH�ZD\�DV�RWKHU�GDWDW\SHV��,QWHU%DVH�SURYLGHV�PRUH�
IOH[LEOH�GDWDW\SLQJ�UXOHV�IRU�%ORE�GDWD��%HFDXVH�WKHUH�DUH�PDQ\�QDWLYH�GDWDW\SHV�WKDW�\RX�FDQ�
GHILQH�DV�%ORE�GDWD��,QWHU%DVH�WUHDWV�WKHP�VRPHZKDW�JHQHULFDOO\�DQG�DOORZV�\RX�WR�GHILQH�
\RXU�RZQ�GDWDW\SH��NQRZQ�DV�D�VXEW\SH��$OVR��,QWHU%DVH�SURYLGHV�VHYHQ�VWDQGDUG�VXEW\SHV�ZLWK�
ZKLFK�\RX�FDQ�FKDUDFWHUL]H�%ORE�GDWD�

<RX�FDQ�VSHFLI\�XVHU�GHILQHG�VXEW\SHV�DV�QHJDWLYH�QXPEHUV�EHWZHHQ�²��DQG
�²��������3RVLWLYH�LQWHJHUV�DUH�UHVHUYHG�IRU�,QWHU%DVH�VXEW\SHV�

)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�GHILQHV�WKUHH�%ORE�FROXPQV��%ORE��ZLWK�VXEW\SH����WKH�
GHIDXOW���%ORE��ZLWK�VXEW\SH����7(;7���DQG�%ORE��ZLWK�XVHU�GHILQHG�VXEW\SH�²��

EXEC SQL CREATE TABLE TABLE2

(

BLOB1 BLOB,

BLOB2 BLOB SUB_TYPE 1,

BLOB3 BLOB SUB_TYPE -1

);

7R�VSHFLI\�ERWK�D�GHIDXOW�VHJPHQW�OHQJWK�DQG�D�VXEW\SH�ZKHQ�FUHDWLQJ�D�%ORE�FROXPQ��XVH�WKH�
6(*0(17�6,=(�RSWLRQ�DIWHU�WKH�68%B7<3(�RSWLRQ��)RU�H[DPSOH�

EXEC SQL CREATE TABLE TABLE2

(

BLOB1 BLOB SUB_TYPE 1 SEGMENT SIZE 100;

);

BLOB 
subtype Description

0 Unstructured, generally applied to binary data or data of an indeterminate type

1 Text

2 Binary language representation (BLR)

3 Access control list

4 (Reserved for future use)

5 Encoded description of a table’s current metadata

6 Description of multi-database transaction that finished irregularly

TABLE 8.1 BLOB subtypes defined by InterBase
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7KH�RQO\�UXOH�,QWHU%DVH�HQIRUFHV�RYHU�WKHVH�XVHU�GHILQHG�VXEW\SHV�LV�WKDW��ZKHQ�FRQYHUWLQJ�
D�%ORE�IURP�RQH�VXEW\SH�WR�DQRWKHU��WKRVH�VXEW\SHV�PXVW�EH�FRPSDWLEOH��,QWHU%DVH�GRHV�QRW�
RWKHUZLVH�HQIRUFH�VXEW\SH�LQWHJULW\��

Blob database storage
%HFDXVH�%ORE�GDWD�DUH�W\SLFDOO\�ODUJH��YDULDEO\�VL]HG�REMHFWV�RI�ELQDU\�RU�WH[W�GDWD��,QWHU%DVH�
VWRUHV�WKHP�PRVW�HIILFLHQWO\�XVLQJ�D�PHWKRG�RI�VHJPHQWDWLRQ��,W�ZRXOG�EH�DQ�LQHIILFLHQW�XVH�
RI�GLVN�VSDFH�WR�VWRUH�HDFK�%ORE�DV�RQH�FRQWLJXRXV�PDVV��,QVWHDG��,QWHU%DVH�VWRUHV�HDFK�%ORE�
LQ�VHJPHQWV�WKDW�DUH�LQGH[HG�E\�D�KDQGOH�WKDW�,QWHU%DVH�JHQHUDWHV�ZKHQ�\RX�FUHDWH�WKH�%ORE��
7KLV�KDQGOH�LV�NQRZQ�DV�WKH�%ORE�,'�DQG�LV�D�TXDGZRUG�����ELW��FRQWDLQLQJ�D�XQLTXH�
FRPELQDWLRQ�RI�WDEOH�LGHQWLILHU�DQG�%ORE�LGHQWLILHU�

7KH�%ORE�,'�IRU�HDFK�%ORE�LV�VWRUHG�LQ�LWV�DSSURSULDWH�ILHOG�LQ�WKH�WDEOH�UHFRUG��7KH�%ORE�,'�
SRLQWV�WR�WKH�ILUVW�VHJPHQW�RI�WKH�%ORE��RU�WR�D�SDJH�RI�SRLQWHUV��HDFK�RI�ZKLFK�SRLQWV�WR�D�
VHJPHQW�RI�RQH�RU�PRUH�%ORE�ILHOGV��<RX�FDQ�UHWULHYH�WKH�%ORE�,'�E\�H[HFXWLQJ�D�6(/(&7�
VWDWHPHQW�WKDW�VSHFLILHV�WKH�%ORE�DV�WKH�WDUJHW��DV�LQ�WKH�IROORZLQJ�H[DPSOH�

EXEC SQL

DECLARE BLOBDESC CURSOR FOR

SELECT GUIDEBOOK

FROM TOURISM

WHERE STATE = ’CA’;

<RX�GHILQH�%ORE�FROXPQV�WKH�VDPH�ZD\�\RX�GHILQH�QRQ�%ORE�FROXPQV��

7KH�IROORZLQJ�64/�FRGH�FUHDWHV�D�WDEOH�ZLWK�D�%ORE�FROXPQ�FDOOHG�352-B'(6&��,W�VHWV�WKH�
VXEW\SH�SDUDPHWHU�WR����ZKLFK�GHQRWHV�D�7(;7�%ORE��DQG�VHWV�WKH�VHJPHQW�VL]H�WR����E\WHV�

CREATE TABLE PROJECT

(

PROJ_ID PROJNO NOT NULL, 

PROJ_NAME VARCHAR(20) NOT NULL UNIQUE,

PROJ_DESC BLOB SUBTYPE 1 SEGMENT SIZE 80,

TEAM_LEADER EMPNO,

PRODUCT PRODTYPE, 

...

);

7KH�IROORZLQJ�GLDJUDP�VKRZV�WKH�UHODWLRQVKLS�EHWZHHQ�D�%ORE�FROXPQ�FRQWDLQLQJ�D�%ORE�,'�
DQG�WKH�%ORE�GDWD�UHIHUHQFHG�E\�WKH�%ORE�,'�
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FIGURE 8.1 Relationship of a Blob ID to Blob segments in a database

5DWKHU�WKDQ�VWRUH�%ORE�GDWD�GLUHFWO\�LQ�WKH�WDEOH��,QWHU%DVH�VWRUHV�D�%ORE�,'�LQ�HDFK�URZ�RI�
WKH�WDEOH��7KH�%ORE�,'��D�XQLTXH�QXPEHU��SRLQWV�WR�WKH�ILUVW�VHJPHQW�RI�WKH�%ORE�GDWD�WKDW�LV�
VWRUHG�HOVHZKHUH�LQ�WKH�GDWDEDVH��LQ�D�VHULHV�RI�VHJPHQWV��:KHQ�DQ�DSSOLFDWLRQ�FUHDWHV�D�%ORE��
LW�PXVW�ZULWH�GDWD�WR�WKDW�%ORE�D�VHJPHQW�DW�D�WLPH��6LPLODUO\��ZKHQ�DQ�DSSOLFDWLRQ�UHDGV�RI�
%ORE��LW�UHDGV�D�VHJPHQW�DW�D�WLPH��%HFDXVH�PRVW�%ORE�GDWD�DUH�ODUJH�REMHFWV��PRVW�%ORE�
PDQDJHPHQW�LV�SHUIRUPHG�ZLWK�ORRSV�LQ�WKH�DSSOLFDWLRQ�FRGH�

Blob segment length
:KHQ�\RX�GHILQH�D�%ORE�LQ�D�WDEOH��\RX�VSHFLI\�WKH�H[SHFWHG�VL]H�RI�%ORE�VHJPHQWV�WKDW�DUH�
WR�EH�ZULWWHQ�WR�WKH�FROXPQ�LQ�WKH�%ORE�GHILQLWLRQ�VWDWHPHQW��7KH�VHJPHQW�OHQJWK�\RX�GHILQH�
IRU�D�%ORE�FROXPQ�VSHFLILHV�WKH�PD[LPXP�QXPEHU�RI�E\WHV�WKDW�DQ�DSSOLFDWLRQ�LV�H[SHFWHG�WR�
ZULWH�WR�RU�UHDG�IURP�DQ\�%ORE�LQ�WKH�FROXPQ��7KH�GHIDXOW�VHJPHQW�OHQJWK�LV�����)RU�H[DPSOH��
WKH�IROORZLQJ�FROXPQ�GHFODUDWLRQ�FUHDWHV�D�%ORE�ZLWK�D�VHJPHQW�OHQJWK�RI�����

EXEC SQL CREATE TABLE TABLE2

(

Blob1 Blob SEGMENT SIZE 120;

);

,QWHU%DVH�XVHV�WKH�VHJPHQW�OHQJWK�VHWWLQJ�WR�GHWHUPLQH�WKH�VL]H�RI�DQ�LQWHUQDO�EXIIHU�WR�ZKLFK�
LW�ZULWHV�%ORE�VHJPHQW�GDWD��1RUPDOO\��\RX�VKRXOG�QRW�DWWHPSW�WR�ZULWH�VHJPHQWV�ODUJHU�WKDQ�
WKH�VHJPHQW�OHQJWK�\RX�GHILQHG�LQ�WKH�WDEOH��GRLQJ�VR�PD\�UHVXOW�LQ�D�EXIIHU�RYHUIORZ�DQG�
SRVVLEOH�PHPRU\�FRUUXSWLRQ�

6SHFLI\LQJ�D�VHJPHQW�VL]H�RI�Q�JXDUDQWHHV�WKDW�QR�PRUH�WKDQ�Q�QXPEHU�RI�E\WHV�DUH�UHDG�RU�
ZULWWHQ�LQ�D�VLQJOH�%ORE�RSHUDWLRQ��:LWK�VRPH�W\SHV�RI�RSHUDWLRQV��IRU�LQVWDQFH��ZLWK�6(/(&7��
,16(57��DQG�83'$7(�RSHUDWLRQV��\RX�FDQ�UHDG�RU�ZULWH�%ORE�VHJPHQWV�RI�YDU\LQJ�OHQJWK��

,Q�WKH�IROORZLQJ�H[DPSOH�RI�DQ�,16(57�&85625�VWDWHPHQW��VSHFLI\�WKH�VHJPHQW�OHQJWK�LQ�D�
KRVW�ODQJXDJH�YDULDEOH��VHJPHQWBOHQJWK��DV�IROORZV�

Blob ID ……

Blob
column

Table row

Blob data segment segment segment …
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EXEC SQL

INSERT CURSOR BCINS VALUES (:write_segment_buffer 

INDICATOR :segment_length);

)RU�PRUH�LQIRUPDWLRQ�DERXW�WKH�V\QWD[�RI�WKH�,16(57�&85625�VWDWHPHQW��VHH�WKH�/DQJXDJH�
5HIHUHQFH�

Overriding segment length
<RX�FDQ�RYHUULGH�WKH�VHJPHQW�OHQJWK�VHWWLQJ�E\�LQFOXGLQJ�WKH�0$;,080B6(*0(17�RSWLRQ�
LQ�D�'(&/$5(�&85625�VWDWHPHQW��)RU�H[DPSOH��WKH�IROORZLQJ�%ORE�,16(57�FXUVRU�
GHFODUDWLRQ�RYHUULGHV�WKH�VHJPHQW�OHQJWK�WKDW�ZDV�GHILQHG�IRU�WKH�ILHOG��%ORE���LQFUHDVLQJ�LW�
WR������

EXEC SQL

DECLARE BCINS CURSOR FOR INSERT Blob Blob2 INTO TABLE 2

MAXIMUM_SEGMENT 1024;

Note %\�RYHUULGLQJ�WKH�VHJPHQW�OHQJWK�VHWWLQJ��\RX�DIIHFW�RQO\�WKH�VHJPHQW�VL]H�IRU�WKH�
FXUVRU��QRW�IRU�WKH�FROXPQ��RU�IRU�RWKHU�FXUVRUV��2WKHU�FXUVRUV�XVLQJ�WKH�VDPH�%ORE�FROXPQ�
PDLQWDLQ�WKH�RULJLQDO�VHJPHQW�VL]H�WKDW�ZDV�GHILQHG�LQ�WKH�FROXPQ�GHILQLWLRQ��RU�FDQ�VSHFLI\�
WKHLU�RZQ�RYHUULGHV�

7KH�VHJPHQW�OHQJWK�VHWWLQJ�GRHV�QRW�DIIHFW�,QWHU%DVH�V\VWHP�SHUIRUPDQFH��&KRRVH�WKH�
VHJPHQW�OHQJWK�PRVW�FRQYHQLHQW�IRU�WKH�VSHFLILF�DSSOLFDWLRQ��7KH�ODUJHVW�SRVVLEOH�VHJPHQW�
OHQJWK�LV��������E\WHV����.��

Accessing Blob data with SQL
,QWHU%DVH�VXSSRUWV�6(/(&7��,16(57��83'$7(��DQG�'(/(7(�RSHUDWLRQV�RQ�%ORE�GDWD��7KH�
IROORZLQJ�VHFWLRQV�FRQWDLQ�EULHI�GLVFXVVLRQV�RI�H[DPSOH�SURJUDPV��7KHVH�SURJUDPV�LOOXVWUDWH�
KRZ�WR�SHUIRUP�VWDQGDUG�64/�RSHUDWLRQV�RQ�%ORE�GDWD�

Selecting Blob data
7KH�IROORZLQJ�H[DPSOH�SURJUDP�VHOHFWV�%ORE�GDWD�IURP�WKH�*8,'(%22.�FROXPQ�RI�WKH�
7285,60�WDEOH�

�� 'HFODUH�KRVW�ODQJXDJH�YDULDEOHV�WR�VWRUH�WKH�%ORE�,'��WKH�%ORE�VHJPHQW�GDWD��DQG�
WKH�OHQJWK�RI�VHJPHQW�GDWD�

EXEC SQL
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BEGIN DECLARE SECTION;

BASED ON TOURISM.GUIDEBOOK blob_id;

BASED ON TOURISM.GUIDEBOOK.SEGMENT blob_segment_buf;

BASED ON TOURISM.STATE state;

unsigned short blob_seg_len;

EXEC SQL

END DECLARE SECTION;

7KH�%$6('�21�«�6(*0(17�V\QWD[�GHFODUHV�D�KRVW�ODQJXDJH�YDULDEOH��EOREBVHJPHQWBEXI��
WKDW�LV�ODUJH�HQRXJK�WR�KROG�D�%ORE�VHJPHQW�GXULQJ�D�)(7&+�RSHUDWLRQ��)RU�PRUH�
LQIRUPDWLRQ�DERXW�WKH�%$6('�21�VWDWHPHQW��VHH�WKH�/DQJXDJH�5HIHUHQFH�

�� 'HFODUH�D�WDEOH�FXUVRU�WR�VHOHFW�WKH�GHVLUHG�%ORE�FROXPQ��LQ�WKLV�FDVH�WKH�
*8,'(%22.�FROXPQ�

EXEC SQL 

DECLARE TC CURSOR FOR

SELECT STATE, GUIDEBOOK

FROM TOURISM

WHERE STATE = ’CA’;

�� 'HFODUH�D�%ORE�UHDG�FXUVRU��$�%ORE�UHDG�FXUVRU�LV�D�VSHFLDO�FXUVRU�XVHG�IRU�UHDGLQJ�
%ORE�VHJPHQWV�

EXEC SQL 

DECLARE BC CURSOR FOR

READ Blob GUIDEBOOK

FROM TOURISM;

7KH�VHJPHQW�OHQJWK�RI�WKH�*8,'(%22.�%ORE�FROXPQ�LV�GHILQHG�DV�����VR�%ORE�FXUVRU��
%&��UHDGV�D�PD[LPXP�RI����E\WHV�DW�D�WLPH�

7R�RYHUULGH�WKH�VHJPHQW�OHQJWK�VSHFLILHG�LQ�WKH�GDWDEDVH�VFKHPD�IRU�*8,'(%22.��XVH�
WKH�0$;,080B6(*0(17�RSWLRQ��)RU�H[DPSOH��WKH�IROORZLQJ�FRGH�UHVWULFWV�HDFK�%ORE�
UHDG�RSHUDWLRQ�WR�D�PD[LPXP�RI����E\WHV��DQG�64/&2'(�LV�VHW�WR�����WR�LQGLFDWH�ZKHQ�
RQO\�D�SRUWLRQ�RI�D�VHJPHQW�KDV�EHHQ�UHDG�

EXEC SQL 

DECLARE BC CURSOR FOR

READ Blob GUIDEBOOK

FROM TOURISM

MAXIMUM_SEGMENT 40;

1R�PDWWHU�ZKDW�WKH�VHJPHQW�OHQJWK�VHWWLQJ�LV��RQO\�RQH�VHJPHQW�LV�UHDG�DW�D�WLPH�

�� 2SHQ�WKH�WDEOH�FXUVRU�DQG�IHWFK�D�URZ�RI�GDWD�FRQWDLQLQJ�D�%ORE�

EXEC SQL 

OPEN TC;
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EXEC SQL 

FETCH TC INTO :state, :blob_id;

7KH�)(7&+�VWDWHPHQW�IHWFKHV�WKH�67$7(�DQG�*8,'(%22.�FROXPQV�LQWR�KRVW�YDULDEOHV�
VWDWH�DQG�EOREBLG��UHVSHFWLYHO\�

�� 2SHQ�WKH�%ORE�UHDG�FXUVRU�XVLQJ�WKH�%ORE�,'�VWRUHG�LQ�WKH�EOREBLG�YDULDEOH��DQG�
IHWFK�WKH�ILUVW�VHJPHQW�RI�%ORE�GDWD�

EXEC SQL 

OPEN BC USING :blob_id;

EXEC SQL

FETCH BC INTO :blob_segment_buf:blob_seg_len;

:KHQ�WKH�)(7&+�RSHUDWLRQ�FRPSOHWHV��EOREBVHJPHQWBEXI�FRQWDLQV�WKH�ILUVW�VHJPHQW�RI�WKH�
%ORE��DQG�EOREBVHJBOHQ�FRQWDLQV�WKH�VHJPHQW·V�OHQJWK��ZKLFK�LV�WKH�QXPEHU�RI�E\WHV�FRSLHG�
LQWR�EOREBVHJPHQWBEXI�

�� )HWFK�WKH�UHPDLQLQJ�VHJPHQWV�LQ�D�ORRS��64/&2'(�VKRXOG�EH�FKHFNHG�HDFK�WLPH�
D�IHWFK�LV�SHUIRUPHG��$Q�HUURU�FRGH�RI�����LQGLFDWHV�WKDW�DOO�RI�WKH�%ORE�GDWD�KDV�
EHHQ�IHWFKHG��$Q�HUURU�FRGH�RI�����LQGLFDWHV�WKDW�WKH�VHJPHQW�FRQWDLQV�
DGGLWLRQDO�GDWD�

while (SQLCODE != 100 || SQLCODE == 101)

{

printf("%*.*s", blob_seg_len, blob_seg_len, blob_segment_buf);

EXEC SQL 

FETCH BC INTO :blob_segment_buf:blob_seg_len;

}

,QWHU%DVH�SURGXFHV�DQ�HUURU�FRGH�RI�����ZKHQ�WKH�OHQJWK�RI�WKH�VHJPHQW�EXIIHU�LV�OHVV�
WKDQ�WKH�OHQJWK�RI�D�SDUWLFXODU�VHJPHQW�

)RU�H[DPSOH��LI�WKH�OHQJWK�RI�WKH�VHJPHQW�EXIIHU�LV����DQG�WKH�OHQJWK�RI�D�SDUWLFXODU�
VHJPHQW�LV�����WKH�ILUVW�)(7&+�SURGXFHV�DQ�HUURU�FRGH�RI�����LQGLFDWLQJ�WKDW�GDWD�UHPDLQV�
LQ�WKH�VHJPHQW��7KH�VHFRQG�)(7&+�UHDGV�WKH�UHPDLQLQJ����E\WHV�RI�GDWD��DQG�SURGXFHV�
DQ�64/&2'(�RI����LQGLFDWLQJ�WKDW�WKH�QH[W�VHJPHQW�LV�UHDG\�WR�EH�UHDG��RU�����LI�WKLV�ZDV�
WKH�ODVW�VHJPHQW�LQ�WKH�%ORE�

�� �&ORVH�WKH�%ORE�UHDG�FXUVRU�

EXEC SQL 

CLOSE BC;

�� &ORVH�WKH�WDEOH�FXUVRU�

EXEC SQL 

CLOSE TC;
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Inserting Blob data
7KH�IROORZLQJ�SURJUDP�LQVHUWV�%ORE�GDWD�LQWR�WKH�*8,'(%22.�FROXPQ�RI�WKH�7285,60�
WDEOH�

�� 'HFODUH�KRVW�ODQJXDJH�YDULDEOHV�WR�VWRUH�WKH�%ORE�,'��%ORE�VHJPHQW�GDWD��DQG�WKH�
OHQJWK�RI�VHJPHQW�GDWD�

EXEC SQL

BEGIN DECLARE SECTION;

BASED ON TOURISM.GUIDEBOOK blob_id;

BASED ON TOURISM.GUIDEBOOK.SEGMENT blob_segment_buf;

BASED ON TOURISM.STATE state;

unsigned short blob_seg_len;

EXEC SQL

END DECLARE SECTION;

Ã 7KH�%$6('�21�«�6(*0(17�V\QWD[�GHFODUHV�D�KRVW�ODQJXDJH�YDULDEOH��EOREBVHJPHQWBEXI��WKDW�
LV�ODUJH�HQRXJK�WR�KROG�D�%ORE�VHJPHQW�GXULQJ�D�)(7&+�RSHUDWLRQ��)RU�PRUH�LQIRUPDWLRQ�
DERXW�WKH�%$6('�21�GLUHFWLYH��VHH�WKH�/DQJXDJH�5HIHUHQFH�

�� 'HFODUH�D�%ORE�LQVHUW�FXUVRU�

EXEC SQL 

DECLARE BC CURSOR FOR INSERT Blob GUIDEBOOK INTO TOURISM;

�� 2SHQ�WKH�%ORE�LQVHUW�FXUVRU�DQG�VSHFLI\�WKH�KRVW�YDULDEOH�LQ�ZKLFK�WR�VWRUH�WKH�
%ORE�,'�

EXEC SQL 

OPEN BC INTO :blob_id;

�� 6WRUH�WKH�VHJPHQW�GDWD�LQ�WKH�VHJPHQW�EXIIHU��EOREBVHJPHQWBEXI��FDOFXODWH�WKH�
OHQJWK�RI�WKH�VHJPHQW�GDWD��DQG�XVH�DQ�,16(57�&85625�VWDWHPHQW�WR�ZULWH�WKH�
VHJPHQW�

sprintf(blob_segment_buf, ’We hold these truths to be self evident’);

blob_segment_len = strlen(blob_segment_buf);

EXEC SQL 

INSERT CURSOR BC VALUES (:blob_segment_buf:blob_segment_len);

5HSHDW�WKHVH�VWHSV�LQ�D�ORRS�XQWLO�\RX�KDYH�ZULWWHQ�DOO�%ORE�VHJPHQWV�

�� &ORVH�WKH�%ORE�LQVHUW�FXUVRU�

EXEC SQL 

CLOSE BC;
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�� 8VH�DQ�,16(57�VWDWHPHQW�WR�LQVHUW�D�QHZ�URZ�FRQWDLQLQJ�WKH�%ORE�LQWR�WKH�
7285,60�WDEOH�

EXEC SQL 

INSERT INTO TOURISM (STATE,GUIDEBOOK) VALUES (’CA’,:blob_id);

�� &RPPLW�WKH�FKDQJHV�WR�WKH�GDWDEDVH�

EXEC SQL 

COMMIT;

Updating Blob data
<RX�FDQQRW�XSGDWH�D�%ORE�GLUHFWO\��<RX�PXVW�FUHDWH�D�QHZ�%ORE��UHDG�WKH�ROG�%ORE�GDWD�LQWR�
D�EXIIHU�ZKHUH�\RX�FDQ�HGLW�RU�PRGLI\�LW��WKHQ�ZULWH�WKH�PRGLILHG�GDWD�WR�WKH�QHZ�%ORE��

&UHDWH�D�QHZ�%ORE�E\�IROORZLQJ�WKHVH�VWHSV�

�� 'HFODUH�D�%ORE�LQVHUW�FXUVRU�

EXEC SQL 

DECLARE BC CURSOR FOR INSERT BLOB GUIDEBOOK INTO TOURISM;

�� 2SHQ�WKH�%ORE�LQVHUW�FXUVRU�DQG�VSHFLI\�WKH�KRVW�YDULDEOH�LQ�ZKLFK�WR�VWRUH�WKH�
%ORE�,'�

EXEC SQL 

OPEN BC INTO :blob_id;

�� 6WRUH�WKH�ROG�%ORE�VHJPHQW�GDWD�LQ�WKH�VHJPHQW�EXIIHU�EOREBVHJPHQWBEXI��FDOFXODWH�
WKH�OHQJWK�RI�WKH�VHJPHQW�GDWD��SHUIRUP�DQ\�PRGLILFDWLRQV�WR�WKH�GDWD��DQG�XVH�
DQ�,16(57�&85625�VWDWHPHQW�WR�ZULWH�WKH�VHJPHQW�

/* Programmatically read the first/next segment of the old Blob

* segment data into blob_segment_buf; */

EXEC SQL 

INSERT CURSOR BC VALUES (:blob_segment_buf:blob_segment_len);

5HSHDW�WKHVH�VWHSV�LQ�D�ORRS�XQWLO�\RX�KDYH�ZULWWHQ�DOO�%ORE�VHJPHQWV�

�� &ORVH�WKH�%ORE�LQVHUW�FXUVRU�

EXEC SQL 

CLOSE BC;

�� :KHQ�\RX�KDYH�FRPSOHWHG�FUHDWLQJ�WKH�QHZ�%ORE��LVVXH�DQ�83'$7(�VWDWHPHQW�WR�
UHSODFH�WKH�ROG�%ORE�LQ�WKH�WDEOH�ZLWK�WKH�QHZ�RQH��DV�LQ�WKH�IROORZLQJ�H[DPSOH�

EXEC SQL UPDATE TOURISM 

SET 
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GUIDEBOOK = :blob_id;

WHERE CURRENT OF TC;

Note 7KH�7&�WDEOH�FXUVRU�SRLQWV�WR�D�WDUJHW�URZ�HVWDEOLVKHG�E\�GHFODULQJ�WKH�FXUVRU�DQG�WKHQ�
IHWFKLQJ�WKH�URZ�WR�XSGDWH�

7R�PRGLI\�D�WH[W�%ORE�XVLQJ�WKLV�WHFKQLTXH��\RX�PLJKW�UHDG�DQ�H[LVWLQJ�%ORE�ILHOG�LQWR�D�
KRVW�ODQJXDJH�EXIIHU��PRGLI\�WKH�GDWD��WKHQ�ZULWH�WKH�PRGLILHG�EXIIHU�RYHU�WKH�H[LVWLQJ�ILHOG�
GDWD�ZLWK�DQ�83'$7(�VWDWHPHQW�

Deleting Blob data
7KHUH�DUH�WZR�PHWKRGV�IRU�GHOHWLQJ�D�%ORE��7KH�ILUVW�LV�WR�GHOHWH�WKH�URZ�FRQWDLQLQJ�WKH�%ORE��
7KH�VHFRQG�LV�WR�XSGDWH�WKH�URZ�DQG�VHW�WKH�%ORE�FROXPQ�WR�18//�RU�WR�WKH�%ORE�,'�RI�D�
GLIIHUHQW�%ORE��IRU�H[DPSOH��WKH�QHZ�%ORE�FUHDWHG�WR�XSGDWH�WKH�GDWD�RI�DQ�H[LVWLQJ�%ORE���

7KH�IROORZLQJ�VWDWHPHQW�GHOHWHV�FXUUHQW�%ORE�GDWD�LQ�WKH�*8,'(%22.�FROXPQ�RI�WKH�
7285,60�WDEOH�E\�VHWWLQJ�LW�WR�18//�

EXEC SQL UPDATE TOURISM 

SET 

GUIDEBOOK = NULL;

WHERE CURRENT OF TC;

%ORE�GDWD�LV�QRW�LPPHGLDWHO\�GHOHWHG�ZKHQ�'(/(7(�LV�VSHFLILHG��7KH�DFWXDO�GHOHWH�RSHUDWLRQ�
RFFXUV�ZKHQ�,QWHU%DVH�SHUIRUPV�YHUVLRQ�FOHDQXS��7KH�IROORZLQJ�FRGH�IUDJPHQW�LOOXVWUDWHV�
KRZ�WR�UHFRYHU�VSDFH�DIWHU�GHOHWLQJ�D�%ORE�

EXEC SQL

UPDATE TABLE SET Blob_COLUMN = NULL WHERE ROW = :myrow;

EXEC SQL

COMMIT;

/* wait for all active transactions to finish */

/* force a sweep of the database */

:KHQ�,QWHU%DVH�SHUIRUPV�JDUEDJH�FROOHFWLRQ�RQ�ROG�YHUVLRQV�RI�D�UHFRUG��LW�YHULILHV�ZKHWKHU�
RU�QRW�UHFHQW�YHUVLRQV�RI�WKH�UHFRUG�UHIHUHQFH�WKH�%ORE�,'��,I�WKH�UHFRUG�GRHV�QRW�UHIHUHQFH�
WKH�%ORE�,'��,QWHU%DVH�FOHDQV�XS�WKH�%ORE�
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Accessing Blob data with API calls
,Q�DGGLWLRQ�WR�DFFHVVLQJ�%ORE�GDWD�XVLQJ�64/�DV�GHVFULEHG�LQ�WKLV�FKDSWHU��WKH�,QWHU%DVH�$3,�
SURYLGHV�URXWLQHV�IRU�DFFHVVLQJ�%ORE�GDWD��7KH�IROORZLQJ�$3,�FDOOV�DUH�SURYLGHG�IRU�DFFHVVLQJ�
DQG�PDQDJLQJ�%ORE�GDWD�

)RU�GHWDLOV�RQ�XVLQJ�WKH�$3,�FDOOV�WR�DFFHVV�%ORE�GDWD��VHH�WKH�$3,�*XLGH�

Function Description

isc_blob_default_desc() Loads a Blob descriptor data structure with default information about 
a Blob.

isc_blob_gen_bpb() Generates a Blob parameter buffer (BPB) from source and target Blob 
descriptors to allow dynamic access to Blob subtype and character set 
information.

isc_blob_info() Returns information about an open Blob.

isc_blob_lookup_desc() Looks up and stores into a Blob descriptor the subtype, character set, 
and segment size of a Blob.

isc_blob_set_desc() Sets the fields of a Blob descriptor to values specified in parameters to 
isc_blob_set_desc().

isc_cancel_blob() Discards a Blob and frees internal storage.

isc_close_blob() Closes an open Blob.

isc_create_blob2() Creates a context for storing a Blob, opens the Blob for write access, 
and optionally specifies a filter to be used to translate the Blob data 
from one subtype to another.

isc_get_segment() Reads a segment from an open Blob.

isc_open_blob2() Opens an existing Blob for retrieval and optional filtering.

isc_put_segment() Writes a Blob segment.

TABLE 8.2 API Blob calls
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Filtering Blob data
$Q�XQGHUVWDQGLQJ�RI�%ORE�VXEW\SHV�LV�SDUWLFXODUO\�LPSRUWDQW�ZKHQ�ZRUNLQJ�ZLWK�%ORE�ILOWHUV��
$�%ORE�ILOWHU�LV�D�URXWLQH�WKDW�WUDQVODWHV�%ORE�GDWD�IURP�RQH�VXEW\SH�WR�DQRWKHU��,QWHU%DVH�
LQFOXGHV�D�VHW�RI�VSHFLDO�LQWHUQDO�%ORE�ILOWHUV�WKDW�FRQYHUW�IURP�VXEW\SH���WR�VXEW\SH����7(;7���
DQG�IURP�VXEW\SH����7(;7��WR�VXEW\SH����,Q�DGGLWLRQ�WR�XVLQJ�WKHVH�VWDQGDUG�ILOWHUV��\RX�FDQ�
ZULWH�\RXU�RZQ�H[WHUQDO�ILOWHUV�WR�SURYLGH�VSHFLDO�GDWD�WUDQVODWLRQ��)RU�H[DPSOH��\RX�PLJKW�
GHYHORS�D�ILOWHU�WR�WUDQVODWH�ELWPDSSHG�LPDJHV�IURP�RQH�IRUPDW�WR�DQRWKHU�

,03257$17 %ORE�ILOWHUV�DUH�DYDLODEOH�IRU�GDWDEDVHV�UHVLGLQJ�RQ�DOO�,QWHU%DVH�VHUYHU�SODWIRUPV�H[FHSW�
1HW:DUH��ZKHUH�%ORE�ILOWHUV�FDQQRW�EH�FUHDWHG�RU�XVHG�

Using the standard InterBase text filters
7KH�VWDQGDUG�,QWHU%DVH�ILOWHUV�FRQYHUW�%ORE�GDWD�RI�VXEW\SH����RU�DQ\�,QWHU%DVH�V\VWHP�W\SH��
WR�VXEW\SH����7(;7��

:KHQ�D�WH[W�ILOWHU�LV�EHLQJ�XVHG�WR�UHDG�GDWD�IURP�D�%ORE�FROXPQ��LW�PRGLILHV�WKH�VWDQGDUG�
,QWHU%DVH�EHKDYLRU�IRU�VXSSO\LQJ�VHJPHQWV��5HJDUGOHVV�RI�WKH�DFWXDO�QDWXUH�RI�WKH�VHJPHQWV�
LQ�WKH�%ORE�FROXPQ��WKH�WH[W�ILOWHU�HQIRUFHV�WKH�UXOH�WKDW�VHJPHQWV�PXVW�HQG�ZLWK�D�QHZOLQH�
FKDUDFWHU��?Q���

7KH�WH[W�ILOWHU�UHWXUQV�DOO�WKH�FKDUDFWHUV�XS�WR�DQG�LQFOXGLQJ�WKH�ILUVW�QHZOLQH�DV�WKH�ILUVW�
VHJPHQW��WKH�QH[W�FKDUDFWHUV�XS�WR�DQG�LQFOXGLQJ�WKH�VHFRQG�QHZOLQH�DV�WKH�VHFRQG�VHJPHQW��
DQG�VR�RQ�

7,3 7R�FRQYHUW�DQ\�QRQ�WH[W�VXEW\SH�WR�7(;7��GHFODUH�LWV�)520�VXEW\SH�DV�VXEW\SH���DQG�LWV�72�
VXEW\SH�DV�VXEW\SH���

Using an external Blob filter
8QOLNH�WKH�VWDQGDUG�,QWHU%DVH�ILOWHUV�WKDW�FRQYHUW�EHWZHHQ�VXEW\SH���DQG�VXEW\SH����DQ�
H[WHUQDO�%ORE�ILOWHU�LV�JHQHUDOO\�SDUW�RI�D�OLEUDU\�RI�URXWLQHV�\RX�FUHDWH�DQG�OLQN�WR�\RXU�
DSSOLFDWLRQ�

7R�XVH�DQ�H[WHUQDO�ILOWHU��\RX�PXVW�ILUVW�ZULWH�LW��FRPSLOH�DQG�OLQN�LW��WKHQ�GHFODUH�LW�WR�WKH�
GDWDEDVH�WKDW�FRQWDLQV�WKH�%ORE�GDWD�\RX�ZDQW�SURFHVVHG�
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4 'HFODULQJ�DQ�H[WHUQDO�ILOWHU�WR�WKH�GDWDEDVH
7R�GHFODUH�DQ�H[WHUQDO�ILOWHU�WR�D�GDWDEDVH��XVH�WKH�'(&/$5(�),/7(5�VWDWHPHQW��)RU�H[DPSOH��
WKH�IROORZLQJ�VWDWHPHQW�GHFODUHV�WKH�ILOWHU��6$03/(�

EXEC SQL 

DECLARE FILTER SAMPLE

INPUT_TYPE -1 OUTPUT_TYPE -2

ENTRY_POINT "FilterFunction"

MODULE_NAME "filter.dll";

,Q�WKH�H[DPSOH��WKH�ILOWHU·V�LQSXW�VXEW\SH�LV�GHILQHG�DV����DQG�LWV�RXWSXW�VXEW\SH�DV�����,Q�WKLV�
H[DPSOH��,1387B7<3(�VSHFLILHV�ORZHUFDVH�WH[W�DQG�287387B7<3(�VSHFLILHV�XSSHUFDVH�WH[W��
7KH�SXUSRVH�RI�ILOWHU��6$03/(��WKHUHIRUH��LV�WR�WUDQVODWH�%ORE�GDWD�IURP�ORZHUFDVH�WH[W�WR�
XSSHUFDVH�WH[W�

7KH�(175<B32,17�DQG�02'8/(B1$0(�SDUDPHWHUV�VSHFLI\�WKH�H[WHUQDO�URXWLQH�WKDW�
,QWHU%DVH�FDOOV�ZKHQ�WKH�ILOWHU�LV�LQYRNHG��7KH�02'8/(B1$0(�SDUDPHWHU�VSHFLILHV�ILOWHU�GOO��
WKH�G\QDPLF�OLQN�OLEUDU\�FRQWDLQLQJ�WKH�ILOWHU·V�H[HFXWDEOH�FRGH��7KH�(175<B32,17�
SDUDPHWHU�VSHFLILHV�WKH�HQWU\�SRLQW�LQWR�WKH�'//��7KH�H[DPSOH�VKRZV�RQO\�D�VLPSOH�ILOH�QDPH��
,W�LV�JRRG�SUDFWLFH�WR�VSHFLI\�D�IXOO\�TXDOLILHG�SDWK�QDPH��VLQFH�XVHUV�RI�\RXU�DSSOLFDWLRQ�QHHG�
WR�ORDG�WKH�ILOH�

4 8VLQJ�D�ILOWHU�WR�UHDG�DQG�ZULWH�%ORE�GDWD
7KH�IROORZLQJ�LOOXVWUDWLRQ�VKRZV�WKH�GHIDXOW�EHKDYLRU�RI�WKH�6$03/(�ILOWHU�WKDW�WUDQVODWHV�
IURP�ORZHUFDVH�WH[W�WR�XSSHUFDVH�WH[W�

FIGURE 8.2 Filtering from lowercase to uppercase

6LPLODUO\��ZKHQ�UHDGLQJ�GDWD��WKH�6$03/(�ILOWHU�FDQ�HDVLO\�UHDG�%ORE�GDWD�RI�VXEW\SH�����DQG�
WUDQVODWH�LW�WR�GDWD�RI�VXEW\SH����

Application

abcdef

Blob

ABCDEF
Filter:
SAMPLE
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FIGURE 8.3 Filtering from uppercase to lowercase

4 ,QYRNLQJ�D�ILOWHU�LQ�DQ�DSSOLFDWLRQ
7R�LQYRNH�D�ILOWHU�LQ�DQ�DSSOLFDWLRQ��XVH�WKH�),/7(5�RSWLRQ�ZKHQ�GHFODULQJ�D�%ORE�FXUVRU��
7KHQ��ZKHQ�WKH�DSSOLFDWLRQ�SHUIRUPV�RSHUDWLRQV�XVLQJ�WKH�FXUVRU��,QWHU%DVH�DXWRPDWLFDOO\�
LQYRNHV�WKH�ILOWHU�

)RU�H[DPSOH��WKH�IROORZLQJ�,16(57�FXUVRU�GHILQLWLRQ�VSHFLILHV�WKDW�WKH�ILOWHU��6$03/(��LV�WR�
EH�XVHG�LQ�DQ\�RSHUDWLRQV�LQYROYLQJ�WKH�FXUVRU��%&,16��

EXEC SQL

DECLARE BCINS1 CURSOR FOR

INSERT Blob Blob1 INTO TABLE1

FILTER FROM -1 TO -2;

:KHQ�,QWHU%DVH�SURFHVVHV�WKLV�GHFODUDWLRQ��LW�VHDUFKHV�D�OLVW�RI�ILOWHUV�GHILQHG�LQ�WKH�FXUUHQW�
GDWDEDVH�IRU�D�ILOWHU�ZLWK�PDWFKLQJ�)520�DQG�72�VXEW\SHV��,I�VXFK�D�ILOWHU�H[LVWV��,QWHU%DVH�
LQYRNHV�LW�GXULQJ�%ORE�RSHUDWLRQV�WKDW�XVH�WKH�FXUVRU��%&,16���,I�,QWHU%DVH�FDQQRW�ORFDWH�D�
ILOWHU�ZLWK�PDWFKLQJ�)520�DQG�72�VXEW\SHV��LW�UHWXUQV�DQ�HUURU�WR�WKH�DSSOLFDWLRQ�

Writing an external Blob filter
,I�\RX�FKRRVH�WR�ZULWH�\RXU�RZQ�ILOWHUV��\RX�PXVW�KDYH�D�GHWDLOHG�XQGHUVWDQGLQJ�RI�WKH�
GDWDW\SHV�\RX�SODQ�WR�WUDQVODWH��$V�PHQWLRQHG�HOVHZKHUH�LQ�WKLV�FKDSWHU��,QWHU%DVH�GRHV�QRW�
GR�VWULFW�GDWDW\SH�FKHFNLQJ�RQ�%ORE�GDWD��EXW�GRHV�HQIRUFH�WKH�UXOH�WKDW�%ORE�VRXUFH�DQG�
WDUJHW�VXEW\SHV�PXVW�EH�FRPSDWLEOH��0DLQWDLQLQJ�DQG�HQIRUFLQJ�WKLV�FRPSDWLELOLW\�LV�\RXU�
UHVSRQVLELOLW\�

Blob

ABCDEF

Application

abcdef
Filter:
SAMPLE
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Filter types
)LOWHUV�FDQ�EH�GLYLGHG�LQWR�WZR�W\SHV��ILOWHUV�WKDW�FRQYHUW�GDWD�RQH�VHJPHQW�DW�D�WLPH��DQG�ILOWHUV�
WKDW�FRQYHUW�GDWD�PDQ\�VHJPHQWV�DW�D�WLPH��

7KH�ILUVW�W\SH�RI�ILOWHU�UHDGV�D�VHJPHQW�RI�GDWD��FRQYHUWV�LW��DQG�VXSSOLHV�LW�WR�WKH�DSSOLFDWLRQ�
D�VHJPHQW�DW�D�WLPH�

7KH�VHFRQG�W\SH�RI�ILOWHU�PLJKW�UHDG�DOO�WKH�GDWD�DQG�GR�DOO�WKH�FRQYHUVLRQ�ZKHQ�WKH�%ORE�UHDG�
FXUVRU�LV�ILUVW�RSHQHG��DQG�WKHQ�VLPXODWH�VXSSO\LQJ�GDWD�D�VHJPHQW�DW�D�WLPH�WR�WKH�DSSOLFDWLRQ��

,I�WLPLQJ�LV�DQ�LVVXH�IRU�\RXU�DSSOLFDWLRQ��\RX�VKRXOG�FDUHIXOO\�FRQVLGHU�WKHVH�WZR�W\SHV�RI�
ILOWHUV�DQG�ZKLFK�PLJKW�EHWWHU�VHUYH�\RXU�SXUSRVH�

Read-only and write-only filters
6RPH�ILOWHUV�PD\�RQO\�VXSSRUW�UHDGLQJ�IURP�RU�ZULWLQJ�WR�D�%ORE��EXW�QRW�ERWK�RSHUDWLRQV��,I�
\RX�DWWHPSW�WR�XVH�D�%ORE�ILOWHU�IRU�DQ�RSHUDWLRQ�WKDW�LW�GRHV�QRW�VXSSRUW��,QWHU%DVH�UHWXUQV�
DQ�HUURU�WR�WKH�DSSOLFDWLRQ�

Defining the filter function
:KHQ�ZULWLQJ�\RXU�ILOWHU��\RX�PXVW�LQFOXGH�DQ�HQWU\�SRLQW��NQRZQ�DV�D�ILOWHU�IXQFWLRQ�LQ�WKH�
GHFODUDWLRQ�VHFWLRQ�RI�WKH�SURJUDP��,QWHU%DVH�FDOOV�WKH�ILOWHU�IXQFWLRQ�ZKHQ�\RXU�DSSOLFDWLRQ�
SHUIRUPV�D�%ORE�DFFHVV�RSHUDWLRQ��$OO�FRPPXQLFDWLRQ�EHWZHHQ�,QWHU%DVH�DQG�WKH�ILOWHU�LV�
WKURXJK�WKH�ILOWHU�IXQFWLRQ��7KH�ILOWHU�IXQFWLRQ�LWVHOI�PD\�FDOO�RWKHU�IXQFWLRQV�WKDW�FRPSULVH�
WKH�ILOWHU�H[HFXWDEOH�

FIGURE 8.4 Filter interaction with an application and a database

INTERBASE

APPLICATION

FILTER
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'HFODUH�WKH�QDPH�RI�WKH�ILOWHU�IXQFWLRQ�DQG�WKH�QDPH�RI�WKH�ILOWHU�H[HFXWDEOH�ZLWK�WKH�
(175<B32,17�DQG�02'8/(B1$0(�SDUDPHWHUV�RI�WKH�'(&/$5(�),/7(5�VWDWHPHQW�

$�ILOWHU�IXQFWLRQ�PXVW�KDYH�WKH�IROORZLQJ�GHFODUDWLRQ�FDOOLQJ�VHTXHQFH�

filter_function_name(short action, isc_blob_ctl control);

7KH�SDUDPHWHU��DFWLRQ��LV�RQH�RI�HLJKW�SRVVLEOH�DFWLRQ�PDFUR�GHILQLWLRQV�DQG�WKH�SDUDPHWHU��
FRQWURO��LV�DQ�LQVWDQFH�RI�WKH�LVFBEOREBFWO�%ORE�FRQWURO�VWUXFWXUH��GHILQHG�LQ�WKH�,QWHU%DVH�KHDGHU�
ILOH�LEDVH�K��7KHVH�SDUDPHWHUV�DUH�GLVFXVVHG�ODWHU�LQ�WKLV�FKDSWHU�

7KH�IROORZLQJ�OLVWLQJ�RI�D�VNHOHWRQ�ILOWHU�GHFODUHV�WKH�ILOWHU�IXQFWLRQ��MSHJBILOWHU�

#include <ibase.h>

#define SUCCESS 0

#define FAILURE 1

ISC_STATUS jpeg_filter(short action, isc_blob_ctl control)

{

ISC_STATUS status = SUCCESS;

switch (action)

{

case isc_blob_filter_open:

. . . 

break;

case isc_blob_filter_get_segment:

. . . 

break;

case isc_blob_filter_create:

. . . 

break;

case isc_blob_filter_put_segment:

. . . 

break;

case isc_blob_filter_close:

. . . 

break;

case isc_blob_filter_alloc:

. . . 

break;

case isc_blob_filter_free:

. . . 

break;

case isc_blob_filter_seek:
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. . . 

break;

default:

status = isc_uns_ext /* unsupported action value */

. . .

break;

}

return status;

}

,QWHU%DVH�SDVVHV�RQH�RI�HLJKW�SRVVLEOH�DFWLRQV�WR�WKH�ILOWHU�IXQFWLRQ��jpeg_filter()��E\�ZD\�RI�
WKH�DFWLRQ�SDUDPHWHU��DQG�DOVR�SDVVHV�DQ�LQVWDQFH�RI�WKH�%ORE�FRQWURO�VWUXFWXUH��LVFBEOREBFWO��E\�
ZD\�RI�WKH�SDUDPHWHU�FRQWURO�

7KH�HOOLSVHV��«��LQ�WKH�SUHYLRXV�OLVWLQJ�UHSUHVHQW�FRGH�WKDW�SHUIRUPV�VRPH�RSHUDWLRQV�EDVHG�
RQ�HDFK�DFWLRQ��RU�HYHQW��WKDW�LV�OLVWHG�LQ�WKH�FDVH�VWDWHPHQW��(DFK�DFWLRQ�LV�D�SDUWLFXODU�HYHQW�
LQYRNHG�E\�D�GDWDEDVH�RSHUDWLRQ�WKH�DSSOLFDWLRQ�PLJKW�SHUIRUP��)RU�PRUH�LQIRUPDWLRQ��VHH�
´3URJUDPPLQJ�ILOWHU�IXQFWLRQ�DFWLRQVµ�RQ�SDJH ����

7KH�LVFBEOREBFWO�%ORE�FRQWURO�VWUXFWXUH�SURYLGHV�WKH�IXQGDPHQWDO�GDWD�H[FKDQJH�EHWZHHQ�
,QWHU%DVH�DQG�WKH�ILOWHU��)RU�PRUH�LQIRUPDWLRQ�RQ�WKH�%ORE�FRQWURO�VWUXFWXUH��VHH�´'HILQLQJ�
WKH�%ORE�FRQWURO�VWUXFWXUHµ�RQ�SDJH ����

4 'HILQLQJ�WKH�%ORE�FRQWURO�VWUXFWXUH
7KH�%ORE�FRQWURO�VWUXFWXUH��LVFBEOREBFWO��SURYLGHV�WKH�IXQGDPHQWDO�PHWKRG�RI�GDWD�H[FKDQJH�
EHWZHHQ�,QWHU%DVH�DQG�D�ILOWHU��7KH�GHFODUDWLRQ�IRU�WKH�LVFBEOREBFWO�FRQWURO�VWUXFWXUH�LV�LQ�WKH�
,QWHU%DVH�LQFOXGH�ILOH��LEDVH�K�

7KH�LVFBEOREBFWO�VWUXFWXUH�LV�XVHG�LQ�WZR�ZD\V�

�� :KHQ�WKH�DSSOLFDWLRQ�SHUIRUPV�D�%ORE�DFFHVV�RSHUDWLRQ��,QWHU%DVH�FDOOV�WKH�ILOWHU�
IXQFWLRQ�DQG�SDVVHV�LW�DQ�LQVWDQFH�RI�LVFBEOREBFWO��

�� ,QWHUQDO�ILOWHU�IXQFWLRQV�FDQ�SDVV�DQ�LQVWDQFH�RI�LVFBEOREBFWO�WR�LQWHUQDO�,QWHU%DVH�
DFFHVV�URXWLQHV��

,Q�HLWKHU�FDVH��WKH�SXUSRVH�RI�FHUWDLQ�LVFBEOREBFWO�ILHOGV�GHSHQGV�RQ�WKH�DFWLRQ�EHLQJ�
SHUIRUPHG��

)RU�H[DPSOH��ZKHQ�DQ�DSSOLFDWLRQ�DWWHPSWV�D�%ORE�,16(57��,QWHU%DVH�SDVVHV�DQ�
LVFBEOREBILOWHUBSXWBVHJPHQW�DFWLRQ�WR�WKH�ILOWHU�IXQFWLRQ��7KH�ILOWHU�IXQFWLRQ�SDVVHV�DQ�LQVWDQFH�RI�
WKH�FRQWURO�VWUXFWXUH�WR�,QWHU%DVH��7KH�FWOBEXIIHU�RI�WKH�VWUXFWXUH�FRQWDLQV�WKH�VHJPHQW�GDWD�
WR�EH�ZULWWHQ��DV�VSHFLILHG�E\�WKH�DSSOLFDWLRQ�LQ�LWV�%ORE�,16(57�VWDWHPHQW��%HFDXVH�WKH�EXIIHU�
FRQWDLQV�LQIRUPDWLRQ�WR�SDVV�LQWR�WKH�ILOWHU�IXQFWLRQ��LW�LV�FDOOHG�DQ�,1�ILHOG��7KH�ILOWHU�IXQFWLRQ�
VKRXOG�LQFOXGH�LQVWUXFWLRQV�LQ�WKH�FDVH�VWDWHPHQW�XQGHU�WKH�LVFBEOREBILOWHUBSXWBVHJPHQW�FDVH�IRU�
SHUIRUPLQJ�WKH�ZULWH�WR�WKH�GDWDEDVH�
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,Q�D�GLIIHUHQW�FDVH��IRU�LQVWDQFH�ZKHQ�DQ�DSSOLFDWLRQ�DWWHPSWV�D�)(7&+�RSHUDWLRQ��WKH�FDVH�RI�
DQ�LVFBEOREBILOWHUBJHWBVHJPHQW�DFWLRQ�VKRXOG�LQFOXGH�LQVWUXFWLRQV�IRU�ILOOLQJ�FWOBEXIIHU�ZLWK�
VHJPHQW�GDWD�IURP�WKH�GDWDEDVH�WR�UHWXUQ�WR�WKH�DSSOLFDWLRQ��,Q�WKLV�FDVH��EHFDXVH�WKH�EXIIHU�
LV�XVHG�IRU�ILOWHU�IXQFWLRQ�RXWSXW��LW�LV�FDOOHG�DQ�RXW�ILHOG�

7KH�IROORZLQJ�WDEOH�GHVFULEHV�HDFK�RI�WKH�ILHOGV�LQ�WKH�LVFBEOREBFWO�%ORE�FRQWURO�VWUXFWXUH��DQG�
ZKHWKHU�WKH\�DUH�XVHG�IRU�ILOWHU�IXQFWLRQ�LQSXW��,1���RU�RXWSXW��287��

Field name Description

(*ctl_source)() Pointer to the internal InterBase Blob access routine. (IN)

*ctl_source_handle Pointer to an instance of isc_blob_ctl to be passed to the internal InterBase Blob 
access routine. (IN)

ctl_to_sub_type Target subtype. Information field. Provided to support multi-purpose filters that 
can perform more than one kind of translation. This field and the next one enable 
such a filter to decide which translation to perform. (IN)

ctl_from_sub_type Source subtype. Information field. Provided to support multi-purpose filters that 
can perform more than one kind of translation. This field and the previous one 
enable such a filter to decide which translation to perform. (IN)

ctl_buffer_length For isc_blob_filter_put_segment, field is an IN field that contains the length of the 
segment data contained in ctl_buffer.

For isc_blob_filter_get_segment, field is an IN field set to the size of the buffer 
pointed to by ctl_buffer, which is used to store the retrieved Blob data.

ctl_segment_length Length of the current segment. This field is not used for 
isc_blob_filter_put_segment.

For isc_blob_filter_get_segment, the field is an OUT field set to the size of the 
retrieved segment (or partial segment, in the case when the buffer length 
ctl_buffer_length is less than the actual segment length).

ctl_bpb_length Length of the Blob parameter buffer. Reserved for future enhancement. 

*ctl_bpb Pointer to a Blob parameter buffer. Reserved for future enhancement. 

*ctl_buffer Pointer to a segment buffer. For isc_blob_filter_put_segment, field is an IN field 
that contains the segment data. 

For isc_blob_filter_get_segment, the field is an OUT field the filter function fills 
with segment data for return to the application.

TABLE 8.3 isc_blob_ctl structure field descriptions
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SETTING CONTROL STRUCTURE INFORMATION FIELD VALUES

7KH�LVFBEOREBFWO�VWUXFWXUH�FRQWDLQV�WKUHH�ILHOGV�WKDW�VWRUH�LQIRUPDWLRQ�DERXW�WKH�%ORE�FXUUHQWO\�
EHLQJ�DFFHVVHG��FWOBPD[BVHJPHQW��FWOBQXPEHUBVHJPHQWV��DQG�FWOBWRWDOBOHQJWK��

<RX�VKRXOG�DWWHPSW�WR�PDLQWDLQ�FRUUHFW�YDOXHV�IRU�WKHVH�ILHOGV�LQ�WKH�ILOWHU�IXQFWLRQ��ZKHQHYHU�
SRVVLEOH��'HSHQGLQJ�RQ�WKH�SXUSRVH�RI�WKH�ILOWHU��PDLQWDLQLQJ�FRUUHFW�YDOXHV�IRU�WKH�ILHOGV�LV�
QRW�DOZD\V�SRVVLEOH��)RU�H[DPSOH��D�ILOWHU�WKDW�FRPSUHVVHV�GDWD�RQ�D�VHJPHQW�E\�VHJPHQW�EDVLV�
FDQQRW�GHWHUPLQH�WKH�VL]H�RI�FWOBPD[BVHJPHQW�XQWLO�LW�SURFHVVHV�DOO�VHJPHQWV��

7KHVH�ILHOGV�DUH�LQIRUPDWLRQDO�RQO\��,QWHU%DVH�GRHV�QRW�XVH�WKH�YDOXHV�RI�WKHVH�ILHOGV�LQ�
LQWHUQDO�SURFHVVLQJ�

4 3URJUDPPLQJ�ILOWHU�IXQFWLRQ�DFWLRQV
:KHQ�DQ�DSSOLFDWLRQ�SHUIRUPV�D�%ORE�DFFHVV�RSHUDWLRQ��,QWHU%DVH�SDVVHV�D�FRUUHVSRQGLQJ�
DFWLRQ�PHVVDJH�WR�WKH�ILOWHU�IXQFWLRQ�E\�ZD\�RI�WKH�DFWLRQ�SDUDPHWHU��7KHUH�DUH�HLJKW�SRVVLEOH�
DFWLRQV��HDFK�RI�ZKLFK�UHVXOWV�IURP�D�SDUWLFXODU�DFFHVV�RSHUDWLRQ��7KH�IROORZLQJ�OLVW�RI�DFWLRQ�
PDFUR�GHILQLWLRQV�DUH�GHFODUHG�LQ�WKH�LEDVH�K�ILOH�

#define isc_blob_filter_open        0

#define isc_blob_filter_get_segment 1

#define isc_blob_filter_close       2

#define isc_blob_filter_create      3

#define isc_blob_filter_put_segment 4

#define isc_blob_filter_alloc       5

#define isc_blob_filter_free        6

#define isc_blob_filter_seek        7

ctl_max_segment Length of longest segment in the Blob. Initial value is 0. The filter function sets this 
field. This field is informational only.

ctl_number_segment
s

Total number of segments in the Blob. Initial value is 0. The filter function sets this 
field. This field is informational only.

ctl_total_length Total length of the Blob. Initial value is 0. The filter function sets this field. This field 
is informational only.

*ctl_status Pointer to the InterBase status vector. (OUT)

ctl_data[8] 8-element array of application-specific data. Use this field to store resource 
pointers, such as memory pointers and file handles created by the 
isc_blob_filter_open handler, for example. Then, the next time the filter function 
is called, the resource pointers will be available for use. (IN/OUT)

Field name Description

TABLE 8.3 isc_blob_ctl structure field descriptions  (continued)
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7KH�IROORZLQJ�WDEOH�GHVFULEHV�WKH�%ORE�DFFHVV�RSHUDWLRQ�WKDW�FRUUHVSRQGV�WR�HDFK�DFWLRQ�

Action Invoked when … Use to …

isc_blob_filter_open Application opens a Blob READ 
cursor.

Set the information fields of the Blob control structure.

Perform initialization tasks, such as allocating memory 
or opening temporary files.

Set the status variable, if necessary. The value of the 
status variable becomes the filter function’s return 
value.

isc_blob_filter_get_segment Application executes a Blob 
FETCH statement.

Set the ctl_buffer and ctl_segment_length fields of the 
Blob control structure to contain a segment’s worth of 
translated data on the return of the filter function.

Perform the data translation if the filter processes the 
Blob segment-by-segment.

Set the status variable. The value of the status variable 
becomes the filter function’s return value.

isc_blob_filter_close Application closes a Blob cursor. Perform exit tasks, such as freeing allocated memory, 
closing, or removing temporary files.

isc_blob_filter_create Application opens a Blob INSERT 
cursor.

Set the information fields of the Blob control structure.

Perform initialization tasks, such as allocating memory 
or opening temporary files.

Set the status variable, if necessary. The value of the 
status variable becomes the filter function’s return 
value.

isc_blob_filter_put_segment Application executes a Blob 
INSERT statement.

Perform the data translation on the segment data 
passed in through the Blob control structure.

Write the segment data to the database. If the 
translation process changes the segment length, the 
new value must be reflected in the values passed to 
the writing function.

Set the status variable. The value of the status variable 
becomes the filter function’s return value.

TABLE 8.4 Blob access operations
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7,3 6WRUH�UHVRXUFH�SRLQWHUV��VXFK�DV�PHPRU\�SRLQWHUV�DQG�ILOH�KDQGOHV�FUHDWHG�E\�WKH�
LVFBEOREBILOWHUBRSHQ�KDQGOHU��LQ�WKH�FWOBGDWD�ILHOG�RI�WKH�LVFBEOREBFWO�%ORE�FRQWURO�VWUXFWXUH��7KHQ��
WKH�QH[W�WLPH�WKH�ILOWHU�IXQFWLRQ�LV�FDOOHG��WKH�UHVRXUFH�SRLQWHUV�DUH�VWLOO�DYDLODEOH�

4 7HVWLQJ�WKH�IXQFWLRQ�UHWXUQ�YDOXH
7KH�ILOWHU�IXQFWLRQ�PXVW�UHWXUQ�DQ�LQWHJHU�LQGLFDWLQJ�WKH�VWDWXV�RI�WKH�RSHUDWLRQ�LW�SHUIRUPHG��
<RX�FDQ�KDYH�WKH�IXQFWLRQ�UHWXUQ�DQ\�,QWHU%DVH�VWDWXV�YDOXH�UHWXUQHG�E\�DQ�LQWHUQDO�,QWHU%DVH�
URXWLQH�

isc_blob_filter_alloc InterBase initializes filter 
processing. Not a result of a 
particular application action.

Set the information fields of the Blob control structure.

Perform initialization tasks, such as allocating memory 
or opening temporary files.

Set the status variable, if necessary. The value of the 
status variable becomes the filter function’s return 
value.

isc_blob_filter_free InterBase ends filter processing. 
Not a result of a particular 
application action.

Perform exit tasks, such as freeing allocated memory, 
closing, or removing temporary files.

isc_blob_filter_seek Reserved for internal filter use; 
not used by external filters.

Action Invoked when … Use to …

TABLE 8.4 Blob access operations  (continued)
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,Q�VRPH�ILOWHU�DSSOLFDWLRQV��D�ILOWHU�IXQFWLRQ�KDV�WR�VXSSO\�VWDWXV�YDOXHV�GLUHFWO\��7KH�IROORZLQJ�
WDEOH�OLVWV�VWDWXV�YDOXHV�WKDW�DSSO\�SDUWLFXODUO\�WR�%ORE�SURFHVVLQJ�

)RU�PRUH�LQIRUPDWLRQ�DERXW�,QWHU%DVH�VWDWXV�YDOXHV��VHH�WKH�/DQJXDJH�5HIHUHQFH�

Macro constant Value Meaning

SUCCESS 0 Indicates the filter action has been handled successfully. On a Blob 
read (isc_blob_filter_get_segment) operation, indicates that the 
entire segment has been read.

FAILURE 1 Indicates an unsuccessful operation. In most cases, a status more 
specific to the error is returned.

isc_uns_ext See ibase.h Indicates that the attempted action is unsupported by the filter. For 
example, a read-only filter would return isc_uns_ext for an 
isc_blob_filter_put_segment action.

isc_segment See ibase.h Returned during a Blob read operation. Indicates that the supplied 
buffer is not large enough to contain the remaining bytes in the 
current segment. In this case, only ctl_buffer_length bytes are 
copied, and the remainder of the segment must be obtained through 
additional isc_blob_filter_get_segment calls.

isc_segstr_eof See ibase.h Returned during a Blob read operation. Indicates that the end of the 
Blob has been reached; there are no additional segments remaining 
to be read.

TABLE 8.5 Blob filter status values
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Chapter 9 Using Arrays

,QWHU%DVH�VXSSRUWV�DUUD\V�RI�PRVW�GDWDW\SHV��8VLQJ�DQ�DUUD\�HQDEOHV�PXOWLSOH�GDWD�LWHPV�WR�EH�
VWRUHG�LQ�D�VLQJOH�FROXPQ��,QWHU%DVH�FDQ�WUHDW�DQ�DUUD\�DV�D�VLQJOH�XQLW��RU�DV�D�VHULHV�RI�VHSDUDWH�
XQLWV��FDOOHG�VOLFHV��8VLQJ�DQ�DUUD\�LV�DSSURSULDWH�ZKHQ�

g 7KH�GDWD�LWHPV�QDWXUDOO\�IRUP�D�VHW�RI�WKH�VDPH�GDWDW\SH
g 7KH�HQWLUH�VHW�RI�GDWD�LWHPV�LQ�D�VLQJOH�GDWDEDVH�FROXPQ�PXVW�EH�UHSUHVHQWHG�DQG�FRQWUROOHG�
DV�D�XQLW��DV�RSSRVHG�WR�VWRULQJ�HDFK�LWHP�LQ�D�VHSDUDWH�FROXPQ

g (DFK�LWHP�PXVW�DOVR�EH�LGHQWLILHG�DQG�DFFHVVHG�LQGLYLGXDOO\

7KH�GDWD�LWHPV�LQ�DQ�DUUD\�DUH�FDOOHG�DUUD\�HOHPHQWV��$Q�DUUD\�FDQ�FRQWDLQ�HOHPHQWV�RI�DQ\�
,QWHU%DVH�GDWDW\SH�H[FHSW�%/2%��,W�FDQQRW�EH�DQ�DUUD\�RI�DUUD\V��DOWKRXJK�,QWHU%DVH�GRHV�
VXSSRUW�PXOWLGLPHQVLRQDO�DUUD\V��$OO�RI�WKH�HOHPHQWV�RI�DQ�DUUD\�PXVW�EH�RI�WKH�VDPH�
GDWDW\SH�

Creating arrays
$UUD\V�DUH�GHILQHG�ZLWK�WKH�&5($7(�'20$,1�RU�&5($7(�7$%/(�VWDWHPHQWV��'HILQLQJ�DQ�
DUUD\�FROXPQ�LV�MXVW�OLNH�GHILQLQJ�DQ\�RWKHU�FROXPQ��H[FHSW�WKDW�\RX�PXVW�DOVR�VSHFLI\�WKH�
DUUD\�GLPHQVLRQV��

$UUD\�LQGH[HV�UDQJH�IURP�²����WR�����²��
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7KH�IROORZLQJ�VWDWHPHQW�GHILQHV�D�UHJXODU�FKDUDFWHU�FROXPQ�DQG�D�VLQJOH�GLPHQVLRQ��FKDUDFWHU�
DUUD\�FROXPQ�FRQWDLQLQJ�IRXU�HOHPHQWV�

EXEC SQL

CREATE TABLE TABLE1

(

NAME CHAR(10),

CHAR_ARR CHAR(10)[4]

);

$UUD\�GLPHQVLRQV�DUH�DOZD\V�HQFORVHG�LQ�VTXDUH�EUDFNHWV�IROORZLQJ�D�FROXPQ·V�GDWDW\SH�
VSHFLILFDWLRQ�

)RU�D�FRPSOHWH�GLVFXVVLRQ�RI�&5($7(�7$%/(�DQG�DUUD\�V\QWD[��VHH�WKH�/DQJXDJH�5HIHUHQFH�

Multi-dimensional arrays
,QWHU%DVH�VXSSRUWV�PXOWL�GLPHQVLRQDO�DUUD\V��DUUD\V�ZLWK���WR����GLPHQVLRQV��)RU�H[DPSOH��WKH�
IROORZLQJ�VWDWHPHQW�GHILQHV�WKUHH�LQWHJHU�DUUD\�FROXPQV�ZLWK�WZR��WKUHH��DQG�VL[�GLPHQVLRQV��
UHVSHFWLYHO\�

EXEC SQL

CREATE TABLE TABLE1

(

INT_ARR2 INTEGER[4,5]

INT_ARR3 INTEGER[4,5,6]

INT_ARR6 INTEGER[4,5,6,7,8,9]

);

,Q�WKLV�H[DPSOH��,17B$55��DOORFDWHV�VWRUDJH�IRU���URZV����HOHPHQWV�LQ�ZLGWK��IRU�D�WRWDO�RI����
LQWHJHU�HOHPHQWV��,17B$55��DOORFDWHV�����HOHPHQWV��DQG�,17B$55��DOORFDWHV��������HOHPHQWV�

,03257$17 ,QWHU%DVH�VWRUHV�PXOWL�GLPHQVLRQDO�DUUD\V�LQ�URZ�PDMRU�RUGHU��6RPH�KRVW�ODQJXDJHV��VXFK�DV�
)2575$1��H[SHFW�DUUD\V�WR�EH�LQ�FROXPQ�PDMRU�RUGHU��,Q�WKHVH�FDVHV��FDUH�PXVW�EH�WDNHQ�WR�
WUDQVODWH�HOHPHQW�RUGHULQJ�FRUUHFWO\�EHWZHHQ�,QWHU%DVH�DQG�WKH�KRVW�ODQJXDJH�

Specifying subscript ranges
,Q�,QWHU%DVH��DUUD\�GLPHQVLRQV�KDYH�D�VSHFLILF�UDQJH�RI�XSSHU�DQG�ORZHU�ERXQGDULHV��FDOOHG�
VXEVFULSWV��,Q�PDQ\�FDVHV��WKH�VXEVFULSW�UDQJH�LV�LPSOLFLW��WKH�ILUVW�HOHPHQW�RI�WKH�DUUD\�LV�
HOHPHQW����WKH�VHFRQG�HOHPHQW����DQG�WKH�ODVW�LV�HOHPHQW�Q��)RU�H[DPSOH��WKH�IROORZLQJ�
VWDWHPHQW�FUHDWHV�D�WDEOH�ZLWK�D�FROXPQ�WKDW�LV�DQ�DUUD\�RI�IRXU�LQWHJHUV�



ACCESSING ARRAYS

PROGRAMMER’S GUIDE 193

EXEC SQL

CREATE TABLE TABLE1

(

INT_ARR INTEGER[4]

};

7KH�VXEVFULSWV�IRU�WKLV�DUUD\�DUH����������DQG���

$�GLIIHUHQW�VHW�RI�XSSHU�DQG�ORZHU�ERXQGDULHV�IRU�HDFK�DUUD\�GLPHQVLRQ�FDQ�EH�H[SOLFLWO\�
GHILQHG�ZKHQ�DQ�DUUD\�FROXPQ�LV�FUHDWHG��)RU�H[DPSOH��&�SURJUDPPHUV��IDPLOLDU�ZLWK�DUUD\V�
WKDW�VWDUW�ZLWK�D�ORZHU�VXEVFULSW�ERXQGDU\�RI�]HUR��PD\�ZDQW�WR�FUHDWH�DUUD\�FROXPQV�ZLWK�D�
ORZHU�ERXQGDU\�RI�]HUR�DV�ZHOO�

7R�VSHFLI\�DUUD\�VXEVFULSWV�IRU�DQ�DUUD\�GLPHQVLRQ��ERWK�WKH�ORZHU�DQG�XSSHU�ERXQGDULHV�RI�
WKH�GLPHQVLRQ�PXVW�EH�VSHFLILHG�XVLQJ�WKH�IROORZLQJ�V\QWD[�

lower:upper

)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�FUHDWHV�D�WDEOH�ZLWK�D�VLQJOH�GLPHQVLRQ�DUUD\�FROXPQ�RI�
IRXU�HOHPHQWV�ZKHUH�WKH�ORZHU�ERXQGDU\�LV���DQG�WKH�XSSHU�ERXQGDU\�LV���

EXEC SQL

CREATE TABLE TABLE1

(

INT_ARR INTEGER[0:3]

};

7KH�VXEVFULSWV�IRU�WKLV�DUUD\�DUH����������DQG���

:KHQ�FUHDWLQJ�PXOWL�GLPHQVLRQDO�DUUD\V�ZLWK�H[SOLFLW�DUUD\�ERXQGDULHV��VHSDUDWH�HDFK�
GLPHQVLRQ·V�VHW�RI�VXEVFULSWV�IURP�WKH�QH[W�ZLWK�FRPPDV��)RU�H[DPSOH��WKH�IROORZLQJ�
VWDWHPHQW�FUHDWHV�D�WDEOH�ZLWK�D�WZR�GLPHQVLRQDO�DUUD\�FROXPQ�ZKHUH�HDFK�GLPHQVLRQ�KDV�
IRXU�HOHPHQWV�ZLWK�ERXQGDULHV�RI���DQG���

EXEC SQL

CREATE TABLE TABLE1

(

INT_ARR INTEGER[0:3, 0:3]

};

Accessing arrays
,QWHU%DVH�FDQ�SHUIRUP�RSHUDWLRQV�RQ�DQ�HQWLUH�DUUD\��HIIHFWLYHO\�WUHDWLQJ�LW�DV�D�VLQJOH�HOHPHQW��
RU�LW�FDQ�RSHUDWH�RQ�DQ�DUUD\�VOLFH��D�VXEVHW�RI�DUUD\�HOHPHQWV��$Q�DUUD\�VOLFH�FDQ�FRQVLVW�RI�D�
VLQJOH�HOHPHQW��RU�D�VHW�RI�PDQ\�FRQWLJXRXV�HOHPHQWV�
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,QWHU%DVH�VXSSRUWV�WKH�IROORZLQJ�GDWD�PDQLSXODWLRQ�RSHUDWLRQV�RQ�DUUD\V�
g 6HOHFWLQJ�GDWD�IURP�DQ�DUUD\
g ,QVHUWLQJ�GDWD�LQWR�DQ�DUUD\
g 8SGDWLQJ�GDWD�LQ�DQ�DUUD\�VOLFH
g 6HOHFWLQJ�GDWD�IURP�DQ�DUUD\�VOLFH
g (YDOXDWLQJ�DQ�DUUD\�HOHPHQW�LQ�D�VHDUFK�FRQGLWLRQ

$�XVHU�GHILQHG�IXQFWLRQ��8')��FDQ�RQO\�UHIHUHQFH�D�VLQJOH�DUUD\�HOHPHQW�

7KH�IROORZLQJ�DUUD\�RSHUDWLRQV�DUH�QRW�VXSSRUWHG�
g 5HIHUHQFLQJ�DUUD\�GLPHQVLRQV�G\QDPLFDOO\�LQ�'64/
g ,QVHUWLQJ�GDWD�LQWR�DQ�DUUD\�VOLFH
g 6HWWLQJ�LQGLYLGXDO�DUUD\�HOHPHQWV�WR�18//
g 8VLQJ�WKH�DJJUHJDWH�IXQFWLRQV��0,1����0$;����680����$9*����DQG�&2817���ZLWK�DUUD\V
g 5HIHUHQFLQJ�DUUD\V�LQ�WKH�*5283�%<�FODXVH�RI�D�6(/(&7
g &UHDWLQJ�YLHZV�WKDW�VHOHFW�IURP�DUUD\�VOLFHV

Selecting data from an array
7R�VHOHFW�GDWD�IURP�DQ�DUUD\��SHUIRUP�WKH�IROORZLQJ�VWHSV�

�� 'HFODUH�D�KRVW�ODQJXDJH�DUUD\�YDULDEOH�RI�WKH�FRUUHFW�VL]H�WR�KROG�WKH�DUUD\�GDWD��
)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQWV�FUHDWH�WKUHH�VXFK�YDULDEOHV�

EXEC SQL

BEGIN DECLARE SECTION;

BASED ON TABLE1.CHAR_ARR  char_arr;

BASED ON TABLE1.INT_ARR   int_arr;

BASED ON TABLE1.FLOAT_ARR float_arr;

EXEC SQL

END DECLARE SECTION;

�� 'HFODUH�D�FXUVRU�WKDW�VSHFLILHV�WKH�DUUD\�FROXPQV�WR�VHOHFW��)RU�H[DPSOH�

EXEC SQL

DECLARE TC1 CURSOR FOR 

SELECT NAME, CHAR_ARR[], INT_ARR[]

FROM TABLE1;
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%H�VXUH�WR�LQFOXGH�EUDFNHWV��>@��DIWHU�WKH�DUUD\�FROXPQ�QDPH�WR�VHOHFW�WKH�DUUD\�GDWD��,I�WKH�
EUDFNHWV�DUH�OHIW�RXW��,QWHU%DVH�UHDGV�WKH�DUUD\�,'�IRU�WKH�FROXPQ��LQVWHDG�RI�WKH�DUUD\�
GDWD�

7KH�DELOLW\�WR�UHDG�WKH�DUUD\�,'��ZKLFK�LV�DFWXDOO\�D�%ORE�,'��LV�LQFOXGHG�RQO\�WR�VXSSRUW�
DSSOLFDWLRQV�WKDW�DFFHVV�DUUD\�GDWD�XVLQJ�,QWHU%DVH�$3,�FDOOV�

�� 2SHQ�WKH�FXUVRU��DQG�IHWFK�GDWD�

EXEC SQL

OPEN TC1;

EXEC SQL

FETCH TC1 INTO :name, :char_arr, :int_arr;

Note ,W�LV�QRW�QHFHVVDU\�WR�XVH�D�FXUVRU�WR�VHOHFW�DUUD\�GDWD��)RU�H[DPSOH��D�VLQJOHWRQ�6(/(&7�
PLJKW�EH�DSSURSULDWH��WRR�

:KHQ�VHOHFWLQJ�DUUD\�GDWD��NHHS�LQ�PLQG�WKDW�,QWHU%DVH�VWRUHV�HOHPHQWV�LQ�URZ�PDMRU�RUGHU��
)RU�H[DPSOH��LQ�D���GLPHQVLRQDO�DUUD\��ZLWK���URZV�DQG���FROXPQV��DOO���HOHPHQWV�LQ�URZ���DUH�
UHWXUQHG��WKHQ�DOO�WKUHH�HOHPHQWV�LQ�URZ�WZR�

Inserting data into an array
,16(57�FDQ�EH�XVHG�WR�LQVHUW�GDWD�LQWR�DQ�DUUD\�FROXPQ��7KH�GDWD�WR�LQVHUW�PXVW�H[DFWO\�ILOO�
WKH�HQWLUH�DUUD\��RU�DQ�HUURU�FDQ�RFFXU�

7R�LQVHUW�GDWD�LQWR�DQ�DUUD\��IROORZ�WKHVH�VWHSV�

�� 'HFODUH�D�KRVW�ODQJXDJH�YDULDEOH�WR�KROG�WKH�DUUD\�GDWD��8VH�WKH�%$6('�21�
FODXVH�DV�D�KDQG\�ZD\�RI�GHFODULQJ�DUUD\�YDULDEOHV�FDSDEOH�RI�KROGLQJ�GDWD�WR�
LQVHUW�LQWR�WKH�HQWLUH�DUUD\��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQWV�FUHDWH�WKUHH�
VXFK�YDULDEOHV�

EXEC SQL

BEGIN DECLARE SECTION;

BASED ON TABLE1.CHAR_ARR  char_arr;

BASED ON TABLE1.INT_ARR   int_arr;

BASED ON TABLE1.FLOAT_ARR float_arr;

EXEC SQL

END DECLARE SECTION;

�� /RDG�WKH�KRVW�ODQJXDJH�YDULDEOHV�ZLWK�GDWD�

�� 8VH�,16(57�WR�ZULWH�WKH�DUUD\V��)RU�H[DPSOH�

EXEC SQL

INSERT INTO TABLE1 (NAME, CHAR_ARR, INT_ARR, FLOAT_ARR) 

VALUES ("Sample", :char_arr, :int_arr, :float_arr);
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�� &RPPLW�WKH�FKDQJHV�

EXEC SQL 

COMMIT;

,03257$17 :KHQ�LQVHUWLQJ�GDWD�LQWR�DQ�DUUD\�FROXPQ��SURYLGH�GDWD�WR�ILOO�DOO�DUUD\�HOHPHQWV��RU�WKH�
UHVXOWV�ZLOO�EH�XQSUHGLFWDEOH�

Selecting from an array slice
7KH�6(/(&7�VWDWHPHQW�VXSSRUWV�V\QWD[�IRU�UHWULHYLQJ�FRQWLJXRXV�UDQJHV�RI�HOHPHQWV�IURP�
DUUD\V��7KHVH�UDQJHV�DUH�UHIHUUHG�WR�DV�DUUD\�VOLFHV��$UUD\�VOLFHV�WR�UHWULHYH�DUH�VSHFLILHG�LQ�VTXDUH�
EUDFNHWV��>@��IROORZLQJ�D�FROXPQ�QDPH�FRQWDLQLQJ�DQ�DUUD\��7KH�QXPEHU�LQVLGH�WKH�EUDFNHWV�
LQGLFDWHV�WKH�HOHPHQWV�WR�UHWULHYH��)RU�D�RQH�GLPHQVLRQDO�DUUD\��WKLV�LV�D�VLQJOH�QXPEHU��)RU�
H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�VHOHFWV�WKH�VHFRQG�HOHPHQW�LQ�D�RQH�GLPHQVLRQDO�DUUD\�

EXEC SQL

SELECT JOB_TITLE[2]

INTO :title

FROM EMPLOYEE

WHERE LAST_NAME = :lname;

7R�UHWULHYH�D�VXEVHW�RI�VHYHUDO�FRQWLJXRXV�HOHPHQWV�IURP�D�RQH�GLPHQVLRQDO�DUUD\��VSHFLI\�
ERWK�WKH�ILUVW�DQG�ODVW�HOHPHQWV�RI�WKH�UDQJH�WR�UHWULHYH��VHSDUDWLQJ�WKH�YDOXHV�ZLWK�D�FRORQ��
7KH�V\QWD[�LV�DV�IROORZV�

[lower_bound:upper_bound]

)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�UHWULHYHV�D�VXEVHW�RI�WKUHH�HOHPHQWV�IURP�D�
RQH�GLPHQVLRQDO�DUUD\�

EXEC SQL

SELECT JOB_TITLE[2:4]

INTO :title

FROM EMPLOYEE

WHERE LAST_NAME = :lname;

)RU�PXOWL�GLPHQVLRQDO�DUUD\V��WKH�ORZHU�DQG�XSSHU�YDOXHV�IRU�HDFK�GLPHQVLRQ�PXVW�EH�
VSHFLILHG��VHSDUDWHG�IURP�RQH�DQRWKHU�E\�FRPPDV��XVLQJ�WKH�IROORZLQJ�V\QWD[�

[lower:upper, lower:upper [, lower:upper ...]]

Note ,Q�WKLV�V\QWD[��WKH�EROG�EUDFNHWV�PXVW�EH�LQFOXGHG�

)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�UHWULHYHV�WZR�URZV�RI�WKUHH�HOHPHQWV�HDFK�

EXEC SQL

DECLARE TC2 CURSOR FOR 
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SELECT INT_ARR[1:2,1:3]

FROM TABLE1

%HFDXVH�,QWHU%DVH�VWRUHV�DUUD\�GDWD�LQ�URZ�PDMRU�RUGHU��WKH�ILUVW�UDQJH�RI�YDOXHV�EHWZHHQ�WKH�
EUDFNHWV�VSHFLILHV�WKH�VXEVHW�RI�URZV�WR�UHWULHYH��7KH�VHFRQG�UDQJH�RI�YDOXHV�VSHFLILHV�ZKLFK�
HOHPHQWV�LQ�HDFK�URZ�WR�UHWULHYH�

7R�VHOHFW�GDWD�IURP�DQ�DUUD\�VOLFH��SHUIRUP�WKH�IROORZLQJ�VWHSV�

�� 'HFODUH�D�KRVW�ODQJXDJH�YDULDEOH�ODUJH�HQRXJK�WR�KROG�WKH�DUUD\�VOLFH�GDWD�
UHWULHYHG��)RU�H[DPSOH�

EXEC SQL

BEGIN DECLARE SECTION;

char char_slice[11]; /* 11-byte string for CHAR(10) datatype */

long int_slice[2][3];

EXEC SQL

END DECLARE SECTION;

7KH�ILUVW�YDULDEOH��FKDUBVOLFH��LV�LQWHQGHG�WR�VWRUH�D�VLQJOH�HOHPHQW�IURP�WKH�&+$5B$55�
FROXPQ��7KH�VHFRQG�H[DPSOH��LQWBVOLFH��LV�LQWHQGHG�WR�VWRUH�D�VL[�HOHPHQW�VOLFH�IURP�WKH�
,17B$55�LQWHJHU�FROXPQ�

�� 'HFODUH�D�FXUVRU�WKDW�VSHFLILHV�WKH�DUUD\�VOLFHV�WR�UHDG��)RU�H[DPSOH�

EXEC SQL

DECLARE TC2 CURSOR FOR 

SELECT CHAR_ARR[1], INT_ARR[1:2,1:3]

FROM TABLE1

�� 2SHQ�WKH�FXUVRU��DQG�WKH�IHWFK�GDWD�

EXEC SQL

OPEN TC2;

EXEC SQL

FETCH TC2 INTO :char_slice, :int_slice;

Updating data in an array slice
$�VXEVHW�RI�HOHPHQWV�LQ�DQ�DUUD\�FDQ�EH�XSGDWHG�ZLWK�D�FXUVRU��7R�SHUIRUP�DQ�XSGDWH��IROORZ�
WKHVH�VWHSV�

�� 'HFODUH�D�KRVW�ODQJXDJH�YDULDEOH�WR�KROG�WKH�DUUD\�VOLFH�GDWD��)RU�H[DPSOH�

EXEC SQL

BEGIN DECLARE SECTION;

char char_slice[11]; /* 11-byte string for CHAR(10) datatype */

long int_slice[2][3];
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EXEC SQL

END DECLARE SECTION;

7KH�ILUVW�YDULDEOH��FKDUBVOLFH��LV�LQWHQGHG�WR�KROG�D�VLQJOH�HOHPHQW�RI�WKH�&+$5B$55�DUUD\�
FROXPQ�GHILQHG�LQ�WKH�SURJUDPPLQJ�H[DPSOH�LQ�WKH�SUHYLRXV�VHFWLRQ��7KH�VHFRQG�
H[DPSOH��LQWBVOLFH��LV�LQWHQGHG�WR�KROG�D�VL[�HOHPHQW�VOLFH�RI�WKH�,17B$55�LQWHJHU�DUUD\�
FROXPQ�

�� 6HOHFW�WKH�URZ�WKDW�FRQWDLQV�WKH�DUUD\�GDWD�WR�PRGLI\��)RU�H[DPSOH��WKH�IROORZLQJ�
FXUVRU�GHFODUDWLRQ�VHOHFWV�GDWD�IURP�WKH�,17B$55$<�DQG�&+$5B$55$<�
FROXPQV�

EXEC SQL

DECLARE TC1 CURSOR FOR 

SELECT CHAR_ARRAY[1], INT_ARRAY[1:2,1:3] FROM TABLE1;

EXEC SQL

OPEN TC1;

EXEC SQL

FETCH TC1 INTO :char_slice, :int_slice;

7KLV�H[DPSOH�IHWFKHV�WKH�GDWD�FXUUHQWO\�VWRUHG�LQ�WKH�VSHFLILHG�VOLFHV�RI�&+$5B$55$<�DQG�
,17B$55$<��DQG�VWRUHV�LW�LQWR�WKH�FKDUBVOLFH�DQG�LQWBVOLFH�KRVW�ODQJXDJH�YDULDEOHV��
UHVSHFWLYHO\�

�� /RDG�WKH�KRVW�ODQJXDJH�YDULDEOHV�ZLWK�QHZ�RU�XSGDWHG�GDWD�

�� ([HFXWH�DQ�83'$7(�VWDWHPHQW�WR�LQVHUW�GDWD�LQWR�WKH�DUUD\�VOLFHV��)RU�H[DPSOH��
WKH�IROORZLQJ�VWDWHPHQWV�SXW�GDWD�LQWR�SDUWV�RI�&+$5B$55$<�DQG�,17B$55$<��
DVVXPLQJ�FKDUBVOLFH�DQG�LQWBVOLFH�FRQWDLQ�LQIRUPDWLRQ�WR�LQVHUW�LQWR�WKH�WDEOH�

EXEC SQL 

UPDATE TABLE1  

SET 

CHAR_ARR[1]  = :char_slice,

INT_ARR[1:2,1:3] = :int_slice

WHERE CURRENT OF TC1;

�� &RPPLW�WKH�FKDQJHV�

EXEC SQL

COMMIT;

7KH�IROORZLQJ�IUDJPHQW�RI�WKH�RXWSXW�IURP�WKLV�H[DPSOH�LOOXVWUDWHV�WKH�FRQWHQWV�RI�WKH�
FROXPQV��&+$5B$55�DQG�,17B$55�DIWHU�WKLV�RSHUDWLRQ�
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Testing a value in a search condition
$�VLQJOH�DUUD\�HOHPHQW·V�YDOXH�FDQ�EH�HYDOXDWHG�LQ�WKH�VHDUFK�FRQGLWLRQ�RI�D�:+(5(�FODXVH��
)RU�H[DPSOH�

EXEC SQL

DECLARE TC2 CURSOR FOR 

SELECT CHAR_ARR[1], INT_ARR[1:2,1:3]

FROM TABLE1

WHERE SMALLINT_ARR[1,1,1] = 111;

,03257$17 <RX�FDQQRW�HYDOXDWH�PXOWL�HOHPHQW�DUUD\�VOLFHV�

Using host variables in array subscripts
,QWHJHU�KRVW�YDULDEOHV�FDQ�EH�XVHG�DV�DUUD\�VXEVFULSWV��)RU�H[DPSOH��WKH�IROORZLQJ�FXUVRU�
GHFODUDWLRQ�XVHV�KRVW�YDULDEOHV��JHWYDO��DQG�WHVWYDO��LQ�DUUD\�VXEVFULSWV�

EXEC SQL

DECLARE TC2 CURSOR FOR 

SELECT CHAR_ARR[1], INT_ARR[:getval:1,1:3]

FROM TABLE1

WHERE FLOAT_ARR[:testval,1,1] = 111.0;

Using arithmetic expressions with arrays
$ULWKPHWLF�H[SUHVVLRQV�LQYROYLQJ�DUUD\V�FDQ�EH�XVHG�RQO\�LQ�VHDUFK�FRQGLWLRQV��)RU�H[DPSOH��
WKH�IROORZLQJ�FRGH�IHWFKHV�D�URZ�RI�DUUD\�GDWD�DW�D�WLPH�WKDW�PHHWV�WKH�VHDUFK�FULWHULRQ�

for (i = 1; i < 100 && SQLCODE == 0; i++)

{

EXEC SQL

char_arr values:

 [0]:string0  [1]:NewString  [2]:string2  [3]:string3 

int_arr values:

 [0][0]:0  [0][1]:1   [0][2]:2   [0][3]:3

 [1][0]:10 [1][1]:999 [1][2]:999 [1][3]:999

 [2][0]:20 [2][1]:999 [2][2]:999 [2][3]:999

 [3][0]:30 [3][1]:31  [3][2]:32  [3][3]:33

updated values
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SELECT ARR[:i] INTO :array_var

FROM TABLE1

WHERE ARR1[:j + 1] = 5;

process_array(array_var);

}
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Chapter 10Working with

User-Defined Functions

-XVW�DV�,QWHU%DVH�KDV�EXLOW�LQ�64/�IXQFWLRQV�VXFK�DV�0,1����0$;����DQG�&$67����LW�DOVR�VXSSRUWV�
OLEUDULHV�RI�H[WHUQDO�IXQFWLRQV��RU�XVHU�GHILQHG�IXQFWLRQV��8')V���$�8')�LV�D�IXQFWLRQ�
ZULWWHQ�HQWLUHO\�LQ�D�KRVW�ODQJXDJH�WR�SHUIRUP�D�GDWD�PDQLSXODWLRQ�WDVN�QRW�GLUHFWO\�VXSSRUWHG�
E\�,QWHU%DVH��3RVVLELOLWLHV�LQFOXGH�VWDWLVWLFDO��VWULQJ��DQG�GDWH�IXQFWLRQV�

,03257$17 8')V�DUH�QRW�VXSSRUWHG�RQ�1HW:DUH�

2QFH�D�8')�LV�FUHDWHG��LW�FDQ�EH�XVHG�LQ�D�GDWDEDVH�DSSOLFDWLRQ�DQ\ZKHUH�WKDW�D�EXLOW�LQ�64/�
IXQFWLRQ�FDQ�EH�XVHG��7KLV�FKDSWHU�GHVFULEHV�KRZ�WR�FUHDWH�8')V�DQG�KRZ�WR�XVH�WKHP�LQ�DQ�
DSSOLFDWLRQ�

Creating a UDF
&UHDWLQJ�D�8')�LV�D�WKUHH�VWHS�SURFHVV�

�� :ULWLQJ�DQG�FRPSLOLQJ�D�8')�LQ�D�SURJUDPPLQJ�ODQJXDJH�VXFK�DV�&�RU�'HOSKL

�� %XLOGLQJ�D�G\QDPLFDOO\�OLQNHG�OLEUDU\�FRQWDLQLQJ�WKH�8')

�� 'HFODULQJ�WKH�8')�WR�WKH�GDWDEDVH�
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$OO�VWHSV�LQ�WKLV�SURFHVV�DUH�SURJUDPPLQJ�WDVNV��H[FHSW�IRU�GHFODULQJ�D�8')�WR�WKH�GDWDEDVH��
ZKLFK�LV�D�GDWD�GHILQLWLRQ�WDVN��6WHS����EXLOGLQJ�D�G\QDPLF�OLQN�OLEUDU\�RI�8')V�LV�RSWLRQDO��
WKRXJK�KLJKO\�UHFRPPHQGHG��%XLOGLQJ�D�OLEUDU\�HQDEOHV�WKH�GDWDEDVH�WR�OLQN�WKH�OLEUDU\�WR�DQ�
DSSOLFDWLRQ�DW�UXQ�WLPH�ZLWKRXW�UHTXLULQJ�XVHU�RU�SURJUDPPHU�LQWHUYHQWLRQ�

,I�D�OLEUDU\�LV�QRW�EXLOW��WKHQ�HDFK�LQGLYLGXDO�8')�REMHFW�ILOH�PXVW�EH�PDGH�VHSDUDWHO\�DYDLODEOH�
WR�WKH�GDWDEDVH�

Writing and compiling functions
$�8')�FDQ�EH�ZULWWHQ�LQ�&�RU�LQ�DQ\�RWKHU�KRVW�ODQJXDJH�WKDW�FDQ�EH�FDOOHG�IURP�&��
7KURXJKRXW�WKLV�FKDSWHU��WKH�VDPSOH�8')�FRGH�FRPHV�IURP�D�VLQJOH�&�VRXUFH�ILOH��XGIOLE�F��
ZKLFK�LV�LQ�WKH�,QWHU%DVH�H[DPSOHV�VXEGLUHFWRU\�

Writing a function module
,Q�&��D�8')�LV�ZULWWHQ�OLNH�DQ\�VWDQGDUG�IXQFWLRQ��7KH�8')�FDQ�UHTXLUH�XS�WR�WHQ�LQSXW�
SDUDPHWHUV��DQG�PXVW�UHWXUQ�RQO\�D�VLQJOH�&�GDWD�YDOXH��$�VLQJOH�VRXUFH�FRGH�PRGXOH�FDQ�
GHILQH�RQH�RU�PRUH�8')V��)RU�H[DPSOH��WKH�VDPSOH�8')�PRGXOH��XGIOLE�F��LQFOXGHV�WKH�
IROORZLQJ�8')V�

g fn_abs()�UHWXUQV�WKH�DEVROXWH�YDOXH�RI�D�QXPEHU�SDVVHG�DV�DQ�LQSXW�DUJXPHQW�
g fn_datediff()�WDNHV�WZR�,QWHU%DVH�GDWHV�DV�LQSXW��DQG�UHWXUQV�WKH�QXPEHU�RI�GD\V�EHWZHHQ�
WKHP�

g fn_trim() imitates the SQL-92 TRIM() function. It takes�WKUHH�LQSXW�DUJXPHQWV��DQ�
LQWHJHU�VSHFLI\LQJ�WKH�VWULQJ�WULP�RSHUDWLRQ�WR�SHUIRUP��WULP�OHDGLQJ�FKDUDFWHUV��WULP�WUDLOLQJ�
FKDUDFWHUV��RU�WULP�ERWK�OHDGLQJ�DQG�WUDLOLQJ�FKDUDFWHUV���WKH�FKDUDFWHU�WR�WULP��DQG�WKH�VWULQJ�
IURP�ZKLFK�WR�WULP�FKDUDFWHUV��,W�UHWXUQV�WKH�WULPPHG�VWULQJ�

7KH�VDPSOH�FRGH�IRU�WKHVH�IXQFWLRQV�LV�DV�IROORZV�

#include <math.h>

#include <ctype.h>

#include <string.h>

#include <time.h>

/* Defines for fn_trim(). */

#define LEADING 0

#define TRAILING 1

#define BOTH 2
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/* Function prototypes. */

static char *strtriml(char *string, int c);

static char *strtrimr(char *string, int c);

char *fn_trim(int operation, int c, char *string);

long fn_datediff(ISC_QUAD d1, ISC_QUAD d2);

double fn_abs(double *x);

/* Function Definitons */

/* fn_abs() returns the absolute value of its argument. */

double fn_abs( double *x)

{

return(*x < 0.0) ? -*x : *x;

}

/* fn_datediff() returns the number of days between two dates */

long fn_datediff(ISC_QUAD d1, ISC_QUAD d2)

{

struct tm tm1, tm2;

isc_decode_date(d1, &tm1); /* convert IB date to tm */

isc_decode_date(d2, &tm2);

return(long) (timelocal(&tm1) - timelocal(&tm2)) / (24 * 3600.0);

}

/* trim leading and/or trailing characters of type c from string */

char *fn_trim(int operation, int c, char *string)

{

switch (operation) {

case LEADING:

strtriml(string, c);

case TRAILING:

strtrimr(string, c);

break;

case BOTH:

default:

strtrimr(string, c);

strtriml(string, c);

break;

}

return(string);

}
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/* trim all chars of type c from left of string and close up */

static char *strtriml(char *string, int c)

{

int n,i;

n = 0;

while (string[n] == c) /* skip leading characters */

n++;

for (i = 0;string[n];i++,n++) /* copy backward over itself */

string[i] = string[n];

string[i] = NULL; /* don’t forget string terminator */

}

/* trim all chars of type c from right of string and truncate length */

static char *strtrimr(char *string, int c)

{

int n;

n = strlen(string) - 1; 

while (string[n] == c)

n--;

string[n + 1] = NULL;

return(string);

}

$V�WKLV�VDPSOH�FRGH�LOOXVWUDWHV��D�8')�VRXUFH�FRGH�PRGXOH�FDQ�XVH�W\SHGHIV�GHILQHG�LQ�WKH�
,QWHU%DVH�LEDVH�K�KHDGHU�ILOH��7R�FRPSLOH�VXFK�D�PRGXOH�VXFFHVVIXOO\��LQFOXGH�LEDVH�K�LQ�WKH�
VRXUFH�FRGH�E\�DGGLQJ�WKH�IROORZLQJ�LQFOXGH�GLUHFWLYH�

#include "ibase.h"

Note 7KH�VDPSOH�FRGH�DOVR�LQFOXGHV�FDOOV�WR�WZR�,QWHU%DVH�OLEUDU\�IXQFWLRQV��
isc_decode_date()��DQG�isc_encode_date()��7KH�LEDVH�K�KHDGHU�ILOH�LQFOXGHV�IXQFWLRQ�
SURWRW\SHV�IRU�DOO�,QWHU%DVH�OLEUDU\�IXQFWLRQ�FDOOV�

4 6SHFLI\LQJ�SDUDPHWHUV
$�8')�FDQ�DFFHSW�XS�WR�WHQ�SDUDPHWHUV�FRUUHVSRQGLQJ�WR�DQ\�,QWHU%DVH�GDWDW\SH��$UUD\�
HOHPHQWV�FDQQRW�EH�SDVVHG�DV�SDUDPHWHUV��,I�D�8')�UHWXUQV�D�%ORE��WKH�QXPEHU�RI�LQSXW�
SDUDPHWHUV�LV�UHVWULFWHG�WR�QLQH��$OO�SDUDPHWHUV�DUH�SDVVHG�WR�WKH�8')�E\�UHIHUHQFH�

3URJUDPPLQJ�ODQJXDJH�GDWDW\SHV�VSHFLILHG�DV�SDUDPHWHUV�PXVW�EH�FDSDEOH�RI�KDQGOLQJ�
FRUUHVSRQGLQJ�,QWHU%DVH�GDWDW\SHV��)RU�H[DPSOH��WKH�&�IXQFWLRQ�GHFODUDWLRQ�IRU�fn_abs()�
DFFHSWV�RQH�SDUDPHWHU�RI�W\SH�GRXEOH��7KH�H[SHFWDWLRQ�LV�WKDW�ZKHQ�fn_abs()�LV�FDOOHG��LW�ZLOO�
EH�SDVVHG�D�GDWDW\SH�RI�'28%/(�35(&,6,21�E\�,QWHU%DVH�
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8')V�WKDW�DFFHSW�%ORE�SDUDPHWHUV�UHTXLUH�VSHFLDO�GDWD�VWUXFWXUH�IRU�SURFHVVLQJ��$�%ORE�LV�
SDVVHG�E\�UHIHUHQFH�WR�D�%ORE�8')�VWUXFWXUH��)RU�PRUH�LQIRUPDWLRQ�DERXW�WKH�%ORE�8')�
VWUXFWXUH��VHH�´:ULWLQJ�D�%ORE�8')µ�RQ�SDJH ����

4 6SHFLI\LQJ�D�UHWXUQ�YDOXH
$�8')�FDQ�UHWXUQ�YDOXHV�WKDW�FDQ�EH�WUDQVODWHG�LQWR�DQ\�,QWHU%DVH�GDWDW\SH��LQFOXGLQJ�D�%ORE��
EXW�LW�FDQQRW�UHWXUQ�DUUD\V�RI�GDWDW\SHV��)RU�H[DPSOH��WKH�&�IXQFWLRQ�GHFODUDWLRQ�IRU�fn_abs()�
UHWXUQV�D�YDOXH�RI�W\SH�GRXEOH��ZKLFK�FRUUHVSRQGV�WR�WKH�,QWHU%DVH�'28%/(�35(&,6,21�
GDWDW\SH�

%\�GHIDXOW��UHWXUQ�YDOXHV�DUH�SDVVHG�E\�UHIHUHQFH��1XPHULF�YDOXHV�FDQ�EH�UHWXUQHG�E\�
UHIHUHQFH�RU�E\�YDOXH��7R�UHWXUQ�D�QXPHULF�SDUDPHWHU�E\�YDOXH��LQFOXGH�WKH�RSWLRQDO�%<�
9$/8(�NH\ZRUG�DIWHU�WKH�UHWXUQ�YDOXH�ZKHQ�GHFODULQJ�D�8')�WR�D�GDWDEDVH�

$�8')�WKDW�UHWXUQV�D�%ORE�GRHV�QRW�DFWXDOO\�GHILQH�D�UHWXUQ�YDOXH��,QVWHDG��D�SRLQWHU�WR�D�
VWUXFWXUH�GHVFULELQJ�WKH�%ORE�WR�UHWXUQ�PXVW�EH�SDVVHG�DV�WKH�ODVW�LQSXW�SDUDPHWHU�WR�WKH�
8')��

)RU�PRUH�LQIRUPDWLRQ�DERXW�GHFODULQJ�8')V��VHH�´'HFODULQJ�D�8')�WR�D�GDWDEDVHµ�RQ�
SDJH �����)RU�PRUH�LQIRUPDWLRQ�DERXW�GHFODULQJ�D�%ORE�8')��VHH�´'HFODULQJ�D�%ORE�8')µ�
RQ�SDJH ����

Writing a Blob UDF
$�%ORE�8')�GLIIHUV�IURP�RWKHU�8')V��EHFDXVH�SRLQWHUV�WR�%ORE�FRQWURO�VWUXFWXUHV�DUH�
SDVVHG�WR�WKH�8')�LQVWHDG�RI�UHIHUHQFHV�WR�DFWXDO�GDWD��$�%ORE�8')�FDQQRW�RSHQ�RU�FORVH�D�
%ORE��EXW�LQVWHDG�LQYRNHV�IXQFWLRQV�WR�SHUIRUP�%ORE�DFFHVV�

4 &UHDWLQJ�D�%ORE�FRQWURO�VWUXFWXUH
$�%ORE�FRQWURO�VWUXFWXUH�LV�D�&�VWUXFW��GHFODUHG�ZLWKLQ�D�8')�PRGXOH�DV�D
W\SHGHI��3URJUDPPHUV�PXVW�SURYLGH�WKH�FRQWURO�VWUXFWXUH�GHILQLWLRQ��ZKLFK�VKRXOG�EH�
GHILQHG�DV�IROORZV�

typedef struct blob {

void (*blob_get_segment) ();

int *blob_handle;

long number_segments;

long max_seglen;

long total_size;

void (*blob_put_segment) ();

} *Blob;
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BLOB_GET_SEGMENT

7KH�ILUVW�ILHOG�LQ�WKH�%ORE�VWUXFW��EOREBJHWBVHJPHQW��LV�D�SRLQWHU�WR�D�IXQFWLRQ�WKDW�LV�FDOOHG�WR�
UHDG�D�VHJPHQW�IURP�D�%ORE�LI�RQH�LV�SDVVHG�WR�WKH�8')��7KH�IXQFWLRQ�WDNHV�IRXU�DUJXPHQWV��
D�%ORE�KDQGOH��WKH�DGGUHVV�RI�D�EXIIHU�LQWR�ZKLFK�WR�SODFH�%ORE�D�VHJPHQW�RI�GDWD�WKDW�LV�UHDG��
WKH�VL]H�RI�WKDW�EXIIHU��DQG�WKH�DGGUHVV�RI�YDULDEOH�LQWR�WR�VWRUH�WKH�VL]H�RI�WKH�VHJPHQW�WKDW�
LV�UHDG�

,I�%ORE�GDWD�LV�QRW�UHDG�E\�WKH�8')��VHW�EOREBJHWBVHJPHQW�WR�18//�

BLOB_HANDLE

7KH�VHFRQG�ILHOG�LQ�WKH�%ORE�VWUXFW��EOREBKDQGOH��LV�UHTXLUHG��,W�LV�D�%ORE�KDQGOH�WKDW�XQLTXHO\�
LGHQWLILHV�D�%ORE�SDVVHG�WR�D�8')�RU�UHWXUQHG�E\�LW�

NUMBER_SEGMENTS

)RU�%ORE�GDWD�SDVVHG�WR�D�8')��QXPEHUBVHJPHQWV�VSHFLILHV�WKH�WRWDO�QXPEHU�RI�VHJPHQWV�LQ�WKH�
%ORE��6HW�WKLV�YDOXH�WR�18//�LI�%ORE�GDWD�LV�QRW�SDVVHG�WR�D�8')�

MAX_SEGLEN

)RU�%ORE�GDWD�SDVVHG�WR�D�8')��PD[BVHJOHQ�VSHFLILHV�WKH�VL]H��LQ�E\WHV��RI�WKH�ODUJHVW�VLQJOH�
VHJPHQW�SDVVHG��6HW�WKLV�YDOXH�WR�18//�LI�%ORE�GDWD�LV�QRW�SDVVHG�WR�D�8')�

TOTAL_SIZE

)RU�%ORE�GDWD�SDVVHG�WR�D�8')��WRWDOBVL]H�VSHFLILHV�WKH�DFWXDO�VL]H��LQ�E\WHV��RI�WKH�%ORE�DV�D�
VLQJOH�XQLW��6HW�WKLV�YDOXH�WR�18//�LI�%ORE�GDWD�LV�QRW�SDVVHG�WR�D�8')�

BLOB_PUT_SEGMENT

7KH�ODVW�ILHOG�LQ�WKH�%ORE�VWUXFW��EOREBSXWBVHJPHQW��LV�D�SRLQWHU�WR�D�IXQFWLRQ�WKDW�LV�FDOOHG�WR�
ZULWH�D�VHJPHQW�WR�D�%ORE�LI�RQH�LV�EHLQJ�UHWXUQHG�E\�WKH�8')��7KH�IXQFWLRQ�WDNHV�WKUHH�
DUJXPHQWV��D�%ORE�KDQGOH��WKH�DGGUHVV�RI�D�EXIIHU�FRQWDLQLQJ�WKH�GDWD�WR�ZULWH�LQWR�WKH�%ORE��
DQG�WKH�VL]H��LQ�E\WHV��RI�WKH�GDWD�WR�ZULWH�

,I�%ORE�GDWD�LV�QRW�UHDG�E\�WKH�8')��VHW�EOREBSXWBVHJPHQW�WR�18//�

4 $�%ORE�8')�H[DPSOH
7KH�IROORZLQJ�FRGH�FUHDWHV�D�8')��blob_concatenate()��WKDW�DSSHQGV�GDWD�IURP�RQH�%ORE�
WR�WKH�HQG�RI�DQRWKHU�%ORE�WR�UHWXUQ�D�WKLUG�%ORE�FRQVLVWLQJ�RI�FRQFDWHQDWHG�%ORE�GDWD�

/* Blob control structure */

typedef struct blob {

void (*blob_get_segment) ();

int *blob_handle;

long number_segments;
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long max_seglen;

long total_size;

void (*blob_put_segment) ();

} *Blob;

extern char *isc_$alloc();

#define MAX(a, b) (a > b) ? a : b

#define DELIMITER "-----------------------------"

blob_concatenate(Blob from1, Blob from2, Blob to)

/* Note Blob to, as final input parameter, is actually for output! */

{

char *buffer;

long length, b_length;

b_length = MAX(from1->max_seglen, from2->max_seglen);

buffer = isc_alloc(b_length);

/* write the from1 Blob into the return Blob, to */

while ((*from1->blob_get_segment) (from1->blob_handle, buffer,

b_length, &length))

(*to->blob_put_segment) (to->blob_handle, buffer, length);

/* now write a delimiter as a dividing line in the blob */

(*to->blob_put_segment) (to->blob_handle, DELIMITER,

sizeof(DELIMITER) - 1);

/* finally write the from2 Blob into the return Blob, to */

while ((*from2->blob_get_segment) (from2->blob_handle, buffer,

b_length, &length))

(*to->blob_put_segment) (to->blob_handle, buffer, length);

/* free the memory allocated to the buffer */

isc_$free(buffer);

}

Compiling a function module
$IWHU�D�8')�PRGXOH�LV�ZULWWHQ��LW�FDQ�EH�FRPSLOHG�LQ�D�QRUPDO�IDVKLRQ�LQWR�REMHFW�RU�OLEUDU\�
IRUPDW��7KH�8')V�LQ�WKH�UHVXOWLQJ�REMHFW�RU�OLEUDU\�PRGXOH�FDQ�WKHQ�EH�GHFODUHG�WR�WKH�
GDWDEDVH��2QFH�GHFODUHG�WR�WKH�GDWDEDVH��WKH�OLEUDU\�FRQWDLQLQJ�DOO�WKH�8')V�LV�DXWRPDWLFDOO\�
ORDGHG�DW�UXQ�WLPH�IURP�D�VKDUHG�OLEUDU\�RU�G\QDPLF�OLQN�OLEUDU\��
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,03257$17 6HH�WKH�PDNHILOHV��PDNHILOH�EF�DQG�PDNHILOH�PVF�RQ�:LQWHO��PDNHILOH�RQ�81,;��LQ�WKH�,QWHU%DVH�
H[DPSOHV�VXEGLUHFWRU\�IRU�GHWDLOV�RQ�KRZ�WR�FRPSLOH�D�8')�OLEUDU\�

Note 8')V�DUH�QRW�VXSSRUWHG�RQ�1HW:DUH��1RW�DOO�RWKHU�SODWIRUPV�VXSSRUW�G\QDPLFDOO\�
OLQNHG�RU�VKDUHG�OLEUDULHV��2Q�WKHVH�SODWIRUPV��8')�OLEUDULHV�PXVW�EH�OLQNHG�H[SOLFLWO\�LQWR�
DSSOLFDWLRQV��RU�WKH�,QWHU%DVH�VHUYHU��

Creating a UDF library
8')�OLEUDULHV�DUH�VWDQGDUG�&�REMHFW�OLEUDULHV�WKDW�DUH�G\QDPLFDOO\�ORDGHG�E\�WKH�GDWDEDVH�DW�
UXQ�WLPH��8')�OLEUDULHV�FDQ�EH�FUHDWHG�RQ�DQ\�SODWIRUP�VXSSRUWHG�E\
,QWHU%DVH��7R�XVH�WKH�VDPH�VHW�RI�8')V�ZLWK�GDWDEDVHV�UXQQLQJ�RQ�GLIIHUHQW�SODWIRUPV��FUHDWH�
VHSDUDWH�OLEUDULHV�RQ�HDFK�SODWIRUP�ZKHUH�WKH�GDWDEDVHV�UHVLGH��8')V�UXQ�RQ�WKH�VHUYHU�ZKHUH�
WKH�GDWDEDVH�UHVLGHV�

7KH�,QWHU%DVH�H[DPSOHV�GLUHFWRU\�FRQWDLQV�D�VDPSOH�PDNHILOH��PDNH�OLE��WKDW�EXLOGV�D�8')�
IXQFWLRQ�OLEUDU\�IURP�XGIOLE�F��PDNH�OLE�LV�VSHFLILF�WR�HDFK�SODWIRUP�ZKHUH�,QWHU%DVH�UXQV�

Modifying a UDF library
7R�DGG�D�8')�WR�DQ�H[LVWLQJ�8')�OLEUDU\�RQ�D�SODWIRUP�

g &RPSLOH�WKH�8')�DFFRUGLQJ�WR�WKH�LQVWUXFWLRQV�IRU�WKH�SODWIRUP�
g ,QFOXGH�DOO�REMHFW�ILOHV�SUHYLRXVO\�LQFOXGHG�LQ�WKH�OLEUDU\�DQG�WKH�QHZO\�FUHDWHG�REMHFW�ILOH�LQ�
WKH�FRPPDQG�OLQH�ZKHQ�FUHDWLQJ�WKH�IXQFWLRQ�OLEUDU\�

Note 2Q�VRPH�SODWIRUPV��REMHFW�ILOHV�FDQ�EH�DGGHG�GLUHFWO\�WR�H[LVWLQJ�OLEUDULHV��)RU�PRUH�
LQIRUPDWLRQ��FRQVXOW�WKH�SODWIRUP�VSHFLILF�FRPSLOHU�DQG�OLQNHU�GRFXPHQWDWLRQ�

7R�GHOHWH�D�8')�IURP�D�OLEUDU\��IROORZ�WKH�OLQNHU·V�LQVWUXFWLRQV�IRU�UHPRYLQJ�DQ�REMHFW�IURP�
D�OLEUDU\��'HOHWLQJ�D�8')�IURP�D�OLEUDU\�GRHV�QRW�HOLPLQDWH�UHIHUHQFHV�WR�LW�LQ�WKH�GDWDEDVH��

Declaring a UDF to a database
$IWHU�D�8')�LV�FUHDWHG��LW�PXVW�DOVR�EH�GHFODUHG�WR�DQ\�GDWDEDVHV�ZKHUH�LW�ZLOO�EH�XVHG��
'HFODULQJ�D�8')�WR�D�GDWDEDVH�LQIRUPV�WKH�GDWDEDVH�DERXW�WKH�IXQFWLRQ��

g ,WV�QDPH�DV�LW�ZLOO�EH�XVHG�LQ�HPEHGGHG�64/�VWDWHPHQWV�
g 7KH�QXPEHU�DQG�GDWDW\SHV�RI�LWV�DUJXPHQWV�
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g 7KH�UHWXUQ�GDWDW\SH�
g 7KH�QDPH�RI�WKH�IXQFWLRQ�DV�LW�H[LVWV�LQ�WKH�8')�PRGXOH�RU�OLEUDU\�
g 7KH�QDPH�RI�WKH�PRGXOH�ZKHUH�WKH�8')�H[LVWV�

7R�GHFODUH�D�8')�WR�D�GDWDEDVH��IROORZ�WKHVH�VWHSV�

�� 6WDUW�isql�DQG�FRQQHFW�WR�WKH�GHVLUHG�GDWDEDVH�

�� 8VH�WKH�'(&/$5(�(;7(51$/�)81&7,21�VWDWHPHQW�WR�LQIRUP�WKH�GDWDEDVH�
DERXW�WKH�8')�

7KH�V\QWD[�IRU�'(&/$5(�(;7(51$/�)81&7,21�LV�DV�IROORZV�

DECLARE EXTERNAL FUNCTION sql_name

[<datatype> | CSTRING (int) [, <datatype>] | CSTRING (int) ...]

RETURNS {<datatype> [BY VALUE] | CSTRING (int)}[FREE_IT]

ENTRY_POINT "<entryname>"

MODULE_NAME "<modulename>";

7KH�IROORZLQJ�WDEOH�GHVFULEHV�WKH�SDUDPHWHUV�IRU�'(&/$5(�(;7(51$/�)81&7,21�

Argument Description

sql_name Name of the UDF as it will appear in SQL statements.

<datatype> InterBase datatype of an input parameter. All input parameters are passed to a 
UDF by reference. A UDF can have zero or more input parameters. 

RETURNS Specifies the return value of a function. 

PARAMETER pnum Specifies that the return value for the UDF is stored in the input parameter 
identified by <pnum>.

TABLE 10.1 DECLARE EXTERNAL FUNCTION parameters
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VTOBQDPH�LV�WKH�QDPH�RI�WKH�8')�WKDW�LV�XVHG�WR�FDOO�WKH�IXQFWLRQ�IURP�64/�VWDWHPHQWV��,W�FDQ�
EH�GLIIHUHQW�IURP�WKH�QDPH�RI�WKH�DFWXDO�IXQFWLRQ�LQ�WKH�OLEUDU\�RU�PRGXOH�VRXUFH�FRGH��7KDW�
QDPH�PXVW�EH�VSHFLILHG�DV�HQWU\QDPH��)RU�H[DPSOH��WKH�IROORZLQJ�isql�VFULSW�GHFODUHV�WKUHH�
8')V��$%6����'$7(',))����DQG�75,0����WR�WKH�HPSOR\HH�JGE�GDWDEDVH�

CONNECT "employee.gdb";

DECLARE EXTERNAL FUNCTION ABS

DOUBLE PRECISION

RETURNS DOUBLE BY VALUE

ENTRY_POINT "fn_abs" MODULE_NAME "udflib.lib";

COMMIT;

DECLARE EXTERNAL FUNCTION DATEDIFF

DATE, DATE

RETURNS INTEGER

ENTRY_POINT "fn_datediff" MODULE_NAME "udflib.lib";

COMMIT;

DECLARE EXTERNAL FUNCTION TRIM

SMALLINT, CSTRING(256), SMALLINT

RETURNS CSTRING(256)

ENTRY_POINT "fn_trim" MODULE_NAME "udflib.lib";

COMMIT;

<datatype>
[BY VALUE]

Specifies the InterBase SQL datatype returned by the UDF. Return values are 
passed by reference unless the optional BY VALUE clause is used. Only numeric 
datatypes can be returned by value.

CSTRING (int) Specifies a string value int bytes in length.

FREE_IT Frees memory of the return value after the UDF finishes running; use this 
directive only if the memroy is allocated dynamically in the UDF with malloc or 
similar mechanism. See the Language Reference, Chapter 5.

ENTRY_POINT 
“<entryname>”

Quoted string specifying the name of the UDF as stored in the linked library.

MODULE_NAME 
“<modulename>”

Quoted file specification identifying the library or module in which the UDF 
resides.

Argument Description

TABLE 10.1 DECLARE EXTERNAL FUNCTION parameters
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$OWKRXJK�8')V�DUH�ZULWWHQ�LQ�D�KRVW�ODQJXDJH�DQG�WKHUHIRUH�WDNH�KRVW�ODQJXDJH�GDWDW\SHV�IRU�
ERWK�LWV�SDUDPHWHUV�DQG�LWV�UHWXUQ�YDOXH��ZKHQ�D�8')�LV�GHFODUHG��LW�PXVW�WUDQVODWH�WKHP�WR�
64/�GDWDW\SHV�RU�WR�D�&675,1*�W\SH�RI�D�VSHFLILHG�PD[LPXP�E\WH�OHQJWK��&675,1*�LV�XVHG�
WR�WUDQVODWH�SDUDPHWHUV�RI�&+$5�DQG�9$5&+$5�GDWDW\SHV�LQWR�D�QXOO�WHUPLQDWHG�&�VWULQJ�IRU�
SURFHVVLQJ��DQG�WR�UHWXUQ�D�YDULDEOH�OHQJWK��QXOO�WHUPLQDWHG�&�VWULQJ�WR�,QWHU%DVH�IRU�
DXWRPDWLF�FRQYHUVLRQ�WR�&+$5�RU�9$5&+$5�

)RU�D�FRPSOHWH�GLVFXVVLRQ�RI�GHFODULQJ�8')V��VHH�WKH�'DWD�'HILQLWLRQ�*XLGH��)RU�H[DPSOHV�RI�
FDOOLQJ�8')V�IURP�DQ�DSSOLFDWLRQ��LQFOXGLQJ�WKH�XVH�RI�&675,1*�DV�D�SDUDPHWHU�DQG�UHWXUQ�
YDOXH��VHH�´&DOOLQJ�D�8')µ�RQ�SDJH ����

Declaring a Blob UDF
$�%ORE�8')�LV�GHFODUHG�WR�WKH�GDWDEDVH�XVLQJ�'(&/$5(�(;7(51$/�)81&7,21�OLNH�DQ\�
QRQ�%ORE�8')��$�8')�WKDW�UHWXUQV�D�%ORE�GRHV�QRW�DFWXDOO\�GHILQH�D�UHWXUQ�YDOXH��,QVWHDG��
D�SRLQWHU�WR�D�VWUXFWXUH�GHVFULELQJ�WKH�%ORE�WR�UHWXUQ�PXVW�EH�SDVVHG�DV�WKH�ODVW�LQSXW�
SDUDPHWHU�WR�WKH�8')��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�GHFODUHV�WKH�%ORE�8')��
%OREB3/86B%ORE��WR�D�GDWDEDVH�

DECLARE EXTERNAL FUNCTION Blob_PLUS_Blob

Blob,

Blob,

Blob

ENTRY_POINT "blob_concatenate" MODULE_NAME "udflib.lib";

COMMIT;

Calling a UDF
$IWHU�D�8')�LV�FUHDWHG�DQG�GHFODUHG�WR�D�GDWDEDVH��LW�FDQ�EH�XVHG�LQ�64/�VWDWHPHQWV�ZKHUHYHU�
D�EXLOW�LQ�IXQFWLRQ�LV�SHUPLWWHG��7R�XVH�D�8')��LQVHUW�LWV�QDPH�LQ�DQ�64/�VWDWHPHQW�DW�DQ�
DSSURSULDWH�ORFDWLRQ��DQG�HQFORVH�LWV�LQSXW�DUJXPHQWV�LQ�SDUHQWKHVHV�

)RU�H[DPSOH��WKH�IROORZLQJ�'(/(7(�VWDWHPHQW�FDOOV�WKH�$%6���8')�DV�SDUW�RI�D�VHDUFK�
FRQGLWLRQ�WKDW�UHVWULFWV�ZKLFK�URZV�DUH�GHOHWHG�

EXEC SQL

DELETE FROM CITIES

WHERE ABS (POPULATION - 100000) > 50000;

8')V�FDQ�DOVR�EH�FDOOHG�LQ�VWRUHG�SURFHGXUHV�DQG�WULJJHUV��)RU�PRUH�LQIRUPDWLRQ��VHH�WKH�
'DWD�'HILQLWLRQ�*XLGH�
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Using a UDF with SELECT
,Q�6(/(&7�VWDWHPHQWV��D�8')�FDQ�EH�XVHG�LQ�D�VHOHFW�OLVW�WR�VSHFLI\�GDWD�UHWULHYDO��RU�LQ�WKH�
:+(5(�FODXVH�VHDUFK�FRQGLWLRQ�

7KH�IROORZLQJ�VWDWHPHQW�XVHV�$%6���WR�JXDUDQWHH�WKDW�D�UHWXUQHG�FROXPQ�YDOXH�LV�SRVLWLYH�

EXEC SQL

SELECT ABS (JOB_GRADE) FROM PROJECTS;

7KH�QH[W�VWDWHPHQW�XVHV�'$7(',))���LQ�D�VHDUFK�FRQGLWLRQ�WR�UHVWULFW�URZV�UHWULHYHG�

EXEC SQL

SELECT START_DATE FROM PROJECTS

WHERE DATEDIFF (:today, START_DATE) > 10;

Using a UDF with INSERT
,Q�,16(57�VWDWHPHQWV��D�8')�FDQ�EH�XVHG�LQ�WKH�FRPPD�GHOLPLWHG�OLVW�LQ�WKH�9$/8(6�FODXVH�

7KH�IROORZLQJ�VWDWHPHQW�XVHV�75,0���WR�UHPRYH�OHDGLQJ�EODQNV�IURP�ILUVWQDPH�DQG�WUDLOLQJ�
EODQNV�IURP�ODVWQDPH�EHIRUH�LQVHUWLQJ�WKH�YDOXHV�RI�WKHVH�KRVW�YDULDEOHV�LQWR�WKH�(03/2<((�
WDEOH�

EXEC SQL

INSERT INTO EMPLOYEE(FIRST_NAME, LAST_NAME, EMP_NO, DEPT_NO, SALARY)

VALUES (TRIM (0, ’ ’,:firstname), TRIM (1, ’ ’, :lastname),

:empno, :deptno, greater(30000, :est_salary));

Using a UDF with UPDATE
,Q�83'$7(�VWDWHPHQWV��D�8')�FDQ�EH�XVHG�LQ�WKH�6(7�FODXVH�DV�SDUW�RI�WKH�H[SUHVVLRQ�
DVVLJQLQJ�FROXPQ�YDOXHV�

)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�XVHV�75,0���WR�HQVXUH�WKDW�XSGDWH�YDOXHV�GR�QRW�FRQWDLQ�
OHDGLQJ�RU�WUDLOLQJ�EODQNV�

EXEC SQL

UPDATE COUNTRIES

SET COUNTRY = TRIM (2, ’ ’, COUNTRY);
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Using a UDF with DELETE

,Q�'(/(7(�VWDWHPHQWV��D�8')�FDQ�EH�XVHG�LQ�D�:+(5(�FODXVH�VHDUFK�FRQGLWLRQ�

EXEC SQL

DELETE FROM COUNTRIES

WHERE ABS (POPULATION - 100000) < 50000;
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Stored Procedures

$�VWRUHG�SURFHGXUH�LV�D�VHOI�FRQWDLQHG�VHW�RI�H[WHQGHG�64/�VWDWHPHQWV�VWRUHG�LQ�D�GDWDEDVH�DV�
SDUW�RI�LWV�PHWDGDWD��

$SSOLFDWLRQV�FDQ�LQWHUDFW�ZLWK�VWRUHG�SURFHGXUHV�LQ�WKH�IROORZLQJ�ZD\V�
g 7KH\�FDQ�SDVV�SDUDPHWHUV�WR�DQG�UHFHLYH�UHWXUQ�YDOXHV�IURP�VWRUHG�SURFHGXUHV�
g 7KH\�FDQ�LQYRNH�VWRUHG�SURFHGXUHV�GLUHFWO\�WR�SHUIRUP�D�WDVN�
g 7KH\�FDQ�VXEVWLWXWH�DQ�DSSURSULDWH�VWRUHG�SURFHGXUH�IRU�D�WDEOH�RU�YLHZ�LQ�D�6(/(&7�
VWDWHPHQW�

7KH�DGYDQWDJHV�RI�XVLQJ�VWRUHG�SURFHGXUHV�DUH�
g $SSOLFDWLRQV�FDQ�VKDUH�FRGH��$�FRPPRQ�SLHFH�RI�64/�FRGH�ZULWWHQ�RQFH�DQG�VWRUHG�LQ�WKH�
GDWDEDVH�FDQ�EH�XVHG�LQ�DQ\�DSSOLFDWLRQ�WKDW�DFFHVVHV�WKH�GDWDEDVH��LQFOXGLQJ�WKH�QHZ�
,QWHU%DVH�LQWHUDFWLYH�64/�WRRO��isql��

g0RGXODU�GHVLJQ��6WRUHG�SURFHGXUHV�FDQ�EH�VKDUHG�DPRQJ�DSSOLFDWLRQV��HOLPLQDWLQJ�GXSOLFDWH�
FRGH��DQG�UHGXFLQJ�WKH�VL]H�RI�DSSOLFDWLRQV�

g 6WUHDPOLQHG�PDLQWHQDQFH��:KHQ�D�SURFHGXUH�LV�XSGDWHG��WKH�FKDQJHV�DUH�DXWRPDWLFDOO\�
UHIOHFWHG�LQ�DOO�DSSOLFDWLRQV�WKDW�XVH�LW�ZLWKRXW�WKH�QHHG�WR�UHFRPSLOH�DQG�UHOLQN�WKHP�
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g ,PSURYHG�SHUIRUPDQFH��HVSHFLDOO\�IRU�UHPRWH�FOLHQW�DFFHVV��6WRUHG�SURFHGXUHV�DUH�H[HFXWHG�
E\�WKH�VHUYHU��QRW�WKH�FOLHQW�

7KLV�FKDSWHU�GHVFULEHV�KRZ�WR�FDOO�DQG�H[HFXWH�VWRUHG�SURFHGXUHV�LQ�DSSOLFDWLRQV�RQFH�WKH\�
DUH�ZULWWHQ��)RU�LQIRUPDWLRQ�RQ�KRZ�WR�FUHDWH�D�VWRUHG�SURFHGXUH��VHH�WKH�'DWD�'HILQLWLRQ�
*XLGH�

Using stored procedures
7KHUH�DUH�WZR�W\SHV�RI�SURFHGXUHV�WKDW�FDQ�EH�FDOOHG�IURP�DQ�DSSOLFDWLRQ��

g 6HOHFW�SURFHGXUHV�WKDW�DQ�DSSOLFDWLRQ�FDQ�XVH�LQ�SODFH�RI�D�WDEOH�RU�YLHZ�LQ�D�6(/(&7�VWDWHPHQW��
$�VHOHFW�SURFHGXUH�PXVW�UHWXUQ�RQH�RU�PRUH�YDOXHV��RU�DQ�HUURU�UHVXOWV�

g ([HFXWDEOH�SURFHGXUHV�WKDW�DQ�DSSOLFDWLRQ�FDQ�FDOO�GLUHFWO\��ZLWK�WKH�(;(&87(�352&('85(�
VWDWHPHQW��$Q�H[HFXWDEOH�SURFHGXUH�PD\�RU�PD\�QRW�UHWXUQ�YDOXHV�WR�WKH�FDOOLQJ�SURJUDP�

%RWK�NLQGV�RI�SURFHGXUHV�DUH�GHILQHG�ZLWK�&5($7(�352&('85(�DQG�KDYH�WKH�VDPH�V\QWD[��
7KH�GLIIHUHQFH�LV�LQ�KRZ�WKH�SURFHGXUH�LV�ZULWWHQ�DQG�KRZ�LW�LV�LQWHQGHG�WR�EH�XVHG��6HOHFW�
SURFHGXUHV�DOZD\V�UHWXUQ�]HUR�RU�PRUH�URZV��VR�WKDW�WR�WKH�FDOOLQJ�SURJUDP�WKH\�DSSHDU�DV�D�
WDEOH�RU�YLHZ��([HFXWDEOH�SURFHGXUHV�DUH�VLPSO\�URXWLQHV�LQYRNHG�E\�WKH�FDOOLQJ�SURJUDP�WKDW�
FDQ�UHWXUQ�RQO\�D�VLQJOH�VHW�RI�YDOXHV��

,Q�IDFW��D�VLQJOH�SURFHGXUH�FRQFHLYDEO\�FDQ�EH�XVHG�DV�D�VHOHFW�SURFHGXUH�RU�DQ�H[HFXWDEOH�
SURFHGXUH��EXW�WKLV�LV�QRW�UHFRPPHQGHG��,Q�JHQHUDO�D�SURFHGXUH�LV�ZULWWHQ�VSHFLILFDOO\�WR�EH�
XVHG�LQ�D�6(/(&7�VWDWHPHQW��D�VHOHFW�SURFHGXUH��RU�WR�EH�XVHG�LQ�DQ�(;(&87(�352&('85(�
VWDWHPHQW��DQ�H[HFXWDEOH�SURFHGXUH���)RU�PRUH�LQIRUPDWLRQ�RQ�FUHDWLQJ�VWRUHG�SURFHGXUHV��
VHH�WKH�'DWD�'HILQLWLRQ�*XLGH�

Procedures and transactions
3URFHGXUHV�RSHUDWH�ZLWKLQ�WKH�FRQWH[W�RI�D�WUDQVDFWLRQ�LQ�WKH�SURJUDP�WKDW�XVHV�WKHP��,I�
SURFHGXUHV�DUH�XVHG�LQ�D�WUDQVDFWLRQ��DQG�WKH�WUDQVDFWLRQ�LV�UROOHG�EDFN��WKHQ�DQ\�DFWLRQV�
SHUIRUPHG�E\�WKH�SURFHGXUHV�DUH�DOVR�UROOHG�EDFN��6LPLODUO\��D�SURFHGXUH·V�DFWLRQV�DUH�QRW�ILQDO�
XQWLO�LWV�FRQWUROOLQJ�WUDQVDFWLRQ�LV�FRPPLWWHG�
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Security for procedures
:KHQ�DQ�DSSOLFDWLRQ�FDOOV�D�VWRUHG�SURFHGXUH��WKH�SHUVRQ�UXQQLQJ�WKH�DSSOLFDWLRQ�PXVW�KDYH�
(;(&87(�SULYLOHJH�RQ�WKH�VWRUHG�SURFHGXUH��$Q�H[WHQVLRQ�WR�WKH�*5$17�VWDWHPHQW�HQDEOHV�
DVVLJQPHQW�RI�(;(&87(�SULYLOHJH��DQG�DQ�H[WHQVLRQ�WR�WKH�5(92.(�VWDWHPHQW�HQDEOHV�
UHPRYDO�RI�WKH�SULYLOHJH��)RU�PRUH�LQIRUPDWLRQ�DERXW�JUDQWLQJ�SULYLOHJHV�WR�XVHUV��VHH�WKH�
'DWD�'HILQLWLRQ�*XLGH�

,Q�DGGLWLRQ��LI�WKH�VWRUHG�SURFHGXUH�DFFHVVHV�REMHFWV�LQ�WKH�GDWDEDVH��RQH�RI�WZR�WKLQJV�PXVW�
EH�WUXH��HLWKHU�WKH�XVHU�UXQQLQJ�WKH�DSSOLFDWLRQ�RU�WKH�FDOOHG�VWRUHG�SURFHGXUH�PXVW�KDYH�WKH�
DSSURSULDWH�SHUPLVVLRQV�RQ�WKH�DFFHVVHG�REMHFWV��7KH�*5$17�VWDWHPHQW�DVVLJQV�SULYLOHJHV�WR�
SURFHGXUHV��DQG�5(92.(�HOLPLQDWHV�SULYLOHJHV�

Using select procedures
$�VHOHFW�SURFHGXUH�LV�XVHG�LQ�SODFH�RI�D�WDEOH�RU�YLHZ�LQ�D�6(/(&7�VWDWHPHQW�DQG�FDQ�UHWXUQ�
]HUR�RU�PRUH�URZV��$�VHOHFW�SURFHGXUH�PXVW�UHWXUQ�RQH�RU�PRUH�RXWSXW�SDUDPHWHUV��RU�DQ�
HUURU�UHVXOWV��,I�UHWXUQHG�YDOXHV�DUH�QRW�VSHFLILHG��18//�YDOXHV�DUH�UHWXUQHG�E\�GHIDXOW�

7KH�DGYDQWDJHV�RI�VHOHFW�SURFHGXUHV�RYHU�WDEOHV�RU�YLHZV�DUH�
g 7KH\�FDQ�WDNH�LQSXW�SDUDPHWHUV�WKDW�FDQ�DIIHFW�WKH�RXWSXW�SURGXFHG��
g 7KH\�FDQ�FRQWDLQ�FRQWURO�VWDWHPHQWV��ORFDO�YDULDEOHV��DQG�GDWD�PDQLSXODWLRQ�VWDWHPHQWV��
RIIHULQJ�JUHDW�IOH[LELOLW\�WR�WKH�XVHU�

,QSXW�SDUDPHWHUV�DUH�SDVVHG�WR�D�VHOHFW�SURFHGXUH�LQ�D�FRPPD�GHOLPLWHG�OLVW�LQ�SDUHQWKHVHV�
IROORZLQJ�WKH�SURFHGXUH�QDPH��

7KH�IROORZLQJ�isql�VFULSW�GHILQHV�WKH�SURFHGXUH��*(7B(03B352-��ZKLFK�UHWXUQV�HPSBSURM��WKH�
SURMHFW�QXPEHUV�DVVLJQHG�WR�DQ�HPSOR\HH��ZKHQ�SDVVHG�WKH�HPSOR\HH�QXPEHU��HPSBQR��DV�WKH�
LQSXW�SDUDPHWHU�

SET TERM !! ;

CREATE PROCEDURE GET_EMP_PROJ (emp_no SMALLINT)

RETURNS (emp_proj SMALLINT) AS

BEGIN

FOR SELECT PROJ_ID

FROM EMPLOYEE_PROJECT

WHERE EMP_NO = :emp_no

INTO :emp_proj

DO
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SUSPEND;

END !!

