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ADD CONSTRAINT clause (ALTER
TABLE), 394

ADO (ActiveX Data Objects), 400
ADODB library, 404–405
ADO.NET

embedding SQL in, 418
SQL Server support for, 401

ADOX (ADO Extensions for DDL and
Security) library, 405

aggregate or set functions
AVG, 208
COUNT, 207–208, 240
defined, 207, 629, 635
MAX, 208
MIN, 209
overview, 207–209
SUM, 209
for XML documents, 510

aliases
correlated subquery using, 281–282
defined, 306, 629
in equi-joins, 306
mixing with long form, avoiding, 306
ALL keyword

with INTERSECT operations, 301
with UNION CORRESPONDING

operations, 300
with UNION operations, 299
ALL predicate (WHERE)

overview, 238–239
for quantified comparison operators,

272, 275, 276–277
syllogisms illustrating, 236–237

ALTER TABLE statements
adding columns, 78, 198, 440
adding constraints, 394
concurrent access with, avoiding, 365
overview, 78, 198
removing columns, 78, 198, 440

ampersand (&), 495
AND logical connective, 245–246

anomalies
cascading deletes to prevent, 174, 284
dangers of, 151
defined, 47
deletion, 151, 174, 284, 631
eliminating, 152–156, 345
insertion, 151, 633
modification, defined, 17, 151, 284, 633
from transitive dependencies, 154
update, 636

ANSI/ISO SQL standard
development of, 51
indexes in, 178
for Persistent Stored Modules

(SQL/PSM), 459
reserved words, 621–627
this book’s compliance with, 2
variations in compliance with, 2, 52

antivirus software, 338, 340–341
ANY predicate (WHERE)

ambiguity with, 237
overview, 238–239
for quantified comparison operators,

272, 275
syllogisms illustrating, 236–237

APIs (Application Programming
Interfaces). See also specific APIs

Access support for, 400
DB2 support for, 401–402
defined, 629
MySQL support for, 402
native drivers with, 476
Oracle support for, 402
SQL Server support for, 401

apostrophe (’), XML entity reference 
for, 495

APPENDCHILDXML function (Oracle),
518–519

applets, 629
application layer firewalls, 340
application (ODBC), 478
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approximate numeric types, 97–98
ARRAY type

mapping to XML, 504–505
1NF violated by, 105
overview, 105

array value expressions, 220
ASC keyword, 251, 318
assertions

defined, 71, 115, 629
example, 71–72
support generally lacking for, 72, 115

assignment statements (SQL/PSM), 463
asterisk (*) as SELECT wildcard, 

79, 227–228, 299
ATOMIC keyword, 388, 461
atomicity

as ACID characteristic, 347
atomic, defined, 347, 629
for compound statements, 461
in context of transactions, 65

atomicity, consistency, isolation, and
durability (ACID), 347–348

attribute-centric mapping (SQL Server),
531–532

attributes (database). See also columns
defined, 30–31, 141, 629
as fields, 148
functional dependencies, 60–61,

149–150
other terms for, 148

attributes (XML), 494
AUTHORIZATION clause (MODULE), 

94, 420
AVG function, 208

B
B+ trees for indexes

hash indexes versus, 559
overview, 181, 589
performance issues, 558

back end, 629
backing up

frequency for, 336
full versus incremental backup, 336
number of backups to save, 337
NYBOT example, 335–336
preparing for the worst, 335–336
testing restore process, 337

