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security)
single sign-on system and,
406-407
smart cards and, 415-416
two-factor, 405-407
authorization, 11, 21, 58
administrators and, 143
application-level, 407-409
check clause, 148
database design and, 312
end-user information and,
407-408

gmm'ing/mvuking privileges,

29,143-145, 149-150
lack of fine-grained, 408-409
roles and, 145-146
schema and, 147-148
Security Assertion Markup
Language (SAML.) and,
407

sql security invoker, 147
transfer of privileges, 148-149
update and, 147, 148

views and, 146-147

autonomy, 858
availability

(.IAP‘ theorem and, 852-853

consistency and, 852-853

cobrdigator selection and,
860-852

majority-based approach and,
846-849

read one, write all approach,
849-850

remote backup and, 850

robustness and, 847

site reintegration and, 850

IBM DB2 and, 1215, 1218
MICI'}):;}}: SQL Server and
223, 1227-1228 '
B 1228, 1245,
Oracle and, 11 65, 1169
1181-1183, 1187-1190
parallel databases and, 81¢
fecovery systems and, 726-738
(see also recovery
systems)
remote systems for, 756-759
850, 1095-1096 '
system architectures and, 770
transactions and, 632, 1115
backup coordinator, 851
balanced range-partitioning,
801
balanced tree, 486
BASE properties, 853
batch scaleup, 779
batch update, 1030-1031
Bayesian classifiers, 900-901
Bayes’ theorem, 900
BCNE. See Boyce-Codd normal
form
begin atomic...end, 128, 176,
181, 183-185
best splits, 897-899
b.iased protocol, 841
b¥g-bang approach, 1050-1051
Bigtable, §62-867
binary splits, 898
bit-interleaved parity
organization, 445
bit-level striping, 442-444
bitmap indices, 507, 509, 531,
536
B+-trees and, 528
efficient oOperations of, 527-528
existence, 526-527
Oracle and, 1166-1167
scans, 1153
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See also specific
operation
bottlenecks
application design and, 402,
1029, 1033-1035, 1039
file structure and, 468
system architectures and,
782-783, 800, 816-819,
829, 839-840
transactions and, 1106-1107,
1116
Boyce-Codd normal form
(BCNF)
decomposition algorithms
and, 349-356
dependency preservation
and, 334-336
relational database design
and, 333-336

broadcast data, 1082-1083
B-trees

application development and
1039

.IBM DB2 and, 1205

indices and, 504-506, 530, 1039

Oracle and, 1 159, 1164-1169
1173 '

PostgreSQL and, 1135,
1148-1150

spatial data and, 1064,
1071-1072, 1076, 1086

’

B+-trees, 1075

balanced trees and, 486

bitmap indices and, 528

bulk loading of indices and,
503-504

deletion time and, 491,
495-497, 499-501

extensions and, 500-506

fanout and, 487

f_ilc' organization and, 500-502

flash memory and, 506

(UML) and, 308-310
uniquifiers and, 498-499
unnesting, 958-961 avg expression, 204
value set of, 267 aggregate functions and
xmlattributes and, 1015 84-88 . ‘
XML types and, 990399 query processing and, 566-567

average response time, 636
average seek time, 435, 540n2

indexing strings and, 502-503

insertion time and, 491 -495,
499-501

on multiple keys, 508

nonleaf nodes of, 487

nonunique search keys and,

shared memory, 781-783 atomic domains, 42

shared-nothing, 781, 783-784, first normal form and, 327-329
803 object-based databases and,

shared server, 1185 947

single-user system, 770-771 relational database design

sequential records and,
524-525
structure of, 525-527
blind writes, 687
blobs, 138, 166, 457, 502, 1013,

source-driven, 890 and, 327-329 1 ; 1198-1199, 1259
storage-area network (SAN), atomicity, 4-5, 22-23, 104, 625 attribute-value skew, 800-80 relational algebra and, 236 block-interleaved pari S99

789 cascadeless schedules and, audit trails, 409-410 s f_ parity performance and, 485-48¢
thread pooling and, 1246 647-648 augmentation rule, 339 backup, 186-187 black-]evgel stre'l A pointers and, 486
three-tier, 25 commit protocols and, authentication | application design and, 415 block nested-] ;l:]mg, S 43“:_ queries on, 488-491, 538, 544
TP-monitor, 1092-1095 832-838 challenge-response system distributed databases and, Boolean operati i A record relocation and, 502
transaction-server, 773-775 defined, 628 and, 415 839, 877 o8, 161 T e sh3, secondary indices and, 502

1 204 240, 875, 1256. structure of, 486-488




updates and, 491-500
buf?er managet, 21, 464-466
buffer pools, 1201-1202, 1220
buffers .
database buffering and,
739-741
file structure and, 437-438
force /no-force policy and,
E i d, 725-726
orce output and, 725-726
§BM DBEp and, 1200-1203
log-record buffering and,
738-739
main-memory databases and,
1105-1108
management of, 738-743
multiple pool, 1220 .
operating system role in,
741-742
recovery systems and, 738-743
replacement policies and,
465-468
steal/no-steal policy and, 740
transaction servers and, 774
write-ahead logging (WAL)
rule and, 739-741
bugs, 174n4
agpplication design and, 404,
1048-1050
recovery systems and, 721-722
system architectures and,
787-788
transactions and, 1093, 1102
workflows and, 1101
build input, 558
bulk export, 1032
bulk insert, 1032
bulk loads, 503-504, 1031-1033
bully algorithm, 851, 852
business logic, 25, 173
application design and, 376,
' 383,391-393, 396, 410, 418
IBM DB2 and, 1221-1222
Microsoft SQL Server and,
1228, 1232, 1253,
1263-1267
Oracle and, 1158
business-logic layer, 39, 391
bus system, 780
BYNET, 806
byte-code, 389

C, 7,14,
advanced SQL and, 157, 169,-
173,180

application design and, 387,
397-398
Microsoft SQL Server and,
1228, 1253
ODBC and, 167-168
Unified Modeling Language
(UML) and, 308
+,7n1, 14
C-‘nadvanced SQL and, 169, 173
Microsoft SQL Server and,
1253
object-based databases and,
945
persistent systems and,
968-971
standards for, 1054
Unified Modeling Language
(UML) and, 308
caching, 429 !
application design and,
400-401
coherency and, 776
data servers and, 776
locks and, 776
multithreading and, 817-818
Oracle and, 1184
query plans and, 605, 775
shared-memory architecture
and, 783
call, 175
callable statements, 164
call back, 776
Call Level Interface (CLI)
standards, 1053
candidate keys, 45-46
canonical cover, 342-345
CAP theorem, 852-853
Cartesian products, 68
equivalence and, 584
join expressions and, 229-232
queries and, 573, 584, 589,
595-596, 606, 616
relational algebra and, 50-51,
217,222-232
SQL and, 68-75, 120, 209
cascade, 133, 150, 186
cascadeless schedules, 647-648
cascading stylesheet (CSS)
standard, 380
case construct, 102-103
CASE tools, 1194-1195
cast, 136, 139-140
catalogs
application development and,
1053

distributed databases and,
830, 848
e-catalogs and, 1103-1104
IBM DB2 and, 1195, 1220
indices and, 476 (see also
indices)
information retrieval and,
915, 935
Microsoft SQL Server and,
1235-1236, 1250, 1256,
1266
PostgreSQL and, 1151, 1154
query optimization and,
590-596, 1151
SQL and, 142-143, 165,
168-169
system, 462, 468, 801, 1132
transaction processing and,
1116
XML and, 1017
categories, 935-937
centralized architectures,
769-771 ;
centralized deadlock detection,
845-846
challenge-response system, 415
change isolation level, 649
check clause, 130, 134
assertion and, 135-136
authorization and, 148
data constraints and, 310
dependency preservation
and, 334-336
user-defined types and, 140
check constraints, 134, 148, 310,
317, 334, 628, 1130
checkpoint log record, 752
checkpoints
fuzzy, 750-752
Microsoft SQL Server and,
1246
Oracle and, 1185
recovery systems and,
734-735, 742-743
transaction servers and, 774
hecksums, 434
Elassiﬁcation hierarchy, 935-937
ers —
Clal?: ‘l,'ﬁc:;i.':m, 000-901, 1191, 1266
best splits and, 897-899
decision-tree, 895-900 "
entropy measure mu'l., 897
Gini measure and, 897 47,6808
information gain and .tﬁ._l g{}"}
kernel functions and, 901-40=

neural-net, 900
partitions and, 896-897
prediction and, 894-904
purity and, 897
regression and, 902-903
Support Vector Machine,
900-902
training instances and, 895
v.-lii{'ial'ing, 903-904
client-server Systems, 23, 32,
204
application design and,

376-377, 1031, 1053, 1056

Microsoft SOL Server and,
1228
recovery systems and, 756
system architecture and,
769-772, 777, 788, 791
transaction processing and,
1092-1096
client-side scripting, 389-391
clobs, 138, 166, 457, 502,
1010-1013, 1196-1199
cloud computing, 777
challenges with, 868-870
data representation and,
863-865
partitions and, 865-866
replication and, 866-848
retrieval and, 865-866
Storage and, 862-863
traditional databases and, 868
transactions and, 866-868
clisters; 781
agglomerative, 907-908
cloud computing and, 867
data mining and, 894, 907-908
divisive, 907-908
hierarchical, 907-908
IBM DB2 and, 1203-1207
multidimensional, 1203-1207
Oracle and, 1173, 1186
Real A pplication Clusters
(RAC) and, 1186
mnlescenr_e, 491, 706
tode breaking. See encryption
ColdFusion Markup Language
(CFML), 387
collect function, 959
collection volumes, 957, 957-958
column-oriented storage,
892-893

combinatorics, 639

commit protocols, 832-838
commit time, 758

commit work, 127
common gateway interface

(CGI) standard, 380-381

Common Language Runtime
(CLR), 180

Common Object Request
Broker Architectyre
(CORBA), 1054-1055

common subexpression
elimination, 614

commutative property, 584-585

compatibility function, 662
compensation log records
(CLRs), 751-752, 754

complex data types, 28, 31, 138,
61

10
entity-re]ationship (E-R)
model and, 946-947
keywords and, 947-949
normal forms and, 947
object-based databases and,
945-949, 963, 970-974
system architecture and, 864
component object model
(COM), 1253
compression, 1077-1078
application development and,
041

data warehouses and, 893
IBM DB2 and, 1194
Microsoft SQL Server and,
1236
Oracle and, 1165-1167
prefix, 503, 1166
computer-aided design (CAD),
312, 1061, 1064-1068
conceptual design, 15-16, 260
concurrency control, 631, 636,
639, 709
access anomalies and, 5
blind writes and, 687
consistency and, 695, 701-704,
710
deadlock handling and,
674-679
delete operations and, 697-701
distributed databases and,
835-836, 839-847
DML commands and,
1138-1139
false cycles and, 846-847
IBM DB2 and, 1200-1203,
1217-1218
index structures and, 704-708
insert operations and, 697-701
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locks and, 661-686, 839-842
logical undo and, 749-750
long-duration transactions
and, 1111-1112
Microsoft SQL. Server and,
1241-124¢6
multiple granularity and,
679-682
multiversion schemes and,
689-692, 1137-1146
Oracle and, 1180-1183
PostgreSQI. and, 1137-1145
predicate reads and, 697-701
recovery systems and, 729-730
rollbacks and, 667, 670,
674-679, 685, 689, 691, 709
seria]izability and, 650, 662,
666-667, 671, 673, 681-690,
693-697, 701-704, 708
snapshot isolation and,
692-697, 729.73()
timestamp-based protocol
and, 682-686
updates and, 867-868
user interactions and, 702-704
validation and, 686-689,
729-730
Web crawlers and, 930-931
condition-defined entity sets,
299
confidence, 893, 905
conformance levels, 168-169
conjunction, 545-546, 594
connect to, 170
consistency, 11, 22,104
availability and, 852-853
CAP theorem and, 852-853
concurrency control and, 695,
701-704, 710
cursor stability and, 702
deadlocks and, 665-666
degree-two, 701-702
distributed transactions and,
830-832
logical operations and, 746
mobile networks and,
1083-1085
replication with weak,
843-844
requirement of, 630
transactions and, 627 631,
635-636, 640, 648-‘650, 655
user interactions and , 702-704
weak levels of, 701-704
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constraints
condition-defined, 299
decomposition and, 35;'1—355
dependency preservation
and, 334-336
digjoint, 300 ke
entity-relationship (E-R)
model and, 269-272,
299-301
I3M DB2 and, 1199
integrity, 4 (see also integrity
constrainls)
keys, 271-272
mg]ppin}: cardinalities and,
2(9-270, 276-277
overlapping, 300
partial, 300
participation, 270 '
PostgreSQL and, 11 30-1131,
1153-1154
total, 300
transactions and, 628,
1108-1109
UML. and, 309-310
user-defined, 299
contains, 93
context switch, 1092
conversation group, 1262
cookies, 382-385, 403-405
cores, 770
correlated subqueries, 93
correlations, 906
correlation variables, 605-607
count, 84-86, 89, 566-567
count-distinct, 236
count value, 204
crashes, 434, 467-468
actions after, 736-738
algorithms for, 735-738
ARIES and, 750-756
checkpoints and, 734-735
failure classification and,

create recursive view, 192
create role, 146
create schema, 143
create snapshot, 843-844
create table, 60-63, 139, 161
with data, 141-142
extensions for, 141-142
integrity constraints and, 129
object-based data bases and,
950, 961-962
create table...as, 142
create type, 139-141
create unique index, 529
create view, 121-123, 125, 142,
147, 1130-1131
cross-site request forgery
(XSRF), 403-404
cross-site scripting (X85),
403-405
cross-tabulation, 199-203, 205,
210
CRUD Web interfaces, 399
Crystal Reports, 399-400
cube by, 1221-1222
cube construct, 206-210
current_date, 137
cursor stability, 702
curve fitting, 902-903
Cyc project, 925, 927

data abstraction, 6-8
data access layer, 391, 393, 395
data analysis
data mining and, 893-910
decision-support systems
and, 887-891
information retrieval and,
915-938
warehousing and, 887-891
database design, 257, 313-314
adapting for modern
architectures and,

766-767, 769-772,777,
788, 791
complexity of, 260
conceptual-design phase and,
15-16, 260
data constraints and, 310-311
direct design process and,
259-260)
encryption a_mii ZLH ][;HI',]]
entity-relationship (L=
. i\nndvl and, 1}7- 18,249-313
IBM DB2 and, 1194-1195
incompleteness and, 262
logical-design phase and, 16,
260-261
Microsoft SQL Server and,
1223-1228
normalization and, 18-20
Oracle and, 1157-1158
overview of process, 2’_!‘}-'3t:..’_—
parallel systems and, 815-817
phases of, 250-261
physical-design phase and,
16, 261
redundancy and, 261 -262
relational, 323—3(_18 .
specification of functional
requirements and, 16
top-down, 297 '
universities and, 16-17
user needs and, 260
user requirements and,
311-312
workflow and, 312-313
database graph, 671-674
database instance, 42
databases
abstraction and, 6-8, 10
architecture and, 23-29, 767
(see also architectures)
buffering and, 739-741 (see
also buffers)
concurrency control and,

locks and, 661-679 (see also
locks)
main-memory, 1105-1108
mobile, 1079-1085
modification and, 98-103,
728-729
multimedia, 1076-1079
normalization and, 18-20
parallel, 797-820
personal, 1079-1085
recovery systems and, 631,
633, 721-761 (see also
recovery systems)
storage and, 20-22, 427 (see
also storage)
time in, 1062-1064
databases administrator (DBA),
28-29, 149, 1152,
1214-1215, 1243
database schemas. See schemas
Database Task Grou p. 1052
database writer process, 773
data cleansing, 890
data cube, 200, 206-210
data-definition language
(DDL), 9-12, 14, 32
authorization and, 58
basic types and, 59-60
concurrency control and,
1144-145
dumping and, 743-744
IBM DB2 and, 1194-1197, 1204
indices and, 58
integrity and, 58
Mfcrosaft SOL Server and,
1225, 1228-1233, 1245,
1253, 1256, 1261
Oracle and, 1162, 1181
PostgreSQL and, 1144-1145,
1150
querying and, 21-22
schema definition and, 28, 58,
60-63