7KH�IROORZLQJ�VWDWHPHQW�UHWULHYHV�352-B,'�IURP�WKH�DERYH�SURFHGXUH��SDVVLQJ�WKH�KRVW�
YDULDEOH��QXPEHU��DV�LQSXW�

SELECT PROJ_ID FROM GET_EMP_PROJ (:number);

Calling a select procedure
7R�XVH�D�VHOHFW�SURFHGXUH�LQ�SODFH�RI�D�WDEOH�RU�YLHZ�QDPH�LQ�DQ�DSSOLFDWLRQ��XVH�WKH�SURFHGXUH�
QDPH�DQ\ZKHUH�D�WDEOH�RU�YLHZ�QDPH�LV�DSSURSULDWH��6XSSO\�DQ\�LQSXW�SDUDPHWHUV�UHTXLUHG�LQ�
D�FRPPD�GHOLPLWHG�OLVW�LQ�SDUHQWKHVHV�IROORZLQJ�WKH�SURFHGXUH�QDPH�

EXEC SQL

SELECT PROJ_ID FROM GET_EMP_PROJ (:emp_no)

ORDER BY PROJ_ID;

,03257$17 ,QWHU%DVH�GRHV�QRW�VXSSRUW�FUHDWLQJ�D�YLHZ�E\�FDOOLQJ�D�VHOHFW�SURFHGXUH�

Using a select procedure with cursors
$�VHOHFW�SURFHGXUH�FDQ�DOVR�EH�XVHG�LQ�D�FXUVRU�GHFODUDWLRQ��)RU�H[DPSOH��WKH�IROORZLQJ�FRGH�
GHFODUHV�D�FXUVRU�QDPHG�352-(&76��XVLQJ�WKH�*(7B(03B352-�SURFHGXUH�LQ�SODFH�RI�D�WDEOH�

EXEC SQL

DECLARE PROJECTS CURSOR FOR

SELECT PROJ_ID FROM GET_EMP_PROJ (:emp_no)

ORDER BY PROJ_ID;

7KH�IROORZLQJ�DSSOLFDWLRQ�&�FRGH�ZLWK�HPEHGGHG�64/�WKHQ�XVHV�WKH�352-(&76�FXUVRU�WR�
SULQW�SURMHFW�QXPEHUV�WR�VWDQGDUG�RXWSXW�

EXEC SQL

OPEN PROJECTS

/* Print employee projects. */

while (SQLCODE == 0)

{

EXEC SQL

FETCH PROJECTS INTO :proj_id :nullind;

if (SQLCODE == 100)

break;

if (nullind == 0)
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printf("\t%s\n", proj_id);

}

Using executable procedures
$Q�H[HFXWDEOH�SURFHGXUH�LV�FDOOHG�GLUHFWO\�E\�DQ�DSSOLFDWLRQ��DQG�RIWHQ�SHUIRUPV�D�WDVN�
FRPPRQ�WR�DSSOLFDWLRQV�XVLQJ�WKH�VDPH�GDWDEDVH��([HFXWDEOH�SURFHGXUHV�FDQ�UHFHLYH�LQSXW�
SDUDPHWHUV�IURP�WKH�FDOOLQJ�SURJUDP��DQG�FDQ�RSWLRQDOO\�UHWXUQ�D�VLQJOH�URZ�WR�WKH�FDOOLQJ�
SURJUDP�

,QSXW�SDUDPHWHUV�SDVV�WR�DQ�H[HFXWDEOH�SURFHGXUH�LQ�D�FRPPD�GHOLPLWHG�OLVW�IROORZLQJ�WKH�
SURFHGXUH�QDPH��

Note ([HFXWDEOH�SURFHGXUHV�FDQQRW�UHWXUQ�PXOWLSOH�URZV�

Executing a procedure
7R�H[HFXWH�D�SURFHGXUH�LQ�DQ�DSSOLFDWLRQ��XVH�WKH�IROORZLQJ�V\QWD[�

EXEC SQL

EXECUTE PROCEDURE name [:param [[INDICATOR]:indicator]]

[, :param [[INDICATOR]:indicator] ...]

[RETURNING_VALUES :param [[INDICATOR]:indicator] 

[, :param [[INDICATOR]:indicator]...]];

:KHQ�DQ�H[HFXWDEOH�SURFHGXUH�XVHV�LQSXW�SDUDPHWHUV��WKH�SDUDPHWHUV�FDQ�EH�OLWHUDO�YDOXHV�
�VXFK�DV���RU�´)UHGµ���RU�KRVW�YDULDEOHV��,I�D�SURFHGXUH�UHWXUQV�RXWSXW�SDUDPHWHUV��KRVW�
YDULDEOHV�PXVW�EH�VXSSOLHG�LQ�WKH�5(7851,1*B9$/8(6�FODXVH�WR�KROG�WKH�YDOXHV�UHWXUQHG�

)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�GHPRQVWUDWHV�KRZ�WKH�H[HFXWDEOH�SURFHGXUH��
'(37B%8'*(7��LV�FDOOHG�ZLWK�OLWHUDO�SDUDPHWHUV�

EXEC SQL

EXECUTE PROCEDURE DEPT_BUDGET 100 RETURNING_VALUES :sumb;

7KH�IROORZLQJ�VWDWHPHQW�DOVR�FDOOV�WKH�VDPH�SURFHGXUH�XVLQJ�D�KRVW�YDULDEOH�LQVWHDG�RI�D�OLWHUDO�
DV�WKH�LQSXW�SDUDPHWHU�

EXEC SQL

EXECUTE PROCEDURE DEPT_BUDGET :rdno RETURNING_VALUES :sumb;
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4 ,QGLFDWRU�YDULDEOHV
%RWK�LQSXW�SDUDPHWHUV�DQG�UHWXUQ�YDOXHV�FDQ�KDYH�DVVRFLDWHG�LQGLFDWRU�YDULDEOHV�IRU�WUDFNLQJ�
18//�YDOXHV��<RX�PXVW�XVH�LQGLFDWRU�YDULDEOHV�WR�LQGLFDWH�XQNQRZQ�RU�18//�YDOXHV�RI�UHWXUQ�
SDUDPHWHUV��7KH�,1',&$725�NH\ZRUG�LV�RSWLRQDO��$Q�LQGLFDWRU�YDULDEOH�WKDW�LV�OHVV�WKDQ�]HUR�
LQGLFDWHV�WKDW�WKH�SDUDPHWHU�LV�XQNQRZQ�RU�18//��$Q�LQGLFDWRU�YDULDEOH�WKDW�LV���LQGLFDWHV�WKDW�
WKH�DVVRFLDWHG�SDUDPHWHU�FRQWDLQV�D�QRQ�18//�YDOXH��)RU�PRUH�LQIRUPDWLRQ�DERXW�LQGLFDWRU�
YDULDEOHV��VHH�&KDSWHU����´:RUNLQJ�ZLWK�'DWD�µ

Executing a procedure in a DSQL application
7R�H[HFXWH�D�VWRUHG�SURFHGXUH�LQ�D�G\QDPLF�64/��'64/��DSSOLFDWLRQ�IROORZ�WKHVH�VWHSV�

�� 8VH�D�35(3$5(�VWDWHPHQW�WR�SDUVH�DQG�SUHSDUH�WKH�SURFHGXUH�FDOO�IRU�H[HFXWLRQ�
XVLQJ�WKH�IROORZLQJ�V\QWD[�

EXEC SQL

PREPARE sql_statement_name FROM :var | "<statement>";

�� 6HW�XS�DQ�LQSXW�;64/'$�XVLQJ�WKH�IROORZLQJ�V\QWD[�

EXEC SQL

DESCRIBE INPUT sql_statement_name INTO SQL DESCRIPTOR input_xsqlda;

�� 8VH�'(6&5,%(�287387�WR�VHW�XS�DQ�RXWSXW�;64/'$�XVLQJ�WKH�IROORZLQJ�V\QWD[�

EXEC SQL

DESCRIBE OUTPUT sql_statement_name INTO SQL DESCRIPTOR

output_xsqlda;

6HWWLQJ�XS�DQ�RXWSXW�;64/'$�LV�RQO\�QHFHVVDU\�IRU�SURFHGXUHV�WKDW�UHWXUQ�YDOXHV�

�� ([HFXWH�WKH�VWDWHPHQW�XVLQJ�WKH�IROORZLQJ�V\QWD[�

EXEC SQL

EXECUTE statement USING SQL DESCRIPTOR input_xsqlda 

INTO DESCRIPTOR output_xsqlda;

,QSXW�SDUDPHWHUV�WR�VWRUHG�SURFHGXUHV�FDQ�EH�SDVVHG�DV�UXQ�WLPH�YDOXHV�E\�VXEVWLWXWLQJ�D�
TXHVWLRQ�PDUN��"��IRU�HDFK�YDOXH��)RU�H[DPSOH��WKH�IROORZLQJ�'64/�VWDWHPHQWV�SUHSDUH�DQG�
H[HFXWH�WKH�$''B(03B352-�SURFHGXUH�

. . .

strcpy(uquery, "EXECUTE PROCEDURE ADD_EMP_PROJ ?, ?");

. . .

EXEC SQL

PREPARE QUERY FROM :uquery;

EXEC SQL
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DESCRIBE INPUT QUERY INTO SQL DESCRIPTOR input_xsqlda;

EXEC SQL

DESCRIBE OUTPUT QUERY INTO SQL DESCRIPTOR output_xsqlda;

EXEC SQL

EXECUTE QUERY USING SQL DESCRIPTOR input_xsqlda INTO SQL DESCRIPTOR

output_xsqlda;

. . . 
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CHAPTER

12
Chapter 12Working with Events

7KLV�FKDSWHU�GHVFULEHV�WKH�,QWHU%DVH�HYHQW�PHFKDQLVP�DQG�KRZ�WR�ZULWH�DSSOLFDWLRQV�WKDW�
UHJLVWHU�LQWHUHVW�LQ�DQG�UHVSRQG�WR�HYHQWV��7KH�HYHQW�PHFKDQLVP�HQDEOHV�DSSOLFDWLRQV�WR�
UHVSRQG�WR�DFWLRQV�DQG�GDWDEDVH�FKDQJHV�PDGH�E\�RWKHU��FRQFXUUHQWO\�UXQQLQJ�DSSOLFDWLRQV�
ZLWKRXW�WKH�QHHG�IRU�WKRVH�DSSOLFDWLRQV�WR�FRPPXQLFDWH�GLUHFWO\�ZLWK�RQH�DQRWKHU��DQG�
ZLWKRXW�LQFXUULQJ�WKH�H[SHQVH�RI�&38�WLPH�UHTXLUHG�IRU�SHULRGLF�SROOLQJ�WR�GHWHUPLQH�LI�DQ�
HYHQW�KDV�RFFXUUHG�

Understanding the event mechanism
,Q�,QWHU%DVH��DQ�HYHQW�LV�D�PHVVDJH�SDVVHG�E\�D�WULJJHU�RU�D�VWRUHG�SURFHGXUH�WR�WKH�,QWHU%DVH�
HYHQW�PDQDJHU�WR�DQQRXQFH�WKH�RFFXUUHQFH�RI�D�VSHFLILHG�FRQGLWLRQ�RU�DFWLRQ��XVXDOO\�D�
GDWDEDVH�FKDQJH�VXFK�DV�DQ�,16(57��83'$7(��RU�'(/(7(��(YHQWV�DUH�SDVVHG�E\�WULJJHUV�RU�
VWRUHG�SURFHGXUHV�RQO\�ZKHQ�WKH�WUDQVDFWLRQ�XQGHU�ZKLFK�WKH\�RFFXU�LV�FRPPLWWHG�

7KH�HYHQW�PDQDJHU�PDLQWDLQV�D�OLVW�RI�HYHQWV�SRVWHG�WR�LW�E\�WULJJHUV�DQG�VWRUHG�SURFHGXUHV��,W�
DOVR�PDLQWDLQV�D�OLVW�RI�DSSOLFDWLRQV�WKDW�KDYH�UHJLVWHUHG�DQ�LQWHUHVW�LQ�HYHQWV��(DFK�WLPH�D�QHZ�
HYHQW�LV�SRVWHG�WR�LW��WKH�HYHQW�PDQDJHU�QRWLILHV�LQWHUHVWHG�DSSOLFDWLRQV�WKDW�WKH�HYHQW�KDV�
RFFXUUHG�

$SSOLFDWLRQV�FDQ�UHVSRQG�WR�VSHFLILF�HYHQWV�WKDW�PLJKW�EH�SRVWHG�E\�D�WULJJHU�RU�VWRUHG�
SURFHGXUH�E\�
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�� ,QGLFDWLQJ�DQ�LQWHUHVW�LQ�WKH�HYHQWV�WR�WKH�HYHQW�PDQDJHU�

�� :DLWLQJ�IRU�HYHQW�QRWLILFDWLRQ�

�� 'HWHUPLQLQJ�ZKLFK�HYHQW�RFFXUUHG��LI�DQ�DSSOLFDWLRQ�LV�ZDLWLQJ�IRU�PRUH�WKDQ�
RQH�HYHQW�WR�RFFXU��

7KH�,QWHU%DVH�HYHQW�PHFKDQLVP��WKHQ��FRQVLVWV�RI�WKUHH�SDUWV�
g $�WULJJHU�RU�VWRUHG�SURFHGXUH�WKDW�SRVWV�DQ�HYHQW�WR�WKH�HYHQW�PDQDJHU�
g 7KH�HYHQW�PDQDJHU�WKDW�PDLQWDLQV�DQ�HYHQW�TXHXH�DQG�QRWLILHV�DSSOLFDWLRQV�ZKHQ�DQ�HYHQW�
RFFXUV�

g $Q�DSSOLFDWLRQ�WKDW�UHJLVWHUV�LQWHUHVW�LQ�WKH�HYHQW�DQG�ZDLWV�IRU�LW�WR�RFFXU�

$�VHFRQG�DSSOLFDWLRQ�WKDW�XVHV�WKH�HYHQW�SRVWLQJ�VWRUHG�SURFHGXUH��RU�WKDW�ILUHV�WKH�WULJJHU��
FDXVHV�WKH�HYHQW�PDQDJHU�WR�QRWLI\�WKH�ZDLWLQJ�DSSOLFDWLRQ�VR�WKDW�LW�FDQ�UHVXPH�SURFHVVLQJ�

Signaling event occurrences
$�WULJJHU�RU�VWRUHG�SURFHGXUH�PXVW�VLJQDO�WKH�RFFXUUHQFH�RI�DQ�HYHQW��XVXDOO\�D�GDWDEDVH�
FKDQJH�VXFK�DV�DQ�,16(57��83'$7(��RU�'(/(7(��E\�XVLQJ�WKH�3267B(9(17�VWDWHPHQW��
3267B(9(17�DOHUWV�WKH�HYHQW�PDQDJHU�WR�WKH�RFFXUUHQFH�RI�DQ�HYHQW�DIWHU�D�WUDQVDFWLRQ�LV�
FRPPLWWHG��$W�WKDW�WLPH��WKH�HYHQW�PDQDJHU�SDVVHV�WKH�LQIRUPDWLRQ�WR�UHJLVWHUHG�DSSOLFDWLRQV�

$�WULJJHU�RU�VWRUHG�SURFHGXUH�WKDW�SRVWV�DQ�HYHQW�LV�VRPHWLPHV�FDOOHG�DQ�HYHQW�DOHUWHU��)RU�
H[DPSOH��WKH�IROORZLQJ�isql�VFULSW�FUHDWHV�D�WULJJHU�WKDW�SRVWV�DQ�HYHQW�WR�WKH�HYHQW�PDQDJHU�
ZKHQHYHU�DQ\�DSSOLFDWLRQ�LQVHUWV�GDWD�LQ�D�WDEOH�

SET TERM !! ;

CREATE TRIGGER POST_NEW_ORDER FOR SALES

ACTIVE

AFTER INSERT

POSITION 0

AS

BEGIN

POST_EVENT "new_order";

END

!!

SET TERM ; !!

(YHQW�QDPHV�DUH�UHVWULFWHG�WR����FKDUDFWHUV�LQ�VL]H�

Note 3267B(9(17�LV�D�VWRUHG�SURFHGXUH�DQG�WULJJHU�ODQJXDJH�H[WHQVLRQ��DYDLODEOH�RQO\�
ZLWKLQ�VWRUHG�SURFHGXUHV�DQG�WULJJHUV��



REGISTERING INTEREST IN EVENTS

PROGRAMMER’S GUIDE 225

)RU�D�FRPSOHWH�GLVFXVVLRQ�RI�ZULWLQJ�D�WULJJHU�RU�VWRUHG�SURFHGXUH�DV�DQ�HYHQW�DOHUWHU��VHH�WKH�
'DWD�'HILQLWLRQ�*XLGH�

Registering interest in events
$Q�DSSOLFDWLRQ�PXVW�UHJLVWHU�D�UHTXHVW�WR�EH�QRWLILHG�DERXW�D�SDUWLFXODU�HYHQW�ZLWK�WKH�
,QWHU%DVH�HYHQW�PDQDJHU�EHIRUH�ZDLWLQJ�IRU�WKH�HYHQW�WR�RFFXU��7R�UHJLVWHU�LQWHUHVW�LQ�DQ�
HYHQW��XVH�WKH�(9(17�,1,7�VWDWHPHQW��(9(17�,1,7�UHTXLUHV�WZR�DUJXPHQWV�

g $Q�DSSOLFDWLRQ�VSHFLILF�UHTXHVW�KDQGOH�WR�SDVV�WR�WKH�HYHQW�PDQDJHU�
g $�OLVW�RI�HYHQWV�WR�EH�QRWLILHG�DERXW��HQFORVHG�LQ�SDUHQWKHVHV�

7KH�DSSOLFDWLRQ�VSHFLILF�UHTXHVW�KDQGOH�LV�XVHG�E\�WKH�DSSOLFDWLRQ�LQ�D�VXEVHTXHQW�(9(17�
:$,7�VWDWHPHQW�WR�LQGLFDWH�D�UHDGLQHVV�WR�UHFHLYH�HYHQW�QRWLILFDWLRQ��7KH�UHTXHVW�KDQGOH�LV�
XVHG�E\�WKH�HYHQW�PDQDJHU�WR�GHWHUPLQH�ZKHUH�WR�VHQG�QRWLILFDWLRQ�DERXW�SDUWLFXODU�HYHQWV�
WR�ZDNH�XS�D�VOHHSLQJ�DSSOLFDWLRQ�VR�WKDW�LW�FDQ�UHVSRQG�WR�WKHP�

7KH�OLVW�RI�HYHQW�QDPHV�LQ�SDUHQWKHVHV�PXVW�PDWFK�HYHQW�QDPHV�SRVWHG�E\�WULJJHUV�RU�VWRUHG�
SURFHGXUHV��RU�QRWLILFDWLRQ�FDQQRW�RFFXU�

7R�UHJLVWHU�LQWHUHVW�LQ�D�VLQJOH�HYHQW��XVH�WKH�IROORZLQJ�(9(17�,1,7�V\QWD[�

EXEC SQL

EVENT INIT request_name (event_name);

HYHQWBQDPH�FDQ�EH�XS�WR����FKDUDFWHUV�LQ�VL]H��DQG�FDQ�EH�SDVVHG�DV�D�FRQVWDQW�VWULQJ�LQ�TXRWHV��
RU�DV�D�KRVW�ODQJXDJH�YDULDEOH�

)RU�H[DPSOH��WKH�IROORZLQJ�DSSOLFDWLRQ�FRGH�FUHDWHV�D�UHTXHVW�QDPHG�5(6321'B1(:�WKDW�
UHJLVWHUV�LQWHUHVW�LQ�WKH�´QHZBRUGHUµ�HYHQW�

EXEC SQL

EVENT INIT RESPOND_NEW ("new_order");

7KH�QH[W�H[DPSOH�LOOXVWUDWHV�KRZ�5(6321'B1(:�PLJKW�EH�LQLWLDOL]HG�XVLQJ�D�KRVW�ODQJXDJH�
YDULDEOH��P\HYHQW��WR�VSHFLI\�WKH�QDPH�RI�DQ�HYHQW�

EXEC SQL

EVENT INIT RESPOND_NEW (:myevent);

$IWHU�DQ�DSSOLFDWLRQ�UHJLVWHUV�LQWHUHVW�LQ�DQ�HYHQW��LW�LV�QRW�QRWLILHG�DERXW�DQ�HYHQW�XQWLO�LW�ILUVW�
SDXVHV�H[HFXWLRQ�ZLWK�(9(17�:$,7��)RU�PRUH�LQIRUPDWLRQ�DERXW�ZDLWLQJ�IRU�HYHQWV��VHH�
´:DLWLQJ�IRU�HYHQWV�ZLWK�(9(17�:$,7µ�RQ�SDJH ����
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Note $V�DQ�DOWHUQDWLYH�WR�UHJLVWHULQJ�LQWHUHVW�LQ�DQ�HYHQW�DQG�ZDLWLQJ�IRU�WKH�HYHQW�WR�RFFXU��
DSSOLFDWLRQV�FDQ�XVH�DQ�,QWHU%DVH�$3,�FDOO�WR�UHJLVWHU�LQWHUHVW�LQ�DQ�HYHQW��DQG�LGHQWLI\�DQ�
DV\QFKURQRXV�WUDS��$67��IXQFWLRQ�WR�UHFHLYH�HYHQW�QRWLILFDWLRQ��7KLV�PHWKRG�HQDEOHV�DQ�
DSSOLFDWLRQ�WR�FRQWLQXH�RWKHU�SURFHVVLQJ�LQVWHDG�RI�ZDLWLQJ�IRU�DQ�HYHQW�WR�RFFXU��)RU�PRUH�
LQIRUPDWLRQ�DERXW�SURJUDPPLQJ�HYHQWV�ZLWK�WKH�,QWHU%DVH�$3,��VHH�WKH�$3,�*XLGH�

Registering interest in multiple events
2IWHQ��DQ�DSSOLFDWLRQ�PD\�EH�LQWHUHVWHG�LQ�VHYHUDO�GLIIHUHQW�HYHQWV�HYHQ�WKRXJK�LW�FDQ�RQO\�
ZDLW�RQ�D�VLQJOH�UHTXHVW�KDQGOH�DW�D�WLPH��(9(17�,1,7�HQDEOHV�DQ�DSSOLFDWLRQ�WR�VSHFLI\�D�OLVW�
RI�HYHQW�QDPHV�LQ�SDUHQWKHVHV��XVLQJ�WKH�IROORZLQJ�V\QWD[�

EXEC SQL

EVENT INIT request_name (event_name [event_name ...]);

(DFK�HYHQWBQDPH�FDQ�EH�XS�WR����FKDUDFWHUV�LQ�VL]H��DQG�VKRXOG�FRUUHVSRQG�WR�HYHQW�QDPHV�
SRVWHG�E\�WULJJHUV�RU�VWRUHG�SURFHGXUHV��RU�QRWLILFDWLRQ�PD\�QHYHU�RFFXU��)RU�H[DPSOH��WKH�
IROORZLQJ�DSSOLFDWLRQ�FRGH�FUHDWHV�D�UHTXHVW�QDPHG�5(6321'B0$1<�WKDW�UHJLVWHUV�LQWHUHVW�
LQ�WKUHH�HYHQWV��´QHZBRUGHU�µ�´FKDQJHBRUGHU�µ�DQG�´FDQFHOBRUGHUµ�

EXEC SQL

EVENT INIT RESPOND_MANY ("new_order", "change_order",

"cancel_order");

Note $Q�DSSOLFDWLRQ�FDQ�DOVR�UHJLVWHU�LQWHUHVW�LQ�PXOWLSOH�HYHQWV�E\�XVLQJ�D�VHSDUDWH�(9(17�
,1,7�VWDWHPHQW�ZLWK�D�XQLTXH�UHTXHVW�KDQGOH�IRU�D�VLQJOH�HYHQW�RU�JURXSV�RI�HYHQWV��EXW�LW�FDQ�
RQO\�ZDLW�RQ�RQH�UHTXHVW�KDQGOH�DW�D�WLPH�

Waiting for events with EVENT WAIT

(YHQ�DIWHU�DQ�DSSOLFDWLRQ�UHJLVWHUV�LQWHUHVW�LQ�DQ�HYHQW��LW�GRHV�QRW�UHFHLYH�QRWLILFDWLRQ�DERXW�
WKDW�HYHQW��%HIRUH�LW�FDQ�UHFHLYH�QRWLILFDWLRQ��LW�PXVW�XVH�WKH�(9(17�:$,7�VWDWHPHQW�WR�
LQGLFDWH�LWV�UHDGLQHVV�WR�WKH�HYHQW�PDQDJHU��DQG�WR�VXVSHQG�LWV�SURFHVVLQJ�XQWLO�QRWLILFDWLRQ�
RFFXUV�

7R�VLJQDO�WKH�HYHQW�PDQDJHU�DQG�VXVSHQG�DQ�DSSOLFDWLRQ·V�SURFHVVLQJ��XVH�WKH�IROORZLQJ�
(9(17�:$,7�VWDWHPHQW�V\QWD[�

EXEC SQL

EVENT WAIT request_name;
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UHTXHVWBQDPH�PXVW�EH�WKH�QDPH�RI�D�UHTXHVW�KDQGOH�GHFODUHG�LQ�D�SUHYLRXV�(9(17�,1,7�
VWDWHPHQW�

7KH�IROORZLQJ�VWDWHPHQWV�UHJLVWHU�LQWHUHVW�LQ�DQ�HYHQW��DQG�ZDLW�IRU�HYHQW�QRWLILFDWLRQ�

EXEC SQL

EVENT INIT RESPOND_NEW ("new_order");

EXEC SQL

EVENT WAIT RESPOND_NEW;

2QFH�(9(17�:$,7�LV�H[HFXWHG��DSSOLFDWLRQ�SURFHVVLQJ�VWRSV�XQWLO�WKH�HYHQW�PDQDJHU�VHQGV�
D�QRWLILFDWLRQ�PHVVDJH�WR�WKH�DSSOLFDWLRQ�

Note $Q�DSSOLFDWLRQ�FDQ�FRQWDLQ�PRUH�WKDQ�RQH�(9(17�:$,7�VWDWHPHQW��EXW�DOO�SURFHVVLQJ�
VWRSV�ZKHQ�WKH�ILUVW�VWDWHPHQW�LV�HQFRXQWHUHG��(DFK�WLPH�SURFHVVLQJ�UHVWDUWV��LW�VWRSV�ZKHQ�LW�
HQFRXQWHUV�WKH�QH[W�(9(17�:$,7�VWDWHPHQW�

,I�RQH�HYHQW�RFFXUV�ZKLOH�DQ�DSSOLFDWLRQ�LV�SURFHVVLQJ�DQRWKHU��WKH�HYHQW�PDQDJHU�VHQGV�
QRWLILFDWLRQ�WKH�QH[W�WLPH�WKH�DSSOLFDWLRQ�UHWXUQV�WR�D�ZDLW�VWDWH�

Responding to events
:KHQ�HYHQW�QRWLILFDWLRQ�RFFXUV��D�VXVSHQGHG�DSSOLFDWLRQ�UHVXPHV�QRUPDO�SURFHVVLQJ�DW�WKH�
QH[W�VWDWHPHQW�IROORZLQJ�(9(17�:$,7��

,I�DQ�DSSOLFDWLRQ�KDV�UHJLVWHUHG�LQWHUHVW�LQ�PRUH�WKDQ�RQH�HYHQW�ZLWK�D�VLQJOH�(9(17�,1,7�FDOO��
WKHQ�WKH�DSSOLFDWLRQ�PXVW�GHWHUPLQH�ZKLFK�HYHQW�RFFXUUHG�E\�H[DPLQLQJ�WKH�HYHQW�DUUD\��
isc_event[]��7KH�HYHQW�DUUD\�LV�DXWRPDWLFDOO\�FUHDWHG�IRU�DQ�DSSOLFDWLRQ�GXULQJ�SUHSURFHVVLQJ��
(DFK�HOHPHQW�LQ�WKH�DUUD\�FRUUHVSRQGV�WR�DQ�HYHQW�QDPH�SDVVHG�DV�DQ�DUJXPHQW�WR�(9(17�
,1,7��7KH�YDOXH�RI�HDFK�HOHPHQW�LV�WKH�QXPEHU�RI�WLPHV�WKDW�HYHQW�RFFXUUHG�VLQFH�H[HFXWLRQ�
RI�WKH�ODVW�(9(17�:$,7�VWDWHPHQW�ZLWK�WKH�VDPH�UHTXHVW�KDQGOH�

,Q�WKH�IROORZLQJ�FRGH��DQ�DSSOLFDWLRQ�UHJLVWHUV�LQWHUHVW�LQ�WKUHH�HYHQWV��WKHQ�VXVSHQGV�
RSHUDWLRQ�SHQGLQJ�HYHQW�QRWLILFDWLRQ�

EXEC SQL

EVENT INIT RESPOND_MANY ("new_order", "change_order",

"cancel_order");

EXEC SQL

EVENT WAIT RESPOND_MANY;

:KHQ�DQ\�RI�WKH�´QHZBRUGHU�µ�´FKDQJHBRUGHU�µ�RU�´FDQFHOBRUGHUµ�HYHQWV�DUH�SRVWHG�DQG�
WKHLU�FRQWUROOLQJ�WUDQVDFWLRQV�FRPPLW��WKH�HYHQW�PDQDJHU�QRWLILHV�WKH�DSSOLFDWLRQ�DQG�
SURFHVVLQJ�UHVXPHV��7KH�IROORZLQJ�FRGH�LOOXVWUDWHV�KRZ�DQ�DSSOLFDWLRQ�PLJKW�WHVW�ZKLFK�HYHQW�
RFFXUUHG�
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for (i = 0; i < 3; i++)

{

if (isc_$event[i] > 0)

{

/* this event occurred, so process it */

. . .

}

}
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CHAPTER

13
Chapter 13Error Handling and Recovery

$OO�64/�DSSOLFDWLRQV�VKRXOG�LQFOXGH�PHFKDQLVPV�IRU�WUDSSLQJ��UHVSRQGLQJ�WR��DQG�UHFRYHULQJ�
IURP�UXQ�WLPH�HUURUV��WKH�HUURUV�WKDW�FDQ�RFFXU�ZKHQ�VRPHRQH�XVHV�DQ�DSSOLFDWLRQ��7KLV�FKDSWHU�
GHVFULEHV�ERWK�VWDQGDUG��SRUWDEOH�64/�PHWKRGV�IRU�KDQGOLQJ�HUURUV��DQG�DGGLWLRQDO�HUURU�
KDQGOLQJ�VSHFLILF�WR�,QWHU%DVH�

Standard error handling
(YHU\�WLPH�DQ�64/�VWDWHPHQW�LV�H[HFXWHG��LW�UHWXUQV�D�VWDWXV�LQGLFDWRU�LQ�WKH�64/&2'(�
YDULDEOH��ZKLFK�LV�GHFODUHG�DXWRPDWLFDOO\�IRU�64/�SURJUDPV�GXULQJ�SUHSURFHVVLQJ�ZLWK�gpre��
7KH�IROORZLQJ�WDEOH�VXPPDUL]HV�SRVVLEOH�64/&2'(�YDOXHV�DQG�WKHLU�PHDQLQJV�

Value Meaning

0 Success.

1–99 Warning or informational message.

100 End of file (no more data).

< 0 Error. Statement failed to complete.

TABLE 13.1 Possible SQLCODE values
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7R�WUDS�DQG�UHVSRQG�WR�UXQ�WLPH�HUURUV��64/&2'(�VKRXOG�EH�FKHFNHG�DIWHU�HDFK�64/�
RSHUDWLRQ��7KHUH�DUH�WKUHH�ZD\V�WR�H[DPLQH�64/&2'(�DQG�UHVSRQG�WR�HUURUV�

g 8VH�:+(1(9(5�VWDWHPHQWV�WR�DXWRPDWH�FKHFNLQJ�64/&2'(�DQG�KDQGOH�HUURUV�ZKHQ�WKH\�
RFFXU�

g 7HVW�64/&2'(�GLUHFWO\�DIWHU�LQGLYLGXDO�64/�VWDWHPHQWV�
g 8VH�D�MXGLFLRXV�FRPELQDWLRQ�RI�:+(1(9(5�VWDWHPHQWV�DQG�GLUHFW�WHVWLQJ�

(DFK�PHWKRG�KDV�DGYDQWDJHV�DQG�GLVDGYDQWDJHV��GHVFULEHG�IXOO\�LQ�WKH�UHPDLQGHU�RI�WKLV�
FKDSWHU�

WHENEVER statements
7KH�:+(1(9(5�VWDWHPHQW�HQDEOHV�DOO�64/�HUURUV�WR�EH�KDQGOHG�ZLWK�D�PLQLPXP�RI�FRGLQJ��
:+(1(9(5�VWDWHPHQWV�VSHFLI\�HUURU�KDQGOLQJ�FRGH�WKDW�D�SURJUDP�VKRXOG�H[HFXWH�ZKHQ�
64/&2'(�LQGLFDWHV�HUURUV��ZDUQLQJV��RU�HQG�RI�ILOH��7KH�V\QWD[�RI�:+(1(9(5�LV�

EXEC SQL

WHENEVER {SQLERROR | SQLWARNING | NOT FOUND}

 {GOTO label | CONTINUE};

$IWHU�:+(1(9(5�DSSHDUV�LQ�D�SURJUDP��DOO�VXEVHTXHQW�64/�VWDWHPHQWV�DXWRPDWLFDOO\�MXPS�
WR�WKH�VSHFLILHG�FRGH�ORFDWLRQ�LGHQWLILHG�E\�ODEHO�ZKHQ�WKH�DSSURSULDWH�HUURU�RU�ZDUQLQJ�
RFFXUV�

%HFDXVH�WKH\�DIIHFW�DOO�VXEVHTXHQW�VWDWHPHQWV��:+(1(9(5�VWDWHPHQWV�DUH�XVXDOO\�HPEHGGHG�
QHDU�WKH�VWDUW�RI�D�SURJUDP��)RU�H[DPSOH��WKH�ILUVW�VWDWHPHQW�LQ�WKH�IROORZLQJ�&�FRGH·V�main()�
IXQFWLRQ�LV�D�:+(1(9(5�WKDW�WUDSV�64/�HUURUV�

main()

{

EXEC SQL

WHENEVER SQLERROR GOTO ErrorExit;

. . .

Error Exit:

if (SQLCODE)

{

print_error();

EXEC SQL

ROLLBACK;

EXEC SQL

DISCONNECT;

exit(1);

}
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}

. . .

print_error()

{

printf("Database error, SQLCODE = %d\n", SQLCODE);

}

8S�WR�WKUHH�:+(1(9(5�VWDWHPHQWV�FDQ�EH�DFWLYH�DW�DQ\�WLPH�
g :+(1(9(5�64/(5525�LV�DFWLYDWHG�ZKHQ�64/&2'(�LV�OHVV�WKDQ�]HUR��LQGLFDWLQJ�WKDW�D�
VWDWHPHQW�IDLOHG�

g :+(1(9(5�64/:$51,1*�LV�DFWLYDWHG�ZKHQ�64/&2'(�FRQWDLQV�D�YDOXH�IURP���WR�����
LQFOXVLYH��LQGLFDWLQJ�WKDW�ZKLOH�D�VWDWHPHQW�H[HFXWHG��WKHUH�LV�VRPH�TXHVWLRQ�DERXW�WKH�ZD\�LW�
VXFFHHGHG�

g :+(1(9(5�127�)281'�LV�DFWLYDWHG�ZKHQ�64/&2'(�LV������LQGLFDWLQJ�WKDW�HQG�RI�ILOH�ZDV�
UHDFKHG�GXULQJ�D�)(7&+�RU�6(/(&7�

2PLWWLQJ�D�VWDWHPHQW�IRU�D�SDUWLFXODU�FRQGLWLRQ�PHDQV�LW�LV�QRW�WUDSSHG��HYHQ�LI�LW�RFFXUV��)RU�
H[DPSOH��LI�:+(1(9(5�127�)281'�LV�OHIW�RXW�RI�D�SURJUDP��WKHQ�ZKHQ�D�)(7&+�RU�
6(/(&7�HQFRXQWHUV�WKH�HQG�RI�ILOH��64/&2'(�LV�VHW�WR������EXW�SURJUDP�H[HFXWLRQ�FRQWLQXHV�
DV�LI�QR�HUURU�FRQGLWLRQ�KDV�RFFXUUHG�

(UURU�FRQGLWLRQV�DOVR�FDQ�EH�RYHUORRNHG�E\�XVLQJ�WKH�&217,18(�VWDWHPHQW�LQVLGH�D�
:+(1(9(5�VWDWHPHQW�

. . .

EXEC SQL

WHENEVER SQLWARNING

CONTINUE;

. . .

7KLV�FRGH�WUDSV�64/&2'(�ZDUQLQJ�YDOXHV��EXW�LJQRUHV�WKHP��2UGLQDULO\��ZDUQLQJV�VKRXOG�EH�
LQYHVWLJDWHG��QRW�LJQRUHG�

,03257$17 8VH�:+(1(9(5�64/(5525�&217,18(�DW�WKH�VWDUW�RI�HUURU�KDQGOLQJ�URXWLQHV�WR�GLVDEOH�
HUURU�KDQGOLQJ�WHPSRUDULO\��2WKHUZLVH��WKHUH�LV�D�SRVVLELOLW\�RI�DQ�LQILQLWH�ORRS��VKRXOG�
DQRWKHU�HUURU�RFFXU�LQ�WKH�KDQGOHU�LWVHOI��WKH�URXWLQH�ZLOO�FDOO�LWVHOI�DJDLQ�

SCOPE OF WHENEVER STATEMENTS

:+(1(9(5�RQO\�DIIHFWV�DOO�VXEVHTXHQW�64/�VWDWHPHQWV�LQ�WKH�PRGXOH��RU�VRXUFH�FRGH�ILOH��
ZKHUH�LW�LV�GHILQHG��,Q�SURJUDPV�ZLWK�PXOWLSOH�VRXUFH�FRGH�ILOHV��HDFK�PRGXOH�PXVW�GHILQH�LWV�
RZQ�:+(1(9(5�VWDWHPHQWV�
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CHANGING ERROR-HANDLING ROUTINES

7R�VZLWFK�WR�DQRWKHU�HUURU�KDQGOLQJ�URXWLQH�IRU�D�SDUWLFXODU�HUURU�FRQGLWLRQ��HPEHG�DQRWKHU�
:+(1(9(5�VWDWHPHQW�LQ�WKH�SURJUDP�DW�WKH�SRLQW�ZKHUH�HUURU�KDQGOLQJ�VKRXOG�EH�FKDQJHG��
7KH�QHZ�DVVLJQPHQW�RYHUULGHV�DQ\�SUHYLRXV�DVVLJQPHQW��DQG�UHPDLQV�LQ�HIIHFW�XQWLO�
RYHUULGGHQ�LWVHOI��)RU�H[DPSOH��WKH�IROORZLQJ�SURJUDP�IUDJPHQW�VHWV�DQ�LQLWLDO�MXPS�SRLQW�IRU�
64/(5525�FRQGLWLRQV�WR�(UURU([LW���WKHQ�UHVHWV�LW�WR�(UURU([LW��

EXEC SQL

WHENEVER SQLERROR

GOTO ErrorExit1;

. . .

EXEC SQL

WHENEVER SQLERROR

GOTO ErrorExit2;

. . .

LIMITATIONS OF WHENEVER STATEMENTS

7KHUH�DUH�WZR�OLPLWDWLRQV�WR�:+(1(9(5��,W�
g 7UDSV�HUURUV�LQGLVFULPLQDWHO\��)RU�H[DPSOH��:+(1(9(5�64/(5525�WUDSV�ERWK�PLVVLQJ�
GDWDEDVHV�DQG�GDWD�HQWU\�WKDW�YLRODWHV�D�&+(&.�FRQVWUDLQW��DQG�MXPSV�WR�D�VLQJOH�
HUURU�KDQGOLQJ�URXWLQH��:KLOH�D�PLVVLQJ�GDWDEDVH�LV�D�VHYHUH�HUURU�WKDW�PD\�UHTXLUH�DFWLRQ�
RXWVLGH�WKH�FRQWH[W�RI�WKH�FXUUHQW�SURJUDP��LQYDOLG�GDWD�HQWU\�PD\�EH�WKH�UHVXOW�RI�D�W\SLQJ�
PLVWDNH�WKDW�FRXOG�EH�IL[HG�E\�UHHQWHULQJ�WKH�GDWD��

g'RHV�QRW�HDVLO\�HQDEOH�D�SURJUDP�WR�UHVXPH�SURFHVVLQJ�DW�WKH�SRLQW�ZKHUH�WKH�HUURU�RFFXUUHG��
)RU�H[DPSOH��D�VLQJOH�:+(1(9(5�64/(5525�FDQ�WUDS�GDWD�HQWU\�WKDW�YLRODWHV�D�&+(&.�
FRQVWUDLQW�DW�VHYHUDO�SRLQWV�LQ�D�SURJUDP��EXW�MXPSV�WR�D�VLQJOH�HUURU�KDQGOLQJ�URXWLQH��,W�
PLJKW�EH�KHOSIXO�WR�DOORZ�WKH�XVHU�WR�UHHQWHU�GDWD�LQ�WKHVH�FDVHV��EXW�WKH�HUURU�URXWLQH�FDQQRW�
GHWHUPLQH�ZKHUH�WR�MXPS�WR�UHVXPH�SURJUDP�SURFHVVLQJ�

(UURU�KDQGOLQJ�URXWLQHV�FDQ�EH�YHU\�VRSKLVWLFDWHG��)RU�H[DPSOH��LQ�&�RU�&����D�URXWLQH�PLJKW�
XVH�D�ODUJH�case�VWDWHPHQW�WR�H[DPLQH�64/&2'(�GLUHFWO\�DQG�UHVSRQG�GLIIHUHQWO\�WR�GLIIHUHQW�
YDOXHV��(YHQ�VR��FUHDWLQJ�D�VRSKLVWLFDWHG�URXWLQH�WKDW�FDQ�UHVXPH�SURFHVVLQJ�DW�WKH�SRLQW�
ZKHUH�DQ�HUURU�RFFXUUHG�LV�GLIILFXOW��7R�UHVXPH�SURFHVVLQJ�DIWHU�HUURU�UHFRYHU\��FRQVLGHU�
WHVWLQJ�64/&2'(�GLUHFWO\�DIWHU�HDFK�64/�VWDWHPHQW��RU�FRQVLGHU�XVLQJ�D�FRPELQDWLRQ�RI�
HUURU�KDQGOLQJ�PHWKRGV�

Testing SQLCODE directly
$�SURJUDP�FDQ�WHVW�64/&2'(�GLUHFWO\�DIWHU�HDFK�64/�VWDWHPHQW�LQVWHDG�RI�UHO\LQJ�RQ�
:+(1(9(5�WR�WUDS�DQG�KDQGOH�DOO�HUURUV��7KH�PDLQ�DGYDQWDJH�WR�WHVWLQJ�64/&2'(�GLUHFWO\�
LV�WKDW�FXVWRP�HUURU�KDQGOLQJ�URXWLQHV�FDQ�EH�GHVLJQHG�IRU�SDUWLFXODU�VLWXDWLRQV�
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)RU�H[DPSOH��WKH�IROORZLQJ�&�FRGH�IUDJPHQW�FKHFNV�LI�64/&2'(�LV�QRW�]HUR�DIWHU�D�6(/(&7�
VWDWHPHQW�FRPSOHWHV��,I�VR��DQ�HUURU�KDV�RFFXUUHG��VR�WKH�VWDWHPHQWV�LQVLGH�WKH�if�FODXVH�DUH�
H[HFXWHG��7KHVH�VWDWHPHQWV�WHVW�64/&2'(�IRU�WZR�VSHFLILF�YDOXHV��
²���DQG������KDQGOLQJ�HDFK�GLIIHUHQWO\��,I�64/&2'(�LV�VHW�WR�DQ\�RWKHU�HUURU�YDOXH��D�JHQHULF�
HUURU�PHVVDJH�LV�GLVSOD\HG�DQG�WKH�SURJUDP�LV�HQGHG�JUDFHIXOO\�

EXEC SQL

SELECT CITY INTO :city FROM STATES

WHERE STATE = :stat:statind;

if (SQLCODE)

{

if (SQLCODE == –1)

printf("too many records found\n");

else if (SQLCODE == 100)

printf("no records found\n");

else

{

printf("Database error, SQLCODE = %d\n", SQLCODE);

EXEC SQL

ROLLBACK;

EXEC SQL

DISCONNECT;

exit(1);

}

}

printf("found city named %s\n", city);

EXEC SQL

COMMIT;

EXEC SQL

DISCONNECT;

7KH�GLVDGYDQWDJH�WR�FKHFNLQJ�64/&2'(�GLUHFWO\�LV�WKDW�LW�UHTXLUHV�PDQ\�OLQHV�RI�H[WUD�FRGH�
MXVW�WR�VHH�LI�DQ�HUURU�RFFXUUHG��2Q�WKH�RWKHU�KDQG��LW�HQDEOHV�HUURUV�WR�EH�KDQGOHG�ZLWK�
IXQFWLRQ�FDOOV��DV�WKH�IROORZLQJ�&�FRGH�LOOXVWUDWHV�

EXEC SQL

SELECT CITY INTO :city FROM STATES

WHERE STATE = :stat:statind;

switch (SQLCODE)

{

case 0:

break; /* NO ERROR */

case –1
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ErrorTooMany();

break;

case 100:

ErrorNotFound();

break;

default:

ErrorExit(); /* Handle all other errors */

break;

}

. . .

8VLQJ�IXQFWLRQ�FDOOV�IRU�HUURU�KDQGOLQJ�HQDEOHV�SURJUDPV�WR�UHVXPH�H[HFXWLRQ�LI�HUURUV�FDQ�
EH�FRUUHFWHG�

Combining error-handling techniques
(UURU�KDQGOLQJ�LQ�PDQ\�SURJUDPV�FDQ�EHQHILW�IURP�FRPELQLQJ�:+(1(9(5�ZLWK�GLUHFW�
FKHFNLQJ�RI�64/&2'(��$�SURJUDP�PLJKW�LQFOXGH�JHQHULF�:+(1(9(5�VWDWHPHQWV�IRU�
KDQGOLQJ�PRVW�64/�HUURU�FRQGLWLRQV��EXW�IRU�FULWLFDO�RSHUDWLRQV��:+(1(9(5�VWDWHPHQWV�
PLJKW�EH�WHPSRUDULO\�RYHUULGGHQ�WR�HQDEOH�GLUHFW�FKHFNLQJ�RI�64/&2'(�

)RU�H[DPSOH��WKH�IROORZLQJ�&�FRGH�
g 6HWV�XS�JHQHULF�HUURU�KDQGOLQJ�ZLWK�WKUHH�:+(1(9(5�VWDWHPHQWV�
g2YHUULGHV�WKH�:+(1(9(5�64/(5525�VWDWHPHQW�WR�IRUFH�SURJUDP�FRQWLQXDWLRQ�XVLQJ�WKH�
&217,18(�FODXVH�

g &KHFNV�64/&2'(�GLUHFWO\�
g2YHUULGHV�:+(1(9(5�64/(5525�DJDLQ�WR�UHVHW�LW�

main()

{

EXEC SQL

WHENEVER SQLERROR GOTO ErrorExit; /* trap all errors */

EXEC SQL

WHENEVER SQLWARNING GOTO WarningExit; /* trap warnings */

EXEC SQL

WHENEVER NOT FOUND GOTO AllDone; /* trap end of file */

. . .