Basic language compared to SQL,
410–411

batch transactions, optimizing, 575
BCNF (Boyce-Codd Normal Form), 

152, 155
BEGIN keyword for compound

statements, 460
beta testing, 456
BETWEEN predicate (WHERE), 231–232
BIGINT type, 96
binary relationships. See also many-to-

many relationships; one-to-many
relationships; one-to-one
relationships

converting E-R model to relational
model, 164–168

defined, 32, 142, 143
bit data types, BETWEEN predicate with,

232
blank spaces versus null values, 69, 110
BLOB (BINARY LARGE OBJECT) type, 97
BOOLEAN type, 101, 110
Boolean value expressions, 219–220
Borland InterBase, 57, 72
bottlenecks, 587. See also database

tuning; performance; query tuning;
tuning

bounded priority inversion, 578
Boyce-Codd Normal Form (BCNF), 

152, 155
buffer manager, 617
buffers, page. See page buffer for

database; page buffer for
transactions
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building database applications
adding constraints, 448–449
creating building blocks, 454–455
creating tables, 448
creating the database, 448–449
developing reports, 455
developing screen forms, 454
filling tables with sample data, 449–454
integrating the structure, 455
overview, 130
preparatory work for, 447–454
testing, 455–457

Bush, Vannevar (database theorist), 9
business rules

Oregon Lunar Society database,
431–432

overview, 40–41, 147
Buxton, Stephen (Querying XML), 

103, 535

C
C language

embedded SQL example, 91–93
with MySQL, 406
ODBC connection example, 486–487
Pro*C, embedding SQL in, 414–416
SQL compared to, 410–411
with SQL for Turing-completeness, 51

C# language
challenges using SQL with, 413
with MySQL, 406
SQL compared to, 411

C++ language
challenges using SQL with, 413
SQL compared to, 411

calculated columns, DECLARE CURSOR
statement with, 318

CALL statement (SQL/PSM)
for stored functions, 472–473
for stored procedures, 469

candidate keys, 191
capitalization, conversions for strings,

211
cardinality

actual, 220
of arrays, 220
defined, 34
E-R diagram indications for, 35–36, 145,

146
mandatory, 35, 36, 37, 145–146
maximum, 34–35, 145, 220, 430–431
minimum, 35–37, 145–147, 431
optional, 35–36, 37, 145–146
zero versus one, 146–147
CARDINALITY function

with arrays, 220
overview, 214

Cartesian product
limitations of, 305
overview, 303–305
virtual tables from, 228–229
CASCADE keyword (REVOKE), 380, 382
cascading deletes

defined, 284
deletion anomalies prevented by, 

174, 284
ON DELETE CASCADE clause, 174

case, conversions for strings, 211
CASE expression, 221–222
CASE...END CASE statements

(SQL/PSM), 464–465
CAST expression

casting between SQL types, 224
for data type incompatibilities, 224–225,

413, 416
overview, 223–224
XMLCAST function versus, 512

casting between XQuery and SQL types,
549

CATALOG_NAME field (diagnostics area),
391, 395
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catalogs. See also schemas
clusters, 629
in database hierarchy, 47, 67–68
defined, 629
overview, 64

CEIL or CEILING function, 216
CHAR or CHARACTER type, 99
CHARACTER LARGE OBJECT (CLOB)

type, 99–100
character sets

collation rules for, 318
converting strings between, 211
data types for, 100
for different languages, 100
mapping to XML, 499
in module declaration, 94, 420
octets required by, 214
privileges applying to, 375
UPPER and LOWER functions with, 211

character string types
BETWEEN predicate with, 232
CHAR or CHARACTER, 99
CHARACTER VARYING, 99
CLOB (CHARACTER LARGE OBJECT),

99–100
NATIONAL CHARACTER, 100
NATIONAL CHARACTER LARGE

OBJECT, 100
NATIONAL CHARACTER VARYING, 100
overview, 99
CHARACTER VARYING or VARCHAR

type, 99
CHARACTER_LENGTH function, 213
CHECK constraints
CREATE DOMAIN statement for, 77–78,

194
for domain integrity, 172
for ensuring data validity, 194
example, 70–71
expressions for, 70
overview, 112–113

checkpoints
flushing the page buffer, 354, 571,

574–575
overview, 574–575
performance issues, 369
for ROLLBACK operation, 355

Chen, Peter (ACM Transactions on
Database Systems), 29

class codes (SQLSTATE)
for compound statements, 463
for implementors, 385
indicating error conditions, 385, 386,