DATAllegro, 816
Datalog, 37
data-manipulation language
(DML), 12-14
authorization and, 143
compiler and, 21-22
concurrency control and,
1138-1139, 1145
declarative, 10
defined, 10, 32
host language and, 15
Microsoft SQL Server and,
1231-1233, 1245, 1261
Oracle and, 1161-1162, 1165,
1181
PostgreSQL and, 1137-1138
precompiler and, 15
procedural/ nonprocedural,
10
querying and, 21-22
snapshot isolation and, 1137
(see also snapshot
isolation)
storage manager and, 20-21
triggers and, 1161-1162
data mediation, 1018-1019
data mining, 25-26, 33,771-772,
887-889
association rules and, 904-907
best splits and, 897-899
classification and, 894-904
clusters and, 894, 907-908
data-visualization, 909
defined, 893
descriptive patterns and, 894
entropy measure and, 897
Gini measure and, 897
information gain and, 897-898
Microsoft SQL Server and,
1266-1267
Oracle and, 1191
prediction and, 894-904

data warehouses, 888
column-oriented storage and,
892-893
components of, §89-§91
deduplication and, 890-891
defined, 889
fact tables and, 891-892
householding and, 891
IBM DB2 and, 1194, 1221-1222
materialized views and,
1171-1172
merger-purge operation and,
890-891
Microsoft SQL Server and,
1264
Oracle and, 1158, 1162,
1169-1172, 1178, 1189
transformations and, 891
updates and, 891
Data Encryption Standard
(DES), 413
datetime, 201
DB-Lib, 1249
deadlines, 1108-1109
deadlocks
consistency and, 665-666
distributed databases and,
839, 841, 844-847
handling of, 674-679
IBM DB2 and, 1217-1220
long-duration transactions
and, 1110-1111
Microsoft SQL Server and,
1243-1244, 1246
PostgreSQL and, 1143-1145
prevention of, 675-676
rollback and, 678-679
starvation and, 679
victim selection and, 678
wait-for graph and, 676-677,
676-678

decision support, 1047
decision-support queries, 797
decision-support systems,
887-891
decision-tree classifiers, 895-900
declare, 175-178
decode, 208
decomposition
algorithms for, 348-355
Boyce-Codd normal form
and, 333-336, 349-355
dependency preservation
and, 334-336

721-722
recovery systems and, 736-738
(see also recovery
systems)
transactions and, 628
create assertion, 135
create distinct type, 141,
1194-1195, 1197
create domain, 140-141
create function, 175, 177, 189
create index, 528-529, 1150-1151
create or replace, 174n4
create procedure, 175,179

661-710 (see also
concurrency control)
distributed, 825-3?’.‘:7,4]4I 48
mping and, 743
application, 375-418 dQ].unl.nnz7 ﬂ\l.h. A7 T
agﬁwrizatiun requirements flie—i_;’r‘%cesmn g system an
and, 312 = d
auto?r?ated tuning and, force outpL}t a}1d, 725-726
1040-1041 history of, .EL]—,H.F‘ 4
bottom-up, 297 indexing _ﬁnd, #75-531
buffers and, 464-468 _ also ‘md |u.t']- ?(‘Val
client-server architecture and, mfi_n‘mntug; retrie
32,204, 376-377, 756, 915-9

security and, 58
set of relations in, 58-61
SQL basics and, 57-63, 104
storage and, 58
data diclinnary, 12, 21, 462-464
Data Encryption Standard
(DES), 413
DataGrid control, 398
data guard, 1183
data inconsistency. See
consistency
data isolation, See isolation

purity and, 897
rules for, 893-894
text, 908
data models, See specific model
data parallelism, 805
data server systems, 773,
775-777, 782
data storage and definition
language, 11
data striping, 444
data-transfer rate, 435-436
data types. See types

818-819
alternatives and, 261-262,
304-310

(see

and,
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fourth normal form and,
358-360
functional dependencies and,
329-338, 355-360
higher normal forms and,
337-338
keys and, 330-333
Jossless, 3¢5-346
lossless-join, 345-346
lossy, 345-346 .
multivalued dependencies
and, 355-360
relational database design
and, 329-338, 348-360
third normal form and,
336-337, 352-355
decomposition rule, 339
DEC Rdb, 30
deduplication, 890-891
Deep Web crawless, 931
default values, 133, 137, 140,
144, 425, 899, 952,
991-992, 996, 1128
deferred integrity constraints,
134
degree-two consistency, 701-702
deletion, 61, 63, 98-100, 102, 161
concurrency control and,
697-701
EXEC SQL and, 171
hashing and, 510, 513, 516, .fl23
integrity constraints and, 133
PostgreSQL and, 1130-1131
privileges and, 143-145
transactions and, 629, 653
triggers and, 183
views and, 125
delta relation, 186
demand-driven pipelining,
569-570
denormalization, 363-364
dependency presewation,
334-336, 346-348
desc, 77-78
descriptive attributes. See
attributes
descriptive patterns, 894
deviation, 215, 906-907
dicing, 201
dictionary attacks, 414
digital certificates, 416-417
digital signatures, 416
direct-access storage, 431
directories, 935-937

directory information tree
(DIT), 872-875
directory systems, 870-875
dirty blocks, 741
dirty page table, 750-756,
1244-1245
dirty read, 1137, 1181
dirty writes, 649
disable trigger, 185
disconnected operation,
395-396
disjoint entity sels, 300
disjoint specialization, 296-297
disjunction, 545-546, 594
disk-arm-scheduling, 437
disk controller, 434
distinct types, 84-86, 138-141
distinguished name (DN), 872
distributed databases, 876-878
availability and, 847-853
cloud-based, 861-870
commit protocols and,
832-838
concurrency control and,
835-836, 839-847
deadlock handling and,
844-847
directory systems and,
870-875
failure and, 831-835
fragmentation and, H?.(i_-829
heterogeneous, 825-826,
857-861
homogeneous, 825-826
joins and, 855-857
locks and, 839-847
partitions and, 835
persistent messaging and,
836-838

query processing and, 854-860

recovery and, 335-83(_1
replication and, 826, 829,
B43-844
storage and, 826-830
timestamps and, §42-843
transparency and, 829-830
unified view of data and,
858-859
distributed-lock manager, 840
distributed systems
autonomy and, 785
availability and, 785
example of, 786
global transactions and, 784

greater puiential for bugs in,
T87-788
implvmnmatitm and, 786-788
increased processing
overhead of, 788
local transactions and, 784
nodes and, 784
ready state and, 787
replication and, 785
sharing data and, 785
sites and, 784
software-development cost
and, 787
two-phase comumit protocol
(2PC) and, 786-788
distributor, 1252
divisive clustering, 907-908
Document Object Model
(DOM), 390
docuinent type definition
(DTD), 990-994
domain, 42
domain constraints, 11
domain-key normal form
(DKNF), 360
domain relational calculus, 249
example queriwﬁ. 246-247
expressive power ol
languages, 248
formal definition, 245
safety of expressions, 24;?—248
double-pipelined hash-join,
571-572
drill down, 201
Driver-Manager class, 160
drop index, 529
drop table, 63, 164
drop trigger, 185
drop type, 140 .
dumping, 743-744
dupl?calt elimination, 563-564
durability, 22-23, 104, 625,
630-631
defined, 628
distributed transactions and,
830-832
one-safe, 758
remote backup systems and,
758
storage structure
two-safe, 75? -
lwo-very-sate, /. .
dynamic $QL, 58, 158, 1 75

e-catalogs, 1103

and, 632-633

Eclipse, 386
E-commerce, 1102-1105
efficiency, 6-8
election algorithms, 851-852
embedded SQL, 58, 158, 169-173
empty relations, 93-94
encryption
Advanced Encryption
Standard (AES), 412-413
applications of, 411-417
asymmetric-key, 412
authentication and, 415-417
challenge-response system
and, 415
database support and, 414-415
dictionary attacks and, 414
digital certificates and,
416-417
digital signatures and, 416
nonrepudiation and, 416
Oracle and, 1165-1166
prime numbers and, 413
public-key, 412-414
Rijndael algorithm and,
412-413
techniques of, 412-414
end-user information, 407-408
enterprise information, 1-2
Intity Data Model, 395
entity-relationship (E-R)
diagram, 17-18
alternative notations for,
304-310
bagic structure of, 274-275
complex attributes, 277-278
entity sets and, 279-281
generalization and, 298
identifying relationship and,
280
mapping cardinality, 276
nonbinary relationship sets,
278-279
relationship sets, 278-279
roles, 278
univertsity enterprise
example, 282-283
weak entity sets, 279-281

4

entity-relationship (E-R)

model, 9, 17-18, 259,
313-314, 963
aggregation and, 301-302, 304
alternative modeling data
notations and, 304-310
atomic domains and, 327-329

attributes and, 263, 267-269,
290-291, 294-295, 298-299,
327-329

complex data types and,
946-947

constraints and, 269-272

design issues and, 290-295

enterprise schema and, 262

entity sets and, 262-267,
272-274, 279-286, 290-291,
296-298

extended features, 295-304

generalization and, 297-304

normalization and, 361-362

object-oriented data model
and, 27

reduction to relational
schemas and, 283-290

redundancy and, 272-274

relationship sets and, 264-267,
286-290, 291-295, 296-297

specialization and, 295-297
Unified Modeling Language
(UML) and, 308-310
entity sets
alternative notations for,
304-310
attributes and, 263, 284-285,
290-291
condition-defined, 299
defined, 262-263
design issues and, 290-292
disjoint, 299
extension of, 263
generalization and, 297-304
identifying relalionship and,
280
overlapping, 299
properties of, 262-264
relationship sets and, 264-267,
291-292
removing redundancy in,
272-274
role of, 264-265
simple attributes and, 283-284
strong, 283-285
subclass, 298
superclass, 298
superclass-subclass
relationship and, 296-297
Unified Modeling Language
(UML) and, 308-310
user-defined, 299
weak, 279-281, 285-286
Entity SQL, 395
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enterprise resource planning
(ERP) systems, 1101
entropy measure, 897-898
equi-joins, 549-559, 563, 566,
571, 807, 819
equivalence
cost analysis and, 601-602
join ordering and, 588-589
relational algebra and,
582-590
transformation examples for,
586-588
error-correcting code (ECC)
organization, 444-445
ERWin, 1194
escape, 77
evaluation primitive, 539
every clause, 90
except clause, 82-83, 93, 188
exchange system, 1104
exclusive-mode locks, 661
EXEC SQL, 169-173
execute, 147
existence bitmap, 526-527
exists clause, 93
extensibility contracts,
1256-1258
external language routines,
179-180
external sort-merge algorithm,
548-549

Facebook, 31, 862
factorials, 639
fact tables, 891-892
fail-stop assumption, 722
false cycles, 846-847
false drops, 929
false negatives, 903, 929-930
false positives, 903, 929-930
false value, 90, 208
fanout, 487
fetching, 21, 138, 906, 1078, 1097
advanced SQL and, 161,
166-173, 176, 180, 194
application design and,
389-397, 1030, 1038
IBM DB2 and, 1199, 1202,
1209, 1211, 1219
information retrieval and,
921, 929, 936 (see also
information retrieval)
Microsoft SQL Server and,
1241, 1251
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object-based databases and,
96R, 969-972
PostgreSQL and, 1137, 1146,
1151, 1153
storage and, 437,439, 444 (see
also storage)
Web crawlers and, 930-931
Fibre Channel interface, 434,
436
fifth normal forms, 360
file header, 454
file manager, 21
file organization, 3-4. See also
storage
B+-trees and, 500-502
blobs, 138, 166, 457, 502, 1013,
1198-1199, 1259
block-access time and, 438
clobs, 138, 166, 457, 502,
1010-1013, 1196-1199
fixed-length records and,
452-454
hashing, 457
heap file, 457
indexing and, 475 (see also
indices)
journaling systems and, 439

multitable clustering and, 458,

460-462
pointers and, 454
security and, 5-6 (see also
security)
sequential, 457-459
structured, 451-468
system structure and, 451-452
V‘ariable—length records and,
454-457
file scan, 541-544, 550, 552, 570
final/not final expressions, 949,
953
fine-granularity parallelism,
771
FireWire interface, 434
first committer wins, 692-693
first updater wins, 693
flash storage, 403
B+-trees and, 506
cost of, 439
crase speed and, 440
hybrid disk drives and,
440-441
NAND, 430, 439-440
NOR, 430, 439
flash translation layer, 440
floppy disks, 430

flow-distinct, 1240-1241
FLWOR (for, let, where, order
by, return) expressions,
1002-1003
forced output, 465, 725-726
force policy, 739-740
for each row clause, 181-184
for each statement clause, 68,
183
foreign keys, 46, 61-62, 131-133
fourth normal forms, 356,
358-360
fragmentation, 827-829
free space control record
(FSCR), 1202
from statement
aggregate functions and,
84-90
basic SQL queries and, 63-74
on multiple relations, 66-71
natural join and, 71-74
null values and, 83-84
rename operation and, 74-75
set operations a nd, 79783
on single relation, 63-66
string operations and, 76-79
subqueries and, 95-96
full outer joins, 117-120,
233-234, 565-566
functional dependencies, 18,
129
attribute set closure and,
340-342
augmentation rule and, 339
BCNF algorithm and, 349-352
Boyce-Codd normal form
and, 333-336
canonical cover and, 342-345
closure of a set, 338-340
decomposition rule, 33_‘.1
dependency preservation
and, 334-336, 346-348
extraneous, 342
higher normal forms and,
337-338
keys and, 330-333
lossless decomposition and,
345-346
multivalued, 355-360
pseudotransitivity rule, 339
reflexivity rule and, 339
theory of, 338-348
third normal form and,
336-337,352-355
transitivity rule and, 339

union rule, 339
functionally determined
attributes, 340-342
function-based indices,
1167-1168
functions. See also specific
function
declaring, 174-175 ‘
external language routines
and, 179-180
IBM DB2 and, 1197-1198
language constructs for,
176-179
polymorphic, 1128-1129
PostgreSQL, 1133-1135
gtate transition, 1134
syntax and, 173-174, 178
writing in SQL., 173-1 80
XML and, 1006-1007
fuzzy checkpoints, 742-743,
750-752

generalization
aggregation and, 301 -302
aftribute inheritance and,
298-299
bottom-up design and, 297
condition-defined, 299
constraints on, 299-301
disjoint, 300
entity-relationship (E-R)
model and, 297-304
overlapping, 300
partial, 300 ,
representation of, 302-304
subclass set and, 298
superclass set and, 298
top-down design and, 297
total, 300
user-defined, 299
Generalized Inverted Index
(GIN), 1149
generalized-projection, 235
Generalized Search Tree
(GiST), 1148-1149
geographic data, 1 061.
applications of, 1068
information systems and,
1065
raster data and, 1069
representations ol, 1065-
1069-1070
spatial queries _
vector data and, 106