EXEC SQL

WHENEVER SQLERROR CONTINUE; /* prevent trapping of errors */

EXEC SQL

SELECT CITY INTO :city FROM STATES

WHERE STATE = :stat:statind;
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switch (SQLCODE)

{

case 0:

break; /* NO ERROR */

case –1

ErrorTooMany();

break;

case 100:

ErrorNotFound();

break;

default:

ErrorExitFunction(); /* Handle all other errors */

break;

}

EXEC SQL

WHENEVER SQLERROR GOTO ErrorExit; /* reset to trap all errors */

. . .

}

Guidelines for error handling
7KH�IROORZLQJ�JXLGHOLQHV�DSSO\�WR�DOO�HUURU�KDQGOLQJ�URXWLQHV�LQ�D�SURJUDP�

USING SQL AND HOST-LANGUAGE STATEMENTS

$OO�64/�VWDWHPHQWV�DQG�,QWHU%DVH�IXQFWLRQV�FDQ�EH�XVHG�LQ�HUURU�KDQGOLQJ�URXWLQHV��H[FHSW�
IRU�&211(&7��

$Q\�KRVW�ODQJXDJH�VWDWHPHQWV�DQG�IXQFWLRQV�FDQ�DSSHDU�LQ�DQ�HUURU�KDQGOLQJ�URXWLQH�ZLWKRXW�
UHVWULFWLRQ�

,03257$17 8VH�:+(1(9(5�64/(5525�&217,18(�DW�WKH�VWDUW�RI�HUURU�KDQGOLQJ�URXWLQHV�WR�GLVDEOH�
HUURU�KDQGOLQJ�WHPSRUDULO\��2WKHUZLVH��WKHUH�LV�D�SRVVLELOLW\�RI�DQ�LQILQLWH�ORRS��VKRXOG�
DQRWKHU�HUURU�RFFXU�LQ�WKH�KDQGOHU�LWVHOI��WKH�URXWLQH�ZLOO�FDOO�LWVHOI�DJDLQ�

NESTING ERROR-HANDLING ROUTINES

$OWKRXJK�HUURU�KDQGOLQJ�URXWLQHV�FDQ�EH�QHVWHG�RU�FDOOHG�UHFXUVLYHO\��WKLV�SUDFWLFH�LV�QRW�
UHFRPPHQGHG�XQOHVV�WKH�SURJUDP�SUHVHUYHV�WKH�RULJLQDO�FRQWHQWV�RI�64/&2'(�DQG�WKH�
,QWHU%DVH�HUURU�VWDWXV�DUUD\�
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HANDLING UNEXPECTED AND UNRECOVERABLE ERRORS

(YHQ�LI�DQ�HUURU�KDQGOLQJ�URXWLQH�FDWFKHV�DQG�KDQGOHV�UHFRYHUDEOH�HUURUV��LW�VKRXOG�DOZD\V�
FRQWDLQ�VWDWHPHQWV�WR�KDQGOH�XQH[SHFWHG�RU�XQUHFRYHUDEOH�HUURUV�

7KH�IROORZLQJ�FRGH�KDQGOHV�XQUHFRYHUDEOH�HUURUV�

. . .

isc_print_sqlerr(SQLCODE, isc_status);

EXEC SQL

ROLLBACK;

EXEC SQL

DISCONNECT;

exit(1);

PORTABILITY

)RU�SRUWDELOLW\�DPRQJ�GLIIHUHQW�64/�LPSOHPHQWDWLRQV��64/�SURJUDPV�VKRXOG�OLPLW�HUURU�
KDQGOLQJ�WR�:+(1(9(5�VWDWHPHQWV�RU�GLUHFW�H[DPLQDWLRQ�RI�64/&2'(�YDOXHV�

,QWHU%DVH�LQWHUQDO�HUURU�UHFRJQLWLRQ�RFFXUV�DW�D�ILQHU�OHYHO�RI�JUDQXODULW\�WKDQ�64/&2'(�
UHSUHVHQWDWLRQ�SHUPLWV��$�VLQJOH�64/&2'(�YDOXH�FDQ�UHSUHVHQW�PDQ\�GLIIHUHQW�LQWHUQDO�
,QWHU%DVH�HUURUV��:KHUH�SRUWDELOLW\�LV�QRW�DQ�LVVXH��LW�PD\�EH�GHVLUDEOH�WR�SHUIRUP�DGGLWLRQDO�
,QWHU%DVH�HUURU�KDQGOLQJ��7KH�UHPDLQGHU�RI�WKLV�FKDSWHU�H[SODLQV�KRZ�WR�XVH�WKHVH�DGGLWLRQDO�
IHDWXUHV�

Additional InterBase error handling
7KH�VDPH�64/&2'(�YDOXH�FDQ�EH�UHWXUQHG�E\�PXOWLSOH�,QWHU%DVH�HUURUV��)RU�H[DPSOH��WKH�
64/&2'(�YDOXH��²�����LV�JHQHUDWHG�LQ�UHVSRQVH�WR�PDQ\�GLIIHUHQW�,QWHU%DVH�HUURUV��:KHQ�
SRUWDELOLW\�WR�RWKHU�YHQGRUV·�64/�LPSOHPHQWDWLRQV�LV�QRW�UHTXLUHG��64/�SURJUDPV�FDQ�
VRPHWLPHV�H[DPLQH�WKH�,QWHU%DVH�HUURU�VWDWXV�DUUD\��LVFBVWDWXV��IRU�PRUH�VSHFLILF�HUURU�
LQIRUPDWLRQ�

LVFBVWDWXV�LV�DQ�DUUD\�RI�WZHQW\�HOHPHQWV�RI�W\SH�,6&B67$786��,W�LV�GHFODUHG�DXWRPDWLFDOO\�IRU�
SURJUDPV�ZKHQ�WKH\�DUH�SUHSURFHVVHG�ZLWK�gpre��7ZR�NLQGV�RI�,QWHU%DVH�HUURU�LQIRUPDWLRQ�
DUH�UHSRUWHG�LQ�WKH�VWDWXV�DUUD\�

g ,QWHU%DVH�HUURU�PHVVDJH�FRPSRQHQWV�
g ,QWHU%DVH�HUURU�QXPEHUV�

$V�ORQJ�DV�WKH�FXUUHQW�64/&2'(�YDOXH�LV�QRW�²������RU������HUURU�KDQGOLQJ�URXWLQHV�WKDW�
H[DPLQH�WKH�HUURU�VWDWXV�DUUD\�FDQ�GR�DQ\�RI�WKH�IROORZLQJ�

g'LVSOD\�64/�DQG�,QWHU%DVH�HUURU�PHVVDJHV�
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g &DSWXUH�64/�DQG�,QWHU%DVH�HUURU�PHVVDJHV�WR�D�VWRUDJH�EXIIHU�IRU�IXUWKHU�PDQLSXODWLRQ�
g 7UDS�IRU�DQG�UHVSRQG�WR�SDUWLFXODU�,QWHU%DVH�HUURU�FRGHV�

7KH�,QWHU%DVH�HUURU�VWDWXV�DUUD\�LV�XVXDOO\�H[DPLQHG�RQO\�DIWHU�WUDSSLQJ�HUURUV�ZLWK�
:+(1(9(5�RU�WHVWLQJ�64/&2'(�GLUHFWO\��

Displaying error messages
,I�64/&2'(�LV�OHVV�WKDQ�²���DGGLWLRQDO�,QWHU%DVH�HUURU�LQIRUPDWLRQ�FDQ�EH�GLVSOD\HG�XVLQJ�
WKH�,QWHU%DVH�isc_print_sqlerror()�IXQFWLRQ�LQVLGH�DQ�HUURU�KDQGOLQJ�URXWLQH��'XULQJ�
SUHSURFHVVLQJ�ZLWK�gpre��WKLV�IXQFWLRQ�LV�DXWRPDWLFDOO\�GHFODUHG�IRU�,QWHU%DVH�DSSOLFDWLRQV�

isc_print_sqlerror()�GLVSOD\V�WKH�64/&2'(�YDOXH��D�UHODWHG�64/�HUURU�PHVVDJH��DQG�DQ\�
,QWHU%DVH�HUURU�PHVVDJHV�LQ�WKH�VWDWXV�DUUD\��,W�UHTXLUHV�WZR�SDUDPHWHUV��64/&2'(��DQG�D�
SRLQWHU�WR�WKH�HUURU�VWDWXV�DUUD\��isc_status��

)RU�H[DPSOH��ZKHQ�DQ�HUURU�RFFXUV��WKH�IROORZLQJ�FRGH�GLVSOD\V�WKH�YDOXH�RI�64/&2'(��
GLVSOD\V�D�FRUUHVSRQGLQJ�64/�HUURU�PHVVDJH��WKHQ�GLVSOD\V�DGGLWLRQDO�,QWHU%DVH�HUURU�
PHVVDJH�LQIRUPDWLRQ�LI�SRVVLEOH�

. . .

EXEC SQL

SELECT CITY INTO :city FROM STATES

WHERE STATE = :stat:statind;

if(SQLCODE)

{

isc_print_sqlerror(SQLCODE, isc_status);

EXEC SQL

ROLLBACK;

EXEC SQL

DISCONNECT ALL;

exit(1);

}

. . .

,03257$17 6RPH�ZLQGRZLQJ�V\VWHPV�GR�QRW�HQFRXUDJH�RU�SHUPLW�GLUHFW�VFUHHQ�ZULWHV��'R�QRW�XVH�
isc_print_sqlerror()�ZKHQ�GHYHORSLQJ�DSSOLFDWLRQV�IRU�WKHVH�HQYLURQPHQWV��,QVWHDG��XVH�
isc_sql_interprete()�DQG�isc_interprete()�WR�FDSWXUH�PHVVDJHV�WR�D�EXIIHU�IRU�GLVSOD\�
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Capturing SQL error messages
,QVWHDG�RI�GLVSOD\LQJ�64/�HUURU�PHVVDJHV��DQ�DSSOLFDWLRQ�FDQ�FDSWXUH�WKH�WH[W�RI�WKRVH�
PHVVDJHV�LQ�D�EXIIHU�E\�XVLQJ�isc_sql_interprete()��&DSWXUH�PHVVDJHV�LQ�D�EXIIHU�ZKHQ�
DSSOLFDWLRQV�

g 5XQ�XQGHU�ZLQGRZLQJ�V\VWHPV�WKDW�GR�QRW�SHUPLW�GLUHFW�ZULWLQJ�WR�WKH�VFUHHQ�
g 6WRUH�D�UHFRUG�RI�DOO�HUURU�PHVVDJHV�LQ�D�ORJ�ILOH�
g0DQLSXODWH�RU�IRUPDW�HUURU�PHVVDJHV�IRU�GLVSOD\�

*LYHQ�64/&2'(��D�SRLQWHU�WR�D�VWRUDJH�EXIIHU��DQG�WKH�PD[LPXP�VL]H�RI�WKH�EXIIHU�LQ�E\WHV��
isc_sql_interprete()�EXLOGV�DQ�64/�HUURU�PHVVDJH�VWULQJ��DQG�SXWV�WKH�IRUPDWWHG�VWULQJ�LQ�
WKH�EXIIHU�ZKHUH�LW�FDQ�EH�PDQLSXODWHG��$�EXIIHU�VL]H�RI�����E\WHV�LV�ODUJH�HQRXJK�WR�KROG�DQ\�
64/�HUURU�PHVVDJH�

)RU�H[DPSOH��WKH�IROORZLQJ�FRGH�VWRUHV�DQ�64/�HUURU�PHVVDJH�LQ�HUUBEXI��WKHQ�ZULWHV�HUUBEXI�
WR�D�ORJ�ILOH�

. . .

char err_buf[256]; /* error message buffer for isc_sql_interprete() */

FILE *efile=NULL; /* code fragment assumes pointer to an open file */

. . .

EXEC SQL

SELECT CITY INTO :city FROM STATES

WHERE STATE = :stat:statind;

if (SQLCODE)

{

isc_sql_interprete(SQLCODE, err_buf, sizeof(err_buf));

if(efile==NULL) efile=fopen("errors", "w");

fprintf(efile, "%s\n", err_buf); /* write buffer to log file */

EXEC SQL

ROLLBACK; /* undo database changes */

EXEC SQL

DISCONNECT ALL; /* close open databases */

exit(1); /* exit with error flag set */

}

. . .

isc_sql_interprete()�UHWULHYHV�DQG�IRUPDWV�D�VLQJOH�PHVVDJH�FRUUHVSRQGLQJ�WR�D�JLYHQ�
64/&2'(��:KHQ�64/&2'(�LV�OHVV�WKDQ�²���PRUH�VSHFLILF�,QWHU%DVH�HUURU�LQIRUPDWLRQ�LV�
DYDLODEOH��,W��WRR��FDQ�EH�UHWULHYHG��IRUPDWWHG��DQG�VWRUHG�LQ�D�EXIIHU�E\�XVLQJ�WKH�
isc_interprete()�IXQFWLRQ�
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Capturing InterBase error messages
7KH�WH[W�RI�,QWHU%DVH�HUURU�PHVVDJHV�FDQ�EH�FDSWXUHG�LQ�D�EXIIHU�E\�XVLQJ�isc_interprete()��
&DSWXUH�PHVVDJHV�LQ�D�EXIIHU�ZKHQ�DSSOLFDWLRQV�

g 5XQ�XQGHU�ZLQGRZLQJ�V\VWHPV�WKDW�GR�QRW�SHUPLW�GLUHFW�ZULWLQJ�WR�WKH�VFUHHQ�
g 6WRUH�D�UHFRUG�RI�DOO�HUURU�PHVVDJHV�LQ�D�ORJ�ILOH�
g0DQLSXODWH�RU�IRUPDW�HUURU�PHVVDJHV�IRU�GLVSOD\�

,03257$17 isc_interprete()�VKRXOG�QRW�EH�XVHG�XQOHVV�64/&2'(�LV�OHVV�WKDQ�²��EHFDXVH�WKH�FRQWHQWV�
RI�isc_status�PD\�QRW�FRQWDLQ�UHOLDEOH�HUURU�LQIRUPDWLRQ�LQ�WKHVH�FDVHV�

*LYHQ�ERWK�WKH�ORFDWLRQ�RI�D�VWRUDJH�EXIIHU�SUHYLRXVO\�DOORFDWHG�E\�WKH�SURJUDP��DQG�D�SRLQWHU�
WR�WKH�VWDUW�RI�WKH�VWDWXV�DUUD\��isc_interprete()�EXLOGV�DQ�HUURU�PHVVDJH�VWULQJ�IURP�WKH�
LQIRUPDWLRQ�LQ�WKH�VWDWXV�DUUD\��DQG�SXWV�WKH�IRUPDWWHG�VWULQJ�LQ�WKH�EXIIHU�ZKHUH�LW�FDQ�EH�
PDQLSXODWHG��,W�DOVR�DGYDQFHV�WKH�VWDWXV�DUUD\�SRLQWHU�WR�WKH�VWDUW�RI�WKH�QH[W�FOXVWHU�RI�
DYDLODEOH�HUURU�LQIRUPDWLRQ�

isc_interprete()�UHWULHYHV�DQG�IRUPDWV�D�VLQJOH�HUURU�PHVVDJH�HDFK�WLPH�LW�LV�FDOOHG��:KHQ�DQ�
HUURU�RFFXUV�LQ�DQ�,QWHU%DVH�SURJUDP��KRZHYHU��WKH�VWDWXV�DUUD\�PD\�FRQWDLQ�PRUH�WKDQ�RQH�
HUURU�PHVVDJH��7R�UHWULHYH�DOO�UHOHYDQW�HUURU�PHVVDJHV��HUURU�KDQGOLQJ�URXWLQHV�VKRXOG�
UHSHDWHGO\�FDOO�isc_interprete()�XQWLO�LW�UHWXUQV�QR�PRUH�PHVVDJHV�

%HFDXVH�isc_interprete()�PRGLILHV�WKH�SRLQWHU�WR�WKH�VWDWXV�DUUD\�WKDW�LW�UHFHLYHV��GR�QRW�SDVV�
LVFBVWDWXV�GLUHFWO\�WR�LW��,QVWHDG��GHFODUH�D�SRLQWHU�WR�isc_status��WKHQ�SDVV�WKH�SRLQWHU�WR�
isc_interprete()�

7KH�IROORZLQJ�&�FRGH�IUDJPHQW�LOOXVWUDWHV�KRZ�,QWHU%DVH�HUURU�PHVVDJHV�FDQ�EH�FDSWXUHG�WR�
D�ORJ�ILOH��DQG�GHPRQVWUDWHV�WKH�SURSHU�GHFODUDWLRQ�RI�D�VWULQJ�EXIIHU�DQG�SRLQWHU�WR�LVFBVWDWXV��
,W�DVVXPHV�WKH�ORJ�ILOH�LV�SURSHUO\�GHFODUHG�DQG�RSHQHG�EHIRUH�FRQWURO�LV�SDVVHG�WR�WKH�
HUURU�KDQGOLQJ�URXWLQH��,W�DOVR�GHPRQVWUDWHV�KRZ�WR�VHW�WKH�SRLQWHU�WR�WKH�VWDUW�RI�WKH�VWDWXV�
DUUD\�LQ�WKH�HUURU�KDQGOLQJ�URXWLQH�EHIRUH�isc_interprete()�LV�ILUVW�FDOOHG�

. . .

#include "ibase.h";

. . .

main()

{

char msg[512];

ISC_STATUS *vector;

FILE *efile; /* code fragment assumes pointer to an open file */

. . .

if (SQLCODE < –1)

ErrorExit();

}
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. . .

ErrorExit()

{

vector = isc_status; /* (re)set to start of status vector */

isc_interprete(msg, &vector); /* retrieve first mesage */

fprintf(efile, "%s\n", msg); /* write buffer to log file */

msg[0] = ’-’; /* append leading hyphen to secondary messages */

while (isc_interprete(msg + 1, &vector)) /* more?*/

fprintf(efile, "%s\n", msg); /* if so, write it to log */

fclose(efile); /* close log prior to quitting program */

EXEC SQL

ROLLBACK;

EXEC SQL

DISCONNECT ALL;

exit(1); /* quit program with an ’abnormal termination’ code */

}

. . .

,Q�WKLV�H[DPSOH��WKH�HUURU�KDQGOLQJ�URXWLQH�SHUIRUPV�WKH�IROORZLQJ�WDVNV�
g 6HWV�WKH�HUURU�DUUD\�SRLQWHU�WR�WKH�VWDUWLQJ�DGGUHVV�RI�WKH�VWDWXV�YHFWRU��isc_status�
g &DOOV isc_interprete()�D�VLQJOH�WLPH�WR�UHWULHYH�WKH�ILUVW�HUURU�PHVVDJH�IURP�WKH�VWDWXV�YHFWRU�
g:ULWHV�WKH�ILUVW�PHVVDJH�WR�D�ORJ�ILOH�
g0DNHV�UHSHDWHG�FDOOV�WR�isc_interprete()�ZLWKLQ�D�:+,/(�ORRS�WR�UHWULHYH�DQ\�DGGLWLRQDO�
PHVVDJHV��,I�DGGLWLRQDO�PHVVDJHV�DUH�UHWULHYHG��WKH\�DUH�DOVR�ZULWWHQ�WR�WKH�ORJ�ILOH�

g 5ROOV�EDFN�WKH�WUDQVDFWLRQ�
g &ORVHV�WKH�GDWDEDVH�DQG�UHOHDVHV�V\VWHP�UHVRXUFHV�

Handling InterBase error codes
:KHQHYHU�64/&2'(�LV�OHVV�WKDQ�²���WKH�HUURU�VWDWXV�DUUD\��LVFBVWDWXV��PD\�FRQWDLQ�GHWDLOHG�
HUURU�LQIRUPDWLRQ�VSHFLILF�WR�,QWHU%DVH��LQFOXGLQJ�HUURU�FRGHV��QXPEHUV�WKDW�XQLTXHO\�LGHQWLI\�
HDFK�HUURU��:LWK�FDUH��HUURU�KDQGOLQJ�URXWLQHV�FDQ�WUDS�IRU�DQG�UHVSRQG�WR�VSHFLILF�FRGHV�

7R�WUDS�DQG�KDQGOH�,QWHU%DVH�HUURU�FRGHV�LQ�DQ�HUURU�KDQGOLQJ�URXWLQH��IROORZ�WKHVH�VWHSV�

�� &KHFN�64/&2'(�WR�EH�VXUH�LW�LV�OHVV�WKDQ�²��

�� &KHFN�WKDW�WKH�ILUVW�HOHPHQW�RI�WKH�VWDWXV�DUUD\�LV�VHW�WR�LVFBDUJBJGV��LQGLFDWLQJ�WKDW�
DQ�,QWHU%DVH�HUURU�FRGH�LV�DYDLODEOH��,Q�&�SURJUDPV��WKH�ILUVW�HOHPHQW�RI�WKH�VWDWXV�
DUUD\�LV�LVFBVWDWXV>�@�
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'R�QRW�DWWHPSW�WR�KDQGOH�HUURUV�UHSRUWHG�LQ�WKH�VWDWXV�DUUD\�LI�WKH�ILUVW�VWDWXV�DUUD\�HOHPHQW�
FRQWDLQV�D�YDOXH�RWKHU�WKDQ���

�� ,I�64/&2'(�LV�OHVV�WKDQ�²��DQG�WKH�ILUVW�HOHPHQW�LQ�LVFBVWDWXV�LV�VHW�WR�LVFBDUJBJGV��
XVH�WKH�DFWXDO�,QWHU%DVH�HUURU�FRGH�LQ�WKH�VHFRQG�HOHPHQW�RI�LVFBVWDWXV�WR�EUDQFK�
WR�DQ�DSSURSULDWH�URXWLQH�IRU�WKDW�HUURU�

7,3 ,QWHU%DVH�HUURU�FRGHV�DUH�PDSSHG�WR�PQHPRQLF�GHILQLWLRQV��IRU�H[DPSOH��isc_arg_gds��WKDW�
FDQ�EH�XVHG�LQ�FRGH�WR�PDNH�LW�HDVLHU�WR�UHDG��XQGHUVWDQG��DQG�PDLQWDLQ��'HILQLWLRQV�IRU�DOO�
,QWHU%DVH�HUURU�FRGHV�FDQ�EH�IRXQG�LQ�WKH�LEDVH�K�ILOH�

7KH�IROORZLQJ�&�FRGH�IUDJPHQW�LOOXVWUDWHV�DQ�HUURU�KDQGOLQJ�URXWLQH�WKDW�
g'LVSOD\V�HUURU�PHVVDJHV�ZLWK�isc_print_sqlerror()�
g ,OOXVWUDWHV�KRZ�WR�SDUVH�IRU�DQG�KDQGOH�VL[�VSHFLILF�,QWHU%DVH�HUURUV�ZKLFK�PLJKW�EH�FRUUHFWHG�
XSRQ�UROO�EDFN��GDWD�HQWU\��DQG�UHWU\�

g 8VHV�PQHPRQLF�GHILQLWLRQV�IRU�,QWHU%DVH�HUURU�QXPEHUV�

. . .

int c, jval, retry_flag = 0;

jmp_buf jumper;

. . .

main()

{

. . .

jval = setjmp(jumper);

if (retry_flag)

ROLLBACK;

. . .

}

int ErrorHandler(void)

{

retry_flag = 0; /* reset to 0, no retry */

isc_print_sqlerror(SQLCODE, isc_status); /* display errors */

if (SQLCODE < –1)

{

if (isc_status[0] == isc_arg_gds)

{

switch (isc_status[1])

{

case isc_convert_error:

case isc_deadlock:

case isc_integ_fail:

case isc_lock_conflict:

case isc_no_dup:
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case isc_not_valid:

printf("\n Do you want to try again? (Y/N)");

c = getchar();

if (c == ’Y’ || c == ’y’)

{

retry_flag = 1; /* set flag to retry */

longjmp(jumper, 1);

}

break;

case isc_end_arg: /* there really isn’t an error */

retry_flag = 1; /* set flag to retry */

longjump(jumper, 1);

break;

default: /* we can’t handle everything, so abort */

break;

}

}

}

EXEC SQL

ROLLBACK;

EXEC SQL

DISCONNECT ALL;

exit(1);

}
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CHAPTER

14
Chapter 14Using Dynamic SQL

7KLV�FKDSWHU�GHVFULEHV�KRZ�WR�ZULWH�G\QDPLF�64/�DSSOLFDWLRQV��DSSOLFDWLRQV�WKDW�HOLFLW�RU�
EXLOG�64/�VWDWHPHQWV�IRU�H[HFXWLRQ�DW�UXQ�WLPH�

,Q�PDQ\�GDWDEDVH�DSSOLFDWLRQV��WKH�SURJUDPPHU�VSHFLILHV�H[DFWO\�ZKLFK�64/�VWDWHPHQWV�WR�
H[HFXWH�DJDLQVW�D�SDUWLFXODU�GDWDEDVH��:KHQ�WKH�DSSOLFDWLRQ�LV�FRPSLOHG��WKHVH�VWDWHPHQWV�
EHFRPH�IL[HG��,Q�VRPH�GDWDEDVH�DSSOLFDWLRQV��LW�LV�XVHIXO�WR�EXLOG�DQG�H[HFXWH�VWDWHPHQWV�IURP�
WH[W�VWULQJ�IUDJPHQWV�RU�IURP�VWULQJV�HOLFLWHG�IURP�WKH�XVHU�DW�UXQ�WLPH��7KHVH�DSSOLFDWLRQV�
UHTXLUH�WKH�FDSDELOLW\�WR�FUHDWH�DQG�H[HFXWH�64/�VWDWHPHQWV�G\QDPLFDOO\�DW�UXQ�WLPH��'\QDPLF�
64/��'64/��SURYLGHV�WKLV�FDSDELOLW\��)RU�H[DPSOH��WKH�,QWHU%DVH�isql XWLOLW\�LV�D�'64/�
DSSOLFDWLRQ�

Overview of the DSQL programming process
%XLOGLQJ�DQG�H[HFXWLQJ�'64/�VWDWHPHQWV�LQYROYHV�WKH�IROORZLQJ�JHQHUDO�VWHSV�

g (PEHGGLQJ�64/�VWDWHPHQWV�WKDW�VXSSRUW�'64/�SURFHVVLQJ�LQ�DQ�DSSOLFDWLRQ�
g 8VLQJ�KRVW�ODQJXDJH�IDFLOLWLHV��VXFK�DV�GDWDW\SHV�DQG�PDFURV��WR�SURYLGH�LQSXW�DQG�RXWSXW�
DUHDV�IRU�SDVVLQJ�VWDWHPHQWV�DQG�SDUDPHWHUV�DW�UXQ�WLPH�

g 3URJUDPPLQJ�PHWKRGV�WKDW�XVH�WKHVH�VWDWHPHQWV�DQG�IDFLOLWLHV�WR�SURFHVV�64/�VWDWHPHQWV�DW�
UXQ�WLPH�

7KHVH�VWHSV�DUH�GHVFULEHG�LQ�GHWDLO�WKURXJKRXW�WKLV�FKDSWHU�
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DSQL limitations
$OWKRXJK�'64/�RIIHUV�PDQ\�DGYDQWDJHV��LW�DOVR�KDV�WKH�IROORZLQJ�OLPLWDWLRQV�

g $FFHVV�WR�RQH�GDWDEDVH�DW�D�WLPH��
g'\QDPLF�WUDQVDFWLRQ�SURFHVVLQJ�LV�QRW�SHUPLWWHG��DOO�QDPHG�WUDQVDFWLRQV�PXVW�EH�GHFODUHG�DW�
FRPSLOH�WLPH�

g'\QDPLF�DFFHVV�WR�%ORE�DQG�DUUD\�GDWD�LV�QRW�VXSSRUWHG��%ORE�DQG�DUUD\�GDWD�FDQ�EH�DFFHVVHG��
EXW�RQO\�WKURXJK�VWDQGDUG��VWDWLFDOO\�SURFHVVHG�64/�VWDWHPHQWV��RU�WKURXJK�ORZ�OHYHO�$3,�
FDOOV�

g'DWDEDVH�FUHDWLRQ�LV�UHVWULFWHG�WR�&5($7(�'$7$%$6(�VWDWHPHQWV�H[HFXWHG�ZLWKLQ�WKH�FRQWH[W�
RI�(;(&87(�,00(',$7(�

)RU�PRUH�LQIRUPDWLRQ�DERXW�GDWDEDVH�DFFHVV�LQ�'64/��VHH�´$FFHVVLQJ�GDWDEDVHVµ�RQ�
SDJH �����)RU�PRUH�LQIRUPDWLRQ�DERXW�KDQGOLQJ�WUDQVDFWLRQV�LQ�'64/�DSSOLFDWLRQV��VHH�
´+DQGOLQJ�WUDQVDFWLRQVµ�RQ�SDJH �����)RU�PRUH�LQIRUPDWLRQ�DERXW�ZRUNLQJ�ZLWK�%ORE�GDWD�
LQ�'64/��VHH�´3URFHVVLQJ�%ORE�GDWDµ�RQ�SDJH �����)RU�PRUH�LQIRUPDWLRQ�DERXW�KDQGOLQJ�
DUUD\�GDWD�LQ�'64/��VHH�´3URFHVVLQJ�DUUD\�GDWDµ�RQ�SDJH �����)RU�PRUH�LQIRUPDWLRQ�DERXW�
G\QDPLF�FUHDWLRQ�RI�GDWDEDVHV��VHH�´&UHDWLQJ�D�GDWDEDVHµ�RQ�SDJH ����

Accessing databases
8VLQJ�VWDQGDUG�64/�V\QWD[��D�'64/�DSSOLFDWLRQ�FDQ�RQO\�XVH�RQH�GDWDEDVH�KDQGOH�SHU�VRXUFH�
ILOH�PRGXOH��DQG�FDQ��WKHUHIRUH��RQO\�EH�FRQQHFWHG�WR�D�VLQJOH�GDWDEDVH�DW�D�WLPH��'DWDEDVH�
KDQGOHV�PXVW�EH�GHFODUHG�DQG�LQLWLDOL]HG�ZKHQ�DQ�DSSOLFDWLRQ�LV�SUHSURFHVVHG�ZLWK�gpre��)RU�
H[DPSOH��WKH�IROORZLQJ�FRGH�FUHDWHV�D�VLQJOH�KDQGOH��GE���DQG�LQLWLDOL]HV�LW�WR�]HUR�

#include "ibase.h"

isc_db_handle db1;

. . .

db1 = 0L;

$IWHU�D�GDWDEDVH�KDQGOH�LV�GHFODUHG�DQG�LQLWLDOL]HG��LW�FDQ�EH�DVVLJQHG�G\QDPLFDOO\�WR�D�GDWDEDVH�
DW�UXQ�WLPH�DV�IROORZV�

char dbname[129];

. . .

prompt_user("Name of database to open: ");

gets(dbname);

EXEC SQL

SET DATABASE db1 = :dbname;

EXEC SQL
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CONNECT db1;

. . .

7KH�GDWDEDVH�DFFHVVHG�E\�'64/�VWDWHPHQWV�LV�DOZD\V�WKH�ODVW�GDWDEDVH�KDQGOH�PHQWLRQHG�LQ�
D�6(7�'$7$%$6(�FRPPDQG��$�GDWDEDVH�KDQGOH�FDQ�EH�XVHG�WR�FRQQHFW�WR�GLIIHUHQW�GDWDEDVHV�
DV�ORQJ�DV�D�SUHYLRXVO\�FRQQHFWHG�GDWDEDVH�LV�ILUVW�GLVFRQQHFWHG�ZLWK�',6&211(&7��
',6&211(&7�DXWRPDWLFDOO\�VHWV�GDWDEDVH�KDQGOHV�WR�18//��7KH�IROORZLQJ�VWDWHPHQWV�
GLVFRQQHFW�IURP�D�GDWDEDVH��]HUR�WKH�GDWDEDVH�KDQGOH��DQG�FRQQHFW�WR�D�QHZ�GDWDEDVH�

EXEC SQL

DISCONNECT db1;

EXEC SQL

SET DATABASE db1 = "employee.gdb";

EXEC SQL

CONNECT db1;

7R�DFFHVV�PRUH�WKDQ�RQH�GDWDEDVH�XVLQJ�'64/��FUHDWH�D�VHSDUDWH�VRXUFH�ILOH�PRGXOH�IRU�HDFK�
GDWDEDVH��DQG�XVH�ORZ�OHYHO�$3,�FDOOV�WR�DWWDFK�WR�WKH�GDWDEDVHV�DQG�DFFHVV�GDWD��)RU�PRUH�
LQIRUPDWLRQ�DERXW�DFFHVVLQJ�GDWDEDVHV�ZLWK�$3,�FDOOV��VHH�WKH�$3,�*XLGH��)RU�PRUH�
LQIRUPDWLRQ�DERXW�64/�GDWDEDVH�VWDWHPHQWV��VHH�&KDSWHU����´:RUNLQJ�ZLWK�'DWDEDVHV�µ

Handling transactions
,QWHU%DVH�UHTXLUHV�WKDW�DOO�WUDQVDFWLRQ�QDPHV�EH�GHFODUHG�ZKHQ�DQ�DSSOLFDWLRQ�LV�SUHSURFHVVHG�
ZLWK�gpre��2QFH�IL[HG�DW�SUHFRPSLOH�WLPH��WUDQVDFWLRQ�KDQGOHV�FDQQRW�EH�FKDQJHG�DW�UXQ�WLPH��
QRU�FDQ�QHZ�KDQGOHV�EH�GHFODUHG�G\QDPLFDOO\�DW�UXQ�WLPH�

64/�VWDWHPHQWV�VXFK�DV�35(3$5(��'(6&5,%(��(;(&87(��DQG�(;(&87(�,00(',$7(��FDQ�
EH�FRGHG�DW�SUHFRPSLOH�WLPH�WR�LQFOXGH�DQ�RSWLRQDO�75$16$&7,21�FODXVH�VSHFLI\LQJ�ZKLFK�
WUDQVDFWLRQ�FRQWUROV�VWDWHPHQW�H[HFXWLRQ��7KH�IROORZLQJ�FRGH�GHFODUHV��LQLWLDOL]HV��DQG�XVHV�D�
WUDQVDFWLRQ�KDQGOH�LQ�D�VWDWHPHQW�WKDW�SURFHVVHV�D�UXQ�WLPH�'64/�VWDWHPHQW�

#include "ibase.h"

isc_tr_handle t1;

. . .

t1 = 0L;

EXEC SQL

SET TRANSACTION NAME t1;

EXEC SQL

PREPARE TRANSACTION t1 Q FROM :sql_buf;

'64/�VWDWHPHQWV�WKDW�DUH�SURFHVVHG�ZLWK�35(3$5(��'(6&5,%(��(;(&87(��DQG�(;(&87(�
,00(',$7(�FDQQRW�XVH�D�75$16$&7,21�FODXVH��HYHQ�LI�LW�LV�SHUPLWWHG�LQ�VWDQGDUG��
HPEHGGHG�64/�
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7KH�6(7�75$16$&7,21�VWDWHPHQW�FDQQRW�EH�SUHSDUHG��EXW�LW�FDQ�EH�SURFHVVHG�ZLWK�
(;(&87(�,00(',$7(�LI�

�� 3UHYLRXV�WUDQVDFWLRQV�DUH�ILUVW�FRPPLWWHG�RU�UROOHG�EDFN�

�� 7KH�WUDQVDFWLRQ�KDQGOH�LV�VHW�WR�18//�

)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQWV�FRPPLW�WKH�SUHYLRXV�GHIDXOW�WUDQVDFWLRQ��WKHQ�VWDUW�D�
QHZ�RQH�ZLWK�(;(&87(�,00(',$7(�

EXEC SQL

COMMIT;

/* set default transaction name to NULL */

gds__trans = NULL;

EXEC SQL

EXECUTE IMMEDIATE "SET TRANSACTION READ ONLY";

Creating a database
7R�FUHDWH�D�QHZ�GDWDEDVH�LQ�D�'64/�DSSOLFDWLRQ�

�� 'LVFRQQHFW�IURP�DQ\�FXUUHQWO\�DWWDFKHG�GDWDEDVHV��'LVFRQQHFWLQJ�IURP�D�
GDWDEDVH�DXWRPDWLFDOO\�VHWV�LWV�GDWDEDVH�KDQGOH�WR�18//�

�� %XLOG�WKH�&5($7(�'$7$%$6(�VWDWHPHQW�WR�SURFHVV�

�� ([HFXWH�WKH�VWDWHPHQW�ZLWK�(;(&87(�,00(',$7(�

)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQWV�GLVFRQQHFW�IURP�DQ\�FXUUHQWO\�FRQQHFWHG�GDWDEDVHV��
DQG�FUHDWH�D�QHZ�GDWDEDVH��$Q\�H[LVWLQJ�GDWDEDVH�KDQGOHV�DUH�VHW�WR�18//��VR�WKDW�WKH\�FDQ�EH�
XVHG�WR�FRQQHFW�WR�WKH�QHZ�GDWDEDVH�LQ�IXWXUH�'64/�VWDWHPHQWV�

char *str = "CREATE DATABASE \"new_emp.gdb\"";

. . .

EXEC SQL

DISCONNECT ALL;

EXEC SQL

EXECUTE IMMEDIATE :str;

Processing Blob data
'64/�GRHV�QRW�GLUHFWO\�VXSSRUW�%ORE�SURFHVVLQJ��%ORE�FXUVRUV�DUH�QRW�VXSSRUWHG�LQ�'64/��
'64/�DSSOLFDWLRQV�FDQ�XVH�$3,�FDOOV�WR�SURFHVV�%ORE�GDWD��)RU�PRUH�LQIRUPDWLRQ�DERXW�%ORE�
$3,�FDOOV��VHH�WKH�$3,�*XLGH�
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Processing array data
'64/�GRHV�QRW�GLUHFWO\�VXSSRUW�DUUD\�SURFHVVLQJ��'64/�DSSOLFDWLRQV�FDQ�XVH�$3,�FDOOV�WR�
SURFHVV�DUUD\�GDWD��)RU�PRUH�LQIRUPDWLRQ�DERXW�DUUD\�$3,�FDOOV��VHH�WKH�$3,�*XLGH�

Writing a DSQL application
:ULWH�D�'64/�DSSOLFDWLRQ�ZKHQ�DQ\�RI�WKH�IROORZLQJ�DUH�QRW�NQRZQ�XQWLO�UXQ�WLPH�

g 7KH�WH[W�RI�WKH�64/�VWDWHPHQW
g 7KH�QXPEHU�RI�KRVW�YDULDEOHV
g 7KH�GDWDW\SHV�RI�KRVW�YDULDEOHV
g 5HIHUHQFHV�WR�GDWDEDVH�REMHFWV

:ULWLQJ�D�'64/�DSSOLFDWLRQ�LV�XVXDOO\�PRUH�FRPSOH[�WKDQ�SURJUDPPLQJ�ZLWK�UHJXODU�64/�
EHFDXVH�IRU�PRVW�'64/�RSHUDWLRQV��WKH�DSSOLFDWLRQ�QHHGV�H[SOLFLWO\�WR�DOORFDWH�DQG�SURFHVV�
DQ�H[WHQGHG�64/�GHVFULSWRU�DUHD��;64/'$��GDWD�VWUXFWXUH�WR�SDVV�GDWD�WR�DQG�IURP�WKH�
GDWDEDVH�

7R�XVH�'64/�WR�SURFHVV�DQ�64/�VWDWHPHQW��IROORZ�WKHVH�EDVLF�VWHSV�

�� 'HWHUPLQH�LI�'64/�FDQ�SURFHVV�WKH�64/�VWDWHPHQW�

�� 5HSUHVHQW�WKH�64/�VWDWHPHQW�DV�D�FKDUDFWHU�VWULQJ�LQ�WKH�DSSOLFDWLRQ�

�� ,I�QHFHVVDU\��DOORFDWH�RQH�RU�PRUH�;64/'$V�IRU�LQSXW�SDUDPHWHUV�DQG�UHWXUQ�
YDOXHV�

�� 8VH�DQ�DSSURSULDWH�'64/�SURJUDPPLQJ�PHWKRG�WR�SURFHVV�WKH�64/�VWDWHPHQW�
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SQL statements DSQL can process
'64/�FDQ�SURFHVV�PRVW�EXW�QRW�DOO�64/�VWDWHPHQWV��7KH�IROORZLQJ�WDEOH�OLVWV�64/�VWDWHPHQW�
WKDW�DUH�DYDLODEOH�WR�'64/�

7KH�IROORZLQJ�(64/�VWDWHPHQWV�FDQQRW�EH�SURFHVVHG�E\�'64/��&/26(��'(&/$5(��&85625��
'(6&5,%(��(;(&87(��(;(&87(�,00(',$7(��)(7&+��23(1��35(3$5(�

7KH�IROORZLQJ�,64/�FRPPDQGV�FDQQRW�EH�SURFHVVHG�E\�'64/��%/2%'803��(',7��(;,7��
+(/3��,1387��287387��48,7��6(7��6(7�$872''/��6(7�%/2%',63/$<��6(7�&2817��6(7�
(&+2��6(7�/,67��6(7�1$0(6��6(7�3/$1��6(7�67$76��6(7�7(50��6(7�7,0(��6+(//��6+2:�
&+(&.��6+2:�'$7$%$6(��6+2:�'20$,16��6+2:�(;&(37,216��6+2:�),/7(56��6+2:�
)81&7,216��6+2:�*(1(5$7256��6+2:�*5$17��6+2:�,1'(;��6+2:�352&('85(6��
6+2:�6<67(0��6+2:�7$%/(6��6+2:�75,**(56��6+2:�9(56,21��6+2:�9,(:6�

ALTER DATABASE

ALTER DOMAIN

ALTER EXCEPTION

ALTER INDEX

ALTER PROCEDURE 

ALTER TABLE

ALTER TRIGGER

COMMIT

CONNECT

CREATE DATABASE

CREATE DOMAIN

CREATE EXCEPTION

CREATE GENERATOR

CREATE INDEX

CREATE PROCEDURE

CREATE ROLE

CREATE SHADOW

CREATE TABLE

CREATE TRIGGER

CREATE VIEW

DECLARE EXTERNAL FUNCTION

DECLARE FILTER

DELETE

DROP DATABASE

DROP DOMAIN

DROP EXCEPTION 

DROP EXTERNAL FUNCTION

DROP FILTER

DROP INDEX

DROP PROCEDURE

DROP ROLE

DROP SHADOW

DROP TABLE

DROP TRIGGER

DROP VIEW

EXECUTE PROCEDURE

GRANT

INSERT

INSERT CURSOR (BLOB)

REVOKE

ROLLBACK

SELECT

SET GENERATOR

UPDATE
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SQL character strings
:LWKLQ�D�'64/�DSSOLFDWLRQ��DQ�64/�VWDWHPHQW�FDQ�FRPH�IURP�GLIIHUHQW�VRXUFHV��,W�FDQ�FRPH�
GLUHFWO\�IURP�D�XVHU�ZKR�HQWHUV�D�VWDWHPHQW�DW�D�SURPSW��DV�GRHV�isql��2U�LW�FDQ�EH�JHQHUDWHG�
E\�WKH�DSSOLFDWLRQ�LQ�UHVSRQVH�WR�XVHU�LQWHUDFWLRQ��:KDWHYHU�WKH�VRXUFH�RI�WKH�64/�VWDWHPHQW�
LW�PXVW�EH�UHSUHVHQWHG�DV�DQ�64/�VWDWHPHQW�VWULQJ��D�FKDUDFWHU�VWULQJ�WKDW�LV�SDVVHG�WR�'64/�IRU�
SURFHVVLQJ�

%HFDXVH�64/�VWDWHPHQW�VWULQJV�DUH�&�FKDUDFWHU�VWULQJV�WKDW�DUH�SURFHVVHG�GLUHFWO\�E\�'64/��
WKH\�FDQQRW�EHJLQ�ZLWK�WKH�(;(&�64/�SUHIL[�RU�HQG�ZLWK�D�VHPLFRORQ������7KH�VHPLFRORQ�LV��
RI�FRXUVH��WKH�DSSURSULDWH�WHUPLQDWRU�IRU�WKH�&�VWULQJ�GHFODUDWLRQ�LWVHOI��)RU�H[DPSOH��WKH�
IROORZLQJ�KRVW�ODQJXDJH�YDULDEOH�GHFODUDWLRQ�LV�D�YDOLG�64/�VWDWHPHQW�VWULQJ�

char *str = "DELETE FROM CUSTOMER WHERE CUST_NO = 256";

Value parameters in statement strings
64/�VWDWHPHQW�VWULQJV�RIWHQ�LQFOXGH�YDOXH�SDUDPHWHUV��H[SUHVVLRQV�WKDW�HYDOXDWH�WR�D�VLQJOH�
QXPHULF�RU�FKDUDFWHU�YDOXH��3DUDPHWHUV�FDQ�EH�XVHG�DQ\ZKHUH�LQ�VWDWHPHQW�VWULQJV�ZKHUH�64/�
H[SHFWV�D�YDOXH�WKDW�LV�QRW�WKH�QDPH�RI�D�GDWDEDVH�REMHFW�

$�YDOXH�SDUDPHWHU�LQ�D�VWDWHPHQW�VWULQJ�FDQ�EH�SDVVHG�DV�D�FRQVWDQW��RU�SDVVHG�DV�D�SODFHKROGHU�
DW�UXQ�WLPH��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�VWULQJ�SDVVHV�����DV�D�FRQVWDQW�

char *str = "DELETE FROM CUSTOMER WHERE CUST_NO = 256";

,W�LV�DOVR�SRVVLEOH�WR�EXLOG�VWULQJV�DW�UXQ�WLPH�IURP�D�FRPELQDWLRQ�RI�FRQVWDQWV��7KLV�PHWKRG�
LV�XVHIXO�IRU�VWDWHPHQWV�ZKHUH�WKH�YDULDEOH�LV�QRW�D�WUXH�FRQVWDQW��RU�LW�LV�D�WDEOH�RU�FROXPQ�
QDPH��DQG�ZKHUH�WKH�VWDWHPHQW�LV�H[HFXWHG�RQO\�RQFH�LQ�WKH�DSSOLFDWLRQ�

7R�SDVV�D�SDUDPHWHU�DV�D�SODFHKROGHU��WKH�YDOXH�LV�SDVVHG�DV�D�TXHVWLRQ�PDUN��"��HPEHGGHG�
ZLWKLQ�WKH�VWDWHPHQW�VWULQJ�

char *str = "DELETE FROM CUSTOMER WHERE CUST_NO = ?";

:KHQ�'64/�SURFHVVHV�D�VWDWHPHQW�FRQWDLQLQJ�D�SODFHKROGHU��LW�UHSODFHV�WKH�TXHVWLRQ�PDUN�
ZLWK�D�YDOXH�VXSSOLHG�LQ�WKH�;64/'$��8VH�SODFHKROGHUV�LQ�VWDWHPHQWV�WKDW�DUH�SUHSDUHG�RQFH��
EXW�H[HFXWHG�PDQ\�WLPHV�ZLWK�GLIIHUHQW�SDUDPHWHU�YDOXHV�

5HSODFHDEOH�YDOXH�SDUDPHWHUV�DUH�RIWHQ�XVHG�WR�VXSSO\�YDOXHV�LQ�:+(5(�FODXVH�FRPSDULVRQV�
DQG�LQ�WKH�83'$7(�VWDWHPHQW�6(7�FODXVH�
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Understanding the XSQLDA
$OO�'64/�DSSOLFDWLRQV�PXVW�GHFODUH�RQH�RU�PRUH�H[WHQGHG�64/�GHVFULSWRU�DUHDV��;64/'$V���
7KH�;64/'$�VWUXFWXUH�GHILQLWLRQ�FDQ�EH�IRXQG�LQ�WKH�LEDVH�K�KHDGHU�ILOH�LQ�WKH�,QWHU%DVH�
LQFOXGH�GLUHFWRU\��$SSOLFDWLRQV�GHFODUH�LQVWDQFHV�RI�WKH�;64/'$�IRU�XVH��

7KH�;64/'$�LV�D�KRVW�ODQJXDJH�GDWD�VWUXFWXUH�WKDW�'64/�XVHV�WR�WUDQVSRUW�GDWD�WR�RU�IURP�
D�GDWDEDVH�ZKHQ�SURFHVVLQJ�DQ�64/�VWDWHPHQW�VWULQJ��7KHUH�DUH�WZR�W\SHV�RI�;64/'$V��LQSXW�
GHVFULSWRUV�DQG�RXWSXW�GHVFULSWRUV��%RWK�LQSXW�DQG�RXWSXW�GHVFULSWRUV�DUH�LPSOHPHQWHG�XVLQJ�
WKH�;64/'$�VWUXFWXUH��

2QH�ILHOG�LQ�WKH�;64/'$��WKH�;64/9$5��LV�HVSHFLDOO\�LPSRUWDQW��EHFDXVH�RQH�;64/9$5�PXVW�
EH�GHILQHG�IRU�HDFK�LQSXW�SDUDPHWHU�RU�FROXPQ�UHWXUQHG��/LNH�WKH�;64/'$��WKH�;64/9$5�LV�
D�VWUXFWXUH�GHILQHG�LQ�LEDVH�K�LQ�WKH�,QWHU%DVH�LQFOXGH�GLUHFWRU\�

$SSOLFDWLRQV�GR�QRW�GHFODUH�LQVWDQFHV�RI�WKH�;64/9$5�DKHDG�RI�WLPH��EXW�PXVW��LQVWHDG��
G\QDPLFDOO\�DOORFDWH�VWRUDJH�IRU�WKH�SURSHU�QXPEHU�RI�;64/9$5�VWUXFWXUHV�UHTXLUHG�IRU�HDFK�
'64/�VWDWHPHQW�EHIRUH�LW�LV�H[HFXWHG��WKHQ�GHDOORFDWH�LW��DV�DSSURSULDWH��DIWHU�VWDWHPHQW�
H[HFXWLRQ�

7KH�IROORZLQJ�ILJXUH�LOOXVWUDWHV�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�;64/'$�DQG�WKH�;64/9$5�
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FIGURE 14.1 XSQLDA and XSQLVAR relationship

$Q�LQSXW�;64/'$�FRQVLVWV�RI�D�VLQJOH�;64/'$�VWUXFWXUH��DQG�RQH�;64/9$5�VWUXFWXUH�
IRU�HDFK�LQSXW�SDUDPHWHU��$Q�RXWSXW�;64/'$�DOVR�FRQVLVWV�RI�RQH�;64/'$�VWUXFWXUH�DQG�
RQH�;64/9$5�VWUXFWXUH�IRU�HDFK�GDWD�LWHP�UHWXUQHG�E\�WKH�VWDWHPHQW��$Q�;64/'$�DQG�LWV�
DVVRFLDWHG�;64/9$5�VWUXFWXUHV�DUH�DOORFDWHG�DV�D�VLQJOH�EORFN�RI�FRQWLJXRXV�PHPRU\�

Single instance of XSQLDA

short version

char sqldaid[8]

ISC_LONG sqldabc

short sqln

short sqld

XSQLVAR sqlvar[n]

Array of n instances of XSQLVAR 

1st instance nth instance

short sqltype short sqltype

short sqlscale short sqlscale

short sqlsubtype short sqlsubtype

short sqllen short sqllen

char *sqldata char *sqldata

short *sqlind short *sqlind

short sqlname_length short sqlname_length

char sqlname[32] char sqlname[32]

short relname_length short relname_length

char relname[32] char relname[32]

short ownname_length short ownname_length

char ownname[32] char ownname[32]

short aliasname_length short aliasname_length

char aliasname[32] char aliasname[32]
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7KH�35(3$5(�DQG�'(6&5,%(�VWDWHPHQWV�FDQ�EH�XVHG�WR�GHWHUPLQH�WKH�SURSHU�QXPEHU�RI�
;64/9$5�VWUXFWXUHV�WR�DOORFDWH��DQG�WKH�;64/'$B/(1*7+�PDFUR�FDQ�EH�XVHG�WR�DOORFDWH�WKH�
SURSHU�DPRXQW�RI�VSDFH��)RU�PRUH�LQIRUPDWLRQ�DERXW�WKH�;64/'$B/(1*7+�PDFUR��VHH�
´8VLQJ�WKH�;64/'$B/(1*7+�PDFURµ�RQ�SDJH ����

XSQLDA field descriptions
7KH�IROORZLQJ�WDEOH�GHVFULEHV�WKH�ILHOGV�WKDW�FRPSULVH�WKH�;64/'$�VWUXFWXUH�

Field definition Description

short version Indicates the version of the XSQLDA structure. Set by an application. The current version 
is defined in ibase.h as SQLDA_VERSION1.

char sqldaid[8] Reserved for future use.

