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1. Terminology and overview
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DBMStE HlolBlE sty £4T & AEF 53] ol &4, = 4& °oF, 183 HolgH
ol I AA|} FEAESEH] % AAEFEE YAIEY. -8 DBMSse ©lo]E o] 29 Ao,
Az, AE, A2, 283 FIEE UARIEH AZEY o] AlxHolth & ¢ F DBMSseZ=
MySQL, MariaDB, PostgreSQL, SQLite, Microsoft SQL Server, Oracle, SAP, dBASE, FoxPro, IBM
DB2, LibreOffice Base —12]1l FileMaker Pro7} At} dlo]E o] 2= thE DBAMSsZ o] &%
% gl= o] YwkHolAwl, A Th2 DBMSset sttietE  shtel ol Fg ALgdle] Bel b
olelulo] 229} #¢jo] 753 =S s SQL, ODBC, JDBCS 2 o AgEE AR AeE
T Atk

2%
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1) SQL(Structured Query Language) is a special-purpose programming language designed for managing
data held in a relational database management system (RDBMS).

2) ODBC (Open Database Connectivity) is a standard programming language middleware API for

accessing database management systems (DBMS).

3) JDBC is a Java-based data access technology (Java Standard Edition platform) from Oracle
Corporation. This technology is an API for the Java programming language that defines how a client
may access a database.

4) Application Programming Interface (API) specifies how some software components should interact
with each other. In addition to accessing databases or computer hardware, such as hard disk
drives or video cards, an API can be used to ease the work of programming graphical user interface

components.

tlojEjHlo] 2~ o] o= dlo]Eu|o] 28} HolEuo] 2~ #e] A|2ES o]EF ol o
g AT 2 =AY BEE ggd FAE 23EY g dHolE #el o83 dAele
o8 ®ofo] YebY 9+ query languages, computational complexity and expressive power
of queries, finite model theory, database design theory, dependency theory, foundations of
concurrency control and database recovery, deductive databases, temporal and spatial
databases, real time databases, uncertain data and probabilistic databases®| &}, I8
Web dataz} Zgdt}
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dlolg o]~} DBMSs+ IAE9] XYst= dlolE o]~ Rd(d, APy XMLO]
W), 71% 7bss AFE Y EF(server clusterodl A8 FAE71A]), dHolg o]~ HZ&4
FAz] Aoj(d, SQL or XQuery), 13l performance, scalability(ZH44), resilience(&4),

and securityol] QS 71X = TAEY FF Foto wef HEEE = Qo)

1) RAID is a storage technology that combines multiple disk drive components into a logical unit for

the purposes of data redundancy and performance improvement.

2) the kernel is a computer program that manages input/output requests from software and translates

them into data processing instructions for the central processing unit and other electronic

components of a computer.



2. Applications and roles

HES S dFEES flal oy o] 2o
I 71 WRAHFE A sk ARSE ErE Mﬁ‘r LA
SHAl AREE AL A ol EfHo] 2=
HE Hshr] 93k /‘} H= Ao] oidel FF tl% dAEstd dlolE (4, engineering data
or economic models)& E¥st7] fsto] o] o]EE Hol EFH7|E gt Ho]EH o]~ o
Z 9] o2+ computerized library systems, flight reservation systems, computerized parts

inventory systems’} %

SetoldE—An EE EdAH DBMSst 2 ol §a7h Sl 1 delgulo]xe] A
Shu NG W wYs, o4, RS R4 Aslel FF B a8Aw A
olA W2 gl doleel s AzEe Bge] tha WelA: APl Atk A E
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FileMaker®} Microsoft Access™ W%E GUI(graphical user interfaces)& AF&3}al Qlt}.

1) An inventory control systemo|@& AlEo|u 8o $X|E dotsta #Esh= dAxajolt). A QAWED EA| A
2~Ble %% barcodes 7123l radio—frequency identification (RFID) tagsE AHE-3le] AWEZ] ALEe] 2 F2
s

2) FileMaker Pro is a cross—platform relational database application from FileMaker Inc., formerly Claris, a
subsidiary of Apple Inc. It integrates a database engine with a GUI—based interface, allowing users to

modify the database by dragging new elements into layouts, screens, or forms.

2.1 General—purpose and special—purpose DBMSs
DBMSE: B4et AxEde] Asglom Agsglon, a1l B APHoE FHL
Al o Al AN =88 oSt ¢l Adabas, Oracle, DB2¢} Z+& W &9] DBMSs
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B2 deolgH|o] =7t HF Old‘lﬂ%— t2lste] DBMS SIEJHo] =5 AREaFA] ¢Fal 1 Hlo]
Huol e A4 A F e ofF AZEIE 7HA vk ofF TR = AHFA e
= wire protocol& ©]&3tAY HEE apiE osﬂ st e o BWol @ k= itk deolyuel
2= Aol ek HiolEHo] 2 g o] & HlolHu|o] 2] F53 FAE fldte] A& AH
o|~Z %3lo] DBMS9 Aozgstnz, 252 DBMSS &9 W3 DBMSS 94 o1E ¥ o]
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1) a wire protocol refers to a way of getting data from point to point: A wire protocol is needed if
more than one application has to interoperate. In contrast to transport protocols at the transport
level (like TCP or UDP), the term "wire protocol" is used to describe a common way to represent
information at the application level.

2) the transport layer or layer 4 provides end-to-end communication services for applications] within
a layered architecture of network components and protocols. The transport layer provides convenient
services such as connection-oriented data stream support, reliability, flow control, and multiplexing.
Transport layers are contained in both the TCP/IP model (RFC 1122),[2] which is the foundation of the
Internet, and the Open Systems Interconnection (OSI) model of general networking.

The definitions of the transport layer are slightly different in these two models. This article
primarily refers to the TCP/IP model, in which TCP is largely for a convenient application
programming interface to internet hosts, as opposed to the OSI-model definition of the transport
layer.

The most well-known transport protocol is the Transmission Control Protocol (TCP). It lent its
name to the title of the entire Internet Protocol Suite, 7CP/IP. 1t is used for connection-oriented
transmissions, whereas the connectionless User Datagram Protocol (UDP) is wused for simpler
messaging transmissions. TCP is the more complex protocol, due to its stateful design incorporating
reliable transmission and data stream services. Other prominent protocols in this group are the
Datagram Congestion Control Protocol (DCCP) and the Stream Control Transmission Protocol (SCTP).



3. History
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1) navigational database is a type of database in which records or objects are found primarily by
following references from other objects. Navigational interfaces are usually procedural, though some
modern systems like XPath can be considered to be simultaneously navigational and declarative.
Navigational  access is traditionally associated with  the network  model and hierarchical
model of database interfaces, and some have even acquired set-oriented features. Navigational
techniques use "pointers" and "paths" to navigate among data records (also known as "nodes"). This is
in contrast to the relational model (implemented in relational databases), which strives to use
"declarative" or logic programming techniques that ask the system forwhat to fetch instead of how to

navigate to it.
2) CODASYL (often spelled Codasyl) is an acronym for "Conference on Data Systems Languages"'. This

was a consortium formed in 1959 to guide the development of a standard programming language that
could be used on many computers. This effort led to the development of COBOL and other standards.

<Basic structure of navigational CODASYL database model>
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1) A NoSQL database provides a mechanism for storage and retrieval of data that is modeled in means
other than the tabular relations used in relational databases. Motivations for this approach include
simplicity of design, horizontal scaling and finer control over availability. NoSQL databases are often
highly optimized key-value stores intended primarily for simple retrieval and appending operations,
whereas an RDBMS is intended as a general purpose data store. There will thus be some operations
where NoSQL is faster and some where an RDBMS is faster. NoSQL databases are finding significant and

growing industry use in big data and real-time web applications. NoSQL systems are also referred to
as "Not only SQL" to emphasize that they may in fact allow SQL-like query languages to be used. In the

context of the CAP theorem, NoSQL stores often compromise consistency in favor of availability and
partition tolerance. Barriers to the greater adoption of NoSQL data stores in practice include: the lack of

full ACID transaction support, the wuse of low-level query languages, the lack of standardized



interfaces, and the huge investments already made in SQL by enterprises.

3.1 1960s Navigational DBMS
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1) a B-tree is a tree data structure that keeps data sorted and allows searches, sequential access,
insertions, and deletions in logarithmic time. The B-tree is a generalization of a binary search tree in
that a node can have more than two children.

2) A hash function is any function that can be used to map digital data of arbitrary size to digital data
of fixed size, with slight differences in input data producing very big differences in output data. The
values returned by a hash function are called hash values, hash codes, hash sums, or simply hashes.
One practical use is a data structure called a hash table, widely used in computer software for rapid
data lookup. Hash functions accelerate table or database lookup by detecting duplicated records in a
large file. An example is finding similar stretches in DNA sequences. They are also useful in
cryptography. A cryptographic hash function allows one to easily verify that some input data matches a
stored hash value, but makes it hard to reconstruct the data from the hash alone. This principle is used

by the PGP algorithm for data validation and by many password checking systems.

IBM T3 1968l AHalEwrte] DBMS Al=®lg HAsHglom, o]3le] IMSolth IMS
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1) The network model is a database model conceived as a flexible way of representing objects and their
relationships. Its distinguishing feature is that the schema, viewed as a graph in which object types
are nodes and relationship types are arcs, is not restricted to being a hierarchy or lattice.

3.2 1970s relational DBMS

Edgar Codd: IBMolA +Fe FA| 3= 2z Alzagle] st Ago = Fofsigit.
71+ Codasyl approach®] dajEdol djsie] ExtHaeglon 53] @4 Ao 1o
19709, 1+¥ B2 =g AA dolguolx 59 AR WA 55 mtaded], o] Aol
ARHor =32 A Relational Model of Data for Large Shared Data Banks® EW7} %]
t}.

o) RN 1 BgFe] doleulol A Aedstn Age Ae AN ds
Atk Codasylel A7 AH2e Fejel dmc o) i B FF Ja= Pred o
258 AP A, Cotdd) cholelofs A2 G £39 Hlol e Ahg

S wRY dmEY Hol B A Aotk YAS PAE AxUL of| & e o
Sege) ol MEBOR ol HE A (sparse) AOlEMOIAE AZE ul vl
MEEHY 4 otk 2% $g mde F odelEryy Bastw $He AN 5
= Faz ool FeaEs st M axe fio] o dolHE A Aitsh Holk
(£ #A)E mPosA oud A Adstdth AHoR dolEE olHd ol

9%1:} upekx] DBMS:= o &/0] Akl Al table

In the relational model, related records are linked together with a "key”
~key"
/
login/  first iast

mark] | Samuel | Clemens
iion Lion Kimbra
kitty | Amber Straub

% login phone
e wimarki 555.555.5555
"related table®
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1) Since the calculus is a query language for relational databases we first have to define a relational
database. The basic relational building block is the domain, or data type. A tuple is an ordered
multiset of attributes, which are ordered pairs of domain and value: or just a row. A relvar (relation
variable) is a set of ordered pairs of domain and name, which serves as the header for a relation. A
relation is a set of tuples. Although these relational concepts are mathematically defined, those
definitions map loosely to traditional database concepts. A table is an accepted visual representation

of a relation: a tuple is similar to the concept of row.

Codde] =& WEZ oA F Ay, Eugene Wong ¢ Micael Stonebrakerol] ]3| A *|&
Hhokth. o] 58 om AP A dHelHuels ZrAELOR T¥al I=g AAsE7] flste] g
A ZRagmgos ddyo] 9= VlgS AMESte] INGRESE d#jdl ZR2AEE A|A33)
th 1973l AJZFE INGRES+ 197990l dubdo g de| AMgstes 3 HA AAES At
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1) Ingres Database is a commercially supported, open-source SQL relational database management

system intended to support large commercial and government applications.
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2) IBM System R is a database system built as a research project at IBM's San Jose Research
Laboratory beginning in 1974. System R was a seminal project: it was the first implementation of SQL,
which has since become the standard relational data query language. It was also the first system to
demonstrate that a relational database management system could provide good transaction processing
performance.

3) QUEL is a relational database query language, based on tuple relational calculus, with some
similarities to SQL. It was created as a part of the Ingres DBMS effort at University of California,
Berkeley, based on Codd's earlier suggested but not implemented Data Sub-Language ALPHA.

IBM2 AA Aoz #AAY mdel PRTVS AAHE<Q Business System 125 2333 o
AAol= @ ATE Honeywell> Multics&< MRDSS THEAowW A5 2719 A=E
implementation(=technical specification)¢! Alphora Dataphor®} Relo] A}-&% 1 it} @A
ozt F=+ i thE DBMS implementationsi= A A 2= SQL DBMSso|t}.

:

1) The Multics Relational Data Store, or MRDS for short, was the first commercial relational database
management system. It was written PL/1 by Honeywell for the Multics operating system and first sold
in June 1976. Unlike the SQL systems that emerged in the late 1970s and early 80's, MRDS used a
command language only for basic data manipulation, equivalent to the SELECT or UPDATE statements
in SQL.

2) Dataphor is an open-source truly-relational database management system (RDBMS) and its
accompanying user interface technologies, which together are designed to provide highly declarative
software application development. The Dataphor Server has its own storage engine or it can be a
virtual, or federated, DBMS, meaning that it can utilize other database engines for storage.

3) Rel is an open source true relational database management system that implements a significant
portion of Chris Date and Hugh Darwen's Tutorial D query language. Primarily intended for teaching
purposes, Rel is written in the Java programming language.

19709, "W AIZF thste A D.L. Childs' Set—Theoretic Data models <A = MICRO
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3.3 Database machines and appliances

19708 il 1980 o] &3 st=dlojel AXE oS ZhE doJE Mo~ A ~Elo]
Foll tigk Al=7F AT A ZATE He HE2 O Ze S0l Angor uATE Al
T3 £ dutE Ao)YTr. IBM System/38, Teradata® 7] WA, Britton Lee, Inc.9
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1) The System/38 had 48-bit addressing, which was unique for the time, and a novel integrated
database system. The operating system of the System/38 was called CPF, for "Control Program
Facility" CPF is not related to SSP, the operating system of the IBM System/34 and System/36.

2) Teradata Corporation is an American computer company that sells analytic data platforms,
applications and related services. Its products are meant to consolidate data from different sources
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and make the data available for analysis.

3) Britton Lee Inc. was a pioneering relational database company. Renamed ShareBase, it was acquired
by Teradata in June, 1990.
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1) International Computers Limited, or ICL, was a large British computer hardware, computer software
and computer services company that operated from 1968 until 2002. It was formed through a merger
of International Computers and Tabulators (ICT), English Electric Leo Marconi (EELM) and Elliott
Automation in 1968. The company's most successful product line was the ICL 2900 Series range of
mainframe computers.

2) The Content Addressable File Store (CAFS) was a hardware device developed by International
Computers Limited (ICL) that provided a disk storage with built-in search capability. The motivation
for the device was the discrepancy between the high speed at which a disk could deliver data, and
the much lower speed at which a general-purpose processor could filter the data looking for records
that matched a search condition.'

3) Netezza (pronounced Ne-Tease-Ah) designs and markets high-performance data warehouse
appliances and advanced analytics applications for wuses including enterprise data warehousing,
business intelligence, predictive analytics and business continuity planning.