1066;

and, Iﬂ?"ﬂ-l(}?l

getColumnCount method,
164-165
getConnection method, 160
GET method, 405
getString method, 161
Gini measure, 897
Glassfish, 386
global class identifier, 1055
global company identifier, 1055
Global Positioning System
(GPS), 1068
global product identifier, 1055
global wait-for graph, 845-847
Google, 31
application design and,
378-382, 396, 407
distributed databases and,
862, 866-867
information retrieval and, 933
(see also information
retrieval)
PageRank and, 922-925
grant, 144-150
granted by current role, 150
graph-based protocols, 671-674
Greenplun, 816
group by, 86-89, 96, 194, 203,
2006-209
growing phase, 667-669

hackers. See security
handoff, 1081
{mrd disks, 29-30
hardWare RAID, 448
hardware tuning, 1035-1038
harmonic mean, 1046
hash cluster access, 1173
hash functions, 457-458, 476,
530-531
closed, 513
data structure and, 515-516
deletion and, 510, 513, 516,
523-524
dynamic, 515-523
extendable, 515
indices and, 514-515, 523-524
msertion and, 513, 516-524
insufficient buckets and, 512
joins and, 809-810
lookup and, 516-518, 522, 524
open, 513
Oracle and, 1170
overflows and, 512-513
partitioning and, 807
PostgreSQL and, 1148

queries and, 516-522
skew and, 512
static, 509-515, 522-523
updates and, 516-522
hash join, 602
basics of, 558-559
build input and, 558
cost of, 561-562
double-pipelined, 571-572
hybrid, 562
overflows and, 560
query processing and, 557-562
recursive partitioning and,
539-540
skewed partitioning and, 560
hash-table overflow, 560
having, 88-89, 96
heap file, 457, 523, 1147-1149,
1153
heuristics, 1075-1076
data analysis and, 899, 910
distributed databases and, 859
greedy, 910
IBM DB2 and, 1211
information retrieval and, 934
Microsoft SQL. Server and,
1240
Oracle and, 1176
parallel databases and, 815
query optimization and,
598-605, 615-616
Hibernate system, 393-395
hierarchical architecture, 781,
784
hierarchical classification,
935-937
hierarchical clustering, 907-908
hierarchical data model, 9
high availability, 756
HIPAA, 1248
histograms, 195, 591-596, 616,
801, 901, 1152, 1175, 1211,
1239
HITS algorithm, 925
home processor, 803
homonyms, 925-927
horizontal fragmentation,
827-828
horizontal partitioning, 798
hot-spare configuration, 758
hot swapping, 449
householding, 891
HP-UX, 1193
hubs, 924
hybrid disk drives, 440-441
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hybrid hash join, 562
hybrid merge join, 557
hybrid OLAP (HOLAP), 204
hypercube architecture, 781
hyperlinks
PageRank and, 922-923, 925
popularity ranking and,
920-922
search engine spamming and,
924-925
HyperText Markup Language
(HTML), 378-380
client-side scripting and,
388-391
DataGrid and, 398
embedded, 397
information retrieval and, 915
(see also Information
retrieval)
Java Server Pages (JSP) and,
387-391
rapid application
development (RAD) and,
397
security and, 402-417
server-side scripting and,
386-388
stylesheets and, 380
Web application frameworks
and, 398-400
web sessions and, 380-382
XML and, 981

HyperText Transfer Protocol

(HTTP)

application design and,
377-381, 383, 395,
404-406, 417

as connectionless, 381

digital certificates and, 417

man-in-the-middle attacks
and, 406

Representation State Transfer
(REST) and, 395

Simple Object Access Protocol
(SOAP) and, 1017-1018,
1249-1250

IBM AIX, 1193
IBM DB2, 30, 96, 141, 160n3,

172,180, 184-185, 216,
1121

administrative tools,
1215-1216

autonomic fealures, 1214-1215

buffer pools and, 1201-1202




business intelligence features,
1221-1222
concurrency control and,
1200-1203, 1217-1218
constraints and, 1199
Control Center, 1195, 1215
database-design tools and,
1194-1195
data type support and,
1196-1197
Data Warchouse Edition, 1221
development of, 1193-1193
distribution, 1220-1221
external data and, 1220-1221
indexing and, 1199-1205
isolation and, 1217-1218
joins and, 1209-1210
large objects and, 1198-1199
locks and, 1217-1220
massively parallel processors
(MPP) and, 1193
materialized views and,
1212-1214
multidimensional clustering
and, 1203-1207
query processing and, 593,
604, 612, 1207-1216
recovery and, 1200-1203
replication, 1220-1221
rollback and, 1218
set operations and, 1209-1210
SQL. variations and, 1195-1200
storage and, 1200-1203
system architecture, 1219-1220
System R and, 1193
Universal Database Server,
1193-1194
user-defined functions and,
1197-1198
utilities, 1215-1216
Web services, 1199-1200
XML and, 1195-1196
IBM MVS, 1193
IBM OS/400, 1193-1194
IBM VM, 1193-1194
IBM z/OS, 1194
identifiers, 546
global, 1055
OrdPath, 1260-1261
standards and, 1055-1056
tags and, 982-985
identifying relationship, 280
identity declaration, 1043
if clause, 184

Illustra Information |
Technologies, 1123-1124
immediate-modification
technique, 729
incompleteness, 262
inconsistent state, 630. See also
consistency
in construct, 91, 92n8
incremental view maintenance,
608-611
independent parallelism, 814
indexed nested-loop join,
552-553
index entry, 477
indexing strings, 502-503
index-organized tables (I0Ts),
1164-1165
index record, 477
indices, 21, 137-138, 530-531
access time and, 476, 479, 523
access types and, 476
bitmap, 507, 509, 524-528, 531,
536, 1166-1167
block, 1205
bulk loading of, 503-504
clustering, 476-477, 483-485,
542
comparisons and, 544-545
composite, 545-546
concurrency control and,
704-708
construction of, 1150-1151
covering, 509
definition in SQL and, 528-529
deletion time and, 476, 483,
491, 495-501, 523-524
dense, 477-483
domain, 1168-1169
on expressions, 1149
function-based, 1167-1168
Generalized Inverted Index
(GIN) and, 1149
hashed, 476 (see also hash
functions)
IBM DB2 and, 1199-1205
identifiers and, 546
information retrieval and,
927-929
insertion time and, 476,
482-483, 491-495, 499-501,
523-524
inverted, 927-929
join, 1168 (see also joins)
linear search and, 541-542
logical row-ids and, 1164-1165

materialized views and, 612

Microsoft SQL Server and,
1231-1236

multicolumn, 1149

multilevel, 480-482

multiple-key access and, 485,
506-509

nonclustering, 477

operator classes and, 1150

Oracle and, 1162-1173

ordered, 475-485, 523-524

partial, 1150

partitions and, 1169-1171

performance tuning and,
1039-1041

persistent programming
languages and, 964-972

pointers and, 546

PostgreSQL and, 1135-1136,
1146-1151

primary, 476-477, 542, 544

query processing and, 541-544

record relocation and, 502

search key and, 476

secondary, 477, 483-485, 502,
542, 544-545

selection operation and,
541-544

sequential, 485-486

sorting and, 547-549

space overhead and, 476, 479,
486, 522

sparse, 477-480, 482-483

spatial data and, 1071-1076

support routines and,
1135-1136

trees and, 1148-1149 (see also
trees)

unique, 1149

updates and, 482-483

XML, 1160

information-extraction

systems, 932-933

information gain, 897-898
information retrieval, 25-26,

885, 938
adjacency test and, 922-923
applications of, 915-917,
931-935
categories and, 935-937
defined, 915 1
development of field, 915
directories and, 935-937
false negatives and, ‘Jl‘_‘.“:}lm
false positives and, 929-930

homonyms and, 925-927
indexing of documents and,
927-929
information extraction and,
932-933
keywords and, 916-927
measuring effectiveness of,
929-930
ontologies and, 925-927
PageRank and, 922-923, 925
precision and, 929-930
query result diversity and, 932
question a nswering and 1
933934
recall and, 929-930
relevance ranking using
terms, 917-920
televance using hyperlinks,
920-925
result diversity and, 932
search engine spamming and,
924-925
similarity-based, 919-920
stop words and, 918
structured data queries and,
934-935
synounyms and, 925-927
TE-IDF approach and, 917-925
Web crawlers and, 930-931
Ingres, 30
inheritance, 298-299
overriding method, 952
SOL m‘u'l, 949956
drucgared types and, 949-952
tables and, 954-956
types and, 952-953
initially deferred integrity
constraints, 134
inner joins, 117-120, 601
inner relation, 550
insertion, 61, 100-102
concurrency control and,
697-701
EXEC SQL and, 171
hashing and, 513, 516-523
lookup and, 705
phantom phenomenon and,
698-701
I’OstgreSQL and, 1130-1131
prepared statements and,
162-164
privileges and, 143-145
transactions and, 629, 653
\ views and, 124-125
Instances, 8, 904-905
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instead of triggers, 1161-1162
integrated development
environment (IDE), 111,
307, 386, 397, 426, 434, 932
integrity constraints, 4, 58
add, 129
alter table, 129
assertion, 135-136
check clause, 130, 134-136
create table, 129, 130
deferred, 134
examples of, 128
foreign key, 131-133
functional dependencies and,
129
hashing and, 809-810
not null, 129-130, 133
primary key, 130-131
referential, 11, 46-47, 131-136,
151, 181-182, 628
schema diagrams and, 46-47
on single relation, 129
unique, 130-131
user-defined types and, 140
violation during transaction,
133-134
XML and, 1003-1004
integrity manager, 21
intention-exclusive (I1X) mode,
680
intention-shard (IS) mode, 680
interconnection networks,
780-781
interesting sort order, 601
Interface Description Language
(IDL), 1054-1055
interference, 780
internal nodes, 487
International Organization for
Standardization (ISO),
57, 871, 1051
Internet, 31
direct user access and, ?
wireless, 1081-1082
interoperation parallelism, 804
813-814
interquery parallelism, 802-803
intersect, 81-82, 585
intersect all, 81-82
intersection, 50
intersection set, 960
intervals, 1063-1064
intraoperation parallelism
aggregation and, 811
degree of parallelism and, 804

74

duplicate elimination and, 811

operation evaluation costs
and, 812
parallel external sort-merge
and, 806
parallel join and, 806-811
parallel sort and, 805-806
projection and, 811
range-partitioning sort and,
805
selection and, 811
intraquery parallelism, 8§03-804
invalidation reports, 1083
inverse document frequency
(IDF), 918
1/0 parallelism
hashing and, 799-800
partitioning techniques and,
798-800
range scheme and, 800
round-robin scheme and, 799
skew handling and, 800-802
is not null, 83
is not unknown, 84
is null, 83
isolation, 4, 1094
atomicity and, 646-648
cascadeless schedules and,
647-648
concurrency control and, 631,
636-637, 639, 650,
1137-1138
defined, 628
dirty read and, 1137
distributed transactions and,
830-832
factorials and, 639
improved throughput and,
635-636
inconsistent state and, 631
levels of, 648-653
locking and, 651
multiple versions and,
652-653, 1137-1138
nonrepeatable read and, 1137
Oracle and, 1181-1182
phantom read and, 1137-1138
PostgreSQL and, 1137-1138,
1142
read committed, 649, 1042
read uncommitted, 648, 649
recoverable schedules and,
647
repeated read, 649
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resource allocation and,
635-606
row versioning and, 1244
serializability and, 640,
648-653
snapshot, 652-653, 692-697,
704, 729-730, 1042, 1242,
o 1, 651-652
imestamps and, 601-0¢
fclr?l-lrlsactio}ns and, 628, 635-640,
646-653
utilization and, 636
wait time and, 636
is unknown, 84
item shipping, 776
iteration, 176, 188-190

J++, 1228, 1253
Jakarta Project, 386
Jar files, 160
]]:va, 14, 157,169, 173, 387,945
DOM APL, 1008-1009
JDBC and, 158-166
metadata and, 164-166
pm'ﬁistent systems and,
971972
SQL) and, 172
Unified Modeling Language
(UML) and.i:?i(%é}.
a 2 Enterprise Edition
e (]ZEE?, 386, 1157-1158
Java Database Objects (JDO),
971
avaScript
J applicgt'mn design and,
389-391, 398
Representation State Transfer
(REST) and, 395
security an‘;i, 402{:}41{1 o
vaScript Object Notatio
e (IEONL 395, 863-864
JavaServer Faces (JSP)
framework, 3;;)}
ava Server Pages (]
J application design and, 377,
383-391
client-side scripting and,
389-391
security and, 405
server-side scripting and,
386-388
servlets and, 383-391

E:

Web application frameworks

and, 399
JBoss, 386, 399

JDBC (Java Database

Connectivity), 380, 1052,
1154
advanced SQL and, 158-1 59
blob Column,igg .
caching and, 400-4
callablt statements and, 164
clob column, 166
connecting to database,
159-161
E-R model and, 269, 275
information protoct " of,
160-161
metadata features and,
164-166
prepa red statements and,
162-164
query result retrieval and,
161-162
shipping SQL statements to,
161
updatable result sets and, 166
join dependencies, 360
joins
complex, 563
conditions and, 114-115
cost analysis and, 555-557,
599-601
distributed processing and,
855-857
equi-joins, 549-559, 563, 566,
571, 807, 819
filtering of, 1187
fragment-and-replicate,
808-809
full outer, 117-120, 233-234,
565-566
hash join, 539-540, 557-562,
571-572, 602
hybrid merge, 557
Il%’M DB2 m?c.l, 1209-1210
inner, 117-120, 601
inner relation and, 550
left outer, 116-120, 233-235,
565-566
lossless decomposition and,
345-346
merge-join, 553-555
minimization and, 613
natural, 71-74, 87,113 (see
also natural joins)

nested-loop, 550-553 (see also

nested-loop join)
Oracle and, 1168, 1187
ordering and, 588-589

outer, 115-120, 232-235,
565-566, 597
outer relation, 550
pa rallel, B06-811, 857 _
pa ¢litioned, 539-540, 807-810
PostgreSOL and, 1153
prediction, 1267
query processing .m—:.;l_
549-566, B55-857
relational algebra and,
229-232,239 )
right outer, | 17-120, 233-235,
565-566 =l
semijoin strategy and, H'_wf:\ .._1.‘/
size estimation and, 595-590
sort-merge-join, 553
theta, 584-585
types and, 115-120 .
view maintenance and, 609
join using, 74, 1 13-114
journaling file systems, 439
JPEG (Joint Picture Experts
Group), 1077
jukebox systems, 431

k-d trees, 1071-1072
kernel functions, 901-902
keys, 45-46 1o
constraints and, 271 *: 2
decomposition and, '.‘13-'-1‘-355
encryption and, 412-418
entity-relationship (E-R)
model and, 271-272
vqunll’r)' on, 542 .
functional dependencies and,
330-333
hashing and, 509-51 ‘_}, 524
indexing and, 476-508,
476-509, 524, 529
multiple access and, 506-509
nonunigue, 497-499 .
smart cards and, 41 416
storage and, 457-459
USB, 430
uniquifiers and, 498-499
keywords P
complex data types and,
947-949 b
homonyms and, 925-927
indices and, ‘?1?-‘!"::’-':? e
ontologies and, ‘Jf{:?—?nl 31
PostgreSOL ‘md,'l 130-1 1
query simplification
1237-1238
[,9 15-925

and,

ranking anc

search engine spamming and,

924-925
stop words and, 918
synonyms and, 925-927

language constructs, 176-179

Language Integrated Querying
(LINQ), 1055, 1249

large-object types, 138

latent failure, 448

lazy propagation, 844, 868

lazywriter, 1246

LDAP Data Interchange
Format (LDIF), 872

least recently used (LRU)
scheme, 465-467

left outer join, 116-120, 233-235,
565-566

legacy systems, 1050-1051

lightweight directory access

protocol (LDAP), 406,
871-875

like, 76-77

linear regression, 902

linear search, 541-542

linear speedup, 778-780
Linux, 1124, 1193-1194, 1212
local-area networks (LANs),

788-789, 1081

localtimestamp, 137

local wait-for graph, 845
location-dependent queries,
¢ 1080

lockiig protocols, 666

biased, 841

distributed lock manager, 840
graph-based, 671-674
majority, 840-841

primary copy, 840

quorum consensus, 841-842
single lock-manager, 839
timestamping, 842-843
two-phase, 667-669

lock manager, 670-671, 773
locks *

adaptive granularity and, 776

caching and, 776

call back and, 776

compatibility function and,
662

concurrency control and,
661-674

deadlock and, 665-666,
674-679, 839, 841, 844-847,
1217-1220, 1243-1246
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distributed databases and,
839-847
dynamic, 1243
exclusive, 651, 661-662,
668-669, 672-673, 679, 691,
698-702, 706-710, 729-730,
740-741, 803, 839, 841
false cycles and, 846-847
fine-grained, 756
granting of, 666-667
growing phase and, 667-669
IBM DB2 and, 1217-1220
implementation of, 670-671
intention modes and, 680
logical undo operations and,
744-750
long-duration transactions
and, 1110-1111
lower/higher level, 745
Microsoft SQL Server and,
1242-1244, 1246
multiple granularity and,
679-682
multiversion schemes and,
691-692
PostgreSQL and, 1143-1145
recovery systems and, 744-750
request operation and,
662-671, 675-680, 709
shared, 661, 841
shrinking phase and, 667-669
starvation and, 679
timestamps and, 682-686
transaction servers and,
773-775
true matrix value and, 662
wait-for graph and, 676-678,
845-847
log disk, 438-439
logical clock, 843
logical counter, 682
logical-design phase, 16,
260-261
logical error, 721
logical logging, 745-746, 1115
logical operations
consistency and, 746
early lock release and, 744-750
rollback and, 746-749
undo log records, 745-750
logical row-ids, 1164-1165
logical undo operation, 745-750
log records
ARIES and, 750-756
buffering and, 738-739
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compensation log records
(CLRs) and, 751-752, 754
identifiers and, 727
old /new values and, 727-728
physical, 745
recovery systems and,
726-728, 730-734
redo and, 729-734
steal /no-steal policy and, 740
undo, 729-734, 745-746
write-ahead logging (WAL)
rule and, 739-741
log sequence number (LSN),
750-755
log writer process, 773-774
long-duration transactions
compensation transactions
and, 1113-1114
concurrency control and,
1111-1112
graph-based protocols and,
1110
implementation issues,
1114-1115
multilevel, 1111-1112
nesting and, 1111-1112
nonserializable executions
and, 1110-1111
operation logging and, 1115
performance and, 1110
recoverability and, 1110
subtasks and, 1109
timestamps and, 1110
two-phase locking and, 1110
uncommitted data and, 1109

lookup, 600, 1086

concurrency control and, 700,
704-708

distributed databases and,
865, 867, 870

fuzzy, 890, 1266

indices and, 482, 485-500,
505-513, 516-518, 522, 524

Microsoft SQL. Server and,
1238, 1241, 1266

PostgreSQL and, 1148

query processing and, 544,
552-553

lossless-join decomposition,

345-346

lossy decomposition, 345-346
lost update, 692 o~

machine learning, 25-26
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magnetic disks, 430
| blocks and, 436-439
' buffering and, 437-438
checksums and, 434
crashes and, 434 3
data-transfer rate and, 435-436
disk controller and, 434
failure classification and, 722
hybrid, 440-441
log disk and, 438-439
mean time to failure and, 436
optimization of disk-block
access and, 436-439
parallel systems and, 781-782
performance measures of,
435-436
| physical characteristics of,
432-435
read-ahead and, 437
read-write heads and, 432-435
‘ recording density and,
433-434
redundant arrays of
independent disks
(RAID) and, 441-449
scheduling and, 437
scrubbing and, 443
sectors and, 432-434
seek-time and, 435-436
sizes of, 433
main-memory database
systems, 724n1
majority protocol, 840-841,
848-849
man-in-the-middle attacks, 406
many server, many-router
model, 1094
many-server, single-router
model, 1093
many-to-many mapping, 270,
276-277
H many-to-one mapping, 270, 276

mapping cardinalities, 269-270,
276-277
markup languages. See also
specific language
file processing and, 981-982
structure of, 981-990
tags and, 982-985
transactions and, 983-985
master-slave replication,
843-844 ko
master table, 1032-1033
materialization, 567-568

ialized query tables
matem(lMQTs}, 1?{2-'!,214, 1221
materialized views, 123-124,
607
aggregation and, 610-611
IBM DB?2 and, 1212-1214
index selection and, 612
join operation and, 609
maintenance and, 608-611
Oracle and, 1171-1172, 1174,
1188
erformance tuning and,
1039-1040
projection and, §09-6]0
query optimization and,
611-612
replication and, 1251-1253
selection and, 609-610
mayx, 84, 86, 96, 236, 566-567
mean time to failure (MTTF),
436
Media Access Control (MAC),
1129
mediators, 859-860, 1018-1019
memory. See also storage
buflers and, 1184 (sec also
buffers)
bulk loading of indices and,
503-504
cache, 429, 817-818 (see also
caching)
data access and, 724-726
flash, 403, 430, 439-441, 506
force output and, 725-726
magnetic—disk, 430, 432-439
main, 429-430
main-memory databases and,
1105-1108
Microsoft SQL Server and,
1246-1247
multitasking and, 1092-1095
NET Common Language
Runtime (CLR) and,
1255-1256
nonvolatile random-access,
438
optical, 430
Oracle structures and,
1183-1184
overflows and, 560 .
rsistent programming
N languggeg and, 964-972
query costs and, 544

recovery systems and, 724-726
(see also Recovery
systems)

redo log buffer and, 1184

shared pool, 1184

merge-join, 553
merge-]purge operation, 890-891
merging

complex, 1173-1 174

duplicate elimination and,
563-564

Oracle and, 1173-1174

parallel external sort-merge
and, 806

performance tuning a;nd, 1033
'y processing and,
e 7549, 553.555, 557
mesh system, 780-781
message delivery process, 838
metadata, 12, 164-166
Microsoft, 3, 31, 141
advanced SQL and, 160n3, .
169,173,180, 184, 197,205
application design and, 387,
395-401, 406-407 7
distributed databases and, 863
parallel databases and, 816
query optimization and, 612
storage and, 438
Microsoft Active Server Pages
(ASD), 397 J
Microsoft Database Tuning
Assistant, 1040
Microsoft Distributed
Transaction Coordinator
(MS DTC), 1242
Microsoft Office, 55, 399, 1016
Microsoft SQL Server, 1042,
1121
business intelligence and,
1263-1267
compilation and, 1236-1237
compression and, 1236
concurrency coni rol and,
1241-1246
data access and, 1248-1250
database mirroring and,
1245-1246
data mining and, 1 (
data types and, 1229-12
design tools and, 1223~
development of, 1'22?1 b
filegroups and, 1 Eh’n.B-vll.{
indexing and, 1231-1236
locks and, 1242-1244

266-1267
30
1228

management tools and,
1223-1228
memory management and,
1246-1247
page units and, 1233-1234
partitions and, 1235
Query Editor, 1224-1225
query processing and,
1223-1231, 1236-1241,
1250-1251
read-ahead and, 1235-1236
recovery and, 1241-1246
reordering and, 1238-1239
replication and, 1251-1253
routines and, 1231
security and, 1247-1248

server programming in .NET,

1253-1258

snapshot isolation and, 1242,
1244

SQL. Profiler and, 1225-1227

SQL Server Broker and,
1261-1263

SQL Server Management
Studio and, 1223-1224,
1227-1228

SQL variations and, 1228-1233

storage and, 1233-1236

system architecture, 1246-1248

tables and, 1234
thread pooling and, 1246
triggers and, 1232-1233
tuning;and, 1224, 1227
typegfand, 1257-1258
updates and, 1232-1233, 1239
Windows Mobile and, 1223
XML, support and, 1258-1261
Microsoft Transaction Server,
1091
Microsoft Windows, 195, 426,
1078
IBM DB2 and, 1193-1 194, 1212
PostgreSQL. and, 1124, 1155
SQL Server and, 1223-1224,
1228, 1242, 1246-1248
storage and, 438
min, 84, 86, 236, 566-567
minpctused, 1203
minus, §2n7
Mirrorin g, 441-442, 444,
1245-1246
mobility, 1062, 1086
broadcast data and, 1082-1083
consistency and, 1083-1085
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disconnectivity and,
1083-1085
handoff and, 1081

nvalidation reports and, 1083

multiversion concurrency
control (MVCC)
DDL commands and,

_ 1144-1145
mobile computer model and, DML commands and,
1080-1082 1138-1139

queries and, 1082

recoverability and, 1083

routing and, 1082

updates and, 1083-1084

version-numbering schemes
and, 1083-1084

wireless communications
and, 1080-1082

Model-View-Control design,

implementation of, 1139-1143

implications of using,
1143-1144

indices and, 1145

isolation levels and, 1137-1138

locks and, 1145

recovery and, 1145-1146

schema for, 689-692

multiway splits, 8§98
1157-1158 MySQL, 31, 76, 111, 160n3,
most recently used (MRU) 1123, 1155
scheme, 467

most-specific type, 953
MPEG (Moving Picture Experts
Group), 1077-1078
multicore processors, 8§17-819
multidatabase system, 857-861
multidimensional data, 199
multimaster replication, 844
multimedia data, 1062
multimedia databases,
1076-1079
multiple granularity
concurrency control and,
679-682
hierarchy definition for, 679
intention-exclusive (IX) mode

Naive Bayesian classifiers, 901,
1191, 1266
naive users, 27-28
name servers, 829
NAND flash memory, 430,
440-441
natural joins, 49-50, 87, 113
conditions and, 114-115
full outer, 117-120, 233-234,
565-566
inner, 117-120, 601
left outer, 116-120, 233-235,
565
on condition and, 114-115
outer, 115-120

. a1.1d, 680 SQL queries and, 71-74
intention-shared (IS) mode relational algebra and,

and, 680 229-232
locking protocol and, 681-682 right outer, 117-120, 233-234,
shared and 565-566

intention-exclusive (SI1X)
mode and, 680
tree architecture and, 679-682
multiple-key access, 506-509
multiquery optimization, 614
multiset relational algebra, 238
multiset types, 956-961
multisystem applications, 1096
multitable cluster file
organization, 458,
460-462
multitasking, 771, 1092-1095
multithreading, 817-818, 1093
multivalued attributes, 267-268,

types and, 115-120
nearest-neighbor query,
1070-1071
negation, 595
nested-loop join, 1071
IBM DB2 and, 1209-1210
Oracle and, 1173
parallel, 807, 810-811
PostgreSQL and, 1152-1153
query optimization and,
600n2, 602, 604
query processing and,
550-555, 558-560, 565,
571,573

327-329 nested subqueries
multivalued dependencies, application development and,
355-360

1031, 1047




duplicate tuples a nd, lLJf1-~_‘~.!.'5
empty relations and, 93-94
from clause and, 95-96
nplimizalinn of, 605-607
scalar, 97-98
set operations and, 90-93
with clause and, 97
ghing
nPAI(It!.S and, 755-756
concurrency control and, 679,
709
granularities and, 679
TBM DB2 and, 1197,
1209-1210, 1218
long-duration transactions
and, 1112-1113
object-based cdlatabases and,
945,948, 958-961
Oracle and, 1159, 1164, 1182
queries and, 601-607,
1004-1007, 1013-1014,
1017
transactions and, 1091,
1112-1113, 1116, 1218
XML and, 27, 943, 984-998,
1001, 1004-1007, 1010
NET, 169
NetBeans, 386, 397
NET Common Language
Runtime (CLR)
aggregates and, 1257-1258
basic concepts of, 1254
extensibility contracts and,
1256-1258
Mictosoft SQL Server and,
1253-1258
routines and, 1256-1257
SQL hosting and, 1254-1256
table functions and, 1256-1257
types and, 1257-1258
Netezza, 816
networks
data model and, 9, 1080-1082
local area, 788-789, 1081
mobility and, 1079-1085
wide-area types and, 788,
790-791
nextval for, 1043
nodes. See also storage
B+-trees and, 485-506
coalescing, 491, 706
distributed systems and, 784
IBM DB2 and, 1200-1201 .,
mesh architecture and,
780-781

multiple granularity and,
679-682
nonleaf, 487
overfitting and, 899-900
splitting of, 491, 706
updates and, 491-500
XML and, 998
no-force policy, 739-740
nonacceptable termination
states, 1099
nonclustering, 477
nondeclarative actions, 158
nonleaf nodes, 487
nionprocedural languages,
47-48
nonrepeatable rez;lé 1137
nonrepudiation,
nonurf,ique search keys, 497-499
nonvolatile random-access
memory (NVRAM), 438
nonvolatile storage, 432, 632,
722, 724-726, 743-744
nonvolatile write buffers, 438
NOR flash memory, 430, 439
rmal forms, 18
noa’:lc:mic domains and, 327-329
Boyce-Codd, 333-336, 349-352,
354-356
complex data types and, 947
domain-key, 360
fifth, 360
first, 327-329
fourth, 356, 358-360
higher, 337-338
join dependencies and, 360
project-join, 360
second, 361
third, 336-337 i
rmalization, 16, 18-
nOdenormalization and, 363-364
entity-relationship (E-R)
model and, 361-362
performance and, 363—?364
relational database design
and, 361-362
no-steal policy, 740
not connective, 66
not exists, 93, 192
not in, 90-91, 92n8
not null, 61, 83, 129-130, 133, 140
not unique, 95
null bitmap, 456
null values, 19, 83-84
aggregation with, 89-90
attributes and, 268-269

decode and, 208
decorrelation and, 1174
file organization and, 451-468
integrity constraints and,
128-130, 133-134
left outer join, 233
OLAP and, 202
uery simplification and,
1237-1238
right outer join, 234-235
temporal data and, 364-367
user-defined types and, 140
numeric, 59, 62
nvarchar, 60
N-way merge, 547