395
overview, 384–385
table summarizing values, 384, 463

classes
entity, 30, 140
relationship, 142

classic procedural languages
challenges using SQL with, 412–413
overview, 410
SQL compared to, 410–411
CLASS_ORIGIN field (diagnostics area),

391, 392, 393
Clear Creek Medical Center (CMCC) 

E-R model, 42–46
CLI, DB2 support for, 402
client

defined, 629
locking and performance for, 592

client for project. See also stakeholders
discovering the problem, 423–424
getting approval from, 122, 137–138, 139
keeping informed, 130
proposal for, 425–426
requirements phase dependant on, 123
Statement of Requirements as contract

with, 125, 425
three-option proposal for, 139
upper management, 137–138
your immediate supervisor, 136
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client/server system, 629
CLOB (CHARACTER LARGE OBJECT)

type, 99–100
CLOSE statement, 324
closing cursors, 324
clustered indexes

defined, 181, 557
join conditions with, 314
for multipoint queries, 314
one allowed per table, 182, 557
ORDER BY clause eliminated by, 314
overview, 181–182
performance issues, 557–559
performance of, 558–559
“tired,” rebuilding, 314

clusters, defined, 629
CMCC (Clear Creek Medical Center) 

E-R model, 42–46
C++.NET language with MySQL, 406
COALESCE expression, 223
COBOL, 410
CODASYL DBTG database model, 630
Codd, E. F. (database expert)

as IBM employee, 49, 147
normal forms devised by, 152
relational model proposed by, 15, 147
rules of, 20, 22–23
COLLATE BY clause, 317, 318
collation

with cursors, 317, 318
privileges applying to, 375
rules for character sets, 318
sequence, defined, 630

collection types
ARRAY, 105, 504–505
defined, 630
introduction of, 105
MULTISET, 105, 505
1NF violated by, 105

COLUMN_NAME field (diagnostics area),
391, 395

column-name joins, 308–309

columns. See also attributes (database)
adding, 78, 198
averaging values in, 208
calculated, 318
CHAR type for, 99
choosing for indexes, 177–178, 557, 

558
constraints, 70–71, 111–113, 193
in database hierarchy, 47, 67–68
defined, 630
deleting, 198
dropping, 78
as fields, 148
finding maximum value in, 208
finding minimum value in, 209
fully qualified names for, 73
identifying values in, 204
INSERT statement for selected, 451
minimizing in retrievals, 594
other terms for, 148
qualifying names in equi-joins, 306
specifying, 68–69
transferring between tables, 453–454
in union-compatible tables, 297
VARCHAR type for, 99
XML types for, 103–104

COMMAND_FUNCTION field (diagnostics
area), 390, 395

COMMAND_FUNCTION_CODE field
(diagnostics area), 390

comments
with APPENDCHILDXML function

(Oracle), 519
creating in XML, 510
with DELETEXML function (Oracle),

521–522
with INSERTCHILDXML function

(Oracle), 519–520
with INSERTXMLBEFORE function

(Oracle), 520–521
with UPDATEXML function (Oracle),

522–523
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COMMIT operation
described, 88
ROLLBACK operation versus, 352

committing transactions, 352, 566
comparison operators

correlated subqueries with, 279–281
list of, 230–231
for quantified subqueries, 272, 275–277
tuning subqueries using, 285–289

comparison predicates (WHERE)
ALL, 236–239, 272, 275, 276–277
ANY, 236–239, 272, 275
comparison operators for, 230–231
for correlated subqueries, 278–281
described, 230
DISTINCT, 240–241
EXISTS, 239–240, 278
IN, 232–233, 279
LIKE, 234–235
list of, 230
MATCH, 241–245
NOT EXISTS, 278–279
NOT IN, 232
NOT LIKE, 234
NOT NULL, 236
NULL, 235–236
OVERLAPS, 241
quantified comparison operators, 

272, 275
SIMILAR, 235
SOME, 236–239, 272, 275
for subqueries returning a single value,