4) Oracle Corporation is an American multinational computer technology corporation headquartered in
Redwood City, California, United States. The company specializes in developing and marketing
computer hardware systems and enterprise software products - particularly its own brands of
database management systems. Oracle is the second-largest software maker by revenue, after
Microsoft. The company also builds tools for database development and systems of middle-tier
software, enterprise resource planning software (ERP), customer relationship management software
(CRM) and supply chain management (SCM) software.

5) Oracle Exadata is a database appliance with support for both OLTP (transactional) and OLAP (analytical)
database systems. It was initially designed in collaboration between Oracle Corporation and Hewlett
Packard. Oracle designed the database, operating system (based on the Oracle Linux distribution), and
storage software whereas HP designed the hardware for it. After Oracle's acquisition of Sun Microsystems,

in 2010 Oracle announced the Exadata Version 2 with improved performance and Sun storage systems.

3.4 Late—1970s SQL DBMS
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1) IBM DB2 is a family of database server products developed by IBM. These products all support the
relational model, but in recent years some products have been extended to support object—relational
features and non-—relational structures, in particular XML.

Larry Ellison® OracleZ System Rl #3F IBMY] =8-S 272, A2U}E Wgko g HE
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1) PostgreSQL, often simply Postgres, is an open source object-relational database management system
(ORDBMS) with an emphasis on extensibility and standards compliance.

A del A, Codde] =i ®= &Fom, Uppsala WatelA 1970 ] FHH-E Mimer
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1) Mimer SQL is an SQL-based relational database management system from the Swedish company Mimer
Information Technology AB (formerly: Upright Database Technology AB), which has been developed and
produced since the 1970s. The Mimer SQL database engine is available for Microsoft Windows, Mac OS
X, Linux, Symbian OS, Unix, VxWorks and OpenVMS. Unlike other competing DBMSs, Mimer only

implements optimistic concurrency control.

L E}E— gojg el AA-wA 2de 1976l YElgor, 279 #AY mduc)
e 743 Ao 248 wEozx fo|HuolA tirlelg o 972 Tt xR, 2
zﬂ—#ﬁl TEE AE < 93 shue deoly 2R FxE gupgEsislen, o] & 1ho
zkel = ow| 7k UAl E ST

vl

3.5 1980s desktop databases
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1) dBASE database software was one of the first and in its day the most successful database
management systems for microcomputers.[2] The dBASE system includes the core database engine, a
query system, a forms engine, and a programming language that ties all of these components together.
dBASE's underlying file format, the .dbf file, is widely used in applications needing a simple format to

store structured data.

3.6 1980s object—oriented databases
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1) Object-oriented programming (OOP) is a programming paradigm that represents concepts as "objects"
that have data fields (attributes that describe the object) and associated procedures known as methods.
Objects, which are wusually instances of classes, are used to interact with one another to design
applications and computer programs.

2) The object-relational impedance mismatch is a set of conceptual and technical difficulties that are
often encountered when a relational database management system (RDBMS) is being used by a program
written in an object-oriented programming language or style: particularly when objects or class
definitions are mapped in a straightforward way to database tables or relational schema.

3) An object database (also object-oriented database management system) is a database management
system in which information is represented in the form of objects as used in object-oriented
programming. Object databases are different from relational databases which are table-oriented.
Object-relational databases are a hybrid of both approaches.

4) An object-relational database (ORD), or object-relational database management system (ORDBMS), is a
database management system (DBMS) similar to a relational database, but with an object-oriented
database model: objects, classes and inheritance are directly supported in database schemas and in the
query language. In addition, just as with pure relational systems, it supports extension of the data model
with custom data-types and methods.

5) Object-relational mapping (ORM, O/RM, and O/R mapping) in computer software is a programming
technique for converting data between incompatible type systems in object-oriented programming
languages. This creates, in effect, a "virtual object database" that can be wused from within the
programming language. There are both free and commercial packages available that perform
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object-relational mapping, although some programmers opt to create their own ORM tools.

3.7 2000s NoSQL and NewSQL databases
2000 el 7] -#AY dlojgwo] 2~ A= NoSQL HoJEHo]~2 ez omn, d
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1) To scale horizontally (or scale out) means to add more nodes to a system, such as adding a new
computer to a distributed software application. To scale vertically (or scale up) means to add resources

to a single node in a system, typically involving the addition of CPUs or memory to a single computer.
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1) the CAP theorem, also known as Brewer's theorem, states that it is impossible for a distributed
computer system to simultaneously provide all three of the following guarantees:
* Consistency (all nodes see the same data at the same time)
* Availability (a guarantee that every request receives a response about whether it was successful
or failed)
* Partition tolerance (the system continues to operate despite arbitrary message loss or failure of
part of the system)
According to the theorem, a distributed system cannot satisfy all three of these guarantees at the

same time.

2) Eventual consistency is a consistency model used in distributed computing that informally guarantees
that, if no new updates are made to a given data item, eventually all accesses to that item will return
the last updated value.

7} e17]9dE NoSQL  A]2~Hloli=  MongoDB, Couchbase, Riak, Oracle NoSQL

Database, memcached, Redis, CouchDB, Hazelcast, Apache Cassandra and HBase®] ¢loH,

w7 0¥ ax smEde] AFSITh SQLE A% AESIL AAW, NoSQLIY AEU
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1) Open-source software (0SS) is computer software with its source code made available and licensed
with a license in which the copyright holder provides the rights to study, change and distribute the
software to  anyone and for any purpose.[1] Open-source software is very often developed in a public,
collaborative  manner.

2) NewSQL is a class of modern relational database management systems that seek to provide the same
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scalable performance of NoSQL systems for online transaction processing (read-write) workloads while
still maintaining the ACID guarantees of a traditional database system.

4. Database research
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Transactions on Database Systems—TODS, Data and Knowledge Engineering—DKE%} #-&
ofg] A& &A1 ACM SIGMOD, ACMPODS, VLDB, IEEE ICDEY] A7t 3¢= So] 9

5. Database type examples
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1) SAP HANA, short for 'High Performance Analytic Appliance' is an in-memory, column-oriented,

relational database management system developed and marketed by SAP AG.
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1) Event-driven architecture (EDA) is a software architecture pattern promoting the production,
detection, consumption of, and reaction to events. An event can be defined as "a significant change in
state". For example, when a consumer purchases a car, the car's state changes from "for sale" to "sold".
A car dealer's system architecture may treat this state change as an event whose occurrence can be
made known to other applications within the architecture.

2) A database trigger is procedural code that is automatically executed in response to certain events on
a particular table or view in a database. The trigger is mostly used for maintaining the integrity of the
information on the database. For example, when a new record (representing a new worker) is added
to the employees table, new records should also be created in the tables of the taxes, vacations and

salaries.
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1) A cloud database is a database that typically runs on a cloud computing platform, such as Amazon
EC2, GoGrid, Salesforce and Rackspace. There are two common deployment models: users can run
databases on the cloud independently, using a virtual machine image, or they can purchase access to
a database service, maintained by a cloud database provider. Of the databases available on the cloud,

some are SQL-based and some use a NoSQL data model.

2) Cloud computing is a phrase used to describe a variety of computing concepts that involve a large
number of computers connected through a real-time communication network such as the Internet. In
science, cloud computing is a synonym for distributed computing over a network, and means the ability
to run a program or application on many connected computers at the same time. The phrase also more
commonly refers to network-based services, which appear to be provided by real server hardware, and
are in fact served up by virtual hardware, simulated by software running on one or more real machines.
Such virtual servers do not physically exist and can therefore be moved around and scaled up or down
on the fly without affecting the end user, somewhat like a cloud. In common usage, the term "the cloud"
is essentially a metaphor for the Internet. Marketers have further popularized the phrase "in the cloud"
to refer to software, platforms and infrastructure that are sold "as a service", i.e. remotely through the
Internet. Typically, the seller has actual energy-consuming servers which host products and services
from a remote location, so end-users don't have to: they can simply log on to the network without
installing anything. The major models of cloud computing service are known as Software as a Service,
Platform as a Service, and Infrastructure as a Service. These cloud services may be offered in a Public,
Private or Hybrid network. Google, Inc. is one of the most well-known cloud vendors.
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3) Open API (often referred to as OpenAPl new technology) is a word used to describe sets of
technologies that enable websites to interact with each other by using REST, SOAP, JavaScript and other
web technologies. While its possibilities aren't limited to web-based applications, it's becoming an
increasing trend in so-called Web 2.0 applications. The term API stands for Application Programming
Interface. The term "Open API" has been recently in use by recent trends in social media and Web 2.0. It
is currently a heavily sought after solution to interconnect websites in a more fluid user-friendly
manner. Open API also applies to collaborative services environments where managed service providers
can also outsource specific services to other providers via systems integration. For example, companies
like Level Platforms provide an open API to adapt to any business offering within the managed service
environment. With the advent of the Facebook Platform, launched June 1st 2007, Facebook incorporated
an open API into its business model.

OpenSocial is currently being developed by Google in conjunction with MySpace and other social
networks including Bebo.com, Engage.com, Friendster, hi5, Hyves, imeem, LinkedIn, Ning, Oracle, orkut,
Plaxo, Salesforce.com, Six Apart, Tianji, Viadeo, and XING. The ultimate goal is for any social website
to be able to implement the APIs and host third party social applications.
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1) The Universal Product Code (UPC) is a barcode symbology (i.e., a specific type of barcode) that is
widely used in the United States, Canada, the United Kingdom, Australia, New Zealand and in other
countries for tracking trade items in stores. Its most common form, the UPC-A, consists of 12

numerical digits, which are uniquely assigned to each trade item.

2) The Nielsen Corporation, also known as ACNielsen or AC Nielsen is a global marketing research firm,
with worldwide headquarters in New York City, United States of America. Regional headquarters for
North America are located in the Chicago suburb of Schaumburg, Illinois. As of May 2010, it is part of
The Nielsen Company. This company was founded in 1923 in Chicago, by Arthur C. Nielsen, Sr., in order

to give marketers reliable and objective information on the impact of marketing and sales programs.
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1) A Deductive database is a database system that can make deductions (i.e., conclude additional facts)
based on rules and facts stored in the (deductive) database. Datalog is the language typically used to
specify facts, rules and queries in deductive databases. Deductive databases have grown out of the
desire to combine logic programming with relational databases to construct systems that support a
powerful formalism and are still fast and able to deal with very large datasets. Deductive databases are
more expressive than relational databases but less expressive than logic programming systems. In recent
years, deductive databases such as Datalog have found new application in data integration, information
extraction, networking, program analysis, security, and cloud computing.

2) Datalog is a truly declarative logic programming language that syntactically is a subset of Prolog. It is
often used as a query language for deductive databases: it is more expressive than SQL. In recent years,
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Datalog has found new application in data integration, information extraction, networking, program
analysis, security, and cloud computing.

3) Prolog is a general purpose logic programming language associated with artificial intelligence and
computational linguistics. Prolog has its roots in first-order logic, a formal logic, and unlike many other
programming languages, Prolog is declarative: the program logic is expressed in terms of relations,
represented as facts and rules. A computation is initiated by running a query over these relations. The
language was first conceived by a group around Alain Colmerauer in Marseille, France, in the early
1970s and the first Prolog system was developed in 1972 by Colmerauer with Philippe Roussel.

Prolog was one of the first logic programming languages, and remains the most popular among such
languages today, with many free and commercial implementations available. While initially aimed at
natural language processing, the language has since then stretched far into other areas like theorem
proving, expert systems, games, automated answering systems, ontologies and sophisticated control
systems. Modern Prolog environments support creating graphical user interfaces, as well as
administrative and networked applications.

f) distributed Ho]ElHlo]2= dHolE 9t 1A 2] DBMS & tE H49 AFE BAAA &
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1) A distributed database is a database in which storage devices are not all attached to a common
processing unit such as the CPU, controlled by a distributed database management system (together
sometimes called a distributed database system). It may be stored in multiple computers, located in the
same physical location: or may be dispersed over a network of interconnected computers. Unlike parallel
systems, in which the processors are tightly coupled and constitute a single database system, a
distributed database system consists of loosely-coupled sites that share no physical components.

System administrators can distribute collections of data (e.g. in a database) across multiple physical
locations. A distributed database can reside on network servers on the Internet, on corporate intranets
or extranets, or on other company networks. Because they store data across multiple computers,
distributed databases can improve performance at end-user worksites by allowing transactions to be
processed on many machines, instead of being limited to one.

Two processes ensure that the distributed databases remain up-to-date and current: replication and
duplication.

Replication involves using specialized software that looks for changes in the distributive database.
Once the changes have been identified, the replication process makes all the databases look the same.
The replication process can be complex and time-consuming depending on the size and number of the
distributed databases. This process can also require a lot of time and computer resources.

Duplication, on the other hand, has less complexity. It basically identifies one database as a master
and then duplicates that database. The duplication process is normally done at a set time after hours.
This is to ensure that each distributed location has the same data. In the duplication process, users may
change only the master database. This ensures that local data will not be overwritten.

Both replication and duplication can keep the data current in all distributive locations.

Besides distributed database replication and fragmentation, there are many other distributed database
design technologies. For example, local autonomy, synchronous and asynchronous distributed database
technologies. These technologies' implementation can and does depend on the needs of the business and
the sensitivity/confidentiality of the data stored in the database, and hence the price the business is
willing to spend on ensuring data security, consistency and integrity.

When discussing access to distributed databases, Microsoft favors the term distributed query, which
it defines in protocol-specific manner as "[alny SELECT, INSERT, UPDATE, or DELETE statement that
references tables and rowsets from one or more external OLE DB data sources". Oracle provides a more
language-centric view in which distributed queries and distributed transactions form part of distributed
SQL.
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1) The central concept of a document-oriented database is the notion of a Document. While each
document-oriented database implementation differs on the details of this definition, in general, they all
assume documents encapsulate and encode data (or information) in some standard formats or encodings.
Encodings in use include XML, YAML, JSON, and BSON, as well as binary forms like PDF and Microsoft
Office documents (MS Word, Excel, and so on). Documents inside a document-oriented database are
similar, in some ways, to records or rows in relational databases, but they are less rigid. They are not
required to adhere to a standard schema, nor will they have all the same sections, slots, parts, or keys.

2) The semi-structured model is a database model where there is no separation between the data and
the schema, and the amount of structure used depends on the purpose. The advantages of this model
are the following:
a) It can represent the information of some data sources that cannot be
constrained by schema.
b) It provides a flexible format for data exchange between different types of
databases.
c) It can be helpful to view structured data as semi-structured (for browsing
purposes).
d) The schema can easily be changed.
e) The data transfer format may be portable.