object-based databases, 975
array types and, 956-961
collection volumes and,

957-958
complex data types and,
946-949
correspondence and,_ 955
feature implementation and,
963-964
inheritance and, ?349-956
iapping and, 97°
:‘m}l tlif-‘.ethly]_‘ntrs and, 956-961
nesting and, 047, 948, 958-961
object-identity types and,
961-963
object-oriented vs.
object-relational
approaches and, .973--974
Sersistent programming
q 1angu§ge.is’ and, 964-972,
974 _
reference types and, 961-963
relational data model and, Ff‘i-ﬁ
structured types and, 949-953
unnesting and, 958-961
Object Database Management
Group (ODMG),
1054-1055
object-oriented databases, 3*&:3
object-oriented data model, 27

object-relational data model, 27

object-relational mapping 393,
946, 973 ;
observable external writes,
634-635 "
C (Open Database
i Cm?nectivity}, 380, 19152
advanced SQL and, 11_56-167)
API definition and, 166-16

caching and, 401
conformance levels and,
168-169
Microsoft SQL Server and,
1249
PostgreSQL. and, 1154
standards for, 1053-1054
type definition and, 168
OLAP (online analytical
processing), 1046
all attribute and, 201-203, 205
applications for, 197-201
cross-tabulation and, 199-203,
205,210
data cube and, 200, 206-210
decode function and, 208
dicing and, 201
drill down and, 201
implementation of, 204
Microsoft SQL. Server and,
1223, 1266
multidimensional data and,
199
oull value and, 202
Oracle and, 1161
order by clause and, 205
pivot clause and, 205, 210
relational fables and, 202-203,
205
rollup and, 201, 206-210
slicing and, 201
in SQL, 205-209
OLE-DB, 1249
OLTP (opline transaction
frocessing), 1046-1047,
1165, 1186, 1264
on condition, 114-115
on delete cascade, 133, 185
one-to-many mapping, 269, 276
one-to-one mapping, 269, 276
ontologies, 925-927
OOXML (Office Open XML),
1016
Open Document Format
(ODF), 1016
open statement, 170-171
operation logging, 1115
Operator tree, 803-804
optical storage, 430-431, 449-450
optimistic concurrency control
without read validation,
704
Oracle, 3, 30, 216, 1121
access path sclection and,
1174

analytic workspaces and, 1161
archiver and, 1185
caching and, 1179-1180, 1184
checkpoint and, 1185
clusters and, 1173, 1186
compression and, 1165
concurrency control and,
1180-1183
database administration tools
and, 1189-1191
database design and, 355, 386,
396, 408n5, 409, 1157-1158
database writer, 1185
data guard, 1183
data mining and, 1191
data warehousing and, 1158
dedicated servers and,
1183-1185
dimensional modeling and,
1160, 1171
distribution and, 1188-1189
encryption and, 1165-1166
Exadata and, 1187-1188
external data and, 1188-1189
hashing and, 1170
indices and, 1162-1173
isolation levels and, 1181-1182
joins and, 1168, 1187
logical row-ids and, 1164-1165
log writer and, 1185
materialized views and,
1171-1172, 1174, 1188
memory structures and,
1183-1184
optimizer of, 1174-1176
parallel execution and, 1178
partitions and, 1169-1172,
1176
process monitor and, 1185
process structures and,
1184-1185
projection and, 1187
query optimization and, 582,
593, 603-604, 612,
1173-1178
query processing and,
1157-1158, 1162-1172
Real Application Clusters
(RAC)and, 1186
recovery and, 1180-1183, 1185
replication and, 1188-1189
result caching and, 1179-1180
security and, 1165-1166
segments and, 1163
serializability and, 1181-1182
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shared server and, 1185
as Software Development
Laboratories, 1157
SQL basics and, 55, 75n4,
82n7, 96, 141, 160-161,
172-174, 178, 180,
184-185, 197, 205
SQL Loader and, 1189
SQL Plan Management and,
1177-1178
SQL Tuning Advisor,
1176-1177
SQL variations and, 1158-1162
subquery flattening and, 1174
system architecture, 795, 803,
843,1183-1188
system monitor, 1185
tables and, 1163-1166,
1172-1173, 1187, 1189
transactions and, 649, 653,
692-693, 697, 710, 718
transformations and,
1173-1174
trees and, 1191
triggers and, 1161-1162
updates and, 1179-1180
virtual private database and,
1166
XML DB and, 1159-1160
Oracle Application
Development
Framework (ADF),
1157-1158
Oracle Automatic Storage
Manager, 1186-1187
Oracle Automatic Workload
Repository (AWR), 1190
Oracle Business Intelligence
Suite (OBI), 1158
Oracle Database Resource
Management, 1190-1191
Oracle Designer, 1158
Oracle Enterprise Manager
(OEM), 1190
Oracle JDeveloper, 1158
Oracle Tuxedo, 1091
or connective, 66
order by, 77-78, 193
organize by dimensions, 1204
or operation, 83-84
outer-join, 115-120, 232-235,
565-566, 597
outer relation, 550
overfitting, 899-900
overflow avoidance, 560
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overflow buckets, 512-514
overflow resolution, 560
overlapping entity sets, 300
overlapping specialization,
296-297
overloading, 968

P + Q redundancy schema, 446
PageLSN, 751, 753, 754
PageRank, 922-925, 928
page shipping, 776
parallel databases
cache memory and, 817-818
cost of, 797
decision-support queries and,
797
failure rates and, 816
increased use of, 797
interoperation parallelism
and, 813-814
interquery parallelism and,
802-803
intraoperation parallelism
and, 804-812
intraquery parallelism and,
803-804
[/0 parallelism and, 798-802
massively parallel processors
(MPP) and, 1193
multicore processors and,
817-819
multithreading and, 817-818
operator tree and, 803-804
Oracle and, 1178-1179
partitioning techniques and,
798-799
pipelines and, 81 4-815
query optimization and,
814-817
raw speed and, 817
skew and, 800-801, 805-808,
812, 814, 819
success of, 797
system design and, 815-817
parallel external sort-merge,
806
parallelism, 442-444
parallel joins, 806, 857
fragment-and-replicate,
808-809
hash, 809-810
nested-loop, 810-811
partitioned, 807-810
parallel processing, 401-402

parallel systems

coarse-grain, 777
fine-grain, 777
hierarchical, 781
interconnection networks
and, 780-781
interference and, 780
massively parallel, 777-778
scaleup and, 778-780
shared disk, 781
shared memory, 781-783
shared nothing, 781
skew and, 780
speedup and, 778-780
start-up costs and, 780
throughput and, 778
parameter style general, 179
parametric query optimization,
615
parity bits, 444-446
parsing
application design and, 388
bulk loads and, 1031-1033
query processing and,
537-539, 572, 1236-1237
participation constraints, 270
partitioning vector, 798-799
partitions
attributes and, 896-897
availability and, 847-853
balanced range, 801
classifiers and, 896-897
cloud computing and, 865-866
composite, 1170-1171
condition and, 896-897
distributed databases and,
832, 835
hash, 798-799, 807, 1170
joins and, 807-810
list, 1170
Microsoft SQL Server and,
1235
Oracle and, 1169-1172, 1176
point queries and, 799
pruning and, 1176
query optimization and,
814-815
range, 798-800, 805, 1170
reference, 1171
round-robin, 798-801
scanning a relation and, 799
Partner Interface Processes
(PIPs), 1055

passwords. See also security

application design and, 376,
382, 385, 393, 405-407, 415

dictionary attacks and, 414

distributed databases and, 871

leakage of, 405

man-in-the-middle attacks
and, 406

one-time, 406

single sign-on system and,
406-407

SQI. and, 142, 160, 168, 170

storage and, 463-464

PATA (parallel ATA), 434
pctfree, 1203
performance

access time and, 431-439, 447,
450-451, 476, 479, 523,
54()-541, 817

application design and,
400-402

B+-trees and, 485-486

caching and, 400-401

data-transfer rate and, 435-436

denormalization and, 363-364

magnetic disk storage and,
435-436

parallel processing and,
401-402

response time and, 400 (see
also response time)

seck times and, 433, 435-439,
450-451, 540, 555

sequential indices and,
485-486

transaction time and, 365n8,
1062

web applications and, 377-382

performance benchmarks
database-application classes
and, 1046
suites of tasks, 1045-1046
Transaction Processing
Performance Council
(TPC), 1046-1048
performance tuning
bottlencck locations and,
1033-1035
bulk loads and, 1031-1033
conctrrent transactions and,
1041-1044 7
hardware and, 1035-1038
indices and, 1039-1041
materialized views and,
1039-1041

parameter adjustment and,
1029-1030, 1035
physical design and,
1040-1041
RAID choice and, 1037-1038
of schema, 1038-1039
set orientation and, 1030-1031
simulation and, 1044-1045
updates and, 1030-1033
Perl, 180, 387, 1154
persistent messaging, 836-837
persistent programming
languages, 974
approaches for, 966-967
byte code enhancement and,
971
C++, 968-971
class extents and, 969, 972
database mapping and, 971
defined, 965 '
iterator interface and, 970
Java, 971-972
object-based databases and,
964-972, 974
object identity and, 967
object persistence and,
966-968
overloading and, 968
persistent objects and, 969
pointers and, 967, 969, 972
reachability and, 971
relationships and, 969
single reference types and, 972
transactions and, 97()
updates and, 970

person-in-the-middle attacks,

1105

phantom phenomenon, 698-701
phantom read, 1137-1 138, 1142,

1217-1218

PHP, 387-388

physical data independence, 6
physical-design phase, 16, 261
physiological redo, 750
pinned blocks, 465
pipelining, 539, 568

demand-driven, 569-57¢

double-pipelined ha sh-join
and, 571-572

parallel databases and,
813-815

producer-driven, 569-571

pulling data and, 570-571

pivot clause, 205, 210, 1230
plan caching, 605

PL/SQL, 173, 178

pointers. See also indices
application design and, 409
child nodes and, 1074

concurrency control and,
706-707

[BM DB2 and, 1199, 1202-1203
information retrieval and, 936
main~-memory databases and,

1107
multimedia databases and,
1077
Oracle and, 1165
persistent programming
languages and, 967, 969,
972
PostgreSQL and, 1 134,
1147-1148
query optimization and, 612
query processing and,
544-546, 554
recovery systems and, 727,
754
SQL basics and, 166, 179-180
storage and, 439, 452-462
point queries, 799
polymorphic types, 1128-1129
popularity ranking, 920-925
PostgreSQL, 31, 1121
access methods and, 1153
aggregation and, 1153
command-line editing and,
1124
concurrency control and, 692
697,701, 1137-1145
constraints and, 1130-1131,
1153-1154
DML commands and,
1138-1139
extensibility, 1132
functions, 1133-1135
Generalized Inverted Index
(GIN) and, 1149
Generalized Search Tree
(GiST) and, 1148-1149
hashing and, 1148
indices and, 1135-1136,
1146-1151
isolation levels and,
1137-1138, 1142
joins and, 1153
locks and, 1143-1145
major releases of, 1123-1124

7

multiversion concurrency
control MVCC) and,
1137-1146
operator classes and, 1150
operator statements and, 1136
parallel databases and,
816-817
performance tuning and, 1042
pointers and, 1134, 1147-1148
procedural languages and,
1136
query optimization and, 582,
593
query processing and,
1151-1154
tecovery and, 718
rollbacks and, 1142-1144
rules and, 1130-1131
serializability and, 1142-1143
server programming
interface, 1136
sortand, 1153
SQL basics and, 140, 160, 173,
180, 184
state transition and, 1134
storage and, 1146-1151
system architecture, |154-1155
system calalogs and, 1132
transaction management in,
649, 653, 1137-1146
trees and, 1148-1149
triggers and, 1153-1154
trusted /untrusted languages
and, 1136
tuple 1D and, 1147-1143
tuple visibility and, 1139
types, 1126-1129, 1132-1133
updates and, 1130, 1141-1144, |
1147-1148 |
user interfaces, 1124-1126
vacuum, 1143
precedence graph, 644
precision, 903
predicate reads, 697-701
prediction
classifiers and, 894-9(4
data mining and, 894-904
joins and, 1267
prepared statements, 162-164
presentation facilities,
1094-1095
presentation layer, 391
prestige ranking, 920-925,
930-931
primary copy, 840
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primary keys, 45-46, h('llﬁil ]
decomposition and, 354-355
entity-relationship (E-R)
model and, 271-272
functional dependencies and,
330-333
integrify constraints and,
130-131
primary site, 756
privacy, 402, 410-411, 418, 828,
869-870, 1104
privileges
all, 143-144
execute and, 147
granting of, 143-145
public, 144
revoking of, 143-1 45, 149-150
transfer of, 148-149
procedural DMLs, 10
procedural languages, 20
advanced SQL and, 157-158,
173,178
IBM DB2 and, 1194
Oracle and, 1160, 1191
PostgreSQL. and, 1130, 1133,
1136
relational model and, 47-48
procedures
declaring, 174-175 \
external language routines
and, 179-180
language constructs for,
176-179
syntax and, 173-174, 178
writing in SQL, 173-150
producer-driven pipeline,
569-570
program global area (PGA),
1183
programming languages. See
also specific language
accessing SQL from, 157-173
mismatch and, 158
variable operations of, 158
projection :
intraoperation parallelism
and, 811
Oracle and, 1187
queries and, 564, 597
view maintenance and,
609-610
project-join normal form
(PJNF), 360
project operation, 219
PR quadtrees, 1073

pseudotransitivity rule, 339

public-key encryption, 4 l%—4]4

publishing, 1013, 1251-1253

pulling data, 570-571

purity, 897

Python, 180, 377, 387, 1123,
1125, 1136

OBE, 37, 245, 770
quadratic split, 1075-1 076
quadtrees, 1069, 1072-1073
queries, 10
ADO.NET and, 169
availability and, 826-827
B--trees and, 488-491
basic structure of SQL, 63-71
caching and, 400-401 '
Cartesian product and, 50-51,
68-69, 71-75, 120, 209,
217,222-229, 232, 573,
584, 589, 595-596, 606, 616
complex data types and,
946-949
correlated subqueries and, 93
data-definition language
(DDL) and, 21-22
data-manipulation language
(DML) and, 21-22
decision-support, 797
delete and, 98-100
distributed databases and,
825-878 (see also
distributed databases)
hashing and, 475, 51 6-522 (see
also hash functions)
indices and, 475 (see also
indices)
information retrieval and,
915-938
insert and, 100-101
intermediate SOQL and,
113-151
JDBC and, 158-166
location-dependent, 1080
metadata and, 164-166
multiple-key access and,
506-509
on multiple relations, 66-71
natural joins and, 71-74, 87,
113-120 (see also joins)
nearest-neighbor, 1070-1071
nested subgqueries, 90-98
null values and, 83-84
object-based databases and,
945-975