ISC_LONG sqldabc Reserved for future use.

short sqln Indicates the number of elements in the sqlvar array. Set by the application. Whenever the 
application allocates storage for a descriptor, it should set this field.

short sqld Indicates the number of parameters (for an input XSQLDA), or the number of select-list 
items (for an output XSQLDA). Set by InterBase during a DESCRIBE or PREPARE.

For an input descriptor, an sqld of 0 indicates that the SQL statement has no parameters. 
For an output descriptor, an sqld of 0 indicates that the SQL statement is not a SELECT 
statement.

XSQLVAR sqlvar The array of XSQLVAR structures. The number of elements in the array is specified in the 
sqln field.

TABLE 14.1 XSQLDA field descriptions
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XSQLVAR field descriptions
7KH�IROORZLQJ�WDEOH�GHVFULEHV�WKH�ILHOGV�WKDW�FRPSULVH�WKH�;64/9$5�VWUXFWXUH�

Field definition Description

short sqltype Indicates the SQL datatype of parameters or select-list items. Set by InterBase during 
PREPARE or DESCRIBE.

short sqlscale Provides scale, specified as a negative number, for exact numeric datatypes (DECIMAL, 
NUMERIC). Set by InterBase during PREPARE or DESCRIBE.

short sqlsubtype Specifies the subtype for Blob data. Set by InterBase during PREPARE or DESCRIBE.

short sqllen Indicates the maximum size, in bytes, of data in the sqldata field. Set by InterBase 
during PREPARE or DESCRIBE.

char *sqldata For input descriptors, specifies either the address of a select-list item or a parameter. 
Set by the application.

For output descriptors, contains a value for a select-list item. Set by InterBase.

short *sqlind On input, specifies the address of an indicator variable. Set by an application.

On output, specifies the address of column indicator value for a select-list item 
following a FETCH. A value of 0 indicates that the column is not NULL; a value of –1 
indicates the column is NULL. Set by InterBase.

short 
sqlname_length

Specifies the length, in bytes, of the data in field, sqlname. Set by InterBase during 
DESCRIBE OUTPUT. 

char sqlname[32] Contains the name of the column. Not null (\0) terminated. Set by InterBase during 
DESCRIBE OUTPUT. 

short 
relname_length

Specifies the length, in bytes, of the data in field, relname. Set by InterBase during 
DESCRIBE OUTPUT. 

TABLE 14.2 XSQLVAR field descriptions
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Input descriptors
,QSXW�GHVFULSWRUV�SURFHVV�64/�VWDWHPHQW�VWULQJV�WKDW�FRQWDLQ�SDUDPHWHUV��%HIRUH�DQ�
DSSOLFDWLRQ�FDQ�H[HFXWH�D�VWDWHPHQW�ZLWK�SDUDPHWHUV��LW�PXVW�VXSSO\�YDOXHV�IRU�WKHP��7KH�
DSSOLFDWLRQ�LQGLFDWHV�WKH�QXPEHU�RI�SDUDPHWHUV�SDVVHG�LQ�WKH�;64/'$�VTOG�ILHOG��WKHQ�
GHVFULEHV�HDFK�SDUDPHWHU�LQ�D�VHSDUDWH�;64/9$5�VWUXFWXUH��)RU�H[DPSOH��WKH�IROORZLQJ�
VWDWHPHQW�VWULQJ�FRQWDLQV�WZR�SDUDPHWHUV��VR�DQ�DSSOLFDWLRQ�PXVW�VHW�VTOG�WR����DQG�GHVFULEH�
HDFK�SDUDPHWHU�

char *str = "UPDATE DEPARTMENT SET BUDGET = ? WHERE LOCATION = ?";

:KHQ�WKH�VWDWHPHQW�LV�H[HFXWHG��WKH�ILUVW�;64/9$5�VXSSOLHV�LQIRUPDWLRQ�DERXW�WKH�%8'*(7�
YDOXH��DQG�WKH�VHFRQG�;64/9$5�VXSSOLHV�WKH�/2&$7,21�YDOXH��

)RU�PRUH�LQIRUPDWLRQ�DERXW�XVLQJ�LQSXW�GHVFULSWRUV��VHH�́ '64/�SURJUDPPLQJ�PHWKRGVµ�RQ�
SDJH ����

Output descriptors
2XWSXW�GHVFULSWRUV�UHWXUQ�YDOXHV�IURP�DQ�H[HFXWHG�TXHU\�WR�DQ�DSSOLFDWLRQ��7KH�VTOG�ILHOG�RI�
WKH�;64/'$�LQGLFDWHV�KRZ�PDQ\�YDOXHV�ZHUH�UHWXUQHG��(DFK�YDOXH�LV�VWRUHG�LQ�D�VHSDUDWH�
;64/9$5�VWUXFWXUH��7KH�;64/'$�VTOYDU�ILHOG�SRLQWV�WR�WKH�ILUVW�RI�WKHVH�;64/9$5�VWUXFWXUHV��
7KH�IROORZLQJ�VWDWHPHQW�VWULQJ�UHTXLUHV�DQ�RXWSXW�GHVFULSWRU�

char *str = "SELECT * FROM CUSTOMER WHERE CUST_NO > 100";

char relname[32] Contains the name of the table. Not null (\0) terminated. Set by InterBase during 
DESCRIBE OUTPUT. 

short 
ownname_length

Specifies the length, in bytes, of the data in field, ownname. Set by InterBase during 
DESCRIBE OUTPUT. 

char ownname[32] Contains the owner name of the table. Not null (\0) terminated. Set by InterBase 
during DESCRIBE OUTPUT. 

short 
aliasname_length

Specifies the length, in bytes, of the data in field, aliasname. Set by InterBase during 
DESCRIBE OUTPUT. 

char aliasname[32] Contains the alias name of the column. If no alias exists, contains the column name. 
Not null (\0) terminated. Set by InterBase during DESCRIBE OUTPUT. 

Field definition Description

TABLE 14.2 XSQLVAR field descriptions  (continued)
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)RU�LQIRUPDWLRQ�DERXW�UHWULHYLQJ�LQIRUPDWLRQ�IURP�DQ�RXWSXW�GHVFULSWRU��VHH�´'64/�
SURJUDPPLQJ�PHWKRGVµ�RQ�SDJH ����

Using the XSQLDA_LENGTH macro
7KH�LEDVH�K�KHDGHU�ILOH�GHILQHV�D�PDFUR��;64/'$B/(1*7+��WR�FDOFXODWH�WKH�QXPEHU�RI�E\WHV�
WKDW�PXVW�EH�DOORFDWHG�IRU�DQ�LQSXW�RU�RXWSXW�;64/'$��;64/'$B/(1*7+�LV�GHILQHG�DV�
IROORZV�

#define XSQLDA_LENGTH (n) (sizeof (XSQLDA) + (n - 1) * sizeof(XSQLVAR))

Q�LV�WKH�QXPEHU�RI�SDUDPHWHUV�LQ�D�VWDWHPHQW�VWULQJ��RU�WKH�QXPEHU�RI�VHOHFW�OLVW�LWHPV�
UHWXUQHG�IURP�D�TXHU\��)RU�H[DPSOH��WKH�IROORZLQJ�&�VWDWHPHQW�XVHV�WKH�;64/'$B/(1*7+�
PDFUR�WR�VSHFLI\�KRZ�PXFK�PHPRU\�WR�DOORFDWH�IRU�DQ�;64/'$�ZLWK���SDUDPHWHUV�RU�UHWXUQ�
LWHPV�

XSQLDA *my_xsqlda;

. . .

my_xsqlda = (XSQLDA *) malloc(XSQLDA_LENGTH(5));

. . .

)RU�PRUH�LQIRUPDWLRQ�DERXW�XVLQJ�WKH�;64/'$B/(1*7+�PDFUR��VHH�´'64/�SURJUDPPLQJ�
PHWKRGVµ�RQ�SDJH ����
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SQL datatype macro constants
,QWHU%DVH�GHILQHV�D�VHW�RI�PDFUR�FRQVWDQWV�WR�UHSUHVHQW�64/�GDWDW\SHV�DQG�18//�VWDWXV�
LQIRUPDWLRQ�LQ�DQ�;64/9$5��$Q�DSSOLFDWLRQ�VKRXOG�XVH�WKHVH�PDFUR�FRQVWDQWV�WR�VSHFLI\�WKH�
GDWDW\SH�RI�SDUDPHWHUV�DQG�WR�GHWHUPLQH�WKH�GDWDW\SHV�RI�VHOHFW�OLVW�LWHPV�LQ�DQ�64/�
VWDWHPHQW��7KH�IROORZLQJ�WDEOH�OLVWV�HDFK�64/�GDWDW\SH��LWV�FRUUHVSRQGLQJ�PDFUR�FRQVWDQW�
H[SUHVVLRQ��&�GDWDW\SH�RU�,QWHU%DVH�W\SHGHI��DQG�ZKHWKHU�RU�QRW�WKH�VTOLQG�ILHOG�LV�XVHG�WR�
LQGLFDWH�D�SDUDPHWHU�RU�YDULDEOH�WKDW�FRQWDLQV�18//�RU�XQNQRZQ�GDWD�

SQL datatype Macro expression C datatype or typedef

sqlin
d
used
?

Array SQL_ARRAY ISC_QUAD No

Array SQL_ARRAY + 1 ISC_QUAD Yes

Blob SQL_BLOB ISC_QUAD No

Blob SQL_BLOB + 1 ISC_QUAD Yes

CHAR SQL_TEXT char[ ] No

CHAR SQL_TEXT + 1 char[ ] Yes

DATE SQL_DATE ISC_QUAD No

DATE SQL_DATE + 1 ISC_QUAD Yes

DECIMAL SQL_SHORT, SQL_LONG, or 
QL_DOUBLE

int, long, or double No

DECIMAL SQL_SHORT + 1, SQL_LONG + 1,
or SQL_DOUBLE + 1

int, long, or double Yes

DOUBLE PRECISON SQL_DOUBLE double No

DOUBLE PRECISION SQL_DOUBLE + 1 double Yes

INTEGER SQL_LONG long No

INTEGER SQL_LONG + 1 long Yes

FLOAT SQL_FLOAT float No

TABLE 14.3 SQL datatypes, macro expressions, and C datatypes
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Note '(&,0$/�DQG�180(5,&�GDWDW\SHV�DUH�VWRUHG�LQWHUQDOO\�DV�60$//,17��,17(*(5��RU�
'28%/(�35(&,6,21�GDWDW\SHV��7R�VSHFLI\�WKH�FRUUHFW�PDFUR�H[SUHVVLRQ�WR�SURYLGH�IRU�D�
'(&,0$/�RU�180(5,&�FROXPQ��XVH�isql�WR�H[DPLQH�WKH�FROXPQ�GHILQLWLRQ�LQ�WKH�WDEOH�WR�VHH�
KRZ�,QWHU%DVH�LV�VWRULQJ�FROXPQ�GDWD��WKHQ�FKRRVH�D�FRUUHVSRQGLQJ�PDFUR�H[SUHVVLRQ�

7KH�GDWDW\SH�LQIRUPDWLRQ�IRU�D�SDUDPHWHU�RU�VHOHFW�OLVW�LWHP�LV�FRQWDLQHG�LQ�WKH�VTOW\SH�ILHOG�RI�
WKH�;64/9$5�VWUXFWXUH��7KH�YDOXH�FRQWDLQHG�LQ�WKH�VTOW\SH�ILHOG�SURYLGHV�WZR�SLHFHV�RI�
LQIRUPDWLRQ��

g 7KH�GDWDW\SH�RI�WKH�SDUDPHWHU�RU�VHOHFW�OLVW�LWHP�
g:KHWKHU�VTOLQG�LV�XVHG�WR�LQGLFDWH�18//�YDOXHV��,I�VTOLQG�LV�XVHG��LWV�YDOXH�VSHFLILHV�ZKHWKHU�WKH�
SDUDPHWHU�RU�VHOHFW�OLVW�LWHP�LV�18//��²����RU�QRW�18//�����

)RU�H[DPSOH��LI�WKH�VTOW\SH�ILHOG�HTXDOV�64/B7(;7��WKH�SDUDPHWHU�RU�VHOHFW�OLVW�LWHP�LV�D�&+$5�
WKDW�GRHV�QRW�XVH�VTOLQG�WR�FKHFN�IRU�D�18//�YDOXH��EHFDXVH��LQ�WKHRU\��18//�YDOXHV�DUH�QRW�
DOORZHG�IRU�LW���,I�VTOW\SH�HTXDOV�64/B7(;7������WKHQ�VTOLQG�FDQ�EH�FKHFNHG�WR�VHH�LI�WKH�
SDUDPHWHU�RU�VHOHFW�OLVW�LWHP�LV�18//�

FLOAT SQL_FLOAT + 1 float Yes

NUMERIC SQL_SHORT, SQL_LONG, 
or SQL_DOUBLE

int, long, or double No

NUMERIC SQL_SHORT + 1, SQL_LONG + 1, 
or SQL_DOUBLE + 1

int, long, or double Yes

SMALLINT SQL_SHORT short No

SMALLINT SQL_SHORT + 1 short Yes

VARCHAR SQL_VARYING First 2 bytes: short containing
the length of the character string.
Remaining bytes: char[ ] 

No

VARCHAR SQL_VARYING + 1 First 2 bytes: short containing
the length of the character string.
Remaining bytes: char[ ]

Yes

SQL datatype Macro expression C datatype or typedef

sqlin
d
used
?

TABLE 14.3 SQL datatypes, macro expressions, and C datatypes  (continued)
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7,3 7KH�&�ODQJXDJH�H[SUHVVLRQ��sqltype & 1��SURYLGHV�D�XVHIXO�WHVW�RI�ZKHWKHU�D�SDUDPHWHU�RU�
VHOHFW�OLVW�LWHP�FDQ�FRQWDLQ�D�18//��7KH�H[SUHVVLRQ�HYDOXDWHV�WR���LI�WKH�SDUDPHWHU�RU�
VHOHFW�OLVW�LWHP�FDQQRW�FRQWDLQ�D�18//��DQG���LI�WKH�SDUDPHWHU�RU�VHOHFW�OLVW�LWHP�FDQ�FRQWDLQ�
D�18//��7KH�IROORZLQJ�FRGH�IUDJPHQW�GHPRQVWUDWHV�KRZ�WR�XVH�WKH�H[SUHVVLRQ�

if (sqltype & 1 == 0)

{

 /* parameter or select-list item that CANNOT contain a NULL */

}

else

{

 /* parameter or select-list item CAN contain a NULL */

}

%\�GHIDXOW��ERWK�35(3$5(�,172�DQG�'(6&5,%(�UHWXUQ�D�PDFUR�H[SUHVVLRQ�RI�W\SH������VR�
WKH�VTOLQG�VKRXOG�DOZD\V�EH�H[DPLQHG�IRU�18//�YDOXHV�ZLWK�WKHVH�VWDWHPHQWV�

Handling varying string datatypes
9$5&+$5��&+$5$&7(5�9$5<,1*��DQG�1&+$5�9$5<,1*�GDWDW\SHV�UHTXLUH�FDUHIXO�KDQGOLQJ�
LQ�'64/��7KH�ILUVW�WZR�E\WHV�RI�WKHVH�GDWDW\SHV�FRQWDLQ�VWULQJ�OHQJWK�LQIRUPDWLRQ��ZKLOH�WKH�
UHPDLQGHU�RI�WKH�GDWD�FRQWDLQV�WKH�DFWXDO�E\WHV�RI�VWULQJ�GDWD�WR�SURFHVV�

7R�DYRLG�KDYLQJ�WR�ZULWH�FRGH�WR�H[WUDFW�DQG�SURFHVV�YDULDEOH�OHQJWK�VWULQJV�LQ�DQ�DSSOLFDWLRQ��
LW�LV�SRVVLEOH�WR�IRUFH�WKHVH�GDWDW\SHV�WR�IL[HG�OHQJWK�XVLQJ�64/�PDFUR�H[SUHVVLRQV��)RU�PRUH�
LQIRUPDWLRQ�DERXW�IRUFLQJ�YDULDEOH�OHQJWK�GDWD�WR�IL[HG�OHQJWK�IRU�SURFHVVLQJ��VHH�´&RHUFLQJ�
GDWDW\SHVµ�RQ�SDJH ����

$SSOLFDWLRQV�FDQ��LQVWHDG��GHWHFW�DQG�SURFHVV�YDULDEOH�OHQJWK�GDWD�GLUHFWO\��7R�GR�VR��WKH\�PXVW�
H[WUDFW�WKH�ILUVW�WZR�E\WHV�IURP�WKH�VWULQJ�WR�GHWHUPLQH�WKH�E\WH�OHQJWK�RI�WKH�VWULQJ�LWVHOI��
WKHQ�UHDG�WKH�VWULQJ��E\WH�E\�E\WH��LQWR�D�QXOO�WHUPLQDWHG�EXIIHU�

NUMERIC and DECIMAL datatypes
'(&,0$/�DQG�180(5,&�GDWDW\SHV�DUH�VWRUHG�LQWHUQDOO\�DV�60$//,17��,17(*(5��RU�
'28%/(�35(&,6,21�GDWDW\SHV��GHSHQGLQJ�RQ�WKH�SUHFLVLRQ�DQG�VFDOH�GHILQHG�IRU�D�FROXPQ�
GHILQLWLRQ�WKDW�XVHV�WKHVH�W\SHV��7R�GHWHUPLQH�KRZ�D�'(&,0$/�RU�180(5,&�YDOXH�LV�DFWXDOO\�
VWRUHG�LQ�WKH�GDWDEDVH��XVH�isql�WR�H[DPLQH�WKH�FROXPQ�GHILQLWLRQ�LQ�WKH�WDEOH��,I�180(5,&�LV�
UHSRUWHG��WKHQ�GDWD�LV�DFWXDOO\�EHLQJ�VWRUHG�DV�'28%/(�35(&,6,21�
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:KHQ�D�'(&,0$/�RU�180(5,&�YDOXH�LV�VWRUHG�DV�D�60$//,17�RU�,17(*(5��WKH�YDOXH�LV�
VWRUHG�DV�D�ZKROH�QXPEHU��'XULQJ�UHWULHYDO�LQ�'64/��WKH�VTOVFDOH�ILHOG�RI�WKH�;64/9$5�LV�VHW�
WR�D�QHJDWLYH�QXPEHU�WKDW�LQGLFDWHV�WKH�IDFWRU�RI�WHQ�E\�ZKLFK�WKH�ZKROH�QXPEHU��UHWXUQHG�
LQ�VTOGDWD���PXVW�EH�GLYLGHG�LQ�RUGHU�WR�SURGXFH�WKH�FRUUHFW�180(5,&�RU�'(&,0$/�YDOXH�ZLWK�
LWV�IUDFWLRQDO�SDUW��,I�VTOFDOH�LV�²���WKHQ�WKH�QXPEHU�PXVW�EH�GLYLGHG�E\�����LI�LW�LV�²���WKHQ�WKH�
QXPEHU�PXVW�EH�GLYLGHG�E\������²��E\��������DQG�VR�IRUWK�

Coercing datatypes
6RPHWLPHV�ZKHQ�SURFHVVLQJ�'64/�LQSXW�SDUDPHWHUV�DQG�VHOHFW�OLVW�LWHPV��LW�LV�GHVLUDEOH�RU�
QHFHVVDU\�WR�WUDQVODWH�RQH�GDWDW\SH�WR�DQRWKHU��7KLV�SURFHVV�LV�UHIHUUHG�WR�DV�GDWDW\SH�FRHUFLRQ��
)RU�H[DPSOH��GDWDW\SH�FRHUFLRQ�LV�RIWHQ�XVHG�ZKHQ�SDUDPHWHUV�RU�VHOHFW�OLVW�LWHPV�DUH�RI�W\SH�
9$5&+$5��7KH�ILUVW�WZR�E\WHV�RI�9$5&+$5�GDWD�FRQWDLQ�VWULQJ�OHQJWK�LQIRUPDWLRQ��ZKLOH�WKH�
UHPDLQGHU�RI�WKH�GDWD�LV�WKH�VWULQJ�WR�SURFHVV��%\�FRHUFLQJ�WKH�GDWD�IURP�64/B9$5<,1*�WR�
64/B7(;7��GDWD�SURFHVVLQJ�FDQ�EH�VLPSOLILHG�

&RHUFLRQ�FDQ�RQO\�EH�IURP�RQH�FRPSDWLEOH�GDWDW\SH�WR�DQRWKHU��)RU�H[DPSOH��64/B9$5<,1*�
WR�64/B7(;7��RU�64/B6+257�WR�64/B/21*��

4 &RHUFLQJ�FKDUDFWHU�GDWDW\SHV
7R�FRHUFH�64/B9$5<,1*�GDWDW\SHV�WR�64/B7(;7�GDWDW\SHV��FKDQJH�WKH�VTOW\SH�ILHOG�LQ�WKH�
SDUDPHWHU·V�RU�VHOHFW�OLVW�LWHP·V�;64/9$5�VWUXFWXUH�WR�WKH�GHVLUHG�64/�PDFUR�GDWDW\SH�
FRQVWDQW��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�DVVXPHV�WKDW�YDU�LV�D�SRLQWHU�WR�DQ�;64/9$5�
VWUXFWXUH��DQG�WKDW�LW�FRQWDLQV�DQ�64/B9$5<,1*�GDWDW\SH�WR�FRQYHUW�WR�64/B7(;7�

var->sqltype = SQL_TEXT;

$IWHU�FRHUFLQJ�D�FKDUDFWHU�GDWDW\SH��SURYLGH�SURSHU�VWRUDJH�VSDFH�IRU�LW��7KH�;64/9$5�ILHOG��
VTOOHQ��FRQWDLQV�LQIRUPDWLRQ�DERXW�WKH�VL]H�RI�WKH�XQFRHUFHG�GDWD��6HW�WKH�;64/9$5�VTOGDWD�
ILHOG�WR�WKH�DGGUHVV�RI�WKH�GDWD�

4 &RHUFLQJ�QXPHULF�GDWDW\SHV
7R�FRHUFH�RQH�QXPHULF�GDWDW\SH�WR�DQRWKHU��FKDQJH�WKH�VTOW\SH�ILHOG�LQ�WKH�SDUDPHWHU·V�RU�
VHOHFW�OLVW�LWHP·V�;64/9$5�VWUXFWXUH�WR�WKH�GHVLUHG�64/�PDFUR�GDWDW\SH�FRQVWDQW��)RU�
H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�DVVXPHV�WKDW�YDU�LV�D�SRLQWHU�WR�DQ�;64/9$5�VWUXFWXUH��DQG�
WKDW�LW�FRQWDLQV�DQ�64/B6+257�GDWDW\SH�WR�FRQYHUW�WR�64/B/21*�

var->sqltype = SQL_LONG;

,03257$17 'R�QRW�FRHUFH�D�ODUJHU�GDWDW\SH�WR�D�VPDOOHU�RQH��'DWD�FDQ�EH�ORVW�LQ�VXFK�D�WUDQVODWLRQ�
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4 6HWWLQJ�D�18//�LQGLFDWRU
,I�D�SDUDPHWHU�RU�VHOHFW�OLVW�LWHP�FDQ�FRQWDLQ�D�18//�YDOXH��WKH�VTOLQG�ILHOG�LV�XVHG�WR�LQGLFDWH�
LWV�18//�VWDWXV��$SSURSULDWH�VWRUDJH�VSDFH�PXVW�EH�DOORFDWHG�IRU�VTOLQG�EHIRUH�YDOXHV�FDQ�EH�
VWRUHG�WKHUH��

2Q�LQVHUWLRQ��VHW�VTOLQG�WR�²��WR�LQGLFDWH�WKDW�18//�YDOXHV�DUH�OHJDO��2WKHUZLVH�VHW�VTOLQG�WR���

2Q�VHOHFWLRQ��DQ�VTOLQG�RI�²��LQGLFDWHV�D�ILHOG�FRQWDLQV�D�18//�YDOXH��2WKHU�YDOXHV�LQGLFDWH�D�
ILHOG�FRQWDLQV�QRQ�18//�GDWD�

Aligning numerical data
2UGLQDULO\��ZKHQ�D�YDULDEOH�ZLWK�D�QXPHULF�GDWDW\SH�LV�FUHDWHG��WKH�FRPSLOHU�ZLOO�HQVXUH�WKDW�
WKH�YDULDEOH�LV�VWRUHG�DW�D�SURSHUO\�DOLJQHG�DGGUHVV��EXW�ZKHQ�QXPHULF�GDWD�LV�VWRUHG�LQ�D�
G\QDPLFDOO\�DOORFDWHG�EXIIHU�VSDFH��VXFK�DV�FDQ�EH�SRLQWHG�WR�E\�WKH�;64/'$�DQG�;64/9$5�
VWUXFWXUHV��WKH�SURJUDPPHU�PXVW�WDNH�SUHFDXWLRQV�WR�HQVXUH�WKDW�WKH�VWRUDJH�VSDFH�LV�SURSHUO\�
DOLJQHG�

&HUWDLQ�SODWIRUPV��LQ�SDUWLFXODU�WKRVH�ZLWK�5,6&�SURFHVVRUV��UHTXLUH�WKDW�QXPHULF�GDWD�LQ�
G\QDPLFDOO\�DOORFDWHG�VWRUDJH�VWUXFWXUHV�EH�DOLJQHG�SURSHUO\�LQ�PHPRU\��$OLJQPHQW�LV�
GHSHQGHQW�ERWK�RQ�GDWDW\SH�DQG�SODWIRUP�

)RU�H[DPSOH��D�VKRUW�LQWHJHU�RQ�D�6XQ�63$5&VWDWLRQ�PXVW�EH�ORFDWHG�DW�DQ�DGGUHVV�GLYLVLEOH�
E\����ZKLOH�D�ORQJ�RQ�WKH�VDPH�SODWIRUP�PXVW�EH�ORFDWHG�DW�DQ�DGGUHVV�GLYLVLEOH�E\����,Q�PRVW�
FDVHV��D�GDWD�LWHP�LV�SURSHUO\�DOLJQHG�LI�WKH�DGGUHVV�RI�LWV�VWDUWLQJ�E\WH�LV�GLYLVLEOH�E\�WKH�FRUUHFW�
DOLJQPHQW�QXPEHU��&RQVXOW�VSHFLILF�V\VWHP�DQG�FRPSLOHU�GRFXPHQWDWLRQ�IRU�DOLJQPHQW�
UHTXLUHPHQWV�

$�XVHIXO�UXOH�RI�WKXPE�LV�WKDW�WKH�VL]H�RI�D�GDWDW\SH�LV�DOZD\V�D�YDOLG�DOLJQPHQW�QXPEHU�IRU�
WKH�GDWDW\SH��)RU�D�JLYHQ�W\SH�7��LI�VL]H�RI��7��HTXDOV�Q��WKHQ�DGGUHVVHV�GLYLVLEOH�E\�Q�DUH�
FRUUHFWO\�DOLJQHG�IRU�7��7KH�IROORZLQJ�PDFUR�H[SUHVVLRQ�FDQ�EH�XVHG�WR�DOLJQ�GDWD�

#define ALIGN(ptr, n) ((ptr + n - 1) & ~(n - 1))

ZKHUH�SWU�LV�D�SRLQWHU�WR�FKDU�

7KH�IROORZLQJ�FRGH�LOOXVWUDWHV�KRZ�WKH�$/,*1�PDFUR�PLJKW�EH�XVHG�

char *buffer_pointer, *next_aligned;

next_aligned = ALIGN(buffer_pointer, sizeof(T));
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DSQL programming methods
7KHUH�DUH�IRXU�SRVVLEOH�'64/�SURJUDPPLQJ�PHWKRGV�IRU�KDQGOLQJ�DQ�64/�VWDWHPHQW�VWULQJ��
7KH�EHVW�PHWKRG�IRU�SURFHVVLQJ�D�VWULQJ�GHSHQGV�RQ�WKH�W\SH�RI�64/�VWDWHPHQW�LQ�WKH�VWULQJ��
DQG�ZKHWKHU�RU�QRW�LW�FRQWDLQV�SODFHKROGHUV�IRU�SDUDPHWHUV��7KH�IROORZLQJ�GHFLVLRQ�WDEOH�
H[SODLQV�KRZ�WR�GHWHUPLQH�WKH�DSSURSULDWH�SURFHVVLQJ�PHWKRG�IRU�D�JLYHQ�VWULQJ�

Method 1: Non-query statements without parameters
7KHUH�DUH�WZR�ZD\V�WR�SURFHVV�DQ�64/�VWDWHPHQW�VWULQJ�FRQWDLQLQJ�D�QRQ�TXHU\�VWDWHPHQW�
ZLWKRXW�SODFHKROGHU�SDUDPHWHUV�

g 8VH�(;(&87(�,00(',$7(�WR�SUHSDUH�DQG�H[HFXWH�WKH�VWULQJ�D�VLQJOH�WLPH�
g 8VH�35(3$5(�WR�SDUVH�WKH�VWDWHPHQW�IRU�H[HFXWLRQ�DQG�DVVLJQ�LW�D�QDPH��WKHQ�XVH�(;(&87(�
WR�FDUU\�RXW�WKH�VWDWHPHQW·V�DFWLRQV�DV�PDQ\�WLPHV�DV�UHTXLUHG�LQ�DQ�DSSOLFDWLRQ�

4 8VLQJ�(;(&87(�,00(',$7(
�� 7R�H[HFXWH�D�VWDWHPHQW�VWULQJ�D�VLQJOH�WLPH��XVH�(;(&87(�,00(',$7(�

�� (OLFLW�D�VWDWHPHQW�VWULQJ�IURP�WKH�XVHU�RU�FUHDWH�RQH�WKDW�FRQWDLQV�WKH�64/�
VWDWHPHQW�WR�EH�SURFHVVHG��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�FUHDWHV�DQ�64/�
VWDWHPHQW�VWULQJ�

char *str = "UPDATE DEPARTMENT SET BUDGET = BUDGET * 1.05";

�� 3DUVH�DQG�H[HFXWH�WKH�VWDWHPHQW�VWULQJ�XVLQJ�(;(&87(�,00(',$7(�

EXEC SQL 

EXECUTE IMMEDIATE :str;

Note (;(&87(�,00(',$7(�DOVR�DFFHSWV�VWULQJ�OLWHUDOV��)RU�H[DPSOH�

EXEC SQL 

Is it a query?
Does it have 
placeholders?

Processing method to 
use

No No Method 1

No Yes Method 2

Yes No Method 3

Yes Yes Method 4

TABLE 14.4 SQL statement strings and recommended processing methods



CHAPTER 14 USING DYNAMIC SQL

262 INTERBASE 5

EXECUTE IMMEDIATE 

"UPDATE DEPARTMENT SET BUDGET = BUDGET * 1.05";

4 8VLQJ�35(3$5(�DQG�(;(&87(
7R�H[HFXWH�D�VWDWHPHQW�VWULQJ�VHYHUDO�WLPHV��XVH�35(3$5(�DQG�(;(&87(�

�� (OLFLW�D�VWDWHPHQW�VWULQJ�IURP�WKH�XVHU�RU�FUHDWH�RQH�WKDW�FRQWDLQV�WKH�64/�
VWDWHPHQW�WR�EH�SURFHVVHG��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�FUHDWHV�DQ�64/�
VWDWHPHQW�VWULQJ�

char *str = "UPDATE DEPARTMENT SET BUDGET = BUDGET * 1.05";

�� 3DUVH�DQG�QDPH�WKH�VWDWHPHQW�VWULQJ�ZLWK�35(3$5(��7KH�QDPH�LV�XVHG�LQ�
VXEVHTXHQW�FDOOV�WR�(;(&87(�

EXEC SQL 

PREPARE SQL_STMT FROM :str;

64/B6707�LV�WKH�QDPH�DVVLJQHG�WR�WKH�SDUVHG�VWDWHPHQW�VWULQJ�

�� ([HFXWH�WKH�QDPHG�VWDWHPHQW�VWULQJ�XVLQJ�(;(&87(��)RU�H[DPSOH��WKH�IROORZLQJ�
VWDWHPHQW�H[HFXWHV�D�VWDWHPHQW�VWULQJ�QDPHG�64/B6707�

EXEC SQL 

EXECUTE SQL_STMT;

Note 35(3$5(�DOVR�DFFHSWV�VWULQJ�OLWHUDOV��)RU�H[DPSOH�

EXEC SQL 

PREPARE SQL_STMT FROM

"UPDATE DEPARTMENT SET BUDGET = BUDGET * 1.05";

2QFH�D�VWDWHPHQW�VWULQJ�LV�SUHSDUHG��LW�FDQ�EH�H[HFXWHG�DV�PDQ\�WLPHV�DV�UHTXLUHG�LQ�DQ�
DSSOLFDWLRQ�

Method 2: Non-query statements with parameters
7KHUH�DUH�WZR�VWHSV�WR�SURFHVVLQJ�DQ�64/�VWDWHPHQW�VWULQJ�FRQWDLQLQJ�D�QRQ�TXHU\�VWDWHPHQW�
ZLWK�SODFHKROGHU�SDUDPHWHUV�

�� &UHDWLQJ�DQ�LQSXW�;64/'$�WR�SURFHVV�D�VWDWHPHQW�VWULQJ·V�SDUDPHWHUV�

�� 3UHSDULQJ�DQG�H[HFXWLQJ�WKH�VWDWHPHQW�VWULQJ�ZLWK�LWV�SDUDPHWHUV�
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4 &UHDWLQJ�WKH�LQSXW�;64/'$
3ODFHKROGHU�SDUDPHWHUV�DUH�UHSODFHG�ZLWK�DFWXDO�GDWD�EHIRUH�D�SUHSDUHG�64/�VWDWHPHQW�VWULQJ�
LV�H[HFXWHG��%HFDXVH�WKRVH�SDUDPHWHUV�DUH�XQNQRZQ�ZKHQ�WKH�VWDWHPHQW�VWULQJ�LV�FUHDWHG��DQ�
LQSXW�;64/'$�PXVW�EH�FUHDWHG�WR�VXSSO\�SDUDPHWHU�YDOXHV�DW�H[HFXWH�WLPH��7R�SUHSDUH�WKH�
;64/'$��IROORZ�WKHVH�VWHSV�

�� 'HFODUH�D�YDULDEOH�WR�KROG�WKH�;64/'$�QHHGHG�WR�SURFHVV�SDUDPHWHUV��)RU�
H[DPSOH��WKH�IROORZLQJ�GHFODUDWLRQ�FUHDWHV�DQ�;64/'$�FDOOHG�LQBVTOGD�

XSQLDA *in_sqlda;

�� 2SWLRQDOO\�GHFODUH�D�YDULDEOH�IRU�DFFHVVLQJ�WKH�;64/9$5�VWUXFWXUH�RI�WKH�
;64/'$�

XSQLVAR *var;

'HFODULQJ�D�SRLQWHU�WR�WKH�;64/9$5�VWUXFWXUH�LV�QRW�QHFHVVDU\��EXW�FDQ�VLPSOLI\�
UHIHUHQFLQJ�WKH�VWUXFWXUH�LQ�VXEVHTXHQW�VWDWHPHQWV�

�� $OORFDWH�PHPRU\�IRU�WKH�;64/'$�XVLQJ�WKH�;64/'$B/(1*7+�PDFUR��7KH�
IROORZLQJ�VWDWHPHQW�DOORFDWHV�VWRUDJH�IRU�LQBVTOGD�

in_sqlda = (XSQLDA *)malloc(XSQLDA_LENGTH(10));

,Q�WKLV�VWDWHPHQW�VSDFH�IRU����;64/9$5�VWUXFWXUHV�LV�DOORFDWHG��DOORZLQJ�WKH�;64/'$�WR�
DFFRPPRGDWH�XS�WR����SDUDPHWHUV�

�� 6HW�WKH�YHUVLRQ�ILHOG�RI�WKH�;64/'$�WR�64/'$B9(56,21���DQG�VHW�WKH�VTOQ�ILHOG�WR�
LQGLFDWH�WKH�QXPEHU�RI�;64/9$5�VWUXFWXUHV�DOORFDWHG�

in_sqlda_version = SQLDA_VERSION1;

in_sqlda->sqln = 10;

4 3UHSDULQJ�DQG�H[HFXWLQJ�D�VWDWHPHQW�VWULQJ�ZLWK�SDUDPHWHUV
$IWHU�DQ�;64/'$�LV�FUHDWHG�IRU�KROGLQJ�D�VWDWHPHQW�VWULQJ·V�SDUDPHWHUV��WKH�VWDWHPHQW�VWULQJ�
FDQ�EH�FUHDWHG�DQG�SUHSDUHG��/RFDO�YDULDEOHV�FRUUHVSRQGLQJ�WR�WKH�SODFHKROGHU�SDUDPHWHUV�LQ�
WKH�VWULQJ�PXVW�EH�DVVLJQHG�WR�WKHLU�FRUUHVSRQGLQJ�VTOGDWD�ILHOGV�LQ�WKH�;64/9$5�VWUXFWXUHV��

7R�SUHSDUH�DQG�H[HFXWH�D�QRQ�TXHU\�VWDWHPHQW�VWULQJ�ZLWK�SDUDPHWHUV��IROORZ�WKHVH�VWHSV�

�� (OLFLW�D�VWDWHPHQW�VWULQJ�IURP�WKH�XVHU�RU�FUHDWH�RQH�WKDW�FRQWDLQV�WKH�64/�
VWDWHPHQW�WR�EH�SURFHVVHG��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�FUHDWHV�DQ�64/�
VWDWHPHQW�VWULQJ�ZLWK�SODFHKROGHU�SDUDPHWHUV�

char *str = "UPDATE DEPARTMENT SET BUDGET = ?, LOCATION = ?";

7KLV�VWDWHPHQW�VWULQJ�FRQWDLQV�WZR�SDUDPHWHUV��D�YDOXH�WR�EH�DVVLJQHG�WR�WKH�%8'*(7�ILHOG�
DQG�D�YDOXH�WR�EH�DVVLJQHG�WR�WKH�/2&$7,21�ILHOG�

�� 3DUVH�DQG�QDPH�WKH�VWDWHPHQW�VWULQJ�ZLWK�35(3$5(��7KH�QDPH�LV�XVHG�LQ�
VXEVHTXHQW�FDOOV�WR�'(6&5,%(�DQG�(;(&87(�
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EXEC SQL 

PREPARE SQL_STMT FROM :str;

64/B6707�LV�WKH�QDPH�DVVLJQHG�WR�WKH�SUHSDUHG�VWDWHPHQW�VWULQJ�

�� 8VH�'(6&5,%(�,1387�WR�ILOO�WKH�LQSXW�;64/'$�ZLWK�LQIRUPDWLRQ�DERXW�WKH�
SDUDPHWHUV�FRQWDLQHG�LQ�WKH�64/�VWDWHPHQW�

EXEC SQL 

DESCRIBE INPUT SQL_STMT USING SQL DESCRIPTOR in_sqlda;

�� &RPSDUH�WKH�YDOXH�RI�WKH�VTOQ�ILHOG�RI�WKH�;64/'$�WR�WKH�YDOXH�RI�WKH�VTOG�ILHOG�
WR�PDNH�VXUH�HQRXJK�;64/9$5V�DUH�DOORFDWHG�WR�KROG�LQIRUPDWLRQ�DERXW�HDFK�
SDUDPHWHU��VTOQ�VKRXOG�EH�DW�OHDVW�DV�ODUJH�DV�VTOQ��,I�QRW��IUHH�WKH�VWRUDJH�
SUHYLRXVO\�DOORFDWHG�WR�WKH�LQSXW�GHVFULSWRU��UHDOORFDWH�VWRUDJH�WR�UHIOHFW�WKH�
QXPEHU�RI�SDUDPHWHUV�VSHFLILHG�E\�VTOG��UHVHW�VTOQ�DQG�YHUVLRQ��WKHQ�H[HFXWH�
'(6&5,%(�,1387�DJDLQ�

if (in_sqlda->sqld > in_sqlda->sqln)

{

n = in_sqlda->sqld;

free(in_sqlda);

in_sqlda = (XSQLDA *)malloc(XSQLDA_LENGTH(n));

in_sqlda->sqln = n;

in_sqlda->version = SQLDA_VERSION1;

EXEC SQL 

DESCRIBE INPUT SQL_STMT USING SQL DESCRIPTOR in_sqlda;

}

�� 3URFHVV�HDFK�;64/9$5�SDUDPHWHU�VWUXFWXUH�LQ�WKH�;64/'$��3URFHVVLQJ�D�
SDUDPHWHU�VWUXFWXUH�LQYROYHV�XS�WR�IRXU�VWHSV�

� &RHUFLQJ�D�SDUDPHWHU·V�GDWDW\SH��RSWLRQDO��

� $OORFDWLQJ�ORFDO�VWRUDJH�IRU�WKH�GDWD�SRLQWHG�WR�E\�WKH�VTOGDWD�ILHOG�RI�WKH�;64/9$5��7KLV�
VWHS�LV�RQO\�UHTXLUHG�LI�VSDFH�IRU�ORFDO�YDULDEOHV�LV�QRW�DOORFDWHG�XQWLO�UXQ�WLPH��7KH�
IROORZLQJ�H[DPSOH�LOOXVWUDWHV�G\QDPLF�DOORFDWLRQ�RI�ORFDO�YDULDEOH�VWRUDJH�VSDFH�

� 3URYLGLQJ�D�YDOXH�IRU�WKH�SDUDPHWHU�FRQVLVWHQW�ZLWK�LWV�GDWDW\SH��UHTXLUHG��

� 3URYLGLQJ�D�18//�YDOXH�LQGLFDWRU�IRU�WKH�SDUDPHWHU�

7KH�IROORZLQJ�FRGH�H[DPSOH�LOOXVWUDWHV�WKHVH�VWHSV��ORRSLQJ�WKURXJK�HDFK�;64/9$5�
VWUXFWXUH�LQ�WKH�LQBVTOGD�;64/'$�

for (i=0, var = in_sqlda->sqlvar; i < in_sqlda->sqld; i++, var++)

{

/* Process each XSQLVAR parameter structure here.