The primary trade-off being made in using a semi-structured database model is that queries cannot
be made as efficient as in a more constrained structure, such as in the relational model. Typically the
records in a semi-structured database are stored with unique IDs that are referenced with pointers to
their location on disk. This makes navigational or path-based queries quite efficient, but for doing
searches over many records (as is typical in SQL), it is not as efficient because it has to seek around
the disk following pointers. The Object Exchange Model (OEM) is one standard to express semi-structured
data, another way is XML.
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1) An embedded database system is actually a broad technology category that includes database

systems with differing application programming interfaces (SQL as well as proprietary, native APIs):
database architectures (client-server and in-process). storage modes (on-disk, in-memory and
combined); database models (relational, object-oriented, entity-attribute-value model and

network/CODASYL): and target markets.

i) end—user HlolEHlo]= JHQIE HFol&Atol o3 N dHelH= FAE. o2g A
£9 9 &+ documents, spreadsheets, presentations, multimedia, and other files® =4
Eolth of2] 7HA AlsFe]l o]y HeolEHlo]~E Adatr] flete] & AT o] AE oW
o @& 712242l DBMS 7|sAdS 25024 full fledges(#+3) DBMSsXHt} &4
st

(RUBBOY)

My rlo
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D) federated HlolElMlo] 2 A28 olg] e Aol v HelEWolsER T 3
ov], 2 ANWE DBMSE /M3 Qe olRe e ke M2 e FR(e)H @

Ao olFA delguo]a A|AEY Fx )l B4 A4 EBMSsE B3 3
= A dojgdo]~ el A|AB(FDBMS)dl ofs] @ d  olHHe]AR HFHMY, 3}
533 MdA viewE A&}

k) w2 multi—databasedl= &= B|F 13lo] el @ ofFd FHs= thh TFHE
o] o (AE 5o, FDBMSS ojdl #e] 3 ~7|vl7t gle) Jdde dolgHo]~E A5
st el federated Hlo]EjHo] =9} Fojo]&2 ALEHT o]7] o APFHoZ nEoj= i

Hj-go® ARgH™, o]zle] HYPAow Fostal e dlo|HHlo]~E Tl distributed
(global) transaction®] 7}&3st==, & E9] the two—phase commit protocol®} < atomic
commit protocol(ACP)7} EZ &=t}

1) Middleware in the context of distributed applications is software that provides services beyond those
provided by the operating system to enable the various components of a distributed system to
communicate and manage data. Middleware supports and simplifies complex distributed applications. It
includes web servers, application servers, messaging and similar tools that support application
development and delivery. Middleware is especially integral to modern information technology based on
XML, SOAP, Web services, and service-oriented architecture.

2) the two-phase commit protocol (2PC) is a type of atomic commitment protocol (ACP). It is a
distributed algorithm that coordinates all the processes that participate in a distributed atomic
transaction on whether to commit or abort (roll back) the transaction (it is a specialized type of
consensus protocol). The protocol achieves its goal even in many cases of temporary system failure
(involving either process, network node, communication, etc. failures), and is thus widely utilized.

Middleware often enables interoperability between applications that run on different operating
systems, by supplying services so the application can exchange data in a standards-based way.
Middleware sits "in the middle" between application software that may be working on different operating
systems. It is similar to the middle layer of a three-tier single system architecture, except that it is
stretched across multiple systems or applications. Examples include EAI software, telecommunications
software, transaction monitors, and messaging-and-queueing software.

3) A distributed transaction is an operations bundle, in which two or more network hosts are involved.
Usually, hosts provide transactional resources, while the transaction manager is responsible for creating
and managing a global transaction that encompasses all operations against such resources. Distributed
transactions, as any other transactions, must have all four ACID (atomicity, consistency, isolation,
durability) properties, where atomicity guarantees all-or-nothing outcomes for the wunit of work
(operations bundle).

1) graph Hlo]EHlo]~&= NoSQL dlo|guo]~9] dFolm, HHE AFsta &3 7] $13+4
nodes, edges, properties® zte 1dE F2E AFE3T o3
admrA el 2efd dolEHo) ~= triplestores®t network databases oF e AE g9 4

ol o] A9t YET

1) A triplestore is a purpose-built database for the storage and retrieval of triples,[1] a triple being a
data entity composed of subject-predicate-object, like "Bob is 35" or "Bob knows Fred". Much like a
relational database, one stores information in a triplestore and retrieves it via a query language. Unlike
a relational database, a triplestore is optimized for the storage and retrieval of triples. In addition to
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queries, triples can usually be imported/exported using Resource Description Framework (RDF) and other

formats.

2) The network model is a database model conceived as a flexible way of representing objects and their
relationships. Its distinguishing feature is that the schema, viewed as a graph in which object types are
nodes and relationship types are arcs, is not restricted to being a hierarchy or lattice.

Metvwrork Modet

Preventive Maintenence |

¥ ¥
Rigid Pavement | 'Flemblepavement|
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& * & 5 .
]5pa||REpair§§ JointSeal || CrackSeal | Patching |
_.' h\"""\-\..\_\. ’/-
--x_.-"' \.--\-..\_\.\.\. / .
# T W

| Silicone Sealant] Asphalt Sealant|
e e ) SRS DG AL A e |

m) hypertext I=¥ hypermedia Hlo]ElH|o] 204, o & S0 tE HAE ¥ A2y 7o
AHES Rdste oW dolju} HAEE S AMER slelHyaE 4 ) sle|H Y AE Ho]
& 243ed f&38tt odE %Oi IRAEL o] &7 A

Hulol 2t 55 U] o4 AnE * e
gela giE FR A2 5 Qe 2del MupAAe BEsY §48 o)tk The World

Wide Web2 thyfie] #4b slo] e ~E do] g o] o]t

n) knowledge base(KB, kb)# x]212] Artsld =3, 27, AME 93t =S AFds A
275 9% 59 TR dolgmolseln, w3t FAlet HES 7L A #d

dE A dHolH e Hdelt.

1) A knowledge base (KB) is a technology used to store complex structured and unstructured information
used by a computer system. The initial use of the term was in connection with expert systems which
were the first knowledge-based systems. The original use of the term knowledge-base was to describe
one of the two sub-systems of a knowledge-based system. A knowledge-based system consists of a
knowledge-base that represents facts about the world and an inference engine that can reason about
those facts and use rules and other forms of logic to deduce new facts or highlight inconsistencies.

2) an ontology formally represents knowledge as a set of concepts within a domain, using a shared

vocabulary to denote the types, properties and interrelationships of those concepts.
3) Knowledge management (KM) is the process of capturing, developing, sharing, and effectively using

organisational knowledge. It refers to a multi-disciplined approach to achieving organisational objectives

by making the best use of knowledge.

o) Eukel doleulo)t wukel FHFY /17N LFHAY /15 5 Aok
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1) mobile Devices database Management commonly called as Mobile Database' is either a stationary
database that can be connected to by a mobile computing device - such as smart phones or PDAs -
over a mobile network, or a database which is actually carried by the mobile device. This could be a list
of contacts, price information, distance travelled, or any other information.

p) operational Hlo]EH|o]~= A ] G g FAg tlolEE Attt o|AES WY
Hog ERAAE o]&sto] Hlu A @ 4o HARE 7L oA dEs g o
g HE, AE, 28 JIFEAA AEE 7158l A G dolguol s, 1E]al AlFe]
TALL e BEE AwED ] I A ARE VEsa e 71 AY 718 AlxE]
AR D FAYo] I L, olg, VEY TS ARE Za Qe A dlojguHlolx TEa
2o Ao AH, A, agANE 7153 ¥ AA volguo] =7} gtk

q) parallel dloJEHo]2=E= HeolHE 28t AS vHEal H
TE 9lste] ¥EA 2] (parallelization) 0.2 A5 7/NHE& F5-3

1) Parallel databases improve processing and input/output speeds by using multiple CPUs and disks in
parallel. Centralized and client-server database systems are not powerful enough to handle such
applications. In parallel processing, many operations are performed simultaneously, as opposed to
serial processing, in which the computational steps are performed sequentially.

2) Parallel computing is a form of computation in which many calculations are carried out
simultaneously, operating on the principle that large problems can often be divided into smaller ones,
which are then solved concurrently ("in parallel").

71 EA Q) stego]e FRERE wEXE FQ3) parallel DBMS #+-% &= tf&3 gk

a) Shared memory architecture: &9 T2 A A7} 5 w2 F7HEW olug}; 7]El dlo]H
A F e S

b) Shared disk architecture: 23 E T3l T2 APHoRE B9 LR AMER o]F
oAl ZAzke] ZRAY FUEZL A2lwke] F | k:
AFEE et

¢) Shared nothing architecture: S}FFAE T34 &= F+F: 4749 T2 A FYEZF 22l
o] = om e et g AgEIhE zta dvh

d) Probabilistic databases: ¥4 3+al Ho|E|ZRE FE2& o] Zo|UE fuzzy logics AME-3Ho},

1) Fuzzy logic is a form of many-valued logic: it deals with reasoning that is approximate rather than
fixed and exact. Compared to traditional binary sets (where variables may take on true or false values)
fuzzy logic variables may have a truth value that ranges in degree between 0 and 1. Fuzzy logic has
been extended to handle the concept of partial truth, where the truth value may range between
completely true and completely false.

<Example>

Hard science with [F-THEN rules

Fuzzy set theory defines fuzzy operators on fuzzy sets. The problem in applying this is that
the appropriate fuzzy operator may not be known. For this reason, fuzzy logic usually uses
IF-THEN rules, or constructs that are equivalent, such as fuzzy associative matrices.
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Rules are usually expressed in the form:
IF variable IS property THEN action
For example, a simple temperature regulator that uses a fan might look like this:

IF temperature IS very cold THEN stop fan

IF temperature IS cold THEN turn down fan
IF temperature IS normal THEN maintain level
IF temperature IS hot THEN speed up fan

There is no "ELSE" - all of the rules are evaluated, because the temperature might be "cold" and

"normal” at the same time to different degrees.

The AND, OR, and NOT operators of boolean logic exist in fuzzy logic, usually defined as the
minimum, maximum, and complement: when they are defined this way, they are called the Zadeh

operators. So for the fuzzy variables x and y:

NOT x = (1 - truth(x))
x AND y = minimum(truth(x), truth(y))
x OR y = maximum(truth(x), truth(y))

There are also other operators, more linguistic in nature, called hedges that can be applied. These are
generally adverbs such as 'very', or ‘'somewhat'  which modify the meaning of a set using a

mathematical formula.

e) Real—time databases : =H}= AP H A 3|FHojof st AA}E Fstale AEsHA
AE F8l AATte R At

f) A spatial database: TFxFgZ¢l R o2 folEE AAd 4= vl 19 dHolglo] w3
o= “o] Aol 7 7k E-EE7H 22 1A 7|9 A

g) A temporal database: A3 A7+ & A
SQLS] Al Wzdo] of7jel &gtrh. & v S dalA, dAA 8= AR &
AlZat A A gko] EFE T

h) A terminology—oriented database: 24| x| &3 dlo]E o] oA WEAAY, FF EH3
Kofz Aldtet

i) An unstructured data database: ¥2] ¥ R &7} 7bagh o2 Ul o] e u o] 2o A=
A=A i AgsH vE o gle gdd AMEES AFEtEE RE TR 3l
t}. 7)o = email messages, documents, journals, multimedia objects &°] ¥3=
th o] o]Fo] L& EejdeZd & e divketd o' AEES Wit P07
ot 1A N BE AAA AME Jue v AdE APsE ol A= ¥v
o] 71Ee] DBMSs+ @Al theFdh Wi o g A Ygstd HolHE Adsta dom, A

& A4 DBMSs% Yehtar ).
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6. Database design and modeling

dlolg o]~ tztelq e A WA = dolEuo] 2o AFH HHO FxE tE Y
A odoly RS wrE= Zlojtt o]3lE sk AWhAQl WPHE drawing toolsE AHESEe] A
— %A 29 (entity—relationship model) & 7W&3s}i= AHolth T 37 217]dE WHE the
Unified Modeling Language ©]t}h. A3 2<l dHolg 2d& Hsides Zd3tsiy = oF AA 9
ZhA A ”EHE st Rbedstoiof gtrt: o & 5ol W AlbgEo] & A o] HMIHEE
O]Eq ARE FHE F ook & Feolth. EFF A doly RS HAt
ZaQle] tigh B olslE "HaR v dPHoR 7o 24 99
v Yol st AletA dEete A - g Eol, ‘AR g ATt
WhA Eke] AlFo] 7 N AR vE EANHE YW, o3lEe
MR T AFEA7P = v g7 TN TFIIT=2ES AX F
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1) Unified Modeling Language (UML) is a standardized (ISO/IEC 19501:2005), general-purpose modeling
language in the field of software engineering. The Unified Modeling Language includes a set of graphic
notation techniques to create visual models of object-oriented software-intensive systems.

o2 A dely RdE Aakshs dlols AR ZEAN, = 7]t sEEY
A A G Jg e ssoe] 37| % k. o] dolgHolzd Fadk FHIE FS
A 2Ear Bujop & o] FOIAE Foteted mes = F ATk dE Eo, o3 He]
EjHo] ~7F AL dHolH i ®E ol Ao HolHE Wash= Zlo] ‘e»fﬁﬂ"ﬂ gk A%

= WE 9 e 2 5 vk

o] g2zt olefstr]l 2 JNEA dHolE RS A vgel, 2 vs 9
ojefHlo] oA HAE doly Fx= ddsh=s ATvkE WEAT]= Aot o
=e 4 dolgol s yApQlolgha Fum, 1 dib= A7|vk(schema) o] FEIE H3
dels mdelrh, Mg dely o] Hojnw o]ix ° R 54T volgol~ HAE

) rr
2

11—

of it steets, =24 dloly 222 5435 DBMSe o9& AdS W
Hlolx dls}l wheds BdEojof )l (data model?} database modelol & &o&52 TF &
A 07 ARGHA|RE o] Zolx 5E dolguo] 2o tYARlS 9siA= data models 1]
I 2 YARls 13835H7] 9lste] AREE= EEE 7] (notation)S 9lEA]= database
modelS AHE-gHo}).

HE HolEHo] g or TH Q7] wolHuMols RS AAY mdolw, 1 A s}
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A WA SQL Aolx HAR wAE mdlelr), o] BUlS Agete] =eld HeolEue]s T
Q1 Agsh el ATt sHnormalization) R wHER AAS e 4
Fehel B 47re] RAQ Al wA @ Rolw VFHES

a9 At AR AR A ol FAAES sh= Aoluh

1) Database normalization is the process of organizing the fields and tables of a relational database to
minimize redundancy and dependency. Normalization usually involves dividing large tables into smaller
(and less redundant) tables and defining relationships between them. The objective is to isolate data so
that additions, deletions, and modifications of a field can be made in just one table and then propagated
through the rest of the database using the defined relationships.

Edgar F. Codd, the inventor of the relational model, introduced the concept of normalization and what
we now know as the First Normal Form (INF) in 1970. Codd went on to define the Second Normal Form
(2NF) and Third Normal Form (3NF) in 1971, and Codd and Raymond F. Boyce defined the Boyce-Codd
Normal Form (BCNF) in 1974. Informally, a relational database table is often described as "normalized" if
it is in the Third Normal Form. Most 3NF tables are free of insertion, update, and deletion anomalies.

A standard piece of database design guidance is that the designer should first create a fully

normalized design: then selective denormalization can be performed for performance reasons.|

dolg o]~ YRl HF dAl= As, S84 (scalability), 358, ¢tAAy Fo 3¢S
A= ARREEC diste] AAsH= sloltt. o] AS FF =84 deolgulolx tAfloledtal K-
2t} o] A9 T3 ExE dole =YX (data independence)o|th. o] AL HAHo AS
%Ei o] Fojxl SJAAA o] HF o] &t} o] Zo M= AlZtstE A eofof stk RS on|
th 297 YAele F2 Ae aFAdA e ar dalEe dFEy Z "] g
Swgh A2, 2Ear deE DBMSOIA AlgsEs 54 ek 21 olsE dew

1) Scalability, as a property of systems, is generally difficult to define[2] and in any particular case it is
necessary to define the specific requirements for scalability on those dimensions that are deemed
important. It is a highly significant issue in electronics systems, databases, routers, and networking. A
system whose performance improves after adding hardware, proportionally to the capacity added, is said
to be a scalable system.