ODBC and, 166-169
OLAP and, 197-209
Oracle and, 1171-1172
PageRank a nd, 9Y22-923
parallel databases and,
797-820
persistent |-n'ngramm_ing
languages and, 964-972.
point, 799
programming language
access and, 157-173
range, 799
read only, 804
recursive, 187-192
result diversity and, 932
ResultSet object and, 159, 161,
164-166, 393, 397-398, 490
retrieving results, 161-162
scalar subqueries and, 97-98
securily and, 402-417
servlets and, 383-391
set operations and, 79-83,
90-93
on single relation, 63-66
spatial data and, 1070- |._[l7'1
string operations and, 76-79
transackion servers and, 775
universal Turing machine
and, 14
user requirements and,
311-312
views and, 120-128
XML and, 998-1008
query cost
Microsoft SQL Server and,
1237-1239
optimization and, 580-581,
590-602
processing and, 540-541, 544,
548, 555-557, 561
query evaluation engine, 22
query-evaluation plans,
537-539
choice of, 598-607
expressions and, 567-572
materialization and, 567-568
aptimization and, 57‘.1--’616
pipelining and, 568-572
response time and, b4l
set operations and, 564
viewing, 582 ‘
query-execution engine, 539
query-execution plan, 539

query languages, 249, See also
specific language
accessing from a
programming language,
157-173
centralized systems and,
770-771
domain relational calculus
and, 245-248
expressive power of
languages, 244,248
formal relational, 217-248
nonprocedural, 239-244
procedural, 217-239
relational algebra and,
217-239
relational model and, 47-48,
50
temporal, 1064
tuple relational calculus and,
239-244
query optimization, 22, 537,
539, 552-553, 562, 616
access path selection and,
1174-1176
aggregation and, 597
cost analysis and, 580-581,
590-602
distributed databases and,
854-855
equivalence and, 582-588
estimating statistics of
expression results,
-590-598
héuristics in, 602-605
IBM DB2 and, 1211-1212
join minimization, 613
‘materialized views and,
607-612
Microsoft SQI. Server and,
1236-1241
multiquery, 614
nested subqueries and,
605-607
Oracle and, 1173-1178
parallel databases and,
814-817
parametric, 615
parallel execution and,
1178-1179
partial search and, 1240
partitions and, 1174-1176
plan choice for, 598-607
PostgreSQL and, 1151-1154
process structure and, 1179

relational algebra and,
579-590
result caching and, 1179-1180
set operations and, 597
shared scans and, 614
simplification and, 1237-1238
SQL Plan Management and,
1177-1178
SQL Tuning Advisor and,
1176-1177
top-K, 613
transformations and, 582-590,
1173-1174
updates and, 613-614
query processing, 21-22, 30, 32
aggregation, 566-567
basic steps of, 537
binding and, 1236-1237
comparisons and, 544-545
compilation and, 1236-1237
cost analysis of, 540-541, 544,
548, 555-557, 561
CPU speeds and, 540
distributed databases and,
854-857, 859-860
distributed heterogeneous
1250-1251
duplicate elimination and,
563-564
evaluation of expressions,
567-572
executor module and,
1152-1153
file scan and, 541-544, 550,
552,570
hashing and, 557-562
IBM DB2 and, 1207-1216
identifiers and, 546
information retrieval and,
915-937
join operation and, 549-566
LINQ and, 1249
materialization and, 567-568,
1212-1214
Microsoft SQL Server and,
1223-1231, 1236-1241,
1250-1251
mobile, 1082
operation evaluation and,
538-539
Oracle and, 1157-1158,
1172-1180
parsing and, 537-539, 572-573,
1236-1237
pipelining and, 568-572
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PostgreSQL and, 11511154
projection and, 563-564
recursive partitioning and,
539-540
relational algebra and,
537-539
reordering and, 1238-1239
selection operation and,
541-546
set operations and, 564-565
sorting and, 546-549
SQL and, 537-538
standard planner and, 1152
syntax and, 537
transformation and, 854-855
triggers and, 1153-1154
XML and, 1259-1260
question answering, 933-934
queueing systems, 1034-1035
quorum consensus protocol,
841-842

random access, 437
random samples, 593
random walk model, 922
range-partitioning sort, 805
range-partitioning vector, 801
range queries, 799
ranking, 192-195
rapid application development
(RAD)
functions library and, 396
report generators and, 399-400
user interface building tools
and, 396-398
Webrapplication frameworks
and, 398-399
raster data, 1069
Rational Rose, 1194
read-ahead, 437
read committed
application development and,
1042
Microsoft SQL. Server and,
1242
Oracle and, 1181
PostgreSQL. and, 1138,
1141-1142
transaction management and,
649, 658, 685, 701-702
read one, write all available
protocol, 849-850
read one, write all protocol, 849
read only queries, 804
read quorum, 841-842
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referential integrity, 11, 46-47,
131-136, 151, 181-182, 628

referrals, 875

reflexivity rule, 339

region quadtrees, 1073

regression, 902-903, 1048-1049

relational algebra, 51-52,

shadow-copy scheme and,

larger schemas and, 324-325

raultivalued dependencies
and, 355-360

normalization and, 361-362

relationship naming, 362-363

second normal form and,
336n5, 361

read uncommitted,. 648 o
fead'er(i)’(:lC;)(I)‘;;mlOn, snapshot isolation and,
i ations, 653-654 729-730) .
reai‘/g;;tlg%iteitilggi 59 steal/no-steal policy a;;i,;élé)
’ S ’ i ey i / ‘775,
i::uime transaction systems, stom;,/:;r];fé 722-726
1108-1109 g

1*edundancy and, 288 multiversion schemes and,
representation of, 286-29( 691

schema combination and,
288-290

supertclass-subclass, 296-297

Unified Modeling Language
(UML) and, 308-310

snapshot isolation and, 693

timestamps and, 682
resource managers, 1095
response time

recall, 903

recovery interval, 1244-1245
recovery manager, 22-23
recovery systems, 186, 631,

760-761, 1083

actions after crash, 736-738

algorithm for, 735-738

ARIES, 750-756

atomicity and, 726-735

buffer management and,
738-743

checkpoints and, 734-735,
742-743

concurrency control and,
729-730

data access and, 724-726

database mirroring and,
1245-12406

database modification and,
728-729

disk failure and, 722

distributed databases and,
835-836

carly lock release and, 744-750

fail-stop assumption and, 722

failure and, 721-723, 743-744

force /no-force policy and,
739-740 :

IBM DB2 and, 1200-1203,
1217-1218

logical undo opetrations and,
744-750

log records and, 726-728,
730-734, 738-739

log sequence number (LSN)
and, 750

long-duration transactions
and, 1110

Microsoft SQL Server and,
1241-1246

Oracle and, 1180-1183

partitions and, 1169-1172

PostgreSQL and, 1145-1146

redo and, 729-738

remote backup, 723, 756-759,
850, 1095-1096

rollback and, 729-734, 736

successful completion and,
723
undo and, 729-738
workflows and, 1101
write-ahead logging (WAL)
rule and, 739-741,
1145-1146
recovery time, 758
recursi?’e partitioning, 539-540
recursive queries, 187
iteration and, 188-190
SQL and, 190-192 _
transitive closure and, 188-190
recursive relationship sets, 265
do
re actions after crash, 736-738
pass, 754
phase, 736-738
recovery systems and, 729-738

redundancy, 4, 261-262, 272-274
redundant arrays of

independent disks
(RAID), 435, 759, 1147
bit-level striping, 442-444
error-correcting-code (ECC)
organization and, 444-445
hardware issues, 448-449
hot swapping and, 449
levels, 444-448
mirroring and, 441-442, 444
parallelism and, 442-444
parity bitsand, ~'1;+L—;}J<6
performance reliability and,
442-444
performance tuning and,
1037-1038
recovery systems and, 723
reliability improvement and,
441-442
scrubbing and, 448
software RAID and, 448
striping data and, 442-444
references, 131-133, 148
referencing new row as, 181-182
referencing new table as, 183
referencing old row as, 182
referencing old table as, 183
referencing relation, 46

248-249, 427
aggregate functions, 235-239
assigniment, 232
avg, 230
Cartesian-product,
composition of :'ulnlionfﬂ
operations and, 219-220
count-distinet, 236
equivalence and, H82-588,
601-602
expression transformation
and, 582-590
expressive power of
languages, 244
formal definitions of, 228
fundamental operations,
217-228
genera lized-projection, 235
join expressions, 239
max, 236
min, 236
multiset, 238
natural-join, 229-232
outer-join, 232-235
project opetration, 219
query optimization and,
579-59U
query processing and, 537-539
rename, 226-228
select operation, 217-219 i
semijoin strategy and, 856-857
set-difference, 221-222
set-intersection, 229
SQL and, 219, 239
sum, 235-236
union operation, 220-221
relational database design, 368
atomic domains and, 327-329
attribute naming, 362-363
decomposition and, 329-338,
348-360
design process and, 361-364
features of good, 323-327 )
first normal form anc, 327-329
fourth normal form and, 356,
358-360
functional dependencies and,
329-348

smaller schemas and, 325-327
temporal data modeling and,

364-367
third normal form and,
336-337
relational databases
access from application
programs and, 14-15

data-definition language and,

14
data-manipulation language
(DML) and, 13-14
storage and, 1010-1014
tables and, 12-13
relational model, 9

disadvantages of, 30

domain and, 42

keys and, 45-46

natural joins and, 49-5()

operations and, 48-52

query languages and, 47-48,
50

referencing relation and, 46

schema for, 42-47, 302-304,
1012

structure of, 39-42

tablas for, 39-44, 49-51,

#202-205
tuples and, 40-42, 49-50

rela}ion instance, 42-45, 264
relationship sets

alternative notations for,
304-310
atomic domains and, 327-329
attribute placement and,
294-295
binary vs. n-ary, 292-294
descriptive attributes, 267
design issues and, 291-295
entity-relationship diagrams
and, 278-279
entity-relationship (E-R)
model and, 264-267,
286-290, 296-297
entity sets and, 291-292
naming of, 362-363
nonbinary, 278-279
recursive, 265

relative distinguished names
(RDNs), 872
relevance
adjacency test and, 922-923
hubs and, 924
PageRank and, 922-923, 925
popularity ranking and,
920-922
ranking using TF-1DF,
917-920, 925
search engine spamming and,
924-925

similarity-based retrieval and,

919-920
TE-TIDF approach and,
917-925, 928-929
using hyperlinks and, 3421
Web crawlers and, 930-931
relevance feedback, 919-920
remote backup systems, 723,
756-759, 850, 1095-1096

remote-procedure-call (RPC)

mechanism, 1096

rename operation, 75-76,

226-228

repeat, 176
repeatable read, 649

repeat loop, 188, 341, 343, 490
replication

cloud computing and, 866-868

distributed databases and,
843-844

Microsoft SQL Server and,
1251-1253

system architectures and, 785,
826, 829

report generators, 399-400
Representation State Transfer

(REST), 395

request forgery, 403-405
request operation

deadlock handling and,
675-679

locks and, 662-671, 675-680,
709

lookup and, 706

multiple granularity and,
679-680

application design and, 400,
1037, 1046
concurrency control and, 688
E-R model and, 311
Microsoft SQL Server and,
1261
Oracle and, 1176-1177, 1190
query evaluation plans and,
541
query processing and, 541
storage and, 444, 1106,
1109-1110
transactions and, 636
system architecture and, 778,
798, 800, 802

restriction, 149-150, 347
ResultSet object, 159, 161,
164-166, 393, 397-398, 490
revoke, 145, 149
right outer join, 117-120,
233-235, 565-566
Rijndael algorithim, 412-413
robusiness, 847
roles, 264-265
authorization and, 145-146
entity-relationship diagrams,
278
Unified Modeling Language
(UML) and, 308-310
rollback, 173
ARIES and, 754-755
cascading, 667
concurrency control and, 667,
670, 674-679, 685, 689,
691, 709
IBM DB2 and, 1218
logical operations and,
746-749
PostgreSQL and, 1142-1144
recovery systems and,
729-734,736
remote backup systems and,
758-759
transactions and, 736
timestamps and, 685-686
undo and, 729-734
rollback work, 127
rollup, 201, 206-210, 1221-1222
RosettaNet, 1055
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join expressions and, 71-74,
87,113-120

natural joins and, 71-74, 87,
113-120

nested subqueries and, 90-98

transactions and, 651-654

types handling and, 949-963

update and, 101-103

views and, 120-128

selection
comparisons and, 544-545
complex, 545-546

man-in-the-middle attacks
and, 406

Microsoft SQL Server and,
1247-1248

observable external writes
and, 634-635

Oracle and, 1165-1166

passwords and, 142, 160, 168,
170, 376, 382, 385,

393, 405-407, 415, 463-464, 871

person-in-the-middle attacks
and, 1105

snapshot isolation and,
093-697
topological sor ting and,
644-646
transactions and, 640-646, 648,
0650-653
view, 687
serializable schedules, 640
server programming interface
(SP1), 1136
server-side scripling, 386-388
server systems

relational database design
and, 323-368
relational model and, 42-47
relationship sets and, 286-288
shadow-copy, 727
smaller, 325-327 _
strong entity sets aml,_ 21‘_%3—285
timestamps and, 682-686
tuple relational calculus,
239-244
version-numbering, 1083-1084
weak entity sets and, 285-286

Sherpa/PNUTS, 866-867

shredding, 1013, 1258-1259

similarity-based retrieval,
919-920, 1079

Simple API for XML (SAX),
1009

Simple Object Access Protocol
(SOAP), 1017-1018, 1056,
12491250

single lock-m.‘lnagcr, 839-840

single-server model, 1092-1093

single-valued altributes,

row triggers, 1161-1162
R-trees, 1073-1076
Ruby on Rails, 387, 399
runstats, 593

SAS (Serial attached SCS1), 434
Sarbanes-Oxley Act, 1248
SATA (serial ATA), 434, 436
savepoints, 756

scalar subqueries, 97-98
scaleup, 778-780

scheduling

Microsoft SQL Server and,
1254-1255

PostgreSQL and, 1127

query oplimization and,
814-815

storage and, 437

transactions and, 641,
1099-1100, 1108

schema definition, 28

schema diagrams, 46-47

schemas, 8

alternative notations for
modeling data, 304-310

authorization on, 147-148

basic SQL query structures
and, 63-74

canonical cover and, 342-345

catalogs and, 142-143

combination of, 288-290

concurrency control and,
661-710 (see also
concurrency control)

data-definition language
(DDL) and, 58, 60-63

data mining, 893-910

dala warehouses, 889-893

entity-relationship (E-R)
model and, 262-313

functional dependencies and,
329-348

generalization and, 297-304

larger, 324-325

locks and, 661-686

performance tuning of,

1038-1039

phvsical-organization

rnodification and, 28

recovery syvstems and, 721-761

reduction to relational,
283-290

redundancy of, 288

relational algebra and,
217-239

XML documents, 990-998
scripting languages, 389
scrubbing, 448
search engine spamming,

924-925
search keys
hashing and, 509-519, 524
indexing and, 476-509, 524,
529

nonunique, 497-499

storage and, 457-459

uniquifiers and, 498-499
secondary site, 756
second normal form, 361
Secure Electronic Transaction