272–274
UNIQUE, 240, 243

compiling
embedded SQL, 91
precompiling queries, 563, 595

composite identifiers
defined, 31, 141
unique, 142

composite indexes
defined, 559
overview, 182

performance issues, 559–560
query optimizers with, 182–183

composite keys, 191, 630
compound statements (SQL/PSM)

assignment, 463
conditions, 462–463
cursors within, 462
ensuring atomicity, 461
overview, 460–461
variables in, 462

concatenating XML arguments, 509
concatenation operator, 218
conceptual view, 630. See also schemas
concurrent access. See also

serializability
conflicts from, 346
corruption from, 346–347
deadlocks, 361–362, 579
defined, 630
READ UNCOMMITTED isolation allowing,

350–351
scheduling threads, 575–579

condition joins, 307–308
conditional value expressions
CASE, 221–222
COALESCE, 223
defined, 637
NULLIF, 223
overview, 220

CONDITION_IDENTIFIER field
(diagnostics area), 392

CONDITION_NUMBER field (diagnostics
area), 391, 392, 395

conditions of compound statements,
462–463

CONNECT statement, 65
connecting to remote database

JDBC for, 591
native drivers for, 475–476, 591
ODBC for, 477–487, 591–592
overview, 64–65

connecting user interface to database,
445–447
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connection handle (ODBC), 482, 483
CONNECTION_NAME field (diagnostics

area), 391, 394
consistency, as ACID characteristic, 348
CONSTRAINT_CATALOG field

(diagnostics area), 391, 393, 394
CONSTRAINT_NAME field (diagnostics

area), 391, 393, 394
constraints. See also specific kinds

adding to existing table, 394
assertions, 71–72, 115, 629
column, 70–71, 111–113, 193
CREATE DOMAIN statement for, 77–78
data entry errors prevented by, 344
DEFERRABLE, 355–359
DEFERRED, 356, 358, 359, 630
defined, 155, 630
diagnostics area information, 393–394
expressions for, 70
foreign key, 114–115
implicit names for, 359
naming, 70
table, 71, 113–114, 194
uses for, 69, 193

CONSTRAINT_SCHEMA field (diagnostics
area), 391, 393, 394

constructors for UDTs, 107–108
containment hierarchy (DDL), 67–68
CONTENT predicate for XML, 513
CONTINUE action, 387, 389
CONVERT function, 211
converting. See also mapping SQL to XML

case of strings, 211
character set of string, 211
data types with CAST expression,

223–225, 413, 416
data types with XMLCAST function, 512

converting E-R model to relational model
eliminating many-to-many

relationships, 433–435
handling binary relationships, 164–168
normalization, 162–163, 435–437

overview, 161–162
sample conversion, 168–170

correctness. See integrity
correlated subqueries

with comparison operators, 279–281
defined, 277
with EXISTS and NOT EXISTS, 278–279
with HAVING clause, 279–281
with IN, 279
overview, 277–282
relational queries compared to, 290–295
tuning, 290–295

correlation names. See aliases
CORRESPONDING keyword

with INTERSECT operations, 301–302
with UNION operations, 300

corruption. See also anomalies; integrity
avoiding, 174–175
from concurrent access, 346–347
sources of, 174
COUNT function
EXISTS predicate equivalent to, 240
overview, 207–208

CPU or processor
multiprocessor environments, 585
performance issues, 583, 597
performance monitors, 608–611
registers, 176, 567, 568
upgrading, 583
CREATE ASSERTION statement, 71, 629
CREATE DISTINCT TYPE statement,

107
CREATE DOMAIN statements

for CHECK constraints, 77–78
for ensuring data validity, 194
CREATE MODULE statement, 473–474
CREATE ROLE statement, 373
CREATE SCHEMA statements, 77
CREATE TABLE statements
CHECK constraint in, 70–71
concurrent access with, avoiding, 365
distinct types with, 107
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for multi-table views example, 75
NOT NULL constraint in, 69–70, 112
Oregon Lunar Society database,

437–440
overview, 68–69
PRIMARY KEY constraint in, 71
syntax, 68–69
for tables holding XML data, 517
using, 192–193