Eooe 2o dolgmels tale] a4t wekdelr. ol et HolEumo s Aol
Be AT FAS Aelshs Aww ope dole 1 A e wel EI PHe Pl
= Ao 3T

6.1. Database models
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(1) Hierarchical database model
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(3) Relational model
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In the relational model, related records are linked together with a "key”

TAE 229 542 Hlojget Y2 (queries)& E4%tstr] et AdA YHS Alsste
ZOI&AE A L dlojgHo] A0 SoiQls FRE7E Floli, 7t 27lolA dsh= FEIt
FORJIAIE Adshs WH), 23l 1 HlojEHo]A e AJAR] AnEYOR stolg o
clt

st=% shk= AMREAR Hol8§E AAshs dlol8 f£29] 7]&(describing)s F35H=%
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A SQL Hlole Aolel Fa] dojg AIRETH F, o AlA

fﬂ?v‘i—A TAE dlolE o] A
Hs2 A9 A 2@y Fetsloz QAR Zl(engineering approximation)& ARE-Stct.
SQL HlolHHo] A A7]ote] H|o]=(table)2 &0 ®l4(a predicate variable)ofl st}
thAl FeliA, oS FREE A sigsta 7] AtEd, 718 Altad, SQL He=
=20|(H)oll sigett. IZARE SQL Hlo|EHo] ~(DB2E Z3tol)s W2 F&o] #AY =
o] Qe W gouk Codds 2efo] Uxat et WSOl oiste] Zelsh ulust
%t

(4) Entity-relationship model

ER 22 HoJEHo]AE dYshe st F4A wsoltt. Ho]&of Hol&r} A7ge]
UAY tlolEHo] A9 Z2of, o]F Ho]Zof| A+ HlolE+= tE HlojE2o A= E|
Sli=i=s Al/\}omr(pomt) - o] & =0, dlojgHo] A0 Q= o2l F=(entry)> o F A}
Ao 7b7te] Asti s & UE+= 0131 7HA FE2 HERd A

OMJ ZBRlo]ar, 2% HP}EH&E shute] ZHAoln, o=yt Agisere] #A= ‘has a
phone number’2tll & 4 Qo o]2fst A Z1t UASS UARISIES HE0]%l tho]
o133 ZA|-UA tfo]oj 1 E= ER diagramo|2} FE0.

F\l‘

F

(4-1) Conceptual data model

NEA Hloly 222 71 =2 259 ER 2o, I £Kofl= £ 4399] granular(ty
J9]) detailg Zestil QIX|TE Fdlo] 1 well NEo] mEEojof sh=A]o] st HeE A
Aot 9t 7iEA ER REloMEe BE UiA7|Ho|A 5502 ALESt= master reference
data 74F12 Aolsti 9t 714E /AR ER 29L Jjdel AL 1 7@ HojE 1x

% Jlgste 2 AT 0% f8sit

1) Master data is also called Master reference data. This is to avoid confusion with the usage of the
term Master data for original data, like an original recording (see also: Master Tape). Master data is
nothing but unique data, i.e., there are no duplicate values.

7NEA ER B2 skt o]4fe] =2]A flolf 2do] 722 Abgd & ok, 7IEA ER
pdo] R4 =2]4 ER W9 ™ APo|oA master data entitiesE $Jgt 24 HEIH
o|8 F&’J(commonality)Z $Hsk= Zoltt. olzigt 7fEA ©lolf wd2 fojg w9
U= g 71222 ER 2 7tO] commonality UAS FAst=0l e AMEE 7= ST}

(4-2) Logical data model

Utdof] =2jA wdo] Hrt ©X] st JHEAIARCS JNUTLS gt Zoj2tH, =2]A
ER 298 7j¥A ER 22 B2 spx] otk =2l ER 898 WA ER 2Ruch o
O detailsE ZE3IFSHC}. master data entitieso]] ©2bA], F 1t A2 dlolg ZAX|7F AoH

o2, 2 dlold A details7t ZHEE T, 13 ofgof o] dlojE ANIZTe] AN oA 4
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(4-3) Physical data model

gt 71 o] =& ER “Hllo] Zi7to] =2A& ER RH=zRH JidE £ 9ot =
ER 2H2 W& shfo] gojgdolaet 22 ARle 7IEEY Qo Z2iog 7i7to] FZe|A
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Al ER 22 Z7ho] gojEjd|olA e] A]AEI0] ThA Afolrt QlHfetal r|eAlow d
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constraints®} #-2 Glo|E{Ho]A A|SFEZ)AFH Clo]EHo]A Te] A|AH Lof et o
EfoletE Az =7] st ZleEn Qb7 Qi

> ot FIO

BEAIAE ARl A v TAOAM = dlojgyo] Aol AAEofob st FJHo R
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B 2R 7|M2 574 B oY ontology(ThA] A, AMEE &ojet 7159 A
digh ARt Asiet £/)5 ZIested ol8d a2 ok 22al HlojgyolAg ZA= 5t
© JEALES HARISH: dol, 7IEA dolH 22 UFo(diAlz =24 HAtdol2t
1 RED) AY ZR2AY =A doly 2 Lo =3 "thmapped); 13 thgof o]
< =2A gxpQlo] o] FofA] Feto] FA RHo] metHnh oF 7HA] 253 Zl2 iz o]
2t & & oA REE A gARlolgtl Bar]k str, E3t o7l folEfHolA e
AL = ARG

** Entity—relationship modelling: Supplement #*#

Two related entities

employee —@

An entity with an attribute

o>

A relationship with an attribute

Primary key
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2 ®I=TL glon], EERO:= AFHol9 Fx5 Z®sty oy, ERROLS] ofojet A&
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ARt HA= & o §4=2 7 &AM olE S0 employee ZAAl+= Social Security
Number(SSN) &£/d2 M & Qlth: Z79] proved ?_Jrﬁﬂb date —:.—’\4 = 7 2= O‘Elr o
+ AAl=(efst AR7E ofYetH) RLstAl AlE Thset &
o|7AZ 1 ZAA|e] o EF7]|(primary key)2til R0} ZHA|- 1711 5}01017 A2 Od ARG Er
Y relations®] AR HO{FA| ¢ttt 1 HOE oA AA MES UA NEE HAFE
o} ol & 50|, §E3 song2 ZAA|olt}. Ho|EHo]A0A 2 songse] AT shue] ZRA|
NEolt}. ojdolet 1o HA It ER|st= eaten WA= Y Aot o] E{u]o] AofA]
ol2igt W& ofdol-AA HACY NE& st oA MEo|tt. thA] oA, ste] A Al

E 2oA 5H49] relation2 ™SHA|TE, shte] A= L relation®] oF RIS Wi
2] BA NEo+= cardinality constraints?} &x1gt 4~ Q)

a) Mapping natural language
Chen th51} 72 ER tfo]oj Ilofx x}lo] AY-Z YEtU= rules of thumb'& A
eFateirt:

English grammar structure ER structure
Common noun Entity type
Proper noun Entity
Transitive verb Relationship type
Intransitive verb Attribute type
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Adjective Attribute for entity
Adverb Attribute for relationship

b) Relationships, roles and cardinalities

Chen®] AA19] ZofA, AR} 279 Ado] tfgt A& AAIstZ T 1+ “marriage”
WAL 2719] & 7HK] &2 “husband”Q} “wife”S AWat Qlct. 3t Ate AS(TA)

|
A dEe] GRe sk, OE AR (5U) FEOIH Bl 4TL Itk oS olge Al
otk ¥ A% ¢l A2 YY(namining)ote tle HAPL Basith

ofze] Az otolciolst LAAlolel iRty e o] AlRE Rolg s ol2of
foo], ozt gof7t eejsl ofoldjojo] Agelt. 1me ofeist tho]oj 19| lines,
arrows, crows-feet= Chen9] WAE tholoja1adct: T o]A9] Bachman diagramof T
e AL Wi 9lon], 58] At of 22A TAY A¥E “name’shs 2ol £ =olct
(R23e Aot SHHoR ALgE L Ao},

c) Role naming
Oo|FLE Ahgsto dTE YYote= Aol EHAo|ty. oE SW, is-the-owner-of 2}
is-owned-by So|i, o]& 720 A&sHcorrect) Ué/\}f owner 9} “possession”o|C}. 1
2]0 2 "person plays the role of is-the-owner-of" etc. HTH= "person plays the role
of owner" @} "car plays the role of possession" ©]Ct.
YArS] AFE-2 olo]Al mHl2 BE F2]A implementations OlTFJ}%* o ARAo=R
=go] Hek oWl Aol Aot A £ A} WAZE ML W, ZA 1 ojujg & & Y=

=2
“owner_person I} “driver_person”A & O 7iIdst o]2 02 UEpd 4~ 9lrt

d) Cardinalities
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. - "\\ )
] M : et .
Person Birthplace >——— Location
\\ -~
b ool —

Bachman

Parson e - 1 Location
| Birthplace of

Martin J |E §
Crow's Fool

Laocation

|Barn in
FPerson = H
Birthplace of

Min-Max J/ 150

(1,1) Bernin .
Person 3 Location
Birthplace of (0,M])

LIML == Relatlonships =
1 Baorn in =
= = ENtlbrs = | O.N = Birthplace of 0 o ENEIDY = =
Location

Pearson | 1

1) Various methods of representing the same one to many relationship. In each case, the diagram shows
the relationship between a person and a place of birth: each person must have been born at one, and
only one, location, but each location may have had zero or more people born at it.

Artist y Song

.
Perforims

1) Two related entities shown using Crow's Foot notation. In this example, an optional relationship is
shown between Artist and Song; the symbols closest to the song entity represents "zero, one, or many",
whereas a song has "one and only one" Artist. The former is therefore read as, an Artist (can)
perform(s) "zero, one, or many" song(s).

AR-A 2Ego] Chen ®7ZIH2 AAMAMEES BEHoLZ] oto] rectangless, 121
AA oz &/ HAE 72 4 Q& first-class objects§ 02 Agtst UAS HASH]
st} diamondsE ARESHCh oA 7%* Al NEZF A NEO] dZA8EOH, 7152 Aoz #

FEt £ ovalsz A0, g ARG A AEd AR Hoz dBHc

=)
OLA

72 E At

P
r\l
rlo
L
glo
i)
my
L

LHERdICE &, totality 4= surjectivity(FAHg). Z22]il ZHA] N E0]
A AE Qe Aojx shte] A Frtsto]of shot.

ok

2) BN EZEE BANEZ BAIE R« 7] AIgtRd, & injectivity(&] A% o)S LEL
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3) A2 A2 L&, OHA] UollA bijectivity(@HA )& YERATH A MEof Q= ZF A=
JestA she] #A &of :xgte]ojof St

Uepdick: £ o] A2 ke AR ojejst &

)
P
oX.
15
me
Y
o,
ojru
rlo
|4
—
(@]
)
ic)
rlr
mlo

ool A7l otk ofE tho]oj 13 YoM =
Aol £442 E75h71= it

=
[m
oo
|o
fu
|d
r
S~
Dol
N
N
_qu‘
1p
=
Jé -

<diagramming convention techniques>
Bachman notation
Barker's Notation
EXPRESS
IDEF1X
Martin notation
(min, max)-notation of Jean-Raymond Abrial in 1974
UML class diagrams
Merise
Object-Role Modeling

e) Crow's Foot Notation

Crow's Foot notation2 Barker's Notation, SSADM and Information Engineeringo]]
Al AFEEATH Crow's Foot diagrams 2 boxes®Z entitiesS, boxes?to] Z}Qloz IA=
TS Q. o]2f3t 2iole] & Eo A= thg o] Qed oA o] WA FtHdy
S UEd

f) ER diagramming tools

W2 ER tjojoj 238 =17t EAfjstct. ER LHut SQLZ siAsto] AAME 4 e 22
diolgylolA2E AT £ e F& AZEYO ER Hojojidiy =452 MySQL
Workbench(Xof|== DBDesigner)?} Open ModelSphere(open-source) o|tt. Gjo]EjHf|o] A}
application layer code (webservices)S AJArg 4 9l= ER T &= the RISE Editoro]tt.
FESH 8]2 AMEA0]X|ut SQL Power Architect 35t g WA Zta it}

A2 ER diagramming toolsZ+ Avolution, ER/Studio, ERwin, DeZign for
Databases, MagicDraw, MEGA International, ModelRight, Navicat Data Modeler,
OmniGraffle, Oracle Designer, PowerDesigner, Prosa Structured Analysis Tool,
Rational Rose, Software Ideas Modeler, Sparx Enterprise Architect, SQLyog, System
Architect, Toad Data Modeler, and Visual Paradigm 5©°] QIC}.

Free software diagram tools= ©X] 1719] tfst ojrst A|Algiol= W oF(shapes)S 1
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g & Qo SQLE AMstAlE Xttt olzfst AE9 o2& Creately, yEd, LucidChart,
Calligra Flow, and Dia o] 9t}

g) ER and semantic modelling

ER @Hg] o] of¥X]Ql Peter Chen AMilo] AOjut =0 A L3tk “ZHA||-A 2o
+ AAAZE AFL IR et E Bo A A
AlAlCl izt oj| Fagt ojod AFEE Zru oy I o7]A
Socrates, Plato and Aristotle (428 BC) A|CHolAE2E dAtjo] P
epistemology(Q1A1&), semiotics(7]28) and logic7bA|9] AstA 9l o] 24 AlFof miict.
Plato= 222 X|AZ WSHA] 9f= Forms(Socrateso] ©=W, forms3t A2 @2 7d9
AAeE dAo tigh 28R BYolY archetypes(¥@)S Hetth)t 27315 1o A9 olsi
She Axk A¥A7|L Qo A2l 1976 Z]APolAl, Chen 9ot/ entity-
relationship diagrams ¥} record modelling techniques®] xto]2 W35t 9ith: “The data
structure diagram #|Z1E5 ZAA o= mAASH Z10|X], ZAA|} UAS st B A
2 ohjrt” ofgf th2 siatbso] 1o mz e A|x|sta it

ojo]A mdle yiFdo]l wdol, Wi & "platform independent model'ol2ti = B2
0|72 zA(intensional) 2oJt{, Carnape|2f= 7P &0 o2t 22 Jloz & 4
AA "ok g &g oul= & 7R #RoeR 4 "ok 2719 intension(W )}
extension(2] ). A WA A= AAAQ 7HE Aol de = st 7idS dulgtth: o

Al iAo Zigol tigt =& relations?] totalityolt. & WA= Zido] digh AEAI
(referential) 9|u]S A&ttt thAl LalA, Aol Ee HAA Al s 229 4od

(counterpart)o|c}.”

QA w2 S43t Wolu 7]s9 Q40 fiste] AdES® "platform  specific
model" o|t}. EH35}A UML specificationd|A] 915382, class modelsof|412] associations
+ AN Aoz, oA AL 1 Adlo] os) Alsd iAoz FIME 2jyn d2d

2ol @& “semantic modelling languages'of|A A3t “adornment(FFA])"S 1

1) A Platform-Independent Model (PIM) in software engineering is a model of a software system or
business system, that is independent of the specific technological platform used to implement it.

The term platform-independent model is most frequently used in the context of the model-driven
architecture approach. Platform independent is program running on different processors like intel, AMD,
Sun Micro Systems etc.; This model-driven architecture approach corresponds to the Object Management
Group vision of Model Driven Engineering.