(SET) protocol, 1105
security, 5, 147
abstraction and, 6-8, 10
application design and,
402-417
audit trails and, 409-410
authentication and, 405-407
authorization and, 11, 21,
407-409
concurrency control and,
661-710 (see also
concurrency control)
cross site scripting and,
403-405
dictionary attacks and, 414
encryption and, 411 -417,
1165-1166
end-user information and,
407-408
GET method and, 405
integrity manager and, 21
isolation and, 628, 635-640,
646-653
keys and, 45-46
locks and, 661-686 (see also
locks)
long-duration transactions
and, 1109-1115

physical data independence
and, 6

privacy and, 402, 410-411, 418,
828, 869-870, 1104

remote backup systems and,
756-759

request forgery and, 403-405

single sign-on system and,
406-407

SQL injection and, 402-403

unique identification and,
410411

virtual private database and,
1166

Security Assertion Markup

Language (SAML), 407

seek times, 433, 435-439,

450-451, 540, 555

select, 363

aggregate functions and,
84-90

attribute specification, 77

basic SQL querics and, 63-74

on multiple relations, 66-71

natural join and, 71-74

null values and, 83-84

privileges and, 143-145, 148

ranking and, 194

rename operation and, 74-75

set membership and, 90-91

set operations and, 79-83

on single relation, 63-65, 63-66

string operations and, 76-79
select all, 65
select distinct, 64-65, 84-85, 91,
125
select-from-where
delete and, 98-100
function/procedure writing
and, 174-180
inheritance and, 949-950
insert and, 100-101

conjunctive, 545-546
disjunctive, 545-546
equivalence and, 582-588
file scans and, 541-544, 550,
552, 570
identificrs and, 546
indices and, 541-544
intraoperation parallelism
and, 811
linear search and, 541-542
relational algebra and,
217-219
SQL and,
view maintenance and,
609-610
Semantic Web, 927
semistructured data models, 9,
27
sensitivity, 903
Sequel, 57
sgquence associations, 906-907
sequehce counters, 1043
sequential-access storage, 431,
436
sequential files, 459
sequential scans, 1153
serializability
blind writes and, 687
concurrency control and, 662,
066-667, 671, 673, 681-690),
693-697, 7011-704, 708
conflict, 641-643
distributed databases and,
860-861
isolation and, 648-653
Oracle and, 1181-1182
order of, 644-646
performance tuning and, 1042
PostgreSQL and, 1142-1143
precedence graph and, 644
predicate reads and, 701
in the real world, 650

categorization of, 772-773
client-server, 771-772
cloud-based, 777
data servers, 773, 775-777
transaclion-server, 773-775
servlets
client-side scripting and,
389-391
example of, 383-384
life cycle and, 385-386
server-side scripting and,
386-388
sessions and, 384-385
support and, 385-386
set clause, 103
set default, 133
set difference, 50, 221-222, 585
set-intersection, 2229
set null, 133
set operations, 79, 83
IBM DB2 and, 1209-1210
intersect, 50, 81-82, 585, 960
nested subqueries and, 90-93
query optimization and, 597
query processing and, 564-565
set comparison and, 91-93
union, 80-81, 220-221, 339, 585
set role, 150
set transactions isolation level
serializable, 649
shadow-copy scheme, 727
shadowing, 441-442
shadow-paging, 727
shared and intention-exclusive
(SIX) mode, 680
shared-disk acchitecture, 781,
783, 789
shared-memory architecture,
781-783
shared-mocie locks, 661
shared-nothing architecture,
781, 783-784
shared scans, 614

267-268
site reintegration, 850
skew, 512
attribute-value, 800-801
parallel databases and,
800-801, 805-808, 812,
814, 819
parallel systems and, 780
partitioning and, 560, 800-801
slicing, 201
sma]l—cmnputer~system
interconnect (SCSI), 434
snapshot isolation, 652-653,
704, 1042
Microsoft SQL Server and,
1244
recovery systems and, 729-730
serializability and, 693-697
validation and, 692-693
snapshot replication, 1252-1253
snapshots
DML commands and,
1138-1139
Microsoft SQL Server and,
1242
multiversion concurrency
control (MVCC) and,
L137-1146
PostgreSQI. and, 1137-1146
read committed, 1242
software RAID), 448
Solaris, 1193
sold-state drives, 43(
some, 90, 92, 92n8
sorting, 546
cost analvsis of, 548-549
duplicate elimination and,
563-564
external sort-merge algorithm
and, 547-549
parallel external sort-merge
and, 806
PostgreSQL. and, 1153
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range-partitioning, 805
topological, 644-646
XML and, 1106
sort-merge-join, 553
space overhead, 476, 479, 486,
522
spatial data
compuler-aided-design data
and, 1061, 1064-1068
geographic data and, 1061,
1064-1066
indexing of, 1071-1076
queries and, 1070~ 1071
representation of geometric
information and,
1065-1066
topographical information
and, 1070
triangulation and, 1065
vector data and, 1069
specialization
entity-relationship (E-R)
model and, 295-296
partial, 300
single entity set and, 298
total, 300
specialty databases, 943
object-based databases and,
945-975
XML and, 981-1020
specification of functional
requirements, 16, 260
specificity, 903
speedup, 778-780
spider traps, 930
SQL (Structured Query
Language), 10, 13-14, 57,
151, 210, 582
accessing from a
programming language,
157-163
advanced, 157-210
aggregate functions, 84-90,
192-197
application—level
authorization and,
407-409
application programs and,
14-15
array types and, 950-961
authorization and, 58, 143-150
basic types and, 59-60
blobs and, 138, 166, 457, 502,
1013, 1198-1199, 1259 ~
bulk loads and, 1031-1033

catalogs, 142-143
clobs and, 138, 166, 457, 502,
1010-1013, 1196-1199
CLR hosting and, 1254-1256
create table, 60-63, 141-142
database modification and,
98-103
data-definition language
(DDL) and, 57-63, 104
data-manipulation language
(DML) and, 57-58, 104
data mining and, 26
date/time types in, 136-137
decision-support systems
and, 887-889
default values and, 137
delete and, 98-100
dumping and, 743-744
dynamic, 58, 158
embedded, 58, 158, 169-173,
773
Entity, 395
environments, 43
function writing and, 173-180
IBM DB2 and, 1195-1200, 1210
index creation and, 137-138,
528-529
inheritance and, 949-956
injection and, 402-403
insert and, 100-101
integrity constraints and, 58,
128-136
intermediate, 113-151
isolation levels and, 648-653
JDBC and, 158-166
join expressions and, 71-120
(see also joins)
lack of fine-grained
authorization and,
408-409
large-type objects, 138
Management of External Data
(MED) and, 1077
Microsoft SQL Server and,
1223-1267
multiset types and, 956-961
MySQL and, 31,76, 111,
160n3, 1123, 1155
nested subqueries and, 90-98
nonstandard syntax and, 178
null values and, 83-84
object-based databases and,
945-975
ODBC and, 166-169
OLAP and, 197-209

Oracle variations and,
1158-1162
overview of, 57-58
persistent programming,
languages and, 964-972
PostgreSOL and, 31 (see also
PostgreSOL)
prepared statements and,
162-164
procedure writing and,
173-180
query processing and, 537-538
(see also query
processing)
rapid application
development (RAD) and,
397
relational algebra and, 219,
239
rename operation and, 74-80
report generalors and, 399-400
ResultSet object and, 159, 161,
164-166, 393, 397-398, 490
revoking of privileges and,
149-150
roles and, 145-146
schemas and, 47, 58-63,
141-143, 147-148
security and, 402-403
select clause and, 77
set operations and, 79-83
as standard relational
database language, 57
standards for, 1052-1053
string operations and, 76-77
System R and, 30, 57
time specification in,
1063-1064
transactions and, 58, 127-128,
773 (see also transactions)
transfer of privileges and,
148-149
triggers and, 180-187
tuples and, 77-78 (see also
tuples)
under privilege and, 956
update and, 101-103
user-defined types, 138-141
views and, 58, 120-128,
146-147
where clause predicates, 78-79
SQLLoader, 1032, 1189
SQL Access Group, 1053
SQL/DS, 30
SQL environment, 143

SQLJ, 172
SQL Plan Management,
1177-1178
SQL Profiler, 1225-1227
SQL Security Invoker, 147
SQL Server Analysis Services
(SSAS), 1264, 1266-1267
SQL Server Broker, 1261-1263
SQL Server Integration
Services (SSIS),
1263-1266
SQL Server Management
Studio, 1223-1224,
1227-1228
SQL Server Reporting Services
(SSRS), 1264, 1267
sqlstate, 179
SQL Transparent Data
Encryption, 1248
SQL Tuning Advisor, 1176-1177
SQL/XML standard, 1014-1015
Standard Generalized Markup
Language (SGML), 981
standards
ANSI, 57, 1051
anticipatory, 1051
Call Level Interface (CLD),
1053
database connectivity,
1053-1054
data pump export/ import
and, 1189
DBTG CODASYL, 1052
Y 1S@, 57, 871, 1051
ODBC, 1053-1055
reactionary, 1051
SQL, 1052-1053
Wi-Max, 1081
XML, 1055-1056
X/Open XA, 1053-1054
Starburst, 1193

start-up costs, 780
starvation, 679

Statement object, 161-164
statement triggers, 1161-1162
state transition, 1134

state value, 1134

statistics

catalog information and,
590-592

computing, 593

join size estimation and,
595-596

maintaining, 593

¥

number of distinc( values
and, 597-598
query optimization and
590-598 '
random samples and, 593
selection size estimation and
592-595 '
steal policy, 740
steps, 1096
stop words, 918
storage, 427
archival, 431
atomicity and, 632-633
authorization and, 21
Automatic Storage Manager
and, 1186-1187
backup, 431, 723, 756-759, 850
1095-1096 '
bit-level striping, 442-444
buffer manager and, 21 (see
also buffers)
byte amount and, 20
checkpoints and, 734-735,
742-743
clob values and, 1010-1011
cloud-based, 777, 862-863
column-oriented, 892-893
content dump and, 743
cost per bit, 431
crashes and, 467-468 (see also
crashes)
data access and, 724-726
data—dictionary, 462-464
data mining and, 25-26,
893-910
data-transfer rate and, 435-436
data warehouses and, 888
decision-storage systems and,
887-889
direct-access, 431
distributed databases and,
826-830
distributed systems and,
784-788
dumping and, 743-744
durability and, 632-633
error-correcting-code (ECC)
organization and, 444-445
Exadata and, 1187-1188
file manager and, 21
file organization and, 451-462
flash, 403, 430, 439-441, 506
flat files and, 1009-1010
force output and, 725-726
fragmentation and, 826-829
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hard disks and, 29-30
IBM DB2 and, 1200-1203
indices and, 21 (see also
indices)
information retrieval and,
915-937
integrity manager and, 21
jukebox, 431
magnetic disk, 430, 432-439
main memory and, 429-430
Microsoft SQL Server and,
1233-1236
mirroring and, 441-442,
1245-1246
native, 1013-1014
nonrelational data, 1009-1010
nonvolatile, 432, 632, 722,
724-726, 743-744
optical, 430-431, 449-450
Oracle and, 1162-1172,
1186-1188
parallel systems and, 777-784
persistent programming
languages and, 967-968
physical media for, 429-432
PostgreSQL and, 1146-1151
publishing/shredding data
and, 1013, 1258-1259
punched cards and, 29
query processor and, 21-22
recovery systems and, 722-726
(see also recovery
systems)
redundant arrays of
independent disks
(RAID), 435, 441-449
relational databases and,
1010-1014
remote backup systems and,
723,756-759, 850, |
1095-1096
replication and, 826, 829
scrubbing and, 448
seek times and, 433, 435-439,
450-451, 540, 555
segments and, 1163
sequential-access, 431, 436
solid-state drives and, 430
stable, 632, 722-724
striping data and, 442-444
tape, 431, 450-451
tertiary, 431, 449-451
transaction manager and, 21
(see also transactions)
transparency and, 829-830
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volatile, 431, 632, 722
wallets and, 415
XML and, 1009-1016
storage area network (SAN),
434-435, 789
storage manager, 20-21
string operations
aggregate, 84
attribute specification, 77
escape, 77
JDBC and, 158-166
like, 76-77
lower, 76
query result retrieval and,
161-162
similar to, 77
trim, 76
tuple display order, 77-78
upper function, 76
where predicates, 78-79
striping data, 442-444
structured types, 138-141,
949-952
stylesheets, 380
sublinear speedup, 778-780
submultiset, 960
suffix, 874
sum, 84, 123, 207, 235-236,
566-567, 1134
superclass-subclass
relationship, 296-297
superkeys, 45-46, 271-272,
330-333
superuser, 143
Support Vector Machine
(SVM), 900-901, 1191
swap space, 742
Swing, 399
Sybase, 1223
symmetric multiprocessors
(SMPs), 1193
synonyms, 925-927
sysaux, 1172-1173
system architecture. See
architectures
system catalogs, 462-464, 1132
system change number (SCN),
1180-1181
system error, 721
System R, 30, 57, 1193

table inheritance, 954-956
tables, 12-13

filtering and, 1187

1IBM DB2 and, 1200-1203

materialized, 1212-1214

Microsoft SQL Server and,
1230, 1234

.NET Common Language
Runtime (CLR) and,
1257-1258

Oracle and, 1163-1166, 1187,
1189

partitions and, 1169-1172

relational model and, 39-44,
49-51

SQL Server Broker and, 1262

tablespaces, 1146, 1172-1173
tag library, 388
tag
application design and,
378-379, 388, 404

information retrieval and, 916

XML and, 982-986, 989, 994,
999, 1004, 1019
tape storage, 431, 450-451
Tapestry, 399
task flow. See workflows
Tcl, 180, 1123-1125, 1136
temporal data, 1061
intervals and, 1063-1064
query languages and, 1064
relational databases and,
364-367
time in databases and,
1062-1064
timestamps and, 1063-1064
transaction time and, 1062
temporal relation, 1062-1063
Teradata Purpose-Built
Platform Family, 806
term frequency (TF), 918
termination states, 1099
tertiary storage, 431, 449-451
TF-IDF approach, 928-929
theta join, 584-585
third normal form (3NF)
decomposition algorithms
and, 352-355
relational databases and,
336-337, 352-355
Thomas’ write rule, 685-686
thread pooling, 1246
three-phase commit (3PC)
protocol, 826
three-tier architecture, 25
throughput

application development and,

1037, 1045-1046
defined, 311
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harmonic mean of, 1046
improved, 635-636, 655
log records and, 1106
main memories and, 1116
Microsoft SQL Server and,
1255
Oracle and, 1159, 1184
parallel systems and, 778
performance and, 1110
range partitioning and, 800
storage and, 444, 468
system architectures and, 771,
778, 800, 802, 819
transactions and, 635-6306, 655
timestamps, 136-167
concurrency control and,
682-686, 703
distributed databases and,
842-843
logical counter and, 682
long-duration transactions
and, 1110
multiversion schemes and,
690-691
ordering scheme and, 682-685
rollback and, 685-686
temporal data and, 1063-1064
Thomas’ write rule and,
685-686
transactions and, 651-652
with time zone, 1063
time to completion, 1045
time with time zone, 1063
timezone, 136-137, 1063
Tomcat, 386
top-down design, 297
top-K optimization, 613
topographic information, 1070
topological sorting, 644-646
training instances, 895
transactional replication,
1252-1253
transaction control, 58
transaction coordinator,
830-831, 834-835, 850-852
transaction manager, 21, 23,
830-831
transaction-processing
monitors, 1091
application coordination
using, 1095-1096
architectures of, 1092-1095
durable queue and, 1094
many-server, many--router
model and, 1094

many-server, single-router
model and, 1093
multitasking and, 1092-1095
presentation facilities and,
1094-1095
single-server mode] and,
1092-1093
switching and, 1092
Transaction Processing
Performance Council
(TPC), 1046-1048
transactions, 32, 625, 655-656,
1116
aborted, 633-634, 647
actions after crash, 736-738
active, 633
advanced processing of,
1091-1116
association rules and, 904-907
atomicity and, 22-23, 628,
633-635, 646-648 (see also
atomicily)
availability and, 847-853
begin/end operations and,
627
cascadeless schedules and
647-648 '
check constraints and, 628
cloud computing and, 866-868
commit protocols and,
832-838
committed, 127, 633-635, 639,
647, 692-693, 730, 758,
#832-838, 1107, 1218
compensating, 633, 1113-1114
concept of, 627-629
concurrency control and,
661-710, 1241-1246 (see
f‘f-‘-*" concurrency control)
cousistency and, 22, 627-631,
635-636, 640, 648-650, 655
(see also consistency)
crashes and, 628
data mining and, 893-910
decisiun—sn‘nrage systems and,
887-889
defined, 22, 627
distributed databases and,
830-832
durability and, 22-23, 628,
633-635 (see also
durability)
E-commerce and, 1102-1105
failure of, 635, 721-722

force /no-force poli
739740 Lo A

global, 784, 830, 860-861

mntegrity constraint violation

and, 133-134

isolation and, 628, 635-640,
646-653 (see also
isolation)

killed, 634

local, 784, 830, 860-861

locks and, 661-669, 661 -686
(see also locks)

log records and, 726-728,
730-734.