The parameter structure is pointed to by var.*/

dtype = (var->sqltype & ~1) /* drop NULL flag for now */
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switch(dtype)

{

case SQL_VARYING: /* coerce to SQL_TEXT */

var->sqltype = SQL_TEXT;

/* Allocate local variable storage. */

var->sqldata = (char *)malloc(sizeof(char)*var->sqllen);

. . .

break;

case SQL_TEXT: 

var->sqldata = (char *)malloc(sizeof(char)*var->sqllen);

/* Provide a value for the parameter. */

. . .

break;

case SQL_LONG: 

var->sqldata = (char *)malloc(sizeof(long));

/* Provide a value for the parameter. */

*(long *)(var->sqldata) = 17;

break;

. . .

} /* End of switch statement. */

if (sqltype & 1)

{

/* Allocate variable to hold NULL status. */

var->sqlind = (short *)malloc(sizeof(short));

}

} /* End of for loop. */

)RU�PRUH�LQIRUPDWLRQ�DERXW�GDWDW\SH�FRHUFLRQ�DQG�18//�LQGLFDWRUV��VHH�´&RHUFLQJ�
GDWDW\SHVµ�RQ�SDJH ����

�� ([HFXWH�WKH�QDPHG�VWDWHPHQW�VWULQJ�ZLWK�(;(&87(��5HIHUHQFH�WKH�SDUDPHWHUV�
LQ�WKH�LQSXW�;64/'$�ZLWK�WKH�86,1*�64/�'(6&5,3725�FODXVH��)RU�H[DPSOH��WKH�
IROORZLQJ�VWDWHPHQW�H[HFXWHV�D�VWDWHPHQW�VWULQJ�QDPHG�64/B6707�

EXEC SQL 

EXECUTE SQL_STMT USING SQL DESCRIPTOR in_sqlda;

4 5H�H[HFXWLQJ�WKH�VWDWHPHQW�VWULQJ
2QFH�D�QRQ�TXHU\�VWDWHPHQW�VWULQJ�ZLWK�SDUDPHWHUV�LV�SUHSDUHG��LW�FDQ�EH�H[HFXWHG�DV�RIWHQ�
DV�UHTXLUHG�LQ�DQ�DSSOLFDWLRQ��%HIRUH�HDFK�VXEVHTXHQW�H[HFXWLRQ��WKH�LQSXW�;64/'$�FDQ�EH�
VXSSOLHG�ZLWK�QHZ�SDUDPHWHU�DQG�18//�LQGLFDWRU�GDWD�

7R�VXSSO\�QHZ�SDUDPHWHU�DQG�18//�LQGLFDWRU�GDWD�IRU�D�SUHSDUHG�VWDWHPHQW��UHSHDW�VWHSV�
�²��RI�´3UHSDULQJ�DQG�([HFXWLQJ�D�6WDWHPHQW�6WULQJ�ZLWK�3DUDPHWHUV�µ�LQ�WKLV�FKDSWHU�
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Method 3: Query statements without parameters
7KHUH�DUH�WKUHH�VWHSV�WR�SURFHVVLQJ�DQ�64/�TXHU\�VWDWHPHQW�VWULQJ�ZLWKRXW�SDUDPHWHUV�

�� 3UHSDULQJ�DQ�RXWSXW�;64/'$�WR�SURFHVV�WKH�VHOHFW�OLVW�LWHPV�UHWXUQHG�ZKHQ�WKH�
TXHU\�LV�H[HFXWHG�

�� 3UHSDULQJ�WKH�VWDWHPHQW�VWULQJ�

�� 8VLQJ�D�FXUVRU�WR�H[HFXWH�WKH�VWDWHPHQW�DQG�UHWULHYH�VHOHFW�OLVW�LWHPV�IURP�WKH�
RXWSXW�;64/'$�

4 3UHSDULQJ�WKH�RXWSXW�;64/'$
0RVW�TXHULHV�UHWXUQ�RQH�RU�PRUH�URZV�RI�GDWD��UHIHUUHG�WR�DV�D�VHOHFW�OLVW��%HFDXVH�WKH�QXPEHU�
DQG�NLQG�RI�LWHPV�UHWXUQHG�DUH�XQNQRZQ�ZKHQ�D�VWDWHPHQW�VWULQJ�LV�FUHDWHG��DQ�RXWSXW�
;64/'$�PXVW�EH�FUHDWHG�WR�VWRUH�VHOHFW�OLVW�LWHPV�WKDW�DUH�UHWXUQHG�DW�UXQ�WLPH��7R�SUHSDUH�
WKH�;64/'$��IROORZ�WKHVH�VWHSV�

�� 'HFODUH�D�YDULDEOH�WR�KROG�WKH�;64/'$�QHHGHG�WR�VWRUH�WKH�FROXPQ�GDWD�IRU�HDFK�
URZ�WKDW�ZLOO�EH�IHWFKHG��)RU�H[DPSOH��WKH�IROORZLQJ�GHFODUDWLRQ�FUHDWHV�DQ�
;64/'$�FDOOHG�RXWBVTOGD�

XSQLDA *out_sqlda;

�� 2SWLRQDOO\�GHFODUH�D�YDULDEOH�IRU�DFFHVVLQJ�WKH�;64/9$5�VWUXFWXUH�RI�WKH�
;64/'$�

XSQLVAR *var;

'HFODULQJ�D�SRLQWHU�WR�WKH�;64/9$5�VWUXFWXUH�LV�QRW�QHFHVVDU\��EXW�FDQ�VLPSOLI\�
UHIHUHQFLQJ�WKH�VWUXFWXUH�LQ�VXEVHTXHQW�VWDWHPHQWV�

�� $OORFDWH�PHPRU\�IRU�WKH�;64/'$�XVLQJ�WKH�;64/'$B/(1*7+�PDFUR��7KH�
IROORZLQJ�VWDWHPHQW�DOORFDWHV�VWRUDJH�IRU�RXWBVTOGD�

out_sqlda = (XSQLDA *)malloc(XSQLDA_LENGTH(10));

6SDFH�IRU����;64/9$5�VWUXFWXUHV�LV�DOORFDWHG�LQ�WKLV�VWDWHPHQW��HQDEOLQJ�WKH�;64/'$�WR�
DFFRPPRGDWH�XS�WR����VHOHFW�OLVW�LWHPV�

�� 6HW�WKH�YHUVLRQ�ILHOG�RI�WKH�;64/'$�WR�64/'$B9(56,21���DQG�VHW�WKH�VTOQ�ILHOG�
RI�WKH�;64/'$�WR�LQGLFDWH�WKH�QXPEHU�RI�;64/9$5�VWUXFWXUHV�DOORFDWHG�

out_sqlda->version = SQLDA_VERSION1;

out_sqlda->sqln = 10;
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4 3UHSDULQJ�D�TXHU\�VWDWHPHQW�VWULQJ
$IWHU�DQ�;64/'$�LV�FUHDWHG�IRU�KROGLQJ�WKH�LWHPV�UHWXUQHG�E\�D�TXHU\�VWDWHPHQW�VWULQJ��WKH�
VWDWHPHQW�VWULQJ�FDQ�EH�FUHDWHG��SUHSDUHG��DQG�GHVFULEHG��:KHQ�D�VWDWHPHQW�VWULQJ�LV�
H[HFXWHG��,QWHU%DVH�FUHDWHV�WKH�VHOHFW�OLVW�RI�VHOHFWHG�URZV�

7R�SUHSDUH�D�TXHU\�VWDWHPHQW�VWULQJ��IROORZ�WKHVH�VWHSV�

�� (OLFLW�D�VWDWHPHQW�VWULQJ�IURP�WKH�XVHU�RU�FUHDWH�RQH�WKDW�FRQWDLQV�WKH�64/�
VWDWHPHQW�WR�EH�SURFHVVHG��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�FUHDWHV�DQ�64/�
VWDWHPHQW�VWULQJ�WKDW�SHUIRUPV�D�TXHU\�

char *str = "SELECT * FROM CUSTOMER";

7KH�VWDWHPHQW�DSSHDUV�WR�KDYH�RQO\�RQH�VHOHFW�OLVW�LWHP��
���7KH�DVWHULVN�LV�D�ZLOGFDUG�
V\PERO�WKDW�VWDQGV�IRU�DOO�RI�WKH�FROXPQV�LQ�WKH�WDEOH��VR�WKH�DFWXDO�QXPEHU�RI�LWHPV�
UHWXUQHG�HTXDOV�WKH�QXPEHU�RI�FROXPQV�LQ�WKH�WDEOH�

�� 3DUVH�DQG�QDPH�WKH�VWDWHPHQW�VWULQJ�ZLWK�35(3$5(��7KH�QDPH�LV�XVHG�LQ�
VXEVHTXHQW�FDOOV�WR�VWDWHPHQWV�VXFK�DV�'(6&5,%(�DQG�(;(&87(�

EXEC SQL 

PREPARE SQL_STMT FROM :str;

64/B6707�LV�WKH�QDPH�DVVLJQHG�WR�WKH�SUHSDUHG�VWDWHPHQW�VWULQJ�

�� 8VH�'(6&5,%(�287387�WR�ILOO�WKH�RXWSXW�;64/'$�ZLWK�LQIRUPDWLRQ�DERXW�WKH�
VHOHFW�OLVW�LWHPV�UHWXUQHG�E\�WKH�VWDWHPHQW�

EXEC SQL 

DESCRIBE OUTPUT SQL_STMT INTO SQL DESCRIPTOR out_sqlda;

�� &RPSDUH�WKH�VTOQ�ILHOG�RI�WKH�;64/'$�WR�WKH�VTOG�ILHOG�WR�GHWHUPLQH�LI�WKH�RXWSXW�
GHVFULSWRU�FDQ�DFFRPPRGDWH�WKH�QXPEHU�RI�VHOHFW�OLVW�LWHPV�VSHFLILHG�LQ�WKH�
VWDWHPHQW��,I�QRW��IUHH�WKH�VWRUDJH�SUHYLRXVO\�DOORFDWHG�WR�WKH�RXWSXW�GHVFULSWRU��
UHDOORFDWH�VWRUDJH�WR�UHIOHFW�WKH�QXPEHU�RI�VHOHFW�OLVW�LWHPV�VSHFLILHG�E\�VTOG��UHVHW�
VTOQ�DQG�YHUVLRQ��WKHQ�H[HFXWH�'(6&5,%(�287387�DJDLQ�

if (out_sqlda->sqld > out_sqlda->sqln)

{

n = out_sqlda->sqld;

free(out_sqlda);

out_sqlda = (XSQLDA *)malloc(XSQLDA_LENGTH(n));

out_sqlda->sqln = n;

out_sqlda->version = SQLDA_VERSION1;

EXEC SQL 

DESCRIBE OUTPUT SQL_STMT INTO SQL DESCRIPTOR out_sqlda;

}
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�� 6HW�XS�DQ�;64/9$5�VWUXFWXUH�IRU�HDFK�LWHP�UHWXUQHG��6HWWLQJ�XS�DQ�LWHP�
VWUXFWXUH�LQYROYHV�WKH�IROORZLQJ�VWHSV�

� &RHUFLQJ�DQ�LWHP·V�GDWDW\SH��RSWLRQDO��

� $OORFDWLQJ�ORFDO�VWRUDJH�IRU�WKH�GDWD�SRLQWHG�WR�E\�WKH�VTOGDWD�ILHOG�RI�WKH�;64/9$5��7KLV�
VWHS�LV�RQO\�UHTXLUHG�LI�VSDFH�IRU�ORFDO�YDULDEOHV�LV�QRW�DOORFDWHG�XQWLO�UXQ�WLPH��7KH�
IROORZLQJ�H[DPSOH�LOOXVWUDWHV�G\QDPLF�DOORFDWLRQ�RI�ORFDO�YDULDEOH�VWRUDJH�VSDFH�

� 3URYLGLQJ�D�18//�YDOXH�LQGLFDWRU�IRU�WKH�SDUDPHWHU�

7KH�IROORZLQJ�FRGH�H[DPSOH�LOOXVWUDWHV�WKHVH�VWHSV��ORRSLQJ�WKURXJK�HDFK�;64/9$5�
VWUXFWXUH�LQ�WKH�RXWBVTOGD�;64/'$�

for (i=0, var = out_sqlda->sqlvar; i < out_sqlda->sqld; i++, var++)

{

dtype = (var->sqltype & ~1) /* drop flag bit for now */

switch (dtype)

{

case SQL_VARYING: 

var->sqltype = SQL_TEXT;

var->sqldata = (char *)malloc(sizeof(char)*var->sqllen + 2);

break;

case SQL_TEXT: 

var->sqldata = (char *)malloc(sizeof(char)*var->sqllen);

break;

case SQL_LONG: 

var->sqldata = (char *)malloc(sizeof(long));

break;

. . .

/* process remaining types */

} /* end of switch statements */

if (sqltype & 1)

{

/* allocate variable to hold NULL status */

var->sqlind = (short *)malloc(sizeof(short));

}

} /* end of for loop */

)RU�PRUH�LQIRUPDWLRQ�DERXW�GDWDW\SH�FRHUFLRQ�DQG�18//�LQGLFDWRUV��VHH�´&RHUFLQJ�
GDWDW\SHVµ�RQ�SDJH ����
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4 ([HFXWLQJ�D�VWDWHPHQW�VWULQJ�ZLWKLQ�WKH�FRQWH[W RI�D�FXUVRU
7R�UHWULHYH�VHOHFW�OLVW�LWHPV�IURP�D�SUHSDUHG�VWDWHPHQW�VWULQJ��WKH�VWULQJ�PXVW�EH�H[HFXWHG�
ZLWKLQ�WKH�FRQWH[W�RI�D�FXUVRU��$OO�FXUVRU�GHFODUDWLRQV�LQ�,QWHU%DVH�DUH�IL[HG��HPEHGGHG�
VWDWHPHQWV�LQVHUWHG�LQWR�WKH�DSSOLFDWLRQ�EHIRUH�LW�LV�FRPSLOHG��'64/�DSSOLFDWLRQ�GHYHORSHUV�
PXVW�DQWLFLSDWH�WKH�QHHG�IRU�FXUVRUV�ZKHQ�ZULWLQJ�WKH�DSSOLFDWLRQ�DQG�GHFODUH�WKHP�DKHDG�RI�
WLPH�

$�ORRSLQJ�FRQVWUXFW�LV�XVHG�WR�IHWFK�D�VLQJOH�URZ�DW�D�WLPH�IURP�WKH�FXUVRU�DQG�WR�SURFHVV�
HDFK�VHOHFW�OLVW�LWHP��FROXPQ��LQ�WKDW�URZ�EHIRUH�WKH�QH[W�URZ�LV�IHWFKHG�

7R�H[HFXWH�D�VWDWHPHQW�VWULQJ�ZLWKLQ�WKH�FRQWH[W�RI�D�FXUVRU�DQG�UHWULHYH�URZV�RI�VHOHFW�OLVW�
LWHPV��IROORZ�WKHVH�VWHSV�

�� 'HFODUH�D�FXUVRU�IRU�WKH�VWDWHPHQW�VWULQJ��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�
GHFODUHV�D�FXUVRU��'<1B&85625��IRU�WKH�64/�VWDWHPHQW�VWULQJ��64/B6707�

EXEC SQL

DECLARE DYN_CURSOR CURSOR FOR SQL_STMT;

�� 2SHQ�WKH�FXUVRU�

EXEC SQL 

OPEN DYN_CURSOR;

2SHQLQJ�WKH�FXUVRU�FDXVHV�WKH�VWDWHPHQW�VWULQJ�WR�EH�H[HFXWHG��DQG�DQ�DFWLYH�VHW�RI�URZV�
WR�EH�UHWULHYHG��)RU�PRUH�LQIRUPDWLRQ�DERXW�FXUVRUV�DQG�DFWLYH�VHWV��VHH�&KDSWHU����
´:RUNLQJ�ZLWK�'DWD�µ

�� )HWFK�RQH�URZ�DW�D�WLPH�DQG�SURFHVV�WKH�VHOHFW�OLVW�LWHPV��FROXPQV��LW�FRQWDLQV��
)RU�H[DPSOH��WKH�IROORZLQJ�ORRSV�UHWULHYH�RQH�URZ�DW�D�WLPH�IURP�
'<1B&85625�DQG�SURFHVV�HDFK�LWHP�LQ�WKH�UHWULHYHG�URZ�ZLWK�DQ�
DSSOLFDWLRQ�VSHFLILF�IXQFWLRQ��KHUH�FDOOHG�process_column()��

while (SQLCODE == 0)

{

EXEC SQL 

FETCH DYN_CURSOR USING SQL DESCRIPTOR out_sqlda;

if (SQLCODE == 100)

break;

for (i = 0; i < out_sqlda->sqld; i++)

{

process_column(out_sqlda->sqlvar[i]);

}

}

7KH�process_column()�IXQFWLRQ�PHQWLRQHG�LQ�WKLV�H[DPSOH�SURFHVVHV�HDFK�UHWXUQHG�
VHOHFW�OLVW�LWHP��7KH�IROORZLQJ�VNHOHWRQ�FRGH�LOOXVWUDWHV�KRZ�VXFK�D�IXQFWLRQ�FDQ�EH�VHW�XS�
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void process_column(XSQLVAR *var)

{

/* test for NULL value */

if ((var->sqltype & 1) && (*(var->sqlind) = -1))

{

/* process the NULL value here */

}

else

{

/* process the data instead */

}

. . .

}

�� :KHQ�DOO�WKH�URZV�DUH�IHWFKHG��FORVH�WKH�FXUVRU�

EXEC SQL 

CLOSE DYN_CURSOR;

4 5H�H[HFXWLQJ�D�TXHU\�VWDWHPHQW�VWULQJ
2QFH�D�TXHU\�VWDWHPHQW�VWULQJ�ZLWKRXW�SDUDPHWHUV�LV�SUHSDUHG��LW�FDQ�EH�H[HFXWHG�DV�RIWHQ�DV�
UHTXLUHG�LQ�DQ�DSSOLFDWLRQ�E\�FORVLQJ�DQG�UHRSHQLQJ�LWV�FXUVRU�

7R�UHRSHQ�D�FXUVRU�DQG�SURFHVV�VHOHFW�OLVW�LWHPV��UHSHDW�VWHSV��²��RI�´([HFXWLQJ�D�6WDWHPHQW�
6WULQJ�:LWKLQ�WKH�&RQWH[W�RI�D�&XUVRU�µ�LQ�WKLV�FKDSWHU�

Method 4: Query statements with parameters
7KHUH�DUH�IRXU�VWHSV�WR�SURFHVVLQJ�DQ�64/�TXHU\�VWDWHPHQW�VWULQJ�ZLWK�SODFHKROGHU�
SDUDPHWHUV�

�� 3UHSDULQJ�DQ�LQSXW�;64/'$�WR�SURFHVV�D�VWDWHPHQW�VWULQJ·V�SDUDPHWHUV�

�� 3UHSDULQJ�DQ�RXWSXW�;64/'$�WR�SURFHVV�WKH�VHOHFW�OLVW�LWHPV�UHWXUQHG�ZKHQ�WKH�
TXHU\�LV�H[HFXWHG�

�� 3UHSDULQJ�WKH�VWDWHPHQW�VWULQJ�DQG�LWV�SDUDPHWHUV�

�� 8VLQJ�D�FXUVRU�WR�H[HFXWH�WKH�VWDWHPHQW�XVLQJ�LQSXW�SDUDPHWHU�YDOXHV�IURP�DQ�
LQSXW�;64/'$��DQG�WR�UHWULHYH�VHOHFW�OLVW�LWHPV�IURP�WKH�RXWSXW�;64/'$�
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4 3UHSDULQJ�WKH�LQSXW�;64/'$
3ODFHKROGHU�SDUDPHWHUV�DUH�UHSODFHG�ZLWK�DFWXDO�GDWD�EHIRUH�D�SUHSDUHG�64/�VWDWHPHQW�VWULQJ�
LV�H[HFXWHG��%HFDXVH�WKRVH�SDUDPHWHUV�DUH�XQNQRZQ�ZKHQ�WKH�VWDWHPHQW�VWULQJ�LV�FUHDWHG��DQ�
LQSXW�;64/'$�PXVW�EH�FUHDWHG�WR�VXSSO\�SDUDPHWHU�YDOXHV�DW�UXQ�WLPH��7R�SUHSDUH�WKH�
;64/'$��IROORZ�WKHVH�VWHSV�

�� 'HFODUH�D�YDULDEOH�WR�KROG�WKH�;64/'$�QHHGHG�WR�SURFHVV�SDUDPHWHUV��)RU�
H[DPSOH��WKH�IROORZLQJ�GHFODUDWLRQ�FUHDWHV�DQ�;64/'$�FDOOHG�LQBVTOGD�

XSQLDA *in_sqlda;

�� 2SWLRQDOO\�GHFODUH�D�YDULDEOH�IRU�DFFHVVLQJ�WKH�;64/9$5�VWUXFWXUH�RI�WKH�
;64/'$�

XSQLVAR *var;

'HFODULQJ�D�SRLQWHU�WR�WKH�;64/9$5�VWUXFWXUH�LV�QRW�QHFHVVDU\��EXW�FDQ�VLPSOLI\�
UHIHUHQFLQJ�WKH�VWUXFWXUH�LQ�VXEVHTXHQW�VWDWHPHQWV�

�� $OORFDWH�PHPRU\�IRU�WKH�;64/'$�XVLQJ�WKH�;64/'$B/(1*7+�PDFUR��7KH�
IROORZLQJ�VWDWHPHQW�DOORFDWHV�VWRUDJH�IRU�LQBVOTGD�

in_sqlda = (XSQLDA *)malloc(XSQLDA_LENGTH(10));

,Q�WKLV�VWDWHPHQW��VSDFH�IRU����;64/9$5�VWUXFWXUHV�LV�DOORFDWHG��DOORZLQJ�WKH�;64/'$�WR�
DFFRPPRGDWH�XS�WR����LQSXW�SDUDPHWHUV��2QFH�VWUXFWXUHV�DUH�DOORFDWHG��DVVLJQ�YDOXHV�WR�
WKH�VTOGDWD�ILHOG�LQ�HDFK�;64/9$5�

�� 6HW�WKH�YHUVLRQ�ILHOG�RI�WKH�;64/'$�WR�64/'$B9(56,21���DQG�VHW�WKH�VTOQ�ILHOG�
RI�WKH�;64/'$�WR�LQGLFDWH�WKH�QXPEHU�RI�;64/9$5�VWUXFWXUHV�DOORFDWHG�

in_sqlda->version = SQLDA_VERSION1;

in_sqlda->sqln = 10;

4 3UHSDULQJ�WKH�RXWSXW�;64/'$
%HFDXVH�WKH�QXPEHU�DQG�NLQG�RI�LWHPV�UHWXUQHG�DUH�XQNQRZQ�ZKHQ�D�VWDWHPHQW�VWULQJ�LV�
H[HFXWHG��DQ�RXWSXW�;64/'$�PXVW�EH�FUHDWHG�WR�VWRUH�VHOHFW�OLVW�LWHPV�WKDW�DUH�UHWXUQHG�DW�UXQ�
WLPH��7R�SUHSDUH�WKH�;64/'$��IROORZ�WKHVH�VWHSV�

�� 'HFODUH�D�YDULDEOH�WR�KROG�WKH�;64/'$�QHHGHG�WR�SURFHVV�SDUDPHWHUV��)RU�
H[DPSOH��WKH�IROORZLQJ�GHFODUDWLRQ�FUHDWHV�DQ�;64/'$�FDOOHG�RXWBVTOGD�

XSQLDA *out_sqlda;

�� 2SWLRQDOO\�GHFODUH�D�YDULDEOH�IRU�DFFHVVLQJ�WKH�;64/9$5�VWUXFWXUH�RI�WKH�
;64/'$�

XSQLVAR *var;
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'HFODULQJ�D�SRLQWHU�WR�WKH�;64/9$5�VWUXFWXUH�LV�QRW�QHFHVVDU\��EXW�FDQ�VLPSOLI\�
UHIHUHQFLQJ�WKH�VWUXFWXUH�LQ�VXEVHTXHQW�VWDWHPHQWV�

�� $OORFDWH�PHPRU\�IRU�WKH�;64/'$�XVLQJ�WKH�;64/'$B/(1*7+�PDFUR��7KH�
IROORZLQJ�VWDWHPHQW�DOORFDWHV�VWRUDJH�IRU�RXWBVTOGD�

out_sqlda = (XSQLDA *)malloc(XSQLDA_LENGTH(10));

6SDFH�IRU����;64/9$5�VWUXFWXUHV�LV�DOORFDWHG�LQ�WKLV�VWDWHPHQW��HQDEOLQJ�WKH�;64/'$�WR�
DFFRPPRGDWH�XS�WR����VHOHFW�OLVW�LWHPV�

�� 6HW�WKH�YHUVLRQ�ILHOG�RI�WKH�;64/'$�WR�64/'$B9(56,21���DQG�VHW�WKH�VTOQ�ILHOG�
RI�WKH�;64/'$�WR�LQGLFDWH�WKH�QXPEHU�RI�;64/9$5�VWUXFWXUHV�DOORFDWHG�

out_sqlda->version = SQLDA_VERSION1;

out_sqlda->sqln = 10;

4 3UHSDULQJ�D�TXHU\�VWDWHPHQW�VWULQJ�ZLWK�SDUDPHWHUV
$IWHU�DQ�LQSXW�DQG�DQ�RXWSXW�;64/'$�DUH�FUHDWHG�IRU�KROGLQJ�D�VWDWHPHQW�VWULQJ·V�SDUDPHWHUV��
DQG�WKH�VHOHFW�OLVW�LWHPV�UHWXUQHG�ZKHQ�WKH�VWDWHPHQW�LV�H[HFXWHG��WKH�VWDWHPHQW�VWULQJ�FDQ�EH�
FUHDWHG�DQG�SUHSDUHG��:KHQ�D�VWDWHPHQW�VWULQJ�LV�SUHSDUHG��,QWHU%DVH�UHSODFHV�WKH�
SODFHKROGHU�SDUDPHWHUV�LQ�WKH�VWULQJ�ZLWK�LQIRUPDWLRQ�DERXW�WKH�DFWXDO�SDUDPHWHUV�XVHG��7KH�
LQIRUPDWLRQ�DERXW�WKH�SDUDPHWHUV�PXVW�EH�DVVLJQHG�WR�WKH�LQSXW�;64/'$��DQG�SHUKDSV�
DGMXVWHG��EHIRUH�WKH�VWDWHPHQW�FDQ�EH�H[HFXWHG��:KHQ�WKH�VWDWHPHQW�VWULQJ�LV�H[HFXWHG��
,QWHU%DVH�VWRUHV�VHOHFW�OLVW�LWHPV�LQ�WKH�RXWSXW�;64/'$�

7R�SUHSDUH�D�TXHU\�VWDWHPHQW�VWULQJ�ZLWK�SDUDPHWHUV��IROORZ�WKHVH�VWHSV�

�� (OLFLW�D�VWDWHPHQW�VWULQJ�IURP�WKH�XVHU�RU�FUHDWH�RQH�WKDW�FRQWDLQV�WKH�64/�
VWDWHPHQW�WR�EH�SURFHVVHG��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�FUHDWHV�DQ�64/�
VWDWHPHQW�VWULQJ�ZLWK�SODFHKROGHU�SDUDPHWHUV�

char *str = "SELECT * FROM DEPARTMENT WHERE BUDGET = ?, LOCATION = ?";

7KLV�VWDWHPHQW�VWULQJ�FRQWDLQV�WZR�SDUDPHWHUV��D�YDOXH�WR�EH�DVVLJQHG�WR�WKH�%8'*(7�ILHOG�
DQG�D�YDOXH�WR�EH�DVVLJQHG�WR�WKH�/2&$7,21�ILHOG�

�� 3UHSDUH�DQG�QDPH�WKH�VWDWHPHQW�VWULQJ�ZLWK�35(3$5(��7KH�QDPH�LV�XVHG�LQ�
VXEVHTXHQW�FDOOV�WR�'(6&5,%(�DQG�(;(&87(�

EXEC SQL 

PREPARE SQL_STMT FROM :str;

64/B6707�LV�WKH�QDPH�DVVLJQHG�WR�WKH�SUHSDUHG�VWDWHPHQW�VWULQJ�

�� 8VH�'(6&5,%(�,1387�WR�ILOO�WKH�LQSXW�;64/'$�ZLWK�LQIRUPDWLRQ�DERXW�WKH�
SDUDPHWHUV�FRQWDLQHG�LQ�WKH�64/�VWDWHPHQW�

EXEC SQL 

DESCRIBE INPUT SQL_STMT USING SQL DESCRIPTOR in_sqlda;
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�� &RPSDUH�WKH�VTOQ�ILHOG�RI�WKH�;64/'$�WR�WKH�VTOG�ILHOG�WR�GHWHUPLQH�LI�WKH�LQSXW�
GHVFULSWRU�FDQ�DFFRPPRGDWH�WKH�QXPEHU�RI�SDUDPHWHUV�FRQWDLQHG�LQ�WKH�
VWDWHPHQW��,I�QRW��IUHH�WKH�VWRUDJH�SUHYLRXVO\�DOORFDWHG�WR�WKH�LQSXW�GHVFULSWRU��
UHDOORFDWH�VWRUDJH�WR�UHIOHFW�WKH�QXPEHU�RI�SDUDPHWHUV�VSHFLILHG�E\�VTOG��UHVHW�VTOQ�
DQG�YHUVLRQ��WKHQ�H[HFXWH�'(6&5,%(�,1387�DJDLQ�

if (in_sqlda->sqld > in_sqlda->sqln)

{

n = in_sqlda->sqld;

free(in_sqlda);

in_sqlda = (XSQLDA *)malloc(XSQLDA_LENGTH(n));

in_sqlda->sqln = n;

in_sqlda->version = SQLDA_VERSION1;

EXEC SQL 

DESCRIBE INPUT SQL_STMT USING SQL DESCRIPTOR in_sqlda;

}

�� 3URFHVV�HDFK�;64/9$5�SDUDPHWHU�VWUXFWXUH�LQ�WKH�LQSXW�;64/'$��3URFHVVLQJ�D�
SDUDPHWHU�VWUXFWXUH�LQYROYHV�XS�WR�IRXU�VWHSV�

� &RHUFLQJ�D�SDUDPHWHU·V�GDWDW\SH��RSWLRQDO��

� $OORFDWLQJ�ORFDO�VWRUDJH�IRU�WKH�GDWD�SRLQWHG�WR�E\�WKH�VTOGDWD�ILHOG�RI�WKH�;64/9$5��7KLV�
VWHS�LV�RQO\�UHTXLUHG�LI�VSDFH�IRU�ORFDO�YDULDEOHV�LV�QRW�DOORFDWHG�XQWLO�UXQ�WLPH��7KH�
IROORZLQJ�H[DPSOH�LOOXVWUDWHV�G\QDPLF�DOORFDWLRQ�RI�ORFDO�YDULDEOH�VWRUDJH�VSDFH�

� 3URYLGLQJ�D�YDOXH�IRU�WKH�SDUDPHWHU�FRQVLVWHQW�ZLWK�LWV�GDWDW\SH��UHTXLUHG��

� 3URYLGLQJ�D�18//�YDOXH�LQGLFDWRU�IRU�WKH�SDUDPHWHU�

7KHVH�VWHSV�PXVW�EH�IROORZHG�LQ�WKH�RUGHU�SUHVHQWHG��7KH�IROORZLQJ�FRGH�H[DPSOH�
LOOXVWUDWHV�WKHVH�VWHSV��ORRSLQJ�WKURXJK�HDFK�;64/9$5�VWUXFWXUH�LQ�WKH�LQBVTOGD�;64/'$�

for (i=0, var = in_sqlda->sqlvar; i < in_sqlda->sqld; i++, var++)

{

/* Process each XSQLVAR parameter structure here.

The parameter structure is pointed to by var.*/

dtype = (var->sqltype & ~1) /* drop flag bit for now */

switch (dtype)

{

case SQL_VARYING: /* coerce to SQL_TEXT */

var->sqltype = SQL_TEXT;

/* allocate proper storage */

var->sqldata = (char *)malloc(sizeof(char)*var->sqllen);

/* provide a value for the parameter. See case SQL_LONG */

. . .

break;
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case SQL_TEXT: 

var->sqldata = (char *)malloc(sizeof(char)*var->sqllen);

/* provide a value for the parameter. See case SQL_LONG */

. . .

break;

case SQL_LONG: 

var->sqldata = (char *)malloc(sizeof(long));

/* provide a value for the parameter */

*(long *)(var->sqldata) = 17;

break;

. . .

} /* end of switch statement */

if (sqltype & 1)

{

/* allocate variable to hold NULL status */

var->sqlind = (short *)malloc(sizeof(short));

}

} /* end of for loop */

)RU�PRUH�LQIRUPDWLRQ�DERXW�GDWDW\SH�FRHUFLRQ�DQG�18//�LQGLFDWRUV��VHH�´&RHUFLQJ�
GDWDW\SHVµ�RQ�SDJH ����

�� 8VH�'(6&5,%(�287387�WR�ILOO�WKH�RXWSXW�;64/'$�ZLWK�LQIRUPDWLRQ�DERXW�WKH�
VHOHFW�OLVW�LWHPV�UHWXUQHG�E\�WKH�VWDWHPHQW�

EXEC SQL 

DESCRIBE OUTPUT SQL_STMT INTO SQL DESCRIPTOR out_sqlda;

�� &RPSDUH�WKH�VTOQ�ILHOG�RI�WKH�;64/'$�WR�WKH�VTOG�ILHOG�WR�GHWHUPLQH�LI�WKH�RXWSXW�
GHVFULSWRU�FDQ�DFFRPPRGDWH�WKH�QXPEHU�RI�VHOHFW�OLVW�LWHPV�VSHFLILHG�LQ�WKH�
VWDWHPHQW��,I�QRW��IUHH�WKH�VWRUDJH�SUHYLRXVO\�DOORFDWHG�WR�WKH�RXWSXW�GHVFULSWRU��
UHDOORFDWH�VWRUDJH�WR�UHIOHFW�WKH�QXPEHU�RI�VHOHFW�OLVW�LWHPV�VSHFLILHG�E\�VTOG��UHVHW�
VTOQ�DQG�YHUVLRQ��DQG�H[HFXWH�'(6&5,%(�287387�DJDLQ�

if (out_sqlda->sqld > out_sqlda->sqln)

{

n = out_sqlda->sqld;

free(out_sqlda);

out_sqlda = (XSQLDA *)malloc(XSQLDA_LENGTH(n));

out_sqlda->sqln = n;

out_sqlda->version = SQLDA_VERSION1;

EXEC SQL 

DESCRIBE OUTPUT SQL_STMT INTO SQL DESCRIPTOR out_sqlda;

}

�� 6HW�XS�DQ�;64/9$5�VWUXFWXUH�IRU�HDFK�LWHP�UHWXUQHG��6HWWLQJ�XS�DQ�LWHP�
VWUXFWXUH�LQYROYHV�WKH�IROORZLQJ�VWHSV�
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� &RHUFLQJ�DQ�LWHP·V�GDWDW\SH��RSWLRQDO��

� $OORFDWLQJ�ORFDO�VWRUDJH�IRU�WKH�GDWD�SRLQWHG�WR�E\�WKH�VTOGDWD�ILHOG�RI�WKH�;64/9$5��7KLV�
VWHS�LV�RQO\�UHTXLUHG�LI�VSDFH�IRU�ORFDO�YDULDEOHV�LV�QRW�DOORFDWHG�XQWLO�UXQ�WLPH��7KH�
IROORZLQJ�H[DPSOH�LOOXVWUDWHV�G\QDPLF�DOORFDWLRQ�RI�ORFDO�YDULDEOH�VWRUDJH�VSDFH�

� 3URYLGLQJ�D�18//�YDOXH�LQGLFDWRU�IRU�WKH�SDUDPHWHU��RSWLRQDO��

7KH�IROORZLQJ�FRGH�H[DPSOH�LOOXVWUDWHV�WKHVH�VWHSV��ORRSLQJ�WKURXJK�HDFK�;64/9$5�
VWUXFWXUH�LQ�WKH�RXWBVTOGD�;64/'$�

for (i=0, var = out_sqlda->sqlvar; i < out_sqlda->sqld; i++, var++)

{

dtype = (var->sqltype & ~1) /* drop flag bit for now */

switch (dtype)

{

case SQL_VARYING: 

var->sqltype = SQL_TEXT;

break;

case SQL_TEXT: 

var->sqldata = (char *)malloc(sizeof(char)*var->sqllen);

break;

case SQL_LONG: 

var->sqldata = (char *)malloc(sizeof(long));

break;

/* process remaining types */

} /* end of switch statements */

if (sqltype & 1)

{

/* allocate variable to hold NULL status */

var->sqlind = (short *)malloc(sizeof(short));

}

} /* end of for loop */

)RU�PRUH�LQIRUPDWLRQ�DERXW�GDWDW\SH�FRHUFLRQ�DQG�18//�LQGLFDWRUV��VHH�´&RHUFLQJ�
GDWDW\SHVµ�RQ�SDJH ����

4 ([HFXWLQJ�D�TXHU\�VWDWHPHQW�VWULQJ�ZLWKLQ�WKH�FRQWH[W�RI�D�FXUVRU
7R�UHWULHYH�VHOHFW�OLVW�LWHPV�IURP�D�VWDWHPHQW�VWULQJ��WKH�VWULQJ�PXVW�EH�H[HFXWHG�ZLWKLQ�WKH�
FRQWH[W�RI�D�FXUVRU��$OO�FXUVRU�GHFODUDWLRQV�LQ�,QWHU%DVH�DUH�IL[HG��HPEHGGHG�VWDWHPHQWV�
LQVHUWHG�LQWR�WKH�DSSOLFDWLRQ�EHIRUH�LW�LV�FRPSLOHG��'64/�DSSOLFDWLRQ�GHYHORSHUV�PXVW�
DQWLFLSDWH�WKH�QHHG�IRU�FXUVRUV�ZKHQ�ZULWLQJ�WKH�DSSOLFDWLRQ�DQG�GHFODUH�WKHP�DKHDG�RI�WLPH�

$�ORRSLQJ�FRQVWUXFW�LV�XVHG�WR�IHWFK�D�VLQJOH�URZ�DW�D�WLPH�IURP�WKH�FXUVRU�DQG�WR�SURFHVV�
HDFK�VHOHFW�OLVW�LWHP��FROXPQ��LQ�WKDW�URZ�EHIRUH�WKH�QH[W�URZ�LV�IHWFKHG�
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7R�H[HFXWH�D�VWDWHPHQW�VWULQJ�ZLWKLQ�WKH�FRQWH[W�RI�D�FXUVRU�DQG�UHWULHYH�URZV�RI�VHOHFW�OLVW�
LWHPV��IROORZ�WKHVH�VWHSV�

�� 'HFODUH�D�FXUVRU�IRU�WKH�VWDWHPHQW�VWULQJ��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�
GHFODUHV�D�FXUVRU��'<1B&85625��IRU�WKH�SUHSDUHG�64/�VWDWHPHQW�VWULQJ��
64/B6707�

EXEC SQL

DECLARE DYN_CURSOR CURSOR FOR SQL_STMT;

�� 2SHQ�WKH�FXUVRU��VSHFLI\LQJ�WKH�LQSXW�GHVFULSWRU�

EXEC SQL 

OPEN DYN_CURSOR USING SQL DESCRIPTOR in_sqlda;

2SHQLQJ�WKH�FXUVRU�FDXVHV�WKH�VWDWHPHQW�VWULQJ�WR�EH�H[HFXWHG��DQG�DQ�DFWLYH�VHW�RI�URZV�
WR�EH�UHWULHYHG��)RU�PRUH�LQIRUPDWLRQ�DERXW�FXUVRUV�DQG�DFWLYH�VHWV��VHH�&KDSWHU����
´:RUNLQJ�ZLWK�'DWD�µ

�� )HWFK�RQH�URZ�DW�D�WLPH�DQG�SURFHVV�WKH�VHOHFW�OLVW�LWHPV��FROXPQV��LW�FRQWDLQV��
)RU�H[DPSOH��WKH�IROORZLQJ�ORRSV�UHWULHYH�RQH�URZ�DW�D�WLPH�IURP�'<1B&85625�
DQG�SURFHVV�HDFK�LWHP�LQ�WKH�UHWULHYHG�URZ�ZLWK�DQ�DSSOLFDWLRQ�VSHFLILF�IXQFWLRQ�
�KHUH�FDOOHG�process_column()��

while (SQLCODE == 0)

{

EXEC SQL 

FETCH DYN_CURSOR USING SQL DESCRIPTOR out_sqlda;

if (SQLCODE == 100)

break;

for (i = 0; i < out_sqlda->sqld; i++)

{

process_column(out_sqlda->sqlvar[i]);

}

}

�� :KHQ�DOO�WKH�URZV�DUH�IHWFKHG��FORVH�WKH�FXUVRU�

EXEC SQL 

CLOSE DYN_CURSOR;

4 5H�H[HFXWLQJ�D�TXHU\�VWDWHPHQW�VWULQJ�ZLWK�SDUDPHWHUV
2QFH�D�TXHU\�VWDWHPHQW�VWULQJ�ZLWK�SDUDPHWHUV�LV�SUHSDUHG��LW�FDQ�EH�XVHG�DV�RIWHQ�DV�UHTXLUHG�
LQ�DQ�DSSOLFDWLRQ��%HIRUH�HDFK�VXEVHTXHQW�XVH��WKH�LQSXW�;64/'$�FDQ�EH�VXSSOLHG�ZLWK�QHZ�
SDUDPHWHU�DQG�18//�LQGLFDWRU�GDWD��7KH�FXUVRU�PXVW�EH�FORVHG�DQG�UHRSHQHG�EHIRUH�
SURFHVVLQJ�FDQ�RFFXU�
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7R�SURYLGH�QHZ�SDUDPHWHUV�WR�WKH�LQSXW�;64/'$��IROORZ�VWHSV��²��RI�´3UHSDULQJ�D�4XHU\�
6WDWHPHQW�6WULQJ�ZLWK�3DUDPHWHUV�µ�LQ�WKLV�FKDSWHU�

7R�SURYLGH�QHZ�LQIRUPDWLRQ�WR�WKH�RXWSXW�;64/'$��IROORZ�VWHSV��²��RI�´3UHSDULQJ�D�4XHU\�
6WDWHPHQW�6WULQJ�ZLWK�3DUDPHWHUV�µ�LQ�WKLV�FKDSWHU�

7R�UHRSHQ�D�FXUVRU�DQG�SURFHVV�VHOHFW�OLVW�LWHPV��UHSHDW�VWHSV��²��RI�´([HFXWLQJ�D�4XHU\�
6WDWHPHQW�6WULQJ�:LWKLQ�WKH�&RQWH[W�RI�D�&XUVRU�µ�LQ�WKLV�FKDSWHU�
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CHAPTER

15
Chapter 15Preprocessing, Compiling,

and Linking

7KLV�FKDSWHU�GHVFULEHV�KRZ�WR�SUHSURFHVV�D�SURJUDP�E\�XVLQJ�gpre��DQG�KRZ�WR�FRPSLOH�DQG�
OLQN�LW�IRU�H[HFXWLRQ�

Preprocessing
$IWHU�FRGLQJ�DQ�64/�RU�G\QDPLF�64/��'64/��SURJUDP��WKH�SURJUDP�PXVW�EH�SUHSURFHVVHG�
ZLWK�gpre�EHIRUH�LW�FDQ�EH�FRPSLOHG��gpre�WUDQVODWHV�64/�DQG�'64/�FRPPDQGV�LQWR�
VWDWHPHQWV�WKH�KRVW�ODQJXDJH�FRPSLOHU�DFFHSWV�E\�JHQHUDWLQJ�,QWHU%DVH�OLEUDU\�IXQFWLRQ�FDOOV� 
gpre�WUDQVODWHV�64/�DQG�'64/�GDWDEDVH�YDULDEOHV�LQWR�RQHV�WKH�KRVW�ODQJXDJH�FRPSLOHU�
DFFHSWV�DQG�GHFODUHV�WKHVH�YDULDEOHV�LQ�KRVW�ODQJXDJH�IRUPDW��gpre�DOVR�GHFODUHV�FHUWDLQ�
YDULDEOHV�DQG�GDWD�VWUXFWXUHV�UHTXLUHG�E\�64/��VXFK�DV�WKH�64/&2'(�YDULDEOH�DQG�WKH�
H[WHQGHG�64/�GHVFULSWRU�DUHD��;64/'$��XVHG�E\�'64/�

Using gpre
7KH�V\QWD[�IRU�gpre�LV�

gpre [-language] [-options] infile [outfile]
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7KH�LQILOH�DUJXPHQW�VSHFLILHV�WKH�QDPH�RI�WKH�LQSXW�ILOH�

7KH�RSWLRQDO�RXWILOH�DUJXPHQW�VSHFLILHV�WKH�QDPH�RI�WKH�RXWSXW�ILOH��,I�QR�ILOH�LV�VSHFLILHG��gpre�
VHQGV�LWV�RXWSXW�WR�D�ILOH�ZLWK�WKH�VDPH�QDPH�DV�WKH�LQSXW�ILOH��ZLWK�DQ�H[WHQVLRQ�GHSHQGLQJ�
RQ�WKH�ODQJXDJH�RI�WKH�LQSXW�ILOH�

gpre�KDV�VZLWFKHV�WKDW�DOORZ�\RX�WR�VSHFLI\�WKH�ODQJXDJH�RI�WKH�VRXUFH�SURJUDP�DQG�D�QXPEHU�
RI�RWKHU�RSWLRQV��<RX�FDQ�SODFH�WKH�VZLWFKHV�HLWKHU�EHIRUH�RU�DIWHU�WKH�LQSXW�DQG�RXWSXW�ILOH�
VSHFLILFDWLRQ��(DFK�VZLWFK�PXVW�LQFOXGH�DW�OHDVW�D�K\SKHQ�SUHFHGHG�E\�D�VSDFH�DQG�D�XQLTXH�
FKDUDFWHU�VSHFLI\LQJ�WKH�VZLWFK�

4 /DQJXDJH�VZLWFKHV
7KH�ODQJXDJH�VZLWFK�VSHFLILHV�WKH�ODQJXDJH�RI�WKH�VRXUFH�SURJUDP��&�DQG�&���DUH�ODQJXDJHV�
DYDLODEOH�RQ�DOO�SODWIRUPV��7KH�VZLWFKHV�DUH�VKRZQ�LQ�WKH�IROORZLQJ�WDEOH�

,Q�DGGLWLRQ��VRPH�SODWIRUPV�VXSSRUW�RWKHU�ODQJXDJHV�LI�DQ�DGGLWLRQDO�,QWHU%DVH�OLFHQVH�IRU�WKH�
ODQJXDJH�LV�SXUFKDVHG��7KH�IROORZLQJ�WDEOH�OLVWV�WKH�DYDLODEOH�ODQJXDJHV�DQG�WKH�FRUUHVSRQGLQJ�
VZLWFKHV��

)RU�H[DPSOH��WR�SUHSURFHVV�D�&�SURJUDP�FDOOHG�FHQVXV�H��W\SH�

gpre -c census.e

Switch Language

-c C

-cxx C++

TABLE 15.1 gpre language switches available on all platforms

Switch Language

-al[sys] Ada (Alsys)

-a[da] Ada (VERDIX, VMS, Telesoft)

-ansi ANSI-85 COBOL

-co[bol] COBOL

-f[ortran] FORTRAN

-pa[scal] Pascal

TABLE 15.2 Additional gpre language switches
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4 2SWLRQ�VZLWFKHV
7KH�RSWLRQ�VZLWFKHV�VSHFLI\�SUHSURFHVVLQJ�RSWLRQV��7KH�IROORZLQJ�WDEOH�GHVFULEHV�WKH�
DYDLODEOH�VZLWFKHV�

Switch Description

-charset name Determines the active character set at compile time, where name is the 
character set name.