The main idea is that it should be possible to use a Model Transformation Language to transform a
Platform-independent model into a Platform-specific model. In order to achieve this transformation, one
can use a language compliant to the newly defined QVT standard. Examples of such languages are
VIATRA or ATLAS Transformation Language. It means execution of the program is not restricted by the
type of o/s used.

h) Limitations
1) ER 5912 #a golEuo] 204 47 Fuo] 2Hes By 4 Artn AU 9
o}, o]AE2 ©A|] ol2igh FHO AR FLRTHE BT



2) o|AE2 vHE- et (semi-structured) HlojE et o] A IAY FEH 2 BIAZ &
Qi AEE 5ol 9l ARSI AT,

3) W2 A2, " FEY ¥Ig} 7hsd2 WESHA AdofA %—Erﬁl HAFstojof siot.

4) o8 ArtSe PAFOZ WetE Uehd 4 9IRS ER 2dwe @4Azion, ol A
T AAAIREE X|X|S grorch: 1 of|7} Anchor ModelhngO]E}. a process modeling

techniqued A&t 5PA0=2 WHels wHsh= A= st dietolth. & O 7|ME&
of AJAHIOl & thE @4807 FIMAOoR AEHE £ It} oF =9, ER 222 UML
ol Alssh= 147HX1Q] thafet R 718 5 ©A] styof Sxtstr] ool

5) ER B2 scratch2E AH2 SAsIA7|= o] 2xolch o] AL g1, Xl
DEAIARLS YARISH=H| A Ao|x|qt, o|u] AH4lQ] Hlolg BHZ AFAIsHA st 9l
© 7189 BEAE S &S P‘Eﬂ 9101 Me B2 =30 HA A=t

6) 8] E dAANo =z AgFsiHete, ER BHH 2 o7} ste] SHH Y2 AMEHAl= Y+
g, g 7IA] olf= 59 WAIF HolgyolA ] A|AR Aoz T2 I3k o
ARlE Adsh= 5?7} B2l F7] giZoltt. olg = =04 7]EQ] Hlo|EjH|o]A9]
ER tjo]o] 1y} U@ "] &35t HjojgjHo]A tho]oj I3 7] YA & 9oy, o|R=

g2 tojoj 180 Q= ARl tigh tietA R(views)E A5t

7) AMHo]E &3l, Brodie?} Liuw 1007§2] 2JA} S 2828 ZAA|-UA 2ol At
4 9%t} Badia®l Lemire= QMU B Ol B= wjZof £k ofyz} ol S¢o] A|d £
Fi} 22 0]oo §XF07 AR HF] L‘}EJr‘riUrL vt

8) is-a WA} L AIE-A|FF I WASH] B = enhanced entity—relationship model
(159 ER)oAM = ER ZHEHOIA BAAX] k2 o] 7HA] /g2 a7sta Sl

9) temporal databases® T @ 3}7] Ysto], £ ER /3o gist 12]7} o]Fo]A L}
FABHAIE, ER 232 OLAP ofZoAf AFEH TAFAAIQ] dlo]EjH|o] Ao = FAIT S
Aoz UEETH HE o]Zl50] ¥t o=® OLAP cubef 7HE(0] ZofofAl+= data cube
2 di)S AAREstL It} st ate, ofjmst XJujAQl JiEA @HEle ofA]l o] ZofojA
+ s ¢ o

rE JI

o

mlm
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2,
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1) In computer programming contexts, a data cube (or datacube) is a three- (or higher) dimensional
array of values, commonly used to describe a time series of image data. A data cube is also used in the
field of imaging spectroscopy, since a spectrally-resolved image is represented as a three-dimensional
volume. For a time sequence of color images, the array is generally four-dimensional, with the
dimensions representing image X and Y coordinates, time, and RGB (or other color space) color plane.

Many high-level computer languages treat data cubes and other large arrays as single entities distinct
from their contents. These languages, of which APL, IDL, NumPy, PDL, and S-Lang are examples, allow
the programmer to manipulate complete film clips and other data en masse with simple expressions
derived from linear algebra and vector mathematics. Some languages (such as PDL) distinguish between
a list of images and a data cube, while many (such as IDL) do not.

5) Enhanced entity-relationship model

EER B4 ER EdoA a/d BE JES gt drh F7H o2 ojzld= M3
1d o
= —

¢} U3} (specialization and generalization) 2] 7l'd 2.2 subclass®} superclass(Is—a)2] 7Id
= Egtsta vk ooty oA A E uE A F9 AHE uniontl AHE HYE Eddsks
t] A8 union type®lY category® 7NHS ESQleta it



5—1) Subclass and superclass

Tl EE wx] BE Y7F BhEA sl XE ZETE, AR YE AASE X9 59

FE 2ol 59 Sk Al 2R A9 S A RE SA43 dAE ¥
et vk 39 Sk AA AAHow 549 £A43% AAE 7HE ¢ A (EE S48
WAE 25 o a2z A SUaESY Eederh). 7B dvbEel A9 S8k & 7HA
© o9 FoaR $8&Aks} steAkE Zikete Absatelth &} SHEAF tele SRS ¥
o &dol qlom, HF e STk AU 2 R AT s8Ake st e £
AR AANE, 22 3 S)e T sx9 F9] FerolA] T E s

6) Object model

AbE HlolEH|o] 2 B AME A3 dlolEHlo] = ] A AHolg AlE XY TR
ol A AR AATH, Al FHE FRE Hdste dolgHulolx #e A A"tk AlE
dlojejro] 2~= Hol& A3FA QS AAY dolEHlo] =9t trET AlE—#AY dolE o] A=
o] F 7HA] W e &3t ol

b A dlelEMel s el A[AEIQl OODBMSs= HolHMlo] 2 a3t A —X %Y
Zzady Ao 71se] Age Aotk OODBMSs= A2 —A &g LZ2IqHE stola A
& Nt AbmAE RS A4Sk OODBMSelA M2 Abzs whE7] flshe] 71E9]
AES EAlE AL WA ST o] dolElHlo] s ZR i Adojet BFH o] 7] wjite, 3}
we] #gelM Zzewi= O0ODBMSe} Ji:ﬂ‘ﬂ dol & thE mHsEH oA BE%%

S a}ga 2= glome AWAS &2 S oleb= dlx2H o= #AF DBMSs
AE= dolgulo]x Ry}t T o] &3k Ht ‘I‘ﬁﬂ ?L o] o]Folx fr ]HD}

1 o]&3 7]%o] intranets¥} extranets®] A&y} HE] FTIIFORH, VFES AXNES]
T3k HolHE ®o57] 9fste] OODBMSsell 7Avkeh #AS 7HAaL vk Ab=Ad dolHE
Agst=s 588t YAl DBMSE AHEro.2A, CADS 2-83to] HErtole] A3 =
2] Zokdll fTshs A o5 da th

7) Document model

A E - A3k Ho]EHo] == semi—structured data® G EFHE-AFH AR
A%, A, ddsty] fls gAdlE 5 Zzadolu o] dlolEHo]lAs A9 NoSQL
delgule]=e] £ W 5o shufold, ‘T HlE-X&4 dHolEuo]A" HE= “document
store”2hi= 812 A717F NoSQL &ofet He=of Abgo] Frbstar Slvh. #AY dHolgHo]
o Ao wAT B HelEY Ndds dRA R, o] AIAEES UarHlE"Y] 444 7Y
ds 7HA AL yArel e

AN

1) Documents

The central concept of a document-oriented database is the notion of a Document. While each
document-oriented database implementation differs on the details of this definition, in general, they all
assume documents encapsulate and encode data (or information) in some standard formats or encodings.
Encodings in use include XML, YAML, JSON, and BSON, as well as binary forms like PDF and Microsoft
Office documents (MS Word, Excel, and so on).

CHIAE A3k dlojefulo] 2] F4] JRde CHTWES] Adolch. Ztzte] CIUE-X|A dlojefulo] A A2y
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shd) QlofA: Qubso ofaigt ool eI Aolrt UAlG oSS BE o GHFWESL of EE ETo]
U gssts Soll HolEu FAEE dsche AoR ofAXL ot *}%7}%5_} gsstol= XML, YAML, JSON,
and BSON #ub otuz} PDFQ} Microsoft Office THFHIER} 72 o]Xl HEJ(MS Word, Excell £)7F Q)ct.

Documents inside a document-oriented database are similar, in some ways, to records or rows in
relational databases, but they are less rigid. They are not required to adhere to a standard schema, nor
will they have all the same sections, slots, parts, or keys.

ORHAE-RFA golejdo]A o] thRHlE= R 7HA] oA #AY Holgyo]A9) HIEL 220} v]&
SEA|TE, FAMo] tha BojZltt. o]ZlEL mFE A7t FArG g o WX ¢don, £ BRIt 2 MM, &
2E, ME F&= 715 A g5 &5 UTh

For example, the following is a document:

chgel o shitol crpdEo|Th

{
FirstName:"Bob",
Address:"5 Oak St.",
Hobby:"sailing"

}

A second document might be:
5 HA Y EE O3 22 2 ok
{
FirstName:"Jonathan",
Address:"15 Wanamassa Point Road",
Children:[
{Name:"Michael", Age:10},
{Name:"Jennifer", Age:8},
{Name:"Samantha", Age:5},
{Name:"Elena", Age:2}

These two documents share some structural elements with one another, but each also has unique
elements. Unlike a relational database where every record contains the same fields, leaving unused fields
empty: there are no empty 'fields' in either document (record) in the above example. This approach
allows new information to be added to some records without requiring that every other record in the
database share the same structure.

olF & 719 URWEE= MEAE H 7IX9 224 245 FH/6HL AT 42 &

2 9ok AMREA] e WEL W 2o U
Hlo] Aot oa], o]Zol ojmgt ¥l F3te] “HWE”
+ 2 dojEHo]A9 BE o IAET} gt

Keys

Documents are addressed in the database via a unique key that represents that document. This key
is often a simple string, a URI, or a path. The key can be used to retrieve the document from the
database. Typically, the database retains an index on the key to speed up document retrieval.

GRFUEL 3 OGFUES fjEst U 715 53 clojEuo| Al Alelg Act. o] Flk FF Tt A}
9. URL T path o]tk o] 7= tlojejMlo] 225 e 1 ChFulES ZAshed] Agd 4 Aok A¥=o=, of o
olEH|o] A GRUME FAO] £ &5 =o]7] 95t T 7]o] tigh AMelE ZFA] L .
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Retrieval

Another defining characteristic of a document-oriented database is that, beyond the simple
key-document (or key-value) lookup that can be used to retrieve a document, the database offers an API
or query language that allows the user to retrieve documents based on their content. For example, you
may want a query that retrieves all the documents with a certain field set to a certain value. The set of
query APIs or query language features available, as well as the expected performance of the queries,
varies significantly from one implementation to the next.

OHYUE-X|&Y dojguojAe] T o £Y3st SAS oFHES HAMo AR £ Qe HHsH
key-document(or key-value) lookup ©o]Q|o|=, 7 CJo]EH|o]A= AMEALR stojg EHIES 272 OFHES 4
MSHEE st APIL Ha] dojlg Algdtte Zolct dl& 50, ojg{&o] ojd oz ojd "E NEZ 7ix]1 Q)

oH
t RE ORNES PNY 4 9t S Y 4 Uk o[8II5E WY APIse] AELL HEolole] SgBot ofu)
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Organization
Implementations offer a variety of ways of organizing documents, including notions of

e e AYe Tl BRUES 245 tad wel A9 vk

+  Collections
+ Tags

Non-visible Metadata
+ Directory hierarchies
e Buckets

8) Entity-attribute-value model
EAV 22& AAE 7|zt AHEE v SA4(E, |99 #7 ZAx o= 3y
SHAIRE, AA A o2 545k Ao AL F AT ATF vl A > A =
ol Ab&eh "ol Rdolt), F8ko A, o] RHEL sparse matrix® &l Atk EAVE E
j

object—attribute-value model, vertical database model, open schemaZ® F2Z7|%= 3t}

1) Structure of an EAV table

This data representation is analogous to space-efficient methods of storing a sparse matrix, where
only non-empty values are stored. In an EAV data model, each attribute-value pair is a fact describing
an entity, and a row in an EAV table stores a single fact. EAV tables are often described as "long and
skinny": "long" refers to the number of rows, "skinny" to the few columns.

0]719] flol8 ®m¥2> TA| non-empty YTZ AASh= spare matrixg AFshe SH-284 WHo|
th. EAV Hlolg] mHlofA, Z47ro] £7d-3h & 2 ZAAE 7]este st facto]w, EAV Eo]Zo] gl
A fact2 AAECH EAV Hol22 £% “long and skinny & 7]& ©th “long” 2 229 £, J12]1 “skinny’

A%0] ZYg ojuj3ict,

rrorl xe

Data is recorded as three columns:
dlol&= 37119 Zdofl Ageh:
+ The entity. the item being described.: Z/%: 7]&tjAto] ofolel
« The attribute or parameter. a foreign key into a table of attribute definitions. At the very
least, the attribute definitions table would contain the following columns: an attribute ID,
attribute name, description, data type, and columns assisting input validation, e.g., maximum
string length and regular expression, set of permissible values, etc.: 24 TX gjjsid &4 A
ole] Holgz o7t 9 71 Aagoz, {4 A9 Holsde tsat #2 Aol mdd 2 Qo
47 D, £/ olg, Y, Holg &3, 221 4A9 HYEEZ Adste= 2™, A& 501, A A
E Holet FEAR =Y, 3187t W ANE

+ The value of the attribute.: £749] F%



Example

One example of EAV modeling in production databases is seen with the clinical findings (past history,
present complaints, physical examination, lab tests, special investigations, diagnoses) that can apply to a
patient. Across all specialities of medicine, these can range in the hundreds of thousands (with new tests
being developed every month). The majority of individuals who visit a doctor, however, have relatively
few findings.

No doctor would ever have the time to ask a patient about every possible finding. Instead, the
doctor focuses on the primary complaints, and asks questions related to these. Still other questions are
based on the responses to previously asked questions. Other questions or tests may be related to
findings in the physical exam. The presence of certain findings automatically rules out many others —
e.g., one would not consider pregnancy, and medical conditions associated with it if the patient were a

male.
When the patient's record is summarized, one typically records ‘positive" findings — e.g., the
presence of an enlarged and hardened liver — as well as "significant negatives" — e.g., the absence of

signs suggestive of alcoholism (which is one of the causes to a hard, enlarged liver). In any case, one
would not record the vast number of non-relevant findings that were not looked for or found in this
particular patient.

Consider how one would try to represent a general-purpose clinical record in a relational database.
Clearly creating a table (or a set of tables) with thousands of columns is not the way to go, because the
vast majority of columns would be null. To complicate things, in a longitudinal medical record that
follows the patient over time, there may be multiple values of the same parameter: the height and weight
of a child, for example, change as the child grows. Finally, the universe of clinical findings keeps
growing: for example, diseases such as SARS emerge, and new lab tests are devised: this would require
constant addition of columns, and constant revision of the user interface. (The situation where the list of
attributes changes frequently is termed "attribute volatility" in database parlance.)

The following shows a snapshot of an EAV table for clinical findings. The entries shown within angle
brackets are references to entries in other tables, shown here as text rather than as encoded foreign
key values for ease of understanding. They represent some details of a visit to a doctor for fever on the
morning of 1/5/98. In this example, the values are all literal values, but these could also be foreign keys
to pre-defined value lists; these are particularly useful when the possible values are known to be limited.