CREATE TRIGGER statement, 470–472
CREATE VIEW statements

fully qualified column names for, 73
for multi-table views, 76–77
for single-table views, 73

cropping strings, 211
cross joins. See Cartesian product
current user identifier, 372
CURRENT_DATE function, 216–217
CURRENT_TIME function, 216–217
CURRENT_TIMESTAMP function, 216–217
CURRENT_USER variable, 206, 372
CURSOR_NAME field (diagnostics area),

391, 395
cursors

absolute versus relative fetches, 323
closing, 324
within compound statements, 462
datetime values fixed by opening, 

321, 322
declaring, 316–320
defined, 315, 630
deleting a row, 323
fetching data from single row, 322–324
holdability, 317
for modules in Oracle, 421
naming, 316–317
opening, 320–322
ordering the query result set, 317–318
performance issues, 594
query expression for, 317
returnability, 317
scrollability, 317, 320

scrolling, 320
sensitivity, 317, 319–320
specifying updatability of rows, 319
updating a row, 323
uses for, 315–316
variable values fixed by opening, 322

D
DAL, DB2 support for, 402
DAO (Data Access Objects), 400
Data Control Language. See DCL
Data Definition Language. See DDL
data entry

automatic, 81, 452
copying from foreign data file, 452
errors from, 330–331, 343–345
filling tables with sample data, 449–454
forms for, 81, 450
INSERT statements for, 80–81, 450–451
reducing errors from, 331, 343–345
transferring all rows between tables,

452–453
transferring selected columns and rows

between tables, 453–454
data integrity. See integrity
Data Manipulation Language. See DML
data redundancy, 17, 630
data security. See integrity; security

issues
data sources, 482, 630
data structure diagrams

Honest Abe’s database, 170
many-to-many relationship, 167
one-to-many relationship, 166
one-to-one relationship, 164–165

data sublanguages
defined, 631
limitations of, 315
overview, 411–412
SQL as, 89, 315, 411, 631
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data types. See also UDTs (user-defined
types); specific types

booleans, 101
character strings, 99–100
collection types, 105
converting with CAST expression,

223–225
data entry errors prevented by, 344
datetimes, 101–103
defined, 631
exact numerics, 95–97
host language versus SQL, 90–91
implementation-specific, 94–95
incompatibilities, CAST for, 224–225,

413, 416
intervals, 103
literal value examples for, 204–205
mapping to XML, 500–505
overview, 94–95
REF types, 106
row types, 104, 503–504
SQL implementation support for, 

104, 110
strong typing, 344, 345
table summarizing, 109–110
XML, 103–104, 497–499, 513–514
XQuery compared to SQL, 547–549

data validity
determining for XML values, 513–514
domains for ensuring, 194–195
valid, defined, 194

database administrator (DBA), 373–374,
631

database application design
building an E-R model, 429–432
connecting user interface to database,

445–447
in design phase of SDLC, 129
determining deliverables, 426–429, 444
determining project scope, 428–429
discovering the client’s problem,

423–424

interviewing stakeholders, 424–425
planning for organization growth,

427–428
proposal for, 425–426
Statement of Requirements, 425
top-down approach, 443–447
user interface design, 441, 444–445

database applications. See also
embedded SQL; module language

building, 130, 447–455
complexity of, 327
defined, 52, 120
designing, 129
documenting, 131
interaction with database, 594
minimizing traffic between server, 563
overview, 120–121
suboptimal decisions by development

tools, 592
temporal locality, 581
testing, 455–457

database design
as basis for database tuning, 553
converting E-R model to relational

model, 161–170
design phase of SDLC, 128
example conversion, 168–170
handling binary relationships, 164–168
normalizing a relational model, 

162–163
physical design considerations, 555
security issues from flaws, 330, 345

Database Development For Dummies
(Taylor), 330

database dumps, 369, 573–574
database engine, 120, 631
Database Engine Tuning Advisor,

185–187, 602–607
database locks, 361. See also locks
database management system. See

DBMS
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