-d[atabase] filename Declares a database for programs. filename is the file name of the database to 
access. Use this option if a program contains SQL statements and does not 
attach to the database itself. Do not use this option if the program includes a 
database declaration.

-d_float VAX/VMS only. Specifies that double-precision data will be passed from the 
application in D_FLOAT format and stored in the database in G_FLOAT format. 
Data comparisons within the database will be performed in G_FLOAT format. 
Data returned to the application from the database will be in D_FLOAT format.

-e[ither_case] Enables gpre to recognize both uppercase and lowercase. Use the 
-either_case switch whenever SQL keywords appear in code in lowercase 
letters. If case is mixed, and this switch is not used, gpre cannot process the 
input file. This switch is not
necessary with languages other than C, since they are case-insensitive.

-m[anual] Suppresses the automatic generation of transactions. Use the
-m switch for SQL programs that perform their own transaction handling, and 
for all DSQL programs that must, by definition, explicitly control their own 
transactions.

-n[o_lines] Suppresses line numbers for C programs.

-o[utput] Directs gpre’s output to standard output, rather than to a file.

-password password Specifies password, the database password, if the program connects to a 
database that requires one.

TABLE 15.3 gpre option switches



CHAPTER 15 PREPROCESSING, COMPILING, AND LINKING

282 INTERBASE 5

)RU�VLWHV�ZLWK�WKH�DSSURSULDWH�OLFHQVH�DQG�DUH�XVLQJ�D�ODQJXDJH�RWKHU�WKDQ�&��DGGLWLRQDO�gpre�
RSWLRQV�FDQ�EH�VSHFLILHG��DV�GHVFULEHG�LQ�WKH�IROORZLQJ�WDEOH�

4 ([DPSOHV
7KH�IROORZLQJ�FRPPDQG�SUHSURFHVVHV�D�&�SURJUDP�LQ�D�ILOH�QDPHG�DSSO��H��7KH�RXWSXW�ILOH�
ZLOO�EH�DSSO��F��6LQFH�QR�GDWDEDVH�LV�VSHFLILHG��WKH�VRXUFH�FRGH�PXVW�FRQQHFW�WR�WKH�GDWDEDVH�

gpre -c appl1

7KH�IROORZLQJ�FRPPDQG�LV�WKH�VDPH�DV�WKH�SUHYLRXV��H[FHSW�WKDW�LW�GRHV�QRW�DVVXPH�WKH�
VRXUFH�FRGH�RSHQV�D�GDWDEDVH��LQVWHDG��H[SOLFLWO\�GHFODULQJ�WKH�GDWDEDVH��P\GE�JGE�

gpre -c appl1 -d mydb.gdb

-r[aw] Prints BLR as raw numbers, rather than as their mnemonic equivalents. This 
option cam be useful for making the gpre output file smaller; however, it will 
be unreadable.

-sqlda [old | new] Argument old specifies SQLDA, new specifies XSQLDA. If this switch is not used, 
the default is XSQLDA.

-user username Specifies username, the database user name, if the program connects to a 
database that requires one.

-x handle Gives the database handle identified with the -database option an external 
declaration. This option directs the program to pick up a global declaration 
from another linked module. Use only if the -d switch is also used.

-z Print the version number of gpre and the version number of all declared 
databases. These databases can be declared either in the program or with the 
-database switch.

Switch Description

-h[andles] pkg Specifies, pkg, an Ada handles package.

TABLE 15.4 Language-specific gpre option switches

Switch Description

TABLE 15.3 gpre option switches  (continued)
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Using a file extension to specify language
,Q�DGGLWLRQ�WR�XVLQJ�D�ODQJXDJH�VZLWFK�WR�VSHFLI\�WKH�KRVW�ODQJXDJH��LW�LV�DOVR�SRVVLEOH�WR�
LQGLFDWH�WKH�KRVW�ODQJXDJH�ZLWK�WKH�ILOH�QDPH�H[WHQVLRQ�RI�WKH�VRXUFH�ILOH��7KH�IROORZLQJ�WDEOH�
OLVWV�WKH�ILOH�QDPH�H[WHQVLRQV�IRU�HDFK�ODQJXDJH�WKDW�gpre�VXSSRUWV�DQG�WKH�GHIDXOW�H[WHQVLRQ�
RI�WKH�RXWSXW�ILOH�

)RU�H[DPSOH��WR�SUHSURFHVV�D�&2%2/�SURJUDP�FDOOHG�FHQVXV�HFRE��W\SH�

gpre census_report.ecob

7KLV�JHQHUDWHV�DQ�RXWSXW�ILOH�FDOOHG�FHQVXV�FRE�

:KHQ�VSHFLI\LQJ�D�ILOH�QDPH�H[WHQVLRQ��LW�LV�SRVVLEOH�WR�VSHFLI\�D�ODQJXDJH�VZLWFK�DV�ZHOO��

gpre -cob census.ecob

Specifying the source file
%HFDXVH�ERWK�WKH�ODQJXDJH�VZLWFK�DQG�WKH�ILOHQDPH�H[WHQVLRQ�DUH�RSWLRQDO��gpre FDQ�
HQFRXQWHU�WKUHH�GLIIHUHQW�VLWXDWLRQV�

g $�ODQJXDJH�VZLWFK�DQG�LQSXW�ILOH�ZLWK�QR�H[WHQVLRQ
g1R�ODQJXDJH�VZLWFK��EXW�DQ�LQSXW�ILOH�ZLWK�H[WHQVLRQ
g1HLWKHU�D�ODQJXDJH�VZLWFK��QRU�D�ILOH�H[WHQVLRQ

7KLV�VHFWLRQ�GHVFULEHV�gpre·V�EHKDYLRU�LQ�HDFK�RI�WKHVH�FDVHV�

Language Input file extension Default output file extension

Ada (VERDIX) ea a

Ada (Alsys, Telesoft) eada ada

C e c

C++ exx cxx

COBOL ecob cob

FORTRAN ef f

Pascal epas pas

TABLE 15.5 File extensions for language specification
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Language switch and no input file extension

,I�gpre�HQFRXQWHUV�D�ODQJXDJH�VZLWFK��EXW�WKH�VSHFLILHG�LQSXW�ILOH�KDV�QR�H[WHQVLRQ, LW�GRHV�
WKH�IROORZLQJ�

�� ,W�ORRNV�IRU�WKH�LQSXW�ILOH�ZLWKRXW�DQ�H[WHQVLRQ��,I�gpre ILQGV�WKH�ILOH��LW�SURFHVVHV�
LW�DQG�JHQHUDWHV�DQ�RXWSXW�ILOH�ZLWK�WKH�DSSURSULDWH�H[WHQVLRQ��

,I�gpre GRHV�QRW�ILQG�WKH�LQSXW�ILOH��LW�ORRNV�IRU�WKH�ILOH�ZLWK�WKH�H[WHQVLRQ�WKDW�
FRUUHVSRQGV�WR�WKH�LQGLFDWHG�ODQJXDJH� ,I�LW�ILQGV�VXFK�D�ILOH��LW�JHQHUDWHV�DQ�RXWSXW�ILOH�
ZLWK�WKH�DSSURSULDWH�H[WHQVLRQ�

�� ,I�gpre FDQQRW�ILQG�HLWKHU�WKH�QDPHG�ILOH�RU�WKH�QDPHG�ILOH�ZLWK�WKH�DSSURSULDWH�
H[WHQVLRQ��LW�UHWXUQV�WKH�IROORZLQJ�HUURU��

gpre: can’t open filename or filename.extension

ILOHQDPH�LV�WKH�ILOH�VSHFLILHG�LQ�WKH�gpre FRPPDQG��H[WHQVLRQ�LV�WKH�ODQJXDJH�VSHFLILF�ILOH�
H[WHQVLRQ�IRU�WKH�VSHFLILHG�SURJUDP��

)RU�H[DPSOH��VXSSRVH�WKH�IROORZLQJ�FRPPDQG�LV�LVVXHG�

gpre -c census

gpre�SHUIRUPV�WKH�IROORZLQJ�VHTXHQFH�RI�DFWLRQV�

�� ,W�ORRNV�IRU�D�ILOH�FDOOHG�FHQVXV�ZLWKRXW�DQ�H[WHQVLRQ��,I�LW�ILQGV�WKH�ILOH��LW�SURFHVVHV�
LW�DQG�JHQHUDWHV�FHQVXV�F�

�� ,I�LW�FDQQRW�ILQG�FHQVXV��LW�ORRNV�IRU�D�ILOH�FDOOHG�FHQVXV�H��,I LW�ILQGV�FHQVXV�H��LW�
SURFHVVHV�WKH�ILOH�DQG�JHQHUDWHV�FHQVXV�F��

�� ,I�it FDQQRW�ILQG�FHQVXV�RU�FHQVXV�H��LW�UHWXUQV�WKLV�HUURU�

gpre: can’t open census or census.e

No language switch and an input file with extension

,I�D�ODQJXDJH�VZLWFK�LV�QRW�VSHFLILHG��EXW�WKH�LQSXW�ILOH�LQFOXGHV�D�ILOH�QDPH�H[WHQVLRQ��gpre 
ORRNV�IRU�WKH�VSHFLILHG�ILOH�DQG�DVVXPHV�WKH�ODQJXDJH�LV�LQGLFDWHG�E\�WKH�H[WHQVLRQ�

)RU�H[DPSOH��VXSSRVH�WKH�IROORZLQJ�FRPPDQG�LV�SURFHVVHG�

gpre census.e

gpre ORRNV�IRU�D�ILOH�FDOOHG�FHQVXV�H��,I�gpre�ILQGV�WKLV�ILOH��LW�SURFHVVHV�LW�DV�D�&�SURJUDP�DQG�
JHQHUDWHV�DQ�RXWSXW�ILOH�FDOOHG�FHQVXV�F��,I�gpre�GRHV�QRW�ILQG�WKLV�ILOH��LW�UHWXUQV�WKH�IROORZLQJ�
HUURU�

gpre: can’t open census.e
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Neither a language switch nor a file extension

,I�gpre ILQGV QHLWKHU�D�ODQJXDJH�H[WHQVLRQ�QRU�D�ILOHQDPH�H[WHQVLRQ��LW�ORRNV�IRU�D�ILOH�LQ�WKH�
IROORZLQJ�RUGHU�

�� ILOHQDPH�H��&�

�� ILOHQDPH�HSDV��3DVFDO�

�� ILOHQDPH�HI��)2575$1�

�� ILOHQDPH�HFRE��&2%2/�

�� ILOHQDPH�HD��9(5',;�$GD�

�� ILOHQDPH�HDGD��$OV\V��DQG�7HOHVRIW�$GD�

,I�gpre�ILQGV�VXFK�D�ILOH��LW�JHQHUDWHV�DQ�RXWSXW�ILOH�ZLWK�WKH�DSSURSULDWH�H[WHQVLRQ��,I�gpre 
GRHV�QRW�ILQG�WKH�ILOH��LW�UHWXUQV�WKH�IROORZLQJ�HUURU�

gpre: can’t find filename with any known extension. Giving up.

Compiling and linking
$IWHU�SUHSURFHVVLQJ�D�SURJUDP��LW�PXVW�EH�FRPSLOHG�DQG�OLQNHG��&RPSLOLQJ�FUHDWHV�DQ�REMHFW�
PRGXOH�IURP�WKH�SUHSURFHVVHG�VRXUFH�ILOH��8VH�D�KRVW�ODQJXDJH�FRPSLOHU�WR�FRPSLOH�WKH�
SURJUDP�

7KH�OLQNLQJ�SURFHVV�UHVROYHV�H[WHUQDO�UHIHUHQFHV�DQG�FUHDWHV�DQ�H[HFXWDEOH�REMHFW��8VH�WKH�
WRROV�DYDLODEOH�RQ�D�JLYHQ�SODWIRUP�WR�OLQN�D�SURJUDP·V�REMHFW�PRGXOH�WR�RWKHU�REMHFW�PRGXOHV�
DQG�OLEUDULHV��EDVHG�RQ�WKH�SODWIRUP��RSHUDWLQJ�V\VWHP�DQG�KRVW�ODQJXDJH�XVHG��

Compiling an Ada program
%HIRUH�FRPSLOLQJ�DQ�$GD�SURJUDP��EH�VXUH�WKH�$GD�OLEUDU\�FRQWDLQV�WKH�SDFNDJH�LQWHUEDVH�DGD�
�RU�LQWHUEDVH�D�IRU�9(5',;�$GD���7KLV�SDFNDJH�LV�LQ�WKH�,QWHU%DVH�LQFOXGH�GLUHFWRU\�

7R�XVH�WKH�SURJUDPV�LQ�WKH�,QWHU%DVH�H[DPSOHV�GLUHFWRU\��XVH�WKH�SDFNDJH�EDVLFBLR�DGD��RU�
EDVLFBLR�D�IRU�9(5',;�$GD���DOVR�ORFDWHG�LQ�WKH�H[DPSOHV�GLUHFWRU\�

Linking
2Q�8QL[�SODWIRUPV��SURJUDPV�FDQ�EH�OLQNHG�WR�WKH�IROORZLQJ�OLEUDULHV�
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g $�OLEUDU\�WKDW�XVHV�SLSHV��REWDLQHG�ZLWK�WKH��OJGV�RSWLRQ��7KLV�OLEUDU\�\LHOGV�IDVWHU�OLQNV�DQG�
VPDOOHU�LPDJHV��,W�DOVR�OHWV�\RXU�DSSOLFDWLRQ�ZRUN�ZLWK�QHZ�YHUVLRQV�RI�,QWHU%DVH�
DXWRPDWLFDOO\�ZKHQ�WKH\�DUH�LQVWDOOHG�

g $�OLEUDU\�WKDW�GRHV�QRW�XVH�SLSHV��REWDLQHG�ZLWK�WKH��OJGVBE�RSWLRQ��7KLV�OLEUDU\�KDV�IDVWHU�
H[HFXWLRQ��EXW�ELQGV�DQ�DSSOLFDWLRQ�WR�D�VSHFLILF�YHUVLRQ�RI�,QWHU%DVH��:KHQ�LQVWDOOLQJ�D�QHZ�
YHUVLRQ�RI�,QWHU%DVH��SURJUDPV�PXVW�EH�UHOLQNHG�WR�XVH�WKH�QHZ�IHDWXUHV�RU�GDWDEDVHV�FUHDWHG�
ZLWK�WKDW�YHUVLRQ�

8QGHU�6XQ26����SURJUDPV�FDQ�EH�OLQNHG�WR�D�VKDUHDEOH�OLEUDU\�E\�XVLQJ�WKH
�OJGVOLE�RSWLRQ��7KLV�FUHDWHV�D�G\QDPLF�OLQN�DW�UXQ�WLPH�DQG�\LHOGV�VPDOOHU�LPDJHV�ZLWK�WKH�
H[HFXWLRQ�VSHHG�RI�WKH�IXOO�OLEUDU\��7KLV�RSWLRQ�DOVR�SURYLGHV�WKH�DELOLW\�WR�XSJUDGH�,QWHU%DVH�
YHUVLRQV�DXWRPDWLFDOO\�

)RU�VSHFLILF�LQIRUPDWLRQ�DERXW�OLQNLQJ�RSWLRQV�IRU�,QWHU%DVH�RQ�D�SDUWLFXODU�SODWIRUP��FRQVXOW�
WKH�RQOLQH�UHDGPH�LQ�WKH�LQWHUEDVH�GLUHFWRU\�
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APPENDIX

A
Appendix AInterBase Document

Conventions

7KLV�DSSHQGL[�GHVFULEHV�WKH�,QWHU%DVH�����GRFXPHQWDWLRQ�VHW��WKH�SULQWLQJ�FRQYHQWLRQV�XVHG�
WR�GLVSOD\�LQIRUPDWLRQ�LQ�WH[W�DQG�LQ�FRGH�H[DPSOHV��DQG�FRQYHQWLRQV�IRU�QDPLQJ�GDWDEDVH�
REMHFWV�DQG�ILOHV�LQ�DSSOLFDWLRQV�
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The InterBase documentation set
7KH�,QWHU%DVH�GRFXPHQWDWLRQ�VHW�LV�DQ�LQWHJUDWHG�SDFNDJH�GHVLJQHG�IRU�DOO�OHYHOV�RI�XVHUV��,W�
FRQVLVWV�RI�ILYH�SULQWHG�ERRNV��(DFK�RI�WKHVH�ERRNV�LV�DOVR�SURYLGHG�LQ�$GREH�$FUREDW�3')�
IRUPDW�DQG�LV�DFFHVVLEOH�RQ�OLQH�WKURXJK�WKH�+HOS�PHQX��,I�$GREH�$FUREDW�LV�QRW�DOUHDG\�
LQVWDOOHG�RQ�\RXU�V\VWHP��\RX�FDQ�ILQG�LW�RQ�WKH�,QWHU%DVH�GLVWULEXWLRQ�&'�520�RU�DW�
KWWS��ZZZ�DGREH�FRP�SURGLQGH[�DFUREDW�UHDGVWHS�KWPO��$FUREDW�LV�DYDLODEOH�IRU�:LQGRZV�17��
:LQGRZV�����DQG�PRVW�IODYRUV�RI�81,;��:LQGRZV�XVHUV�DOVR�KDYH�KHOS�DYDLODEOH�WKURXJK�WKH�
:LQ+HOS�V\VWHP�

Book Description

Operations Guide Provides an introduction to InterBase and an explanation of tools and 
procedures for performing administrative tasks on databases and database 
servers. Also includes full reference on InterBase utilities, including isql, gbak, 
Server Manager for Windows, and others.

Data Definition Guide Explains how to create, alter, and delete database objects through ISQL.

Language Reference Describes SQL and DSQL syntax and usage.

Programmer’s Guide Describes how to write embedded SQL and DSQL database applications in a 
host language, precompiled through gpre.

API Guide Explains how to write database applications using the InterBase API. 

TABLE A.1 Books in the InterBase 5.0 documentation set
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Printing conventions
7KH�,QWHU%DVH�GRFXPHQWDWLRQ�VHW�XVHV�YDULRXV�W\SRJUDSKLF�FRQYHQWLRQV�WR�LGHQWLI\�REMHFWV�
DQG�V\QWDFWLF�HOHPHQWV�

7KH�IROORZLQJ�WDEOH�OLVWV�W\SRJUDSKLF�FRQYHQWLRQV�XVHG�LQ�WH[W��DQG�SURYLGHV�H[DPSOHV�RI�WKHLU�
XVH�

Convention Purpose Example

UPPERCASE SQL keywords, SQL functions, and names of all 
database objects such as tables, columns, 
indexes, and stored procedures.

The following SELECT statement retrieves data from the 
CITY column in the CITIES table.

italic New terms, emphasized words, file names, and 
host- language variables.

The isc4.gdb security database is not accessible 
without a valid user name and password.

bold Utility names, user-defined and host-language 
function names. Function names are always 
followed by parentheses to distinguish them 
from utility names.

Use gbak to back up and restore a database.

Use the datediff() function to calculate the number of 
days between two dates.

TABLE 1.2 Text conventions
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Syntax conventions
7KH�IROORZLQJ�WDEOH�OLVWV�WKH�FRQYHQWLRQV�XVHG�LQ�V\QWD[�VWDWHPHQWV�DQG�VDPSOH�FRGH��DQG�
SURYLGHV�H[DPSOHV�RI�WKHLU�XVH��

Convention Purpose Example

UPPERCASE Keywords that must be typed exactly as 
they appear when used.

SET TERM !!;

italic Parameters that cannot be broken into 
smaller units. For example, a table name 
cannot be subdivided.

CREATE GENERATOR name;

<italic> Parameters in angle brackets that can be 
broken into smaller syntactic units.

WHILE (<condition>) DO <compound_statement>

[ ] Optional syntax: you do not need to 
include anything that is enclosed in square 
brackets.

CREATE [UNIQUE][ASCENDING|DESCENDING]

{ } One of the enclosed options must be 
included in actual statement use. If the 
contents are separated by a pipe symbol 
(|), you must choose only one. 

{SMALLINT | INTEGER | FLOAT | DOUBLE PRECISION}

| You can choose only one of a group whose 
elements are separated by this pipe 
symbol.

When objects separated by this symbol 
occur within curly brackets, you must 
choose one; when they are within square 
brackets you can choose one or none.

SET {DATABASE | SCHEMA}

SELECT [DISTINCT |ALL]

... The clause in brackets with this symbol can 
be repeated as many times as necessary.

(<col> [,<col>…])

TABLE 1.3 Syntax conventions
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��DVWHULVN���LQ�FRGH ���

�RSHUDWRU ��
��RSHUDWRU ��
��RSHUDWRU ��
>�@��EUDFNHWV���DUUD\V ��������²���
__�RSHUDWRU ��
²�RSHUDWRU ��

A
DEVROXWH�YDOXHV ���
DFFHVV�PRGH�SDUDPHWHU ��
GHIDXOW�WUDQVDFWLRQV ��

DFFHVV�SULYLOHJHV�6HH�VHFXULW\
DFFHVVLQJ
DUUD\V ���²���
%ORE�GDWD ���
GDWD ���������

DFWLRQV�6HH�HYHQWV
DFWLYH�GDWDEDVH ��
$GD�SURJUDPV ���
DGGLQJ

6HH�DOVR�LQVHUWLQJ
FROXPQV ��

DGGLWLRQ�RSHUDWRU���� ��
DJJUHJDWH�IXQFWLRQV ���
DUUD\V�DQG ���
18//�YDOXHV ���

DOHUWHU��HYHQWV� ���
DOLDVHV
GDWDEDVH ��
WDEOHV ���

$/,*1�PDFUR ���
$//�NH\ZRUG ��
$//�RSHUDWRU ������
DOORFDWLQJ�PHPRU\ ��
$/7(5�,1'(; ��²��
$/7(5�7$%/( ��²��
$''�RSWLRQ ��
'523�RSWLRQ ��

DOWHULQJ
FROXPQ�GHILQLWLRQV ��²��
PHWDGDWD ��²��

YLHZV ������
$1'�RSHUDWRU ��
$1<�RSHUDWRU �������
$3,�FDOOV
%ORE�GDWD ���

DSSHQGLQJ�WDEOHV ���
DSSOLFDWLRQV �

6HH�DOVR�'64/�DSSOLFDWLRQV
EXLOGLQJ ��
HYHQW�KDQGOLQJ ��������²���
SRUWLQJ ������
SUHSURFHVVLQJ�6HH�JSUH

DULWKPHWLF�H[SUHVVLRQV ���
DULWKPHWLF�IXQFWLRQV�6HH�DJJUHJDWH�IXQFWLRQV
DULWKPHWLF�RSHUDWRUV ��
SUHFHGHQFH �������

DUUD\�HOHPHQWV ���
GHILQHG ���
HYDOXDWLQJ ���
SRUWLQJ ���
UHWULHYLQJ ���

DUUD\�,'V ���
DUUD\�VOLFHV ���²���
DGGLQJ�GDWD ���
GHILQHG ���
XSGDWLQJ�GDWD ���

DUUD\V �������
6HH�DOVR�HUURU�VWDWXV�DUUD\
DFFHVVLQJ ���²���
DJJUHJDWH�IXQFWLRQV ���
FUHDWLQJ ���²���
FXUVRUV ���²��������
'64/�DSSOLFDWLRQV�DQG ���
LQVHUWLQJ�GDWD ���
PXOWL�GLPHQVLRQDO ��������
UHIHUHQFLQJ ���
VHDUFK�FRQGLWLRQV ���
VHOHFWLQJ�GDWD ���²���
VWRULQJ�GDWD ���
VXEVFULSWV ���²��������
8')V�DQG ���
XSGDWLQJ ���
YLHZV�DQG ���

Index
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$6&�NH\ZRUG ���
DVFHQGLQJ�VRUW�RUGHU �������
DVWHULVN��
���LQ�FRGH ���
DWWDFKLQJ�WR�GDWDEDVHV ������
PXOWLSOH ������²��

DYHUDJHV ���
$9*�� ���

B
%$6('�21 �
DUUD\V�DQG ���

EDVLFBLR�D ���
EDVLFBLR�DGD ���
%(*,1�'(&/$5(�6(&7,21 �
%(7:((1�RSHUDWRU ��
127�RSHUDWRU�DQG ��

ELQDU\�ODUJH�REMHFWV�6HH�%ORE
%ORE�$3,�IXQFWLRQV ���
%ORE�GDWD ���²���
GHOHWLQJ ���
ILOWHULQJ ���²���
LQVHUWLQJ ���²���
VHOHFWLQJ ���²���
VWRULQJ ��������
XSGDWLQJ ���²���

%/2%�GDWDW\SH ��
%ORE�GDWDW\SH ��
%ORE�ILOWHU�IXQFWLRQ ���
DFWLRQ�PDFUR�GHILQLWLRQV ���²���
UHWXUQ�YDOXHV ���²���

%ORE�ILOWHUV ���²���
H[WHUQDO ���
GHFODULQJ ���
ZULWLQJ ���
LQYRNLQJ ���
WH[W ���
W\SHV ���

%ORE�VHJPHQWV ���²���
%ORE�VXEW\SHV ���
%ORE�8')V ��������²��������
FRQWURO�VWUXFWXUHV ���²���
GHFODULQJ ���

EOREBFRQFDWHQDWH�� ���
EOREBJHWBVHJPHQW ���
EOREBKDQGOH ���
EOREBSXWBVHJPHQW ���
%RROHDQ�H[SUHVVLRQV ���
HYDOXDWLQJ ��

%RUODQG�&�&���6HH�&�ODQJXDJH

EUDFNHWV��>�@���DUUD\V ��������²���
EXIIHUV
GDWDEDVH�FDFKH ��²��

%<�9$/8(�NH\ZRUG ���
E\WH�PDWFKLQJ�UXOHV ��

C
&�ODQJXDJH
FKDUDFWHU�YDULDEOHV ������
KRVW�WHUPLQDWRU ��
KRVW�ODQJXDJH�YDULDEOHV �²�
ZULWLQJ�IXQFWLRQ�PRGXOHV ���

FDFKH�EXIIHUV ��²��
&$&+(�NH\ZRUG ��
FDOFXODWLRQV �������
FDOOLQJ
8')V ���²���

FDVH�LQVHQVLWLYH�FRPSDULVRQV ��
FDVH�VHQVLWLYH�FRPSDULVRQV ������
&$67�NH\ZRUG ��
&$67�� ��������
&+$5�GDWDW\SH
FRQYHUWLQJ�WR�'$7( ���
GHVFULSWLRQ ��

&+$5�9$5<,1*�NH\ZRUG ��
&+$5$&7(5�NH\ZRUG ��
FKDUDFWHU�VHWV
FRQYHUWLQJ ��
GHIDXOW ��
121( ��
VSHFLI\LQJ ������

FKDUDFWHU�VWULQJV
FKDUDFWHUV��WULPPLQJ ���
FRPSDULQJ ����������
OLWHUDO�ILOH�QDPHV ��²��

&+$5$&7(5�9$5<,1*�NH\ZRUG ��
FKDUDFWHUV
WULPPLQJ ���

FORVLQJ
GDWDEDVHV ����������²��
PXOWLSOH ��
WUDQVDFWLRQV ��²��

FRHUFLQJ�GDWDW\SHV ���
&2//$7(�FODXVH ���
FROODWLRQ�RUGHUV
*5283�%<�FODXVH ���
25'(5�%<�FODXVH ���
:+(5(�FODXVH ���

FROXPQ�QDPHV
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TXDOLI\LQJ ���
YLHZV ��

FROXPQ�PDMRU�RUGHU ���
FROXPQV
DGGLQJ ��
FRPSXWHG ��²������
FUHDWLQJ ��
GHILQLQJ
DOWHULQJ ��²��
JOREDO ��
YLHZV ��
GURSSLQJ ��
VHOHFWLQJ ���²���
HOLPLQDWLQJ�GXSOLFDWHV ���
VRUWLQJ�E\ ���
YDOXHV��UHWXUQLQJ ���

&200,7 ��������������²��
PXOWLSOH�GDWDEDVHV ��

FRPSDULVRQ�RSHUDWRUV ��²���
18//�YDOXHV�DQG �������
SUHFHGHQFH ���
VXETXHULHV ������²���

&203,/(7,0(�NH\ZRUG ��
FRPSLOLQJ
SURJUDPV ���²���
8')V ���

FRPSXWHG�FROXPQV
FUHDWLQJ ��²������
GHILQHG ��

FRQFDWHQDWLRQ�RSHUDWRU��__� ��
&211(&7 ����������²��
$//�RSWLRQ ��
&$&+(�RSWLRQ ��
HUURU�KDQGOLQJ ��
PXOWLSOH�GDWDEDVHV ��²��
RPLWWLQJ ��
6(7�'$7$%$6(�DQG ��

FRQVWUDLQWV ������������������
6HH�DOVR�VSHFLILF�FRQVWUDLQWV
RSWLRQDO ��

&217$,1,1*�RSHUDWRU ��
127�RSHUDWRU�DQG ��

FRQYHUVLRQ�IXQFWLRQV ���²��������
FRQYHUWLQJ
GDWDW\SHV ���
GDWHV ���²���
LQWHUQDWLRQDO�FKDUDFWHU�VHWV ��

&2817�� ���
&5($7(�'$7$%$6( ��²��
LQ�'64/ ���

VSHFLI\LQJ�FKDUDFWHU�VHWV ��
&5($7(�'20$,1 ��²��
DUUD\V ���

&5($7(�*(1(5$725 ��²��
&5($7(�,1'(; ��²��
'(6&(1',1*�RSWLRQ ��
81,48(�RSWLRQ ��

&5($7(�352&('85( ���
&5($7(�7$%/( ��²��
DUUD\V ���
PXOWLSOH�WDEOHV ��

&5($7(�9,(: ��²��
:,7+�&+(&.�237,21 ��

FUHDWLQJ
DUUD\V ���²���
FROXPQV ��
FRPSXWHG�FROXPQV ��²������
LQWHJULW\�FRQVWUDLQWV ��
PHWDGDWD ��²��
8')V ���

&675,1*�GDWDW\SH ���
FXUVRUV ���
DUUD\V ���²��������
PXOWLSOH�WUDQVDFWLRQ�SURJUDPV ��
VHOHFW�SURFHGXUHV ���

D
GDWD ��
DFFHVVLQJ ���������
'64/�DSSOLFDWLRQV �����
KRVW�ODQJXDJH�YDULDEOHV�DQG �
FKDQJHV
FRPPLWWLQJ�6HH�&200,7
UROOLQJ�EDFN�6HH�52//%$&.
GHILQLQJ ��
SURWHFWLQJ�6HH�VHFXULW\
UHWULHYLQJ
RSWLPL]LQJ ��������
VHOHFWLQJ �����������
PXOWLSOH�WDEOHV ��������
VWRULQJ ���

GDWD�VWUXFWXUHV
%ORE ���²���
KRVW�ODQJXDJH �

GDWDEDVH�FDFKH�EXIIHUV ��²��
GDWDEDVH�KDQGOHV ����������
'64/�DSSOLFDWLRQV ������
JOREDO ��
PXOWLSOH�GDWDEDVHV ��²������
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QDPLQJ ��
VFRSH ��
WUDQVDFWLRQV�DQG ������

GDWDEDVH�VSHFLILFDWLRQ�SDUDPHWHU ������
GDWDEDVHV
DWWDFKLQJ�WR ������
PXOWLSOH ������²��
FORVLQJ ����������²��
FUHDWLQJ ��²��
GHFODULQJ�PXOWLSOH �²������²��
'64/�DQG�DWWDFKLQJ ���
LQLWLDOL]LQJ �²��
QDPLQJ ��
RSHQLQJ ����������
UHPRWH ��

GDWDW\SHV ��²��
FRHUFLQJ ���
FRPSDWLEOH ���
8')V�DQG ��������
FRQYHUWLQJ ���
'64/�DSSOLFDWLRQV ���²���
PDFUR�FRQVWDQWV ���²���

'$7(�GDWDW\SH
FRQYHUWLQJ ���
GHVFULSWLRQ �������

GDWH�OLWHUDOV �������
GDWHV ���
FRQYHUWLQJ ���²���
LQVHUWLQJ ���
VHOHFWLQJ ���
XSGDWLQJ ���

'(&,0$/�GDWDW\SH ��
GHFODUDWLRQV��FKDQJLQJ�VFRSH ��
'(&/$5(�&85625 ��
'(&/$5(�(;7(51$/�)81&7,21 ���²���
'(&/$5(�7$%/( ��
GHFODULQJ
%ORE�ILOWHUV ���
KRVW�ODQJXDJH�YDULDEOHV �²�
PXOWLSOH�GDWDEDVHV �²������²��
RQH�GDWDEDVH�RQO\ ������
64/&2'(�YDULDEOH ��
WUDQVDFWLRQ�QDPHV ��
;64/'$V ��

GHIDXOW�FKDUDFWHU�VHW ��
GHIDXOW�WUDQVDFWLRQV
DFFHVV�PRGH�SDUDPHWHU ��
GHIDXOW�EHKDYLRU ��
'64/�DSSOLFDWLRQV ��
LVRODWLRQ�OHYHO�SDUDPHWHU ��

ORFN�UHVROXWLRQ�SDUDPHWHU ��
UROOLQJ�EDFN ��
VWDUWLQJ ��²��

'(/(7(
8')V ���

GHOHWLQJ�6HH�GURSSLQJ
'(6&�NH\ZRUG ���
'(6&(1',1*�NH\ZRUG ��
GHVFHQGLQJ�VRUW�RUGHU �������
GHWDFKLQJ�IURP�GDWDEDVHV ������
GLUHFWRULHV
VSHFLI\LQJ ��

GLUW\�UHDGV ��
',6&211(&7 ������
PXOWLSOH�GDWDEDVHV ������

',67,1&7�NH\ZRUG ���
GLYLVLRQ�RSHUDWRU���� ��
'//V
8')V�DQG ��������

GRPDLQV
FUHDWLQJ ��²��

'28%/(�35(&,6,21�GDWDW\SH ��
'523�,1'(; ��
'523�7$%/( ��²��
'523�9,(: ��
GURSSLQJ
FROXPQV ��
PHWDGDWD ��²��

'64/
&5($7(�'$7$%$6( ���
OLPLWDWLRQV ���
PDFUR�FRQVWDQWV ���²���
SURJUDPPLQJ�PHWKRGV ���²���
UHTXLUHPHQWV ��²��

'64/�DSSOLFDWLRQV ������
DFFHVVLQJ�GDWD �����
DUUD\V�DQG ���
DWWDFKLQJ�WR�GDWDEDVHV ���
FUHDWLQJ�GDWDEDVHV ���
GDWD�GHILQLWLRQ�VWDWHPHQWV ��
GDWDEDVH�KDQGOHV ������
GDWDW\SHV ���²���
GHIDXOW�WUDQVDFWLRQV ��
H[HFXWLQJ�VWRUHG�SURFHGXUHV ���
PXOWLSOH�WUDQVDFWLRQV ��
SRUWLQJ �
SUHSURFHVVLQJ ���������������
SURJUDPPLQJ�UHTXLUHPHQWV ��²��
64/�VWDWHPHQWV
HPEHGGHG ��
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WUDQVDFWLRQ�QDPHV ������²��
WUDQVDFWLRQV ��
ZULWLQJ ���
;64/'$V ���²���

'64/�OLPLWDWLRQV ��²��
'64/�VWDWHPHQWV ���
G\QDPLF�OLQN�OLEUDULHV�6HH�'//V
G\QDPLF�64/�6HH�'64/

E
(1'�'(&/$5(�6(&7,21 �
HUURU�FRGHV�DQG�PHVVDJHV �������
FDSWXULQJ ���²���
GLVSOD\LQJ ���

HUURU�VWDWXV�DUUD\ ��������
HUURU�KDQGOLQJ�URXWLQHV ������������
FKDQJLQJ ���
GLVDEOLQJ ���
JXLGHOLQHV ���²���
QHVWLQJ ���
WHVWLQJ�64/&2'(�GLUHFWO\ ��������
:+(1(9(5�DQG ���²��������

HUURUV ��
UXQ�WLPH
UHFRYHULQJ�IURP ���
WUDSSLQJ �������������
XQH[SHFWHG ���
XVHU�GHILQHG�6HH�H[FHSWLRQV

(6&$3(�NH\ZRUG ��
(9(17�,1,7 ���
PXOWLSOH�HYHQWV ���

(9(17�:$,7 ���²���
HYHQWV ���²���

6HH�DOVR�WULJJHUV
DOHUWHU ���
GHILQHG ���
PDQDJHU ���
PXOWLSOH ���²���
QRWLI\LQJ�DSSOLFDWLRQV ���²���
SRVWLQJ ���
UHVSRQGLQJ�WR ���

H[HFXWDEOH�REMHFWV ���
H[HFXWDEOH�SURFHGXUHV ��������²���
'64/ ���
LQSXW�SDUDPHWHUV ���²���

(;(&87( ������
(;(&87(�,00(',$7( ����������
(;(&87(�352&('85( ���
(;,676�RSHUDWRU �������

127�RSHUDWRU�DQG ���
H[SUHVVLRQ�EDVHG�FROXPQV�6HH�FRPSXWHG�FROXPQV
H[SUHVVLRQV ���
HYDOXDWLQJ ��

H[WHQGHG�64/�GHVFULSWLRU�DUHDV�6HH�;64/'$V
(;7(51�NH\ZRUG ��²��

F
ILOH�QDPHV
VSHFLI\LQJ ��²��

ILOHV
6HH�DOVR�VSHFLILF�ILOHV
VRXUFH��VSHFLI\LQJ ���

)/2$7�GDWDW\SH ��
IQBDEV�� ���
IQBGDWHGLII�� ���
IQBWULP�� ���
)520�NH\ZRUG ���²���
IXQFWLRQV
DJJUHJDWH ���
FRQYHUVLRQ ���²��������
HUURU�KDQGOLQJ ���
QXPHULF ��
XVHU�GHILQHG�6HH�8')V

G
*(1B,'�� ��
JHQHUDWRUV
FUHDWLQJ ��²��
GHILQHG ��

JOREDO�FROXPQ�GHILQLWLRQV ��
JOREDO�GDWDEDVH�KDQGOHV ��
JSUH �����������²���
FRPPDQG�OLQH�RSWLRQV ���²���
GDWDEDVHV��VSHFLI\LQJ ��
'64/�DSSOLFDWLRQV ������
KDQGOLQJ�WUDQVDFWLRQV ���
ODQJXDJH�RSWLRQV ���
ILOH�QDPHV�YV� ���²���
�P�VZLWFK ������
SURJUDPPLQJ�UHTXLUHPHQWV �
VSHFLI\LQJ�VRXUFH�ILOHV ���
�VTOGD�ROG�VZLWFK ��
V\QWD[ ���

JURXS�DJJUHJDWHV ���
JURXSLQJ�URZV ���
UHVWULFWLRQV ���
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H
KDUG�FRGHG�VWULQJV
ILOH�QDPHV ��²��

+$9,1*�NH\ZRUG ���
KHDGHU�ILOHV�6HH�LEDVH�K
KRVW�ODQJXDJHV ��
GDWD�VWUXFWXUHV �

KRVW�ODQJXDJH�YDULDEOHV ��
DUUD\V ���
GHFODULQJ �²�
VSHFLI\LQJ ���

KRVWV��VSHFLI\LQJ ��

I
,�2�6HH�LQSXW��RXWSXW
LEDVH�K �������
LQFOXGLQJ ���

LGHQWLILHUV ��
GDWDEDVH�KDQGOHV ��
GDWDEDVHV ��
YLHZV ��

,1�RSHUDWRU ��
127�RSHUDWRU�DQG ��

,1'(;�NH\ZRUG ���
LQGH[HV
DOWHULQJ ������²��
FUHDWLQJ ��²��
GURSSLQJ ��
SUHYHQWLQJ�GXSOLFDWH�HQWULHV ��
SULPDU\�NH\V ��
VRUW�RUGHU ��
FKDQJLQJ ��
V\VWHP�GHILQHG ��
XQLTXH ��

,1',&$725�NH\ZRUG ���
LQGLFDWRU�YDULDEOHV ���
18//�YDOXHV ���

LQLWLDOL]LQJ
GDWDEDVHV �²��
WUDQVDFWLRQ�QDPHV ��

LQSXW�SDUDPHWHUV ��������²���
6HH�DOVR�VWRUHG�SURFHGXUHV

,16(57
DUUD\V ���
8')V ���

LQVHUWLQJ
6HH�DOVR�DGGLQJ
%ORE�GDWD ���²���
GDWHV ���

,17(*(5�GDWDW\SH ��
LQWHJULW\�FRQVWUDLQWV ��

6HH�DOVR�VSHFLILF�W\SH
RSWLRQDO ��

,QWHUDFWLYH�64/�6HH�LVTO
LQWHUEDVH�D ���
LQWHUEDVH�DGD ���
LQWHUQDWLRQDO�FKDUDFWHU�VHWV ��
,172�NH\ZRUG ��������
,6�18//�RSHUDWRU ��
127�RSHUDWRU�DQG ��

LVFBEOREBFWO ���
ILHOG�GHVFULSWLRQV ���

LVFBEOREBGHIDXOWBGHVF�� ���
LVFBEOREBJHQBESE�� ���
LVFBEOREBLQIR�� ���
LVFBEOREBORRNXSBGHVF�� ���
LVFBEOREBVHWBGHVF�� ���
LVFBFDQFHOBEORE�� ���
LVFBFORVHBEORE�� ���
LVFBFUHDWHBEORE��� ���
LVFBGHFRGHBGDWH�� ���
LVFBHQFRGHBGDWH�� ���
LVFBJHWBVHJPHQW�� ���
LVFBLQWHUSUHWH�� ��������²���
LVFBRSHQBEORE��� ���
LVFBSULQWBVTOHUURU�� ���
LVFBSXWBVHJPHQW�� ���
,6&B48$'�VWUXFWXUH ���²���
LVFBVTOBLQWHUSUHWH�� ���
LVFBVWDWXV ��������
LVRODWLRQ�OHYHO�SDUDPHWHU ����������
GHIDXOW�WUDQVDFWLRQV ��

J
-2,1�NH\ZRUG ���
MRLQV ���

K
NH\�FRQVWUDLQWV�6HH�)25(,*1�.(<�FRQVWUDLQWV��
35,0$5<�.(<�FRQVWUDLQWV
NH\V
SULPDU\ ��

L
ODQJXDJH�RSWLRQV��JSUH� ���
ILOH�QDPHV�YV� ���²���
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OHDGLQJ�FKDUDFWHUV ���
OLEUDULHV
G\QDPLF�OLQN�6HH�'//V
8')V�DQG ��������
8QL[�SODWIRUPV ���

/,.(�RSHUDWRU ��
127�RSHUDWRU�DQG ��

OLPER�WUDQVDFWLRQV ��
OLQNLQJ
SURJUDPV ���²���

OLWHUDO�VWULQJV��ILOH�QDPHV ��²��
OLWHUDO�V\PEROV ��
ORFN�UHVROXWLRQ�SDUDPHWHU ����������
GHIDXOW�WUDQVDFWLRQV ��

ORJLFDO�RSHUDWRUV ��²��
SUHFHGHQFH �������

ORRSV�6HH�UHSHWLWLYH�VWDWHPHQWV
ORVW�XSGDWHV ��

M
�P�VZLWFK ��
PDFUR�FRQVWDQWV ���²���
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