+ The entity. For clinical findings, the entity is the patient event. a foreign key into a table that
contains at a minimum a patient ID and one or more time-stamps (e.g., the start and end of
the examination date/time) that record when the event being described happened.

+ The attribute or parameter: a foreign key into a table of attribute definitions (in this example,
definitions of clinical findings). At the very least, the attribute definitions table would contain
the following columns: an attribute ID, attribute name, description, data type, units of
measurement, and columns assisting input validation, e.g., maximum string length and regular
expression, maximum and minimum permissible values, set of permissible values, etc.

The value of the attribute. This would depend on the data type, and we discuss how values
are stored shortly.

The example below illustrates symptoms findings that might be seen in a patient with pneumonia(H|

(<patient XYZ, 1/5/98 9:30 AM>, <Temperature in degrees Fahrenheit>, "102")

(<patient XYZ, 1/5/98 9:30 AM>, <Presence of Cough>, "True")

(<patient XYZ, 1/5/98 9:30 AM>, <Type of Cough>, "With phlegm(%&), yellowish, streaks(&, A1) of blood"
)
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(<patient XYZ, 1/5/98 9:30 AM>, <Heart Rate in beats per minute>, "98")

EAV databases

The term "EAV database" refers to a database design where a significant proportion of the data is

modeled as EAV. However, even in a database described as "EAV-based", some tables in the system are

traditional relational tables.

As noted above, EAV modeling makes sense for categories of data, such as clinical findings, where
attributes are numerous and sparse(’d71). Where these conditions do not hold, standard relational
modeling (i.e., one column per attribute) is preferable; using EAV does not mean abandoning common
sense or principles of good relational design. In clinical record systems, the subschemas dealing with
patient demographics and billing are typically modeled conventionally. (While most vendor database
schemas are proprietary, VistA, the system used throughout the United States Department of Veterans
Affairs (VA) medical system, known as the Veterans Health Administration (VHA), is open-source and
its schema is readily inspectable, though it uses a MUMPS database engine rather than a relational
database.) As discussed shortly, an EAV database is essentially unmaintainable without numerous
supporting tables that contain supporting metadata. The metadata tables, which typically outnumber
the EAV tables by a factor of at least three or more, are typically standard relational tables. An
example of a metadata table is the Attribute Definitions table mentioned above.

Star schema

2Eh i?]‘j}(star—join schema®}il%= F-ET})= data mart 2=7|vke] 7bF 7haksk 80|tk 28 27|vlks ¥

70 2] dimension tablesS ZF3}i= 3fuf o] A9] fact tables® FAE Tl 2~} 27|v}i= snowflake 2=27]v}e] S Q3}

5ug J 9ol nh dee A2E s oA wrh mnolch
25k 2oohs 28] 400 A Elel el S FA 3 el EARE Edn A A Aol
o] Folzl Wi} ge BeHel mue] FAANE 1 052 Atk

1) star schema Example



Dim Date Dim_Store
— =B 7 1d
% =2k
Date Store_Mumber
Dy State_Province
Day_of _‘Wweek Country
Manth Fact_Sales
Manth_hame > Date_Id
Cuarker Store_Id Fear=d
Quarter_Mame Product_Id i
Year Units_3old
L s
Dim_Product
F
EaMN_Code

Product_Mame
Brand
Product_Category

Star schema used by example query.

Consider a database of sales, perhaps from a store chain, classified by date, store and product. The
image of the schema to the right is a star schema version of the sample schema provided in the
snowflake schema article.

Fact_Sales is the fact table and there are three dimension tables Dim_Date, Dim_Store and
Dim_Product.

Each dimension table has a primary key on its Id column, relating to one of the columns (viewed as
rows in the example schema) of the Fact_Sales table's three-column (compound) primary key (Date_Id,
Store_Id, Product_Id). The non-primary key Units_Sold column of the fact table in this example
represents a measure or metric that can be used in calculations and analysis. The non-primary key
columns of the dimension tables represent additional attributes of the dimensions (such as the Year of
the Dim_Date dimension).

For example, the following query answers how many TV sets have been sold, for each brand and
country, in 1997:

SELECT
P.Brand,
S.Country AS Countries,
SUM(F.Units_Sold)
FROM Fact_Sales F
INNERJOIN Dim_Date D ON F.Date_Id = D.Id
INNERJOIN Dim_Store S ON F.Store_Id = S.Id
INNERJOIN Dim_Product P ON F.Product_Id = P.Id
WHERE
D.YEAR=1997
AND P.Product_Category ='tv'
GROUPBY
P.Brand,
S.Country
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T[0] = "it is what it is"
T[1] = "what is it"
T[2] = "it is a banana"

Lol= o2y L inverted file index2 Ztil Qlth(the set notation brackets 40
2 E Q1 T[O]. T[1] &) ARNEE 7])5 <u]gtt}).

>

Im
>
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"a" {2}
banana": {2}

"ig" {0, 1, 2}
t" {0, 1, 2}
what": {0, 1}

‘what”, "is”, "it"9] &of RAS st ohaat g2 A
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dg 4 9.

_43_
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<Overview>

plain text filese A2 = & 3 7lo HIEE 7lX 2 9o, HolgE Tdsr] 93
o2 7}X| A o] ATt comma-—separated values(CSV) ¢} delimiter—separated values files
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pu

solutions © 2+ markup language®} programming languages”}

1) A comma-separated values (CSV) (also sometimes called character-separated values, because the
separator character does not have to be a comma) file stores tabular data (numbers and text) in
plain-text form. Plain text means that the file is a sequence of characters, with no data that has to be
interpreted instead, as binary numbers. A CSV file consists of any number of records, separated by line
breaks of some kind: each record consists of fields, separated by some other character or string, most
commonly a literal comma or tab. Usually, all records have an identical sequence of fields.

A general standard for the CSV file format does not exist, but RFC 4180 provides a de facto
standard for some aspects of it.

fname, Inam
nancys davo
erin s bora
tony ,rapha

o
NaMmes. Csy

2) Formats that use delimiter-separated values (also DSV) store two-dimensional arrays of data by
separating the values in each row with specific delimiter characters. Most database and spreadsheet
programs are able to read or save data in a delimited format.

Delimited formats

Any character may be used to separate the values, but the most common delimiters are the comma,
tab, and colon. The vertical bar (also referred to as pipe) and space are also sometimes used. In a
comma-separated values (CSV) file the data items are separated using commas as a delimiter, while in a
tab-separated values (TSV) file, the data items are separated using tabs as a delimiter. Column headers
are sometimes included as the first line, and each subsequent line is a row of data. The lines are
separated by newlines.

For example, the following fields in each record are delimited by commas, and each record by

newlines:

"Date","Pupil","Grade"

"25 May","Bloggs, Fred","C"

"25 May","Doe, Jane","B"

"15 July","Bloggs, Fred","A"

"15 April","Muniz, Alvin "Hank™""A"

Note the use of the double quote to enclose each field. This prevents the comma in the actual field
value (Bloggs, Fred: Doe, Jane and etc.) from being interpreted as a field separator. This necessitates a
way to "escape" the field wrapper itself, in this case the double quote: it is customary to double the
double quotes actually contained in a field as with those surrounding "Hank". In this way, any ASCII text
including newlines can be contained in a field.
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ASCII includes several control characters that are intended to be used as delimiters. They are: 28
file separator, 29 group separator, 30 record separator, 31 unit separator. Use of these characters has
not achieved widespread adoption: some systems have replaced their control properties with more
accepted controls such as CR/LF and TAB.

3) Delimiter collision
When using quoting, if one wishes to represent the delimiter itself in a string literal, one runs into
the problem of delimiter collision. For example, if the delimiter is a double quote, one cannot simply

represent a double quote itself by the literal as the second quote in interpreted as the end of the
string literal, not as the value of the string, and similarly one cannot write "This is "in quotes", but
invalid." as the middle quoted portion is instead interpreted as outside of quotes. There are various

solutions, the most general-purpose of which is using escape sequences, such as "\"" or "This is \'in

quotes\" and properly escaped.”, but there are many other solutions.

< OAES A2 dolo] xuj"e = EE)E wwuit, 1
Aol A& ﬁzgsﬂo]: St o= ALl HH(overhaead)o] =ASkt}. 1#E AT character
delimiters(E3] € 3)E Al&3sl= AL dHolge AV|E Yo zEZH - E3] Holg AELS &

HoZ st Afol — HANEHR AFd =fS & dHoly 4= dFo|th a length
component (Declarative notation)E X 3§s}al 9+= character delimiters® A& Bl A =
EAN 7} deo] W9 R st WA= Fes A AT

AP FH Ao d= Y9 Z2 FdAAAA Jete/passwd £ Jetc/group ©]
tf., = & o= H=2 Name, Address, 123 Phone NumberE 2zt g+

name—and—address list ©|t}.

a sheet of paperdl A% 7]Z3F names, addresses, phone numbers® FAEE AF9] flat
file dlolElwlo] 2ot} o] AL ESH EfA7 Y JEZZ A o] AAdE F rh. A =4
Ey "H2E Ay 2 g Zdlgd golgHuo]AE V]EA7]7] st AHEE 4 Y O

[e)

duZe 298 F da Ee viE g TS AL 2o AR =

29 de & o dojEdo]A YE2A 845 uERHL Ik dojH HA]
(arrangement)2 Hlols o2 RAHE o] TP} 22 o|FolA ot o] S5t
oolr= A st HolgtE d © name(Alo] oF, 2¥A Z):
team(1 Atgfoll o5l Ade U= 2EFY olF. A ZH) 12]3 A2 " unique ID
(st AZES Adsted AHEE 1A Z2=)E ARgstaL QU

<of|>
id name team
1 | Amy Blues
2 | Bob Reds
3 | Chuck Blues
4 | Dick Blues
5 | Ethel Reds
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6 | Fred Blues
7 | Gilly Blues
8 | Hank Reds

- Data types: Ho|E] 3-3: HoJEjHo]A Ho]Z0] = 2t ZA¥e B&e 5IF O
olf] RPor Agtelo] itk 1 Z2 ARt tAlE AgolA oFARE AR, grd T
dlolel7t HAF HloleHo] A AJARIC 2 ASHAA] h=ttH FAR R RYE K|+
A=

* Separated columns: 2| Z#: 919 ooAAH, 7zt ZHS5L2 whitespace FA}

= Apgsto] welglol

9lt}. 0]71g indentation £+ “fixed-width” data formattingo]|g}1® Y&

T O dubARd A2 st o]4Y] delimiter EAHE AR5t ZAdS w2 st
o} B} 24t s 2R 0 2 = Markupdt programming languages AFEst= 7
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* Relational algebra: ¥7] ti4: 19 Eo]Z0 = 229 294 HIites AR
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A et
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1) relational algebra is an offshoot of first-order logic and of algebra of sets concerned with operations
over finitary relations, usually made more convenient to work with by identifying the components of a
tuple by a name (called attribute) rather than by a numeric column index, which is called a relation in
database terminology.

2) Relational calculus consists of two calculi, the tuple relational calculus and the domain relational
calculus, that are part of the relational model for databases and provide a declarative way to specify
database queries. This in contrast to the relational algebra which is also part of the relational model but
provides a more procedural way for specifying queries.

The relational algebra might suggest these steps to retrieve the phone numbers and names of book
stores that supply Some Sample Book:

1. Join book stores and titles over the BookstorelD.
2. Restrict the result of that join to tuples for the book Some Sample Book.

3. Project the result of that restriction over StoreName and StorePhone.
The relational calculus would formulate a descriptive, declarative way:

Get StoreName and StorePhone for supplies such that there exists a title BK with the same
BookstorelD value and with a BookTitle value of Some Sample Book.
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The relational algebra and the relational calculus are essentially logically equivalent: for any
algebraic expression, there is an equivalent expression in the calculus, and vice versa. This result is
known as Codd's theorem.

<<Database management system:>>

dolgluo] s we] Alxgl: BaE sy g AR 24T 4 e TeAol
Az dat= ARy g2 AgdgozA, 99 dd v 92Es BE dolEuolx ¥
Alz=®le] AgE 7] Aol vEhe dlolE e kA el S YERdT

71e} 24
a) Associative model
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ol A Apgakel e st Almel g SAES 2 Ak o] L HHES T5F A
Z Az, B T i vk 23 2doA fHe 5932
EAd s} Hm, a3E |
3 3l=  FZF(granularity)= Chen(ZAA—&A =d); Bracchi, Paolini®} Pelagatti(Binery
Realtions); Senko(The Entity Set Model)oll A A|A| g+ ~7|n}e} H] =8},

b) Multidimensional model

Babel Pz CdolHE 2ASa HolE 7o) wAE mAsied olA B FxE
ARgshE WA REe] g M ow AolHal vk I FEE cubes(YWADE UEol A AL
71 cubesi= ZHZE ARAle] W Uloll A wlolHE Astal H2d 4 vk wAkd xedl e
Zb Al Zhztbe] apdlel wet EAjstE 245 #dFHo £E dolHE xdsta vk o
HE 24 MEAE, §F dolguols Xl ey HaA ASHew 1 TEE F
Aah, gebd 1 odelel olxkx AsAnde FAsw Ak oldd napY Fae
online analytical processing(OLAP) o] &Z& Al&35t= £44 dlolgH o]z A wl$- A7]7} &

o,

1) The core of any OLAP system is an OLAP cube (also called a 'multidimensional cube' or a hypercube).
It consists of numeric facts called measures which are categorized by dimensions. The measures are
placed at the intersections of the hypercube, which is spanned by the dimensions as a Vector space. The
usual interface to manipulate an OLAP cube is a matrix interface like Pivot tables in a spreadsheet
program, which performs projection operations along the dimensions, such as aggregation or averaging.
The cube metadata is typically created from a star schema or snowflake schema or fact constellation
of tables in a relational database. Measures are derived from the records in the fact table and
dimensions are derived from the dimension tables.
Each measure can be thought of as having a set of Jabels, or meta-data associated with it. A dimension
is what describes these /abels. it provides information about the measure.
A simple example would be a cube that contains a store's sales as a measure, and Date/Time as a
dimension. Each Sale has a Date/Time /abel that describes more about that sale.
Any number of dimensions can be added to the structure such as Store, Cashier, or Customer by
adding a foreign key column to the fact table. This allows an analyst to view the measures along any
combination of the dimensions.
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For example:
Sales Fact Table
Fomm e Fom +

| sale_amount | time_id |

Hommmmmo——o - oo + Time Dimension
| 2008.10] 1234 |---+ oo oo +
o o + | time_id | timestamp |
| o o +
+---->| 1234 | 20080902 12:35:43 |
Hmm e e E LR R LR L L +
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¢) Multivalue model
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e dlolE o] =91 PICKSE A& A om FoJolg o AA L dvk. MultiValue H|o]EjHo] 2~
Rocket Software, TigerLogic, jBASE, Revelation, Ladybridge, InterSystems, Northgate
Information Solutions and other companiesolA THE A=A AFo| A ALg3tar Yt o] dlo]
Hlo]25e ©a gom @ WE YNGR g HiES b 5 Qe $959 e

APste 5SS 231 v #AF deolguol 29 tEt) o752 H|F 11 oy HEdo]
AR BAYE RdEtsE oA A7) TFE A9 7} post—relational H] o] B H| o] ~ 9]
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1) MUMPS (Massachusetts General Hospital Utility Multi-Programming System, later: 'Multi-User
Multi-Programming System') or alternatively M, is a general-purpose computer programming language
that provides ACID (Atomic, Consistent, Isolated, and Durable) transaction processing. Its most unique
and differentiating feature is its "built-in" database, enabling high-level access to disk storage using
simple symbolic program variables (subscripted arrays), similar to the variables used by most languages
to access main memory.