long-duration, 1109-11 15

main-memory databases and,

1105-1108
multidatabases and, 860-861
multilevel, 1112-1113
multitasking and, 1092-1095
multiversion concurrency

control (MVCC) and,

1137-1146
multiversion schemes and,
689-692
object-based databases and,
945-975
observable external writes
and, 634-635
parallel databases and,
797-820
performance tuning and,
1041-1044
persistent messaging and,
836-837
persistent programming
languages and, 970
person-in-the-middle attacks
and, 1105
PostgreSQL and, 1137-1146
read /write operations and,
653-654
real-time systems and,
1108-1109
recoverable schedules and,
647
recovery manager and, 22-23
recovery systems and, 631,
633 (see also recovery
systems)
remote backup systems and,
756-759
restart of, 634
rollback and, 127, 736,
746-749, 754-755
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serializability and, 640-653
shadow-copy scheme and,
727
simple model for, 629-631
SQL Server Broker and,
1261-1263
as SQL statements, 653-654
starved, 666
states of, 633-635
steal /no-steal policy and, 740
storage structure and, 632-633
timestamps and, 682-686
two-phase commit protocol
(2PC) and, 786-788
uncommitted, 648
as unit of program, 627
validation and, 686-689
wait-for graph and, 676-678
workflows and, 836-838,
1096-1102
write-ahead logging (WAL)
rule and, 739-740, 739-741
transaction scaleup, 779
transactions-consistent
snapshot, 843-844
transaction-server systems,
773-775
transactions per second (TPS),
1046-1047
transaction time, 365n8, 1062
TransactSQL, 173
transfer of control, 757
transfer of prestige, 921-922
transformations
equivalence rules and,
583-586
-examples of, 586-588
join ordering and, 588-589
query optimization and,
582-590
relational algebra and,
582-590
XML and, 998-1008
transition tables, 183-184
transition variable, 181
transitive closure, 188-190
transitivity rule, 339-340
transparency, 829-830, 854-855
trees, 1086
B, 504-506, 530, 1039, 1064,
1071-1072, 1076, 1086,
1135, 1148-1150, 1159,
1164-1169, 1173, 1205
B+, 12-34-1235 (see also
B+-trees)
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decision-tree classifiers and,
895-900 . N
directory information (DIT),
872-875
distributed directory, 874-875
Generalized Search ‘l‘rv_u_;-
(GiST) and, 1 148-1 149—_‘
iI‘I(.l(_')(-'i)l'}!“ﬂni.?.t.‘d tables (107s)
and, 1164-1165
k-d, 1071-1072
multiple granularity and,
679-682
Oracle and, 1164-1165, 1191
overfitting and, £99-900
PostgreSQL and, 1148-1149
quadratic split and, Ill?S:}U?ﬁ
quadtrees, 1069, 1072-1073
query opl imization and,
$14-815 (see also query
optimization)
R, 1073-1076
scheduling and, 814-815
spatial data support and,
1064-1076
XML, 998, 1011
triggers
alter, 185
disable, 185
drop, 185
IBM DB2 and, 1210
Microsoft SQL Server and,
1232-1233
need for, 180-181
nonstandard syntax and, 184
Oracle and, 1161-1162 )
PostgreSQL and, 1153-1 154
recovery and, 186
in SQL, 181-187
transition tables and, 183-184
when not to use, 186-187
true negatives, 903
true predicate, 67
true relation, 90, ?}38
tuple 1D, 1147-114
tuglé relational calculus, 239,
249
example qu eries, 24_0-242
expressive power of
languages, 244
formal definition, 243
satety of expressions, 244
tuples, 40-42 N
aggregate functions and,
84-90
Cartesian product and, 50

delete and, 98-100
domain relational calculus
and, 245-248
duplicate, 94-95
Sitlgtll'tgenermi(m of, 569-570
insert and, 100-101
joins and, 550-553 (see also
joins) .
lazy generation of, .57[,1'2/1
ordering display of, 77-78
parallel databases and,
797-820 -
ipelining and, 266-0/<
g:'listtl;rci'iél... and, 1137-1146
quer'v structures and, 68
quvr} optimization and,
579-616 -
query processing ;11_1'51, 537-573
ranking and, 192-195
relational algebra and,
217-239, 582-590
set operations and, 79-83
update and, 101-103
views and, 120-128
windowing and, 195-197
tuple visibility, 1139
two-factor authentication,
405-407
two-phase commit (2rC)
protocol, 786-788,
832-836
two-tier architecture, 24-25
es, 1017, 1159
t},l;z;bstract data, 1127
array, 956-961
ase, 1127
glob, 138, 166, 457, 502, 1013,
1198-1199, 1259
clob, 138, 166, 457, 502,
1010-1013, 1196-1199
complex data, 946-949 (see
also complex data types)
composite, 1 127 -
document type definition
(DTD) , 990-994
enumerated, 1128
IBM DB2 and, 1196-1197
inheritance and, 949-956
Microsoft SQL Server and,
1229-1230, 1257-1258
most-specific, 953
multiset, 956-961
NET Common Language
Runtime (CLR) and,
1257-1258

nonstandard, 1129-1130
object-based databases and,
949-963 _
object-identity, 961-963
Oracle and, 1158-1160
purform;mm tuning and, 1043
polymorphic, 1128-1 %2'-]
PostgreSQL, 1126-1129,
1132-1133
pseudotypes, 1128
reference, 961-963
user-defined, 138-141
single reference, 972
wide-area, 788-791
XML, 990-998, 1006-1 007

UDE See user-defined
functions
Ultra320 SCSI interface, 436
Ulirium format, 451
under privilege, 956
undo
concurrency control and,
749-750
logical operations and,
745-750
Oracle and, 1163 )
recovery systems and, 729-738
transaction rollback and,
746-749
undo pass, 754
undo phase, 737
Unified Modeling Language
(UML), 17-18
associations and, 308-309
cardinality constraints and,
309-310 .
components of, 30
r:'lalliuﬂship sets and, 308-309
uniform resource locators
(URLs), 377-378
union, 80-81, 585, 220-221
union all, 80
union rule, 339
unique, 94-95 y
dgcmupusilion and, 354-355
integrity constraints and,
130-131
uniquifier, 498-499

United States, 17, 45, 263, 26703,

411, 788, 858, 869, 922
Universal Coordinated Timé
(UTC), 1063

Universal Description,
Discovery, and

Integration (UDDI), 1018

Universal Serial Bus (USB)
slots, 430
universal Turing machine, 14
universities, 2
application design and, 375,
392, 407-409
concurrency control and, 698
database design and, 16-17
databases for, 3-8, 11-12,
15-19, 27, 30
E-R model and, 261-274, 280,
282, 292, 294-299
indexing and, 477, 510, 529
query optimization and, 586,
589, 605
query processing and, 566
recovery system and, 724
relational database design
and, 323-330, 334, 355,
364-365
relational model and, 41,
43-48
SQL and, 61-63, 70-72, 75, 99,
125-134, 145-150, 153,
170,173, 187, 192-193,
197, 226-227
storage and, 452, 458, 460
system architecture and, 785,
828, 872
transactions and, 653
University of California,
* Berkeley, 30, 1123
Unix, 77, 438, 713, 727, 1124,
1154, 1193-1194, 1212,
1223
unknown, 83, 90
unnesting, 958-961
updatable result sets, 166
update-anywhere replication,
844
updates, 101-103
authorization and, 147, 148
B+-trees and, 491-497, 499-500
batch, 1030-1031
complexity of, 499-500
concurrency control and,
867-868
data warehouses and, 891
deletion time and, 491,
495-500
distributed databases and,
826-827

EXEC SQL and, 171
hashing and, 516-522
indices and, 482-483
insertion time and, 491-495,
499-500
log records and, 726-734
lost, 692
Microsoft SQL Server and,
1232-1233, 1239
mobile, 1083-1084
Oracle and, 1179-1180
performance tuning and,
1030-1033, 1043-1044
persistent programming
languages and, 970
PostgreSQL and, 1130,
1141-1144,1147-1148
privileges and, 143-145
query optimization and,
613-614
shipping SQL statements to
database, 161
snapshot isolation and,
692-697
triggers and, 182, 184
views and, 124-128
XML and, 1259-1260
user-defined entity sets, 299
user-defined functions (UDFs),
1197-1198
user-defined types, 138-141
user interfaces, 27-28
application architectures and,
391-396
application programs and,
375-377
as back-end component, 376
business-logic layer and,
391-392
client-server architecture and,
32,204, 376-377, 756-772,
777,788, 791
client-side scripting and,
389-391
cloud computing and, 861-870
common gateway interface
(CGI), 380-381
cookies and, 382-385, 403-405
CRUD, 399
data access layer and, 391,
393,395,
disconnected operation and,
395-396
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HyperText Transfer Protocol
(HTTP) and, 377-383, 395,
404-406, 417

IBM DB2, 1195

mobile, 1079-1085

persistent programming
languages and, 970

PostgreSQL and, 1124-1126

presentation layer and, 391
report generators and, 399-400
security and, 402-417
storage and, 434 (see also
storage)
tools for building, 396-398
Web services and, 395
World Wide Web and, 377-382
user requirements, 15-16, 27-28
E-R model and, 260, 298
performance and, 311-312
response time and, 311
throughput and, 311
using, 114
utilization, 636

vacuuin, 1143
validation, 703-704
classitiers and, 903-904
concurrency control and,
686-689
first committer wins and,
692-693
first updater wins and, 693
long-duration transactions
and, 1111
phases of, 688
recovery systems and, 729-730
snapshot isolation and,
692-693
view serializability and, 687
valid time, 365
varchar, 59-60, 62
VBScript, 387
vector data, 1069
vector space model, 919-920
version-numbering schemas,
1083-1084
version-vector scheme, 1084
vertical fragmentation, 828
video servers, 1078
view definition, 58
view maintenance, 608-611
views; 120
authorization on, 146-147
with check option, 126




complex merging and,
1173-1174

create view and, 121-125

cube, 1221-1222

deferred maintenance and,
1039-1040

definition, 121-122

delete, 125

immediate maintenance and,
1039-1040

insert into, 124-125

maintenance, 124

materialized, 123-124 (see also
materialized views)

performance tuning and,
1039-1041

SOL queries and, 122-123

update of, 1 24-128

view serializability, 687

virtual machines, 777

virtual processor, 801

Virtual Reality Markup

Language (VRML),

390-391

Visual Basic, 169, 180, 397-398,

1228

VisualWeb, 397

volatile storage, 431, 632, 722

wait-for graph, 676-678, 845-847

Web crawlers, 930-931

Weblogic, 386

WebObjects, 399

Web servers, 380-382

Web services, 395, 1199-1200

Web Services Description

Language (WSDL), 1018

WebSphere, 386

when clause, 181, 184

where clause, 311

aggregate functions and,
84-90

basic SQL queries and, 63-74

between, 78

on multiple relations, 66-71

natural join and, 71-74

not between, 78

null values and, 83-84

query optimization and,
605-607

rename operation and, 74-75

security and, 409

set operations and, 79-83 -

on single relation, 63-65, 63-66

string operations and, 76-79

transactions and, 651-654
while loop, 168, 171, 176
wide-area networks (WANs),

788, 790-791
Wi-Max, 1081
windowing, 195-197
Windows Mobile, 1223
Wireless application protocol
(WADP), 1081-1082
wireless communications,
1079-1085
with check option, 126
with clause, 97, 190
with data, 141-142
with grant option, 148
with recursive clause, 190
with timezone, 136
WordNet, 927
workflows, 312-313, 836-838,
1017
acceptable termination states
and, 1099
bugs and, 1101
business-logic layer and,
391-392
execution and, 1097-1101
external variables and,
1098-1099
failures and, 1099-1102
management systems for,
1101-1102
multisystem applications and,
1096
nonacceptable termination
states and, 1099
performance and, 1029-1048
recovery of, 1 101
specification and, 1097-1099
steps and, 1 096
tasks and, 1096
transactional, 1096-1102
workload compression, 1041
World Wide Web, 31, 885
application design and,
377-382
cookies and, 382-385, 403-405
encryption and, 411-417
HyperText Markup Language
(HTML), 378-380
HyperText Transfer Protocol
(HTTP) and, 377-381, 383,
395, 404-406, 417
information retrieval and, 915
(see also information
retrieval)

security and, 402-417
services processing and, 395
Simple Object Access Protocol
(SOAP) and, 1017-1018
three-layer architecture and,
318
uniform resource locators
(URLs), 377-378
Web application frameworks
and, 398-400
Web servers and, 380-382
XML and, 1017-1018
World Wide Web Consortium
(W3CQ), 927, 1056
wrapping, 1055-1056
write-ahead logging (WAL),
739-7841, 1145-1146
write once, read-many
(WORM) disks, 431
write quorum, 841-842
write-write contention, 1042

X.500 directory access protocol,
871
XML (Extensible Markup

Language), 31, 169, 386,
1020

application program
interfaces (ATPIs) to,
1008-1009

applications, 1016-1019

clob values and, 1010-1011

data exchange formats and,
1016-1017

data mediation and,
1018-1019

data structure, 986-990

document schema, 990-998

document type definition
(DTD), 990-994

as dominant format, 985

file processing and, 981-982

format flexibility of, 985

HTML and, 981

IBM DB2 and, 1195-1196

joins and, 1003-1004

markup concept a nd, 981-985

Microsoft SQL Server and,
1258-1261

nesting and, 27, 943, 984-990,
995-998, 1001, 1004-1007,

1010
Oracle XML DB and,
1159-1160

publishing/shredding data
and, 1013
queries and, 998-1008,
1259-1260
relational databases and,
1010-1014
relational maps and, 1012
Simple Object Access Protocol
(SOAP) and, 1017-1018
sorting and, 1006
SQL/XML standard and,
1014-1015
standards for, 1055-1056
storage and, 1009-1016
tags and, 982-986, 989, 994,
999, 1004, 1019
textual context and, 986
transformation and, 998-1008
tree model of, 998

updates and, 1259-1260
web services and, 1017-1018
wrapping and, 1055-1056
xmlagg, 1015
xmlattributes, 1015
xmlconcat, 1015
xmlelement, 1015
xmlforest, 1015
XMLIndex, 1160
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