The M database is a key-value database engine optimized for high-throughput transaction
processing. As such it is in the class of "schema-less", "schema-free," or NoSQL databases. Internally, M
stores data in multidimensional hierarchical sparse arrays (also known as key-value nodes, sub-trees, or
associative memory). Each array may have up to 32 subscripts, or dimensions. A scalar can be thought
of as an array element with zero subscripts. Nodes with varying numbers of subscripts (including one
node with no subscripts) can freely co-exist in the same array.

Perhaps the most unusual aspect of the M language is the notion that the database is accessed
through variables, rather than queries or retrievals. This means that accessing volatile memory and
non-volatile storage use the same basic syntax, enabling a function to work on either local (volatile) or
global (non-volatile) variables. Practically, this provides for extremely high performance data access.

d) Semantic model
g doly Rl LM Eo] FaoA oy 79 ou|E ZFX|a vk
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Semantic
Model

Real World Physical Data Stores

e) XML database

XML tlo]gjHjo]A~x HlolE|E XML ¥"Wo| #3g 4 9+ data persistence software
system ©|t}. o]EHA AAH HolHE YUsh= WO R queried, exported, 223l serializedE
4 Atk XML dlo]E o] 2= A= tFHE X3 dlo]EHo] 9} At}

1) In computing, a persistent data structure is a data structure that always preserves the previous
version of itself when it is modified. Such data structures are effectively immutable, as their operations
do not (visibly) update the structure in-place, but instead always yield a new updated structure. (A
persistent data structure is not a data structure committed to persistent storage, such as a disk; this is
a different and unrelated sense of the word "persistent.")

A data structure is partially persistent if all versions can be accessed but only the newest version
can be modified. The data structure is fully persistent if every version can be both accessed and
modified. If there is also a meld or merge operation that can create a new version from two previous
versions, the data structure is called confluently persistent. Structures that are not persistent are called
ephemeral.

F93 T 71 $39 XML do]E o]~

1. XML—enabled: °] dloJH#e]~e= f5 o XML& WY &5 o= XML Hule A
¢l dolglMlo] A~ Fx(AAY dolguo]l~-H)E XMLE 24 (map)at AL, ®& H
o], AFAQl dolguo] = A native XML f+8-& A dat=5 gt} 18]l o] &ol7t
OFAlBHE AL dlolEuo] 27t 227 XMLS Al dth(middlewared] ©&3HE A uk
) Aol

Jp==S
)

1) Middleware is computer software that provides services to software applications beyond those available
from the operating system. It can be described as "software glue". Middleware makes it easier for
software developers to perform communication and input/output, so they can focus on the specific
purpose of their application.

2. Native XML(NXD): o] do]gju]o] 2] 5
Z XML tFHEE ALE3HA g = A] B~

22 XMLell o&skH 724 A7 &)
g ¥moz AR k=)

lm \-Ij
m-\.:

o

1) Rationale for XML in databases

O'Connell gives one reason for the use of XML in databases: the increasingly common use of XML
for data transport, which has meant that "data is extracted from databases and put into XML documents
and vice-versa". It may prove more efficient (in terms of conversion costs) and easier to store the data
in XML format. In content-based applications, the ability of the native XML database also minimizes the
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need for extraction or entry of metadata to support searching and navigation. In a native XML
environment, the entire content store becomes metadata through query languages such as XPath and
XQuery, including content, attributes and relationships within the XML (find string "XABr" within element
<para> containing attribute 123 having value "P" or "Q", only within parent Y and siblings F or G.) While
this level of search capability is possible in external metadata, it requires more complex and difficult

processing to reproduce the content tree in metadata.

2) XML Enabled databases
XML enabled databases typically offer one or more of the following approaches to storing XML within

the traditional relational structure:

1.XML is stored into a CLOB (Character large object)
2. XML is ‘shredded’ into a series of Tables based on a Schema
3.XML is stored into a native XML Type as defined by the ISO

RDBMS that support the ISO XML Type are:

1.IBM DB2 (pureXML)
2.Microsoft SQL Server
3.0racle Database

4 PostgreSQL

Typically an XML enabled database is best suited where the majority of data are non-XML, for

datasets where the majority of data are XML a Native XML Database is better suited.
< Example of XML Type Query in IBM DB2 SQL >

SELECT

id, vol, xmlquery('$j/name', passing journal AS "j') AS name
FROM

journals
WHERE

xmlexists('$j[publisher="Elsevier"]', passing journal AS "j")

3) Native XML databases

The term '"native XML database" (NXD) can lead to confusion. Many NXDs do not function as
standalone databases at all, and do not really store the native (text) form. The formal definition from the
XML: DB initiative (which appears to be inactive since 2003 states that a native XML database:

Defines a (logical) model for an XML document — as opposed to the data in that document — and
stores and retrieves documents according to that model. At a minimum, the model must include
elements, attributes, PCDATA, and document order. Examples of such models include the XPath data
model, the XML Infoset, and the models implied by the DOM and the events in SAX 1.0.

Has an XML document as its fundamental unit of (logical) storage, just as a relational database has
a row in a table as its fundamental unit of (logical) storage. Need not have any particular underlying
physical storage model. For example, NXDs can use relational, hierarchical, or object-oriented database
structures, or use a proprietary storage format (such as indexed, compressed files). Additionally, many
XML databases provide a logical model of grouping documents, called "collections". Databases can set up
and manage many collections at one time. In some implementations, a hierarchy of collections can exist,
much in the same way that an operating system's directory-structure works.

All XML databases now support at least one form of querying syntax. Minimally, just about all of
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them support XPath for performing queries against documents or collections of documents. XPath
provides a simple pathing system that allows users to identify nodes that match a particular set of
criteria. In addition to XPath, many XML databases support XSLT as a method of transforming
documents or query-results retrieved from the database. XSLT provides a declarative language written
using an XML grammar. It aims to define a set of XPath filters that can transform documents (in part
or in whole) into other formats including plain text, XML, or HTML.

Many XML databases also support XQuery to perform querying. XQuery includes XPath as a
node-selection method, but extends XPath to provide transformational capabilities. Users sometimes refer
to its syntax as "FLWOR" (pronounced 'Flower') because the query may include the following clauses:
'for', 'let',
engines), are now shipping with hybrid SQL and XQuery engines. Hybrid SQL/XQuery engines help to

‘where', 'order by' and 'return'. Traditional RDBMS vendors (who traditionally had SQL-only

query XML data alongside the relational data, in the same query expression. This approach helps in
combining relational and XML data.

Most XML Databases support a common vendor neutral API called the XQuery API for Java (XQJ).
The XQJ API was developed at the JCP as a standard interface to an XML/XQuery data source, enabling
a Java developer to submit queries conforming to the World Wide Web Consortium (W3C) XQuery 1.0
specification and to process the results of such queries. Ultimately the XQJ API is to XML Databases and
XQuery as the JDBC API is to Relational Databases and SQL.

f) Named graph

Named graphs©= 3%+ AJE°] Resource Description Framework statements(a graph)Z
URIE A}g38te] 213t Semantic Web T+%¢ 83 7doltt. of7]4 URIE context,
provenance(7]¥, &x]) AR, =& 7|} dEdo]E 9 & statements® TAE o3 AE

2 WELEE 3} descriptions 3832 9tk Named graphsy graphES A28 4= 9)+= RDF

Holg ®Hlg ghdeisl ARl AolAt, o] Bl dntHon vk flog FvHW A
o THE 2 suo R BSe

Name

http://fexample.org/joe.ttl

@prefix foaf: =http/fxmins.comifoaf/0.1/> .

<http://example.org/jloe#me>
a foaf:Persaon ;

foaf:mbox <mailto:joe@example.org> ;
foaf:name "Joe Lambda" .

Graph

<Named graphs and HTTP>
o] st 7HA] 7Wdsh= URIs2 AlE®, 223 HTML oR#Eo|A ®E hyperlink



arc2 AZ2" OFUE nodes? Zjzmoltt. (HiAlz 4 HteAE &5l) URIOA HTTP
GETEZ Aago=s, ol- HL(somehow)oE ChFWEL ZM™ & 9k olejd
“follow your nose” oJZ 2 X| E35t Linked Data(X& Aoz RDF syntax’} statements A|
=AY HolHE mIst=Hl AMEEE FE)YL e AMde=z 7H7] 915t RDF point 49
U+ URIs9] FEfZ o] /= RDF thFwllEo] ALHct gojefof tjgt o] 22 42 Time
Berners-Lee9] 2]3]] “Giant Global Graph’& 7]&% 1 9lc}.

External Statements Named Graph

@prefix foaf: <http:/>xmins.com/foaf/O.1/> .

<http:ffexample.org/joe.tt=> - g ifexample. oraffoe. i |

a foaf:PersonalProfileDocument ;
foaf:maker <=htip:ffexample.orgfjoef#Fme= .

vt L

Describing a named graph

Named graphsi= $1¢] RDF UFF#lE(a graph)e] FHEY} 1 thfRlES] URIC] 93
BEE F dvks AHA otoltojE FAE slojth. o] AL AT HolH e &4 g
(chains of provenance)E #2|3}3l 71 source dataZ2] S aAHoE ANRE Id=H
(fine—grained) FAE = J= 7I&S dEsi ] Aolvf, 714 92 named grapholl A+
dlolElell tA"d A& applyingdtil & FALE Este] AF7E o= AL o]Fojx
Ack(ol 3 7159 NP2 Y] RDF reification(F+43}) Aol 58 ste o} ¥
A= A e Ae® e,

6.2 External, conceptual, and internal views

O ..

&

External Schema Internal Schema
-User View- -Computer View-

080

Traditional view of data

diojefuo] 2~ ] A|A7)E: glojEuo] X HolEoll thsto] 37FA9] viewsE A& ek
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1) The external level
A AL A=FA o ZF aFo] vo|EHu o]z Q= HlolH Y xAE ol WHE A
ojgtt}. & dlolgulo] e oA AdA ol FEY viewsE 7HE G Uk

2) The conceptual level
N2 Aol M= vheFet gk beetal HE Al FE et weka oA
< BE A 7Y %= A 3 3 A=A o] He7t
ofyet A E = oy u|o] 2 Adatel dlolguo] 2~ 7 7ke] #Al didoltt,

3) The internal level (or physical level)

U AA(Es 224 29)S DBMSe gl dHeolge A 24& 2

A% A4 (scalability), 1813 7)€ £9d5 9 B0 9} o] R A \

of M3 T A FX2E AMEFOEA HolHY A RES ‘jr%‘jr. 78‘—°r°ﬂ upebA, vk

d AT o] YR thete] HAasitiy, oAl A A

H 77 F(E4dstd A E)el g volgE AAginh, g o] AE BE %"%Oﬂ ot
o 4 e HAgEtE = AlEe] met 7hsek gk FE A HHA (conflicting) B
oA Rl ez #FHS gFojof g}

e}

Aoz dolgd gk grpAe] 7)
AT st EtE, o Ao MZ tE o]
=2olal APl fFe] BHAAMNE Hs dF-ud T WHew a
3 AE=EF ek & 5o, ALY AFH= A Ao dR2A BE Y

oz vy ey QARFOlA BAe] Sle At ZAIHE =
2 AR G FAES 1 3L dojE o] oA AR TE viewsE QR St}
3 iP%’JA doleHlo] 2 2= WA 2o = S
ol Qlth. o] ofojtjof= o oA dojut W= 1 Huk aixkdol
NAA geve Aot odE 301 W zbde] Wsk= g akd el QlE o

j&ni

ko
ok
N
re
offt
1B

o

i
ol
i
ro,
=
o
o

MmO 2

ox M rlr o
>
>

AdA Fe WA o 94 3] indirection(ZHH A FE) o] e Aedt. dHow
o] AL v oH [ Fxohe HHA dlolEHe]29 Adnt §E AFI EHEoR
ojAL ©lolH7L ogA A%, delE=A Wﬂ A(NA FE)d= 7187 drk(abstracts
away). 9 A ow wE 29 ggz AAo] RE oA B el thekd goly nde %
g otk AAHow, gy 5A DBMSE 94 i AdA Hdgow A
dlole] RS Algsta dvk(el, #AE =E). DBMSe] o]l 1744 é_‘sﬁ o e&EstE WA
AL T Ao Mg g daw aH, o2 oy Fx 73 FolA A
o FrES ARt

rr

94 At g, AdA aela WE AAe 2147 delduelag Austa gl
#AY dolgulols wale] Agola Fad SHEo

o
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7. Database languages

dlolejio) 2 Qloji EMe BHo] Qlojolm thes} gk

e Data definition language: HloJH Aolo] - o]y {3} 2353 #AE Ao
=

e Data manipulation language: Ho|E] ZZo] - dlojE|e] d&H, 7P4l, Ei= 2hA|9F
< 455 TP

® Query language: Fgo] - JHe] &I Fry JHE AASIES g}

dolEfHlo] 2 o= SHE ol el stHA vt & 4 d= ved @k

1) sSQL

SQLE @Y Qo= dolg A, doly xz, gla #Aglo] oS ZAzbgk Zolh. o]
AL HF olwl Ho|A= Codd7b ARt #AY EH(dAE 5o HolES AHAY Z9e &4
o BtHA & Adthde= FEolA dvksteete, #AE RdE A HA FHH dols T
shitolth. SQL2 1986l ANSI®| FFol Hlem, 19870 IS0 #EEo] A o] &
& 1 olFE AU|HoR A flow, BRE F8 AHH #AE DBMSsel o5 &89
A %= (degrees of conformance)= A2 YZU e XXE A o}
2) 0QL

OQL& Object Data Management GroupolA %HE ZAARE o] FFolt}, o]AL
JDOQL+} EJB QL3 #o] Bty A= 7 lofo] tapelel d&Fs 71AaL Sl

1) Object Query Language (OQL) is a query language standard for object-oriented databases modeled
after SQL. OQL was developed by the Object Data Management Group (ODMG). Because of its overall
complexity no vendor has ever fully implemented the complete OQL. OQL has influenced the design of
some of the newer query languages like JDOQL and EJB QL, but they can't be considered as different
flavors of OQL.

3) XQuery

XQuery+ MarkLogic¥} eXist?} 72 XML do]EiH|o]~ Al ~Hlo A 183 Oracle DB2
of 2 XML 7|5S 2t #AAE dolguo] oA, 183l 3k Saxont 22 wE o] U
FE XML Z2AA oA ARS8 Qe s XML # ] dojolth

4) SQL/XML
SQL/XMLE XQery$t SQLe] ZA3te Aolth

an

dloleliol 2 dloj ER et ge 54 M £E Yok

e DBMS-—specific Configuration and storage engine management

_56_



e (Computations to modify query results, like counting, summing, averaging, sorting,
grouping, and cross—referencing

e Constraint enforcement (e.g. in an automotive database, only allowing one engine
type per car)

e Application programming interface version of the query language, for programmer

convenience

7.1 SQLo]&?
SQL(Structured Query Language)©]® relational database management system
(RDBMS)el %233 HolHE #TstE=E t]xeld HEE= relational data stream management

system (RDSMS)e| A stream processingES €3 53l Zxo] g ggn] Adojo|tr},

A= relational algebra and tuple relational calculusE <AE, SQLE dHolg #Hoole}t
Hlo]E] ZZo](data definition language and a data manipulation language)® TFAE o] ¢t}
SQIel Wlel = dolele g, A, 7, AA 270k Az 2 A 1Ea dloly A F
A7 EgkAEY, v & SQLe] ol AE7AE FF declarative language(4GL)EF stH %, o

Aol Ed AA4H axso] wgH 3l

SQL2 Edgar F. Codd's relational model — in his influential 1970 paper, "A Relational
Model of Data for Large Shared Data Banks." —< 93 %9 A4 AoE F9 3F}r}o]
t}. Codd7F AW dlzoe] #AIY Edo| dHo=m ofFEstA ool E7-3kal, ozl 7H 4

2] AREH = HolE o] Qlo7h w3t

2,

SQLS 1986339 the American National Standards Institute (ANSI), Z1@]3 19879

the International Organization for Standardization (ISO)¢] o] HAUTF. L o]F &, o]

FET
& We REAA FAHAL. o 2 FFo] EAFIE BT, trE SQL mEE 2
4 AAA ol A2 e doleluol 2 A28 el hEakAl o4 (portable)d i §
}.
7.2 History

SQL was initially developed at IBM by Donald D. Chamberlin and Raymond F. Boyce
in the early 1970s. This version, initially called SEQUEL (Structured English Query
Language), was designed to manipulate and retrieve data stored in IBM's original
quasi—relational database management system, System R, which a group at IBM San Jose
Research Laboratory had developed during the 1970s. The acronym SEQUEL was later
changed to SQL because "SEQUEL" was a trademark of the UK-—based Hawker Siddeley

aircraft company.
In the late 1970s, Relational Software, Inc. (now Oracle Corporation) saw the

potential of the concepts described by Codd, Chamberlin, and Boyce, and developed their
own SQL-—based RDBMS with aspirations of selling it to the U.S. Navy, Central
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Intelligence Agency,

and other U.S. government agencies.

In June 1979, Relational

Software, Inc. introduced the first commercially available implementation of SQL, Oracle
V2 (Version2) for VAX computers.

of the system,

After testing SQL at customer test sites to determine the usefulness and practicality

IBM began developing commercial products based on their System R

prototype including System/38, SQL/DS, and DB2, which were commercially available in
1979, 1981, and 1983, respectively.

7.3

7.3.1 Language elements

1) Clauses; statements and queries® TA3tE &
2) Expressions; Hlo|¥ 9 Z=3 25 =

Syntax

wee o JUPDATE  country

=rawe {SET population

sERE clause -[WHE RE |name s

JUSA |

Exprassion

Exprat 4108
H

Prodicate

SQL Adol= va3t o] o 7449

o},

3) Predicates; SQL three—valued logic (3VL) (true/false/unknown) Hi= Boolean truth

o,
ofs
o

= population + 1

STatemsnt

valuesS 98] H 712 4 A= 1S 543} 3 statements and queriese] AIE A

SAY Tz 55

HpE7) §lshel AbgET,

4) Queries; SA% 7]Eol wet dolHE AMFT o] 22 SQLY F

23k g Aot}

5) Statements; 2=7]v}e} dHo]Holl tgt JF2A0 @& 7 4 02 transactions,

program flow, connections, sessions, or diagnosticsZ #Ao]& % it}
a) SQL statements

T3} semicolon (";") statement terminator<
BE ZPFqA o= sl AL olydEls, o] SQL &Y

al

6) Insignificant whitespace™ 7}=AS $8to] SQL ZE=E A Wd & dr =2 SQL
statements®} queriesol A FA|H o}
7.3.2 Operators

Operator Description Example

Equal to

Author = 'Alcott’

<>

Not equal to (many DBMSs accept != in addition

Dept <>'Sales’

- 523 -




to <>)

> Greater than Hire_Date >'2012-01-31"

< Less than Bonus <50000.00

>= Greater than or equal Dependents >= 2

<= Less than or equal Rate <= 0.05

BETWEEN Between an inclusive range Cost BETWEEN 100.00 AND 500.00
LIKE Match a character pattern First_Name LIKE 'Will%'

IN Equal to one of multiple possible values

DeptCode IN (101, 103, 209)

results

IS or IS NOT | Compare to null (missing data) Address IS NOT NULL

1S NOT 1 | to val both lls (missi

DISTINCT | S €dual fo vaue or both are nulls {MISSNE | popt 19 NOT DISTINCT FROM - Receivables
data)

FROM

AS Used to change a field name when viewing SELECT employee AS 'department]’

7.3.2.1 Conditional (CASE) expressions

SQLE SQL—-9294 A/M= AW case/when/then/else/ende} & ZTHAS zte=
o] 7}4 dutA el Fel= SQL EF=ol A “searched case’d@} 2w 7]g} T2

else if A& AFgFH T

CASE WHEN n > 0
THEN 'positive'
WHEN n < 0
THEN 'negative'
ELSE 'zero'
END

CASE n WHEN 1
THEN 'one'
WHEN 2
THEN 'two'
ELSE 'I cannot count that high'
END

Oracle—SQL dialectoll A, TA}+= FL3l
SELECT DECODE(n, 1, 'one',

2, 'two',

'l cannot count that high')
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2UlA 2R E] YERYE Ao ulgl WHEN
EAG A gErid, SQLS ELSE NULLS tlZE=2 At} SQL ZFd A
=

T-%(abbreviated syntax)< switch statements®} ZTH(mirrors):

DECODE %= ©

[e}
A&

HEg w22t

caveats(AA|EH, B3AH, A, o

i

=
=

2~ .
2 dth




FROM some_table;

0 nkel o] AL EASE A gri=vhd, 24 94 NULLE toE
"ok, a28A% 1259 “simple case’®} @], Oracle's DECODE+ A= HFeA 7H’]

= o
o
il
m
o,
=
=

7.3.3 Queries

SQLAIA 7FF F% Al 7L Aotk o] AL declarative SELECT statement(™ &,
FHD)MA o] Fej X}, SELECT= 3huh o] e] Hol & E= F3 oA vlolHE HAgH &
= SELECT statements™ 21 dlo|E{He]2e] tsle] ojwlst &% azx= ztx] e
SELECTY] ol n|-FF% Aagors 22 go]go]2e] &5t SELECT INTO %7‘4
4 &894 avE 7 = U

I:E:

el Aol o A Aitst= 28F =94 7eS 1gsta, HAssta,

=
ekl Aol Sl= DBMSSb= HMER, o] &A= stolw dad HolHE A (describe)dt

FAel= 574402 SELECT 7I19=8 weppozi e Ao gy 24 f2EV
EgrE T asterisk (") I A9 Yt FAE= vlo]=E (queried tables)o] =
= returnstof = S 54567 flske] AbEE o vk SELECTE SQLOlA Z27lel 3
He A9A 7)1 =9k d(clauses) ? tlEo] /Mg Hek statemento]th.

=

e

FROM A2 dHolHE AM37] <9 Eﬂ°1—‘§—% AT, FROM AL go|&
(joining)d}7] A+ 7+ & Asl7] Yol Melx oz JOIN &S *¥3+st 5= gt}

WHERE Z& Ao 98] yeld(returned) 2FEE AFsE v £ (comparison
predicate)E ¥ 3r3lty. WHERE A2 wlu&Eol7} Z(True)ol#tar H71sx] E=ohd, A3 A
ERRYH RE 2958 A3

GROUP BY @& &%° #es 7 v 2958 B &2 AEY 2952 A9
(project)sl=d] A& ¥}, GROUP BYE 7FE SQL aggregation(F &) functions®t ZgslA,
T ol 23y NERZRE FhYE 2955 AAS] Hdtd AHEH 7= gth. WHERE A&
GROUP BY & glellA Apg = ofoF gt}

HAVING Z2 GROUP BY 4o Z¥}=ZH{H dojX&= 2955 AZvd A8d EoE
Eghgtth, o] Zle] GROUP BY deo| Axtel #ds|A d5387] wiitol, aggregation functionst™
HAVING & &o] & ALgE 4 Qlth

ORDER BY d& ojWl ZglEo] A3 vlolEHE EFatet AHEH, 2AES oW W
(ascending or descending)olx EH3=XE AFEHEAS 931t ORDER BY Zeo] fivpd,

SQLAIA @ojxl 2959 £4= AT & glth(undefined).
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Lo g 59 FYAEE HoFE= SELECT 29 oot} o] H7E Book Ho]E o
A price ZH&o] 100.008.T} & S zta BE ZES AN O A Al ¢
o]
AN

o Aoz ERET Y g Ed HEE Book HlojEe] BE ZRlEe] 11 A7 A

G

SELECT =
FROM Book
WHERE price > 100.00
ORDER BY title;

The example below demonstrates a query of multiple tables, grouping, and aggregation,
by returning a list of books and the number of authors associated with each book.

ofgfo] o= Ao YxES 7+ ol A £E HAFOoEMN H49 HolE, grouping,
18] 3l aggregation?] HHE HojFa )

SELECT Book.title AS Title,
COUNT(*) AS Authors
FROM Book
JOIN Book_author
ON Book.isbn = Book_author.isbn
GROUP BY Book.title;

A9l ee] Ashe et 22 5 Aot
Title Authors

SQL Examples and Guide 4
The Joy of SQL 1
An Introduction to SQL 2
Pitfalls of SQL 1

isbno] = 7R HlolEolA oA & Aok Pl titleo]Thal olF #37 F ZH
°] Books Hlo]&elnt EAg = AAl st A, f19] Fel= tha3t 2ol A 2AAdd & ok

d

SELECT title,

COUNT (%) AS Authors
FROM Book
NATURAL JOIN Book_author
GROUP BY title;

DAY, B YT oldF AEE ANIAR, mi

aydoz 2Ystr] ¢35k
natural joins® T FIMA] &ar gl

o
o
=
oy
=
=
0
ol
rlr
2
rg
i
DYU
o
ko



SQLell= AE groll @& @Es Atsty] g Axbatet gsol x| o] itk SQL
A= A8 g2Ed e E3AS ARESte] oo dA Y A9 6%= ALHE sales tax
FAME xEslal e F714 sales—tax 23 74 100.00RT H& ko] A g AEE R
T HeolHE YEES gtk (project).

SELECT isbn,

title,

price,

price * 0.06 AS sales_tax
FROM Book
WHERE price > 100.00
ORDER BY title;

7.3.3.1 Subqueries

AL 3 MY AT A7} relational operatort}t aggregation function® E3}e] I
g2 Fgol AgE = oz FX 3 (nested)d F AT 5A3H ALlES subqueryzt H-
£t} joins®t THE HolE AAibAtEo] AFHANA W2 Aol superior(thA] El A, faser)
tES ATetr] Wi, k9 HAge] AFES &t 28 F v AdqA ATHS
2 o]Foj}. thgo] do| A, aggregation function AVGE 319 Hele] ZFE inpute= vk
=k

SELECT isbn,
title,
price
FROM Book
WHERE price < (SELECT AVG(price) FROM Book)
ORDER BY title;

s A= "2 ZE(outer) AZEHFH S AFEE & Ad+=dH, old A$E correlated
subqueryg} F-E2u}.,

1999d o]#g= SQL HFolA= Common Table Expressions Q73F= named
subqueriesE 3]-&3}3L AtH(Oracle calls these subquery factoring). CTEs+= X3 A2 E
FzgoEN £IFd vy HFT:AFA HylYSFol (FAEZ ¥dE w) tree or graph

traversals, 18] 1 T2 dukA el fixpoint computationsS &]-&3}a1 3l

7.3.3.2 Null and three—valued logic(3VL)

Nulle] /gL #AEg o A4 3 (missing) ARE thF7] 9ske] SQLAAM 2= A
t}. ©o] NULL-S Null special markerE 21"H3d}7] 35t A&d SQLY o eF 7] =o|t}.
Null®} o) Z(Comparisons with Null)+=, o|& E9¢] WHERE Ho| d+= 52](=)*™, Unknown
olet F @S A= 7px Ll SELECT WHE oA SQLS @A WHERE #eo] Truedts #hs
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el = Aaaks
zko]l Unknowndt AE%E

R R D=t
) A g ek,

& False #S 7= AE wjA|sby, L3 1

True and Falseol wa}, Null#le] 272 <l 1
A3sled 3 FZ(fragment)e] three—valued logics 7}A =t}
fragment of the Kleene and Lukasiewicz three—valued logic (which differ in their definition
of implication, however SQL defines no such operation)o] %@ 3sF+= AND, OR, and NOT-&
S &2 ARgHT

NAHZEE HAojA = Unknowns SQLS

Z Ho]E SQLS a common

B True False | Unknown
True True False | Unknown
False False False | False

9 Unknow
n Unknown | False | Unknown

P True | False Unknown
True True | True True

q| False True | False Unknown
Unknown | True | Unknown | Unknown

True False

False True

Unknown | Unknown

oo True False Unknown
True True False Unknown

q| False False True Unknown
Unknown | Unknown | Unknown | Unknown

AT SQLAIA Nullsell tidt o194 s tisiA= =ato] =t 132 A7t &
2= A 98] (outside) WlEo|Th 9o HolBdA ®WZo] SQLY U= F 7HA 9
NULLs zFe] 2" Al 54 Hu(d, NULL=NULL)E Unknowno]&t= 3 k8 HolZFEto}, o]

7(4 x-lo ]

AL Nullo] #& 7Hd & A 12 Jrbs= whd ZHo] 3k placeholderyt “mark’2= Z o
ek &2 w}ﬁ Aolth, 2EAT F e NullE2 A2 58A] gofol dtets HAS 9
Hk3k Zlel ], o]+ nulls A& A¥EE ookt Fthi= the UNION and INTERSECT <4t

T3 v vt 7}%&
%23 AXRE s}

Aol B3k SQL FAol ¢17] oty A& oz SQLolA NULL 3
AMNAET & (d, elA =23k WHERE Hell = AEAR), o3 g
Agt(sure) AHRE ZHFA Kot AdE AL 2 Q. (7]EA o2 SQLI2 A ZHE”
) 19799 Codde] A|<tell 9} oj2] gk o o] %] A= 2dAMA £ T E(duplicates) Al
A7F AA ALk HrkE E 3} equality Xt ¢ 9] detail(at a lower level

A=)
YR

o

r1o s

ot

17 rlr
(m
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of detail than equality testing in the evaluation of retrieval operations)ol A 2A3ch= F
A4S Al 7lar ok 22 A vk AFE S WS Ron von der Meydeneo] A&U#]Zd “SQL
7l BEAX7F oulslis AL SQLAlA nullse] A E ofw &l =74 o2 (any
intuitive logical semantics)ol] 7]218 4= gith’= Aolt)h F71E, SQL AAMAE] oW AL
A% Null#} vwed o} Unknownd YERHER SQLS F 702 Null-d-&(specific) Hlal %o
(dlo]8 7} Nulle]uk o}YukE | 2~ES= IS NULL¥ IS NOT NULL)E A|&3%tt}. Universal
quantificatione SQLoAlA = Ew3] X YUdF#A] X2, a negated existential quantification*] 9
ol &l (worked out)E o]ofut st} I "<row value expression> IS DISTINCT FROM <row
value expression>"x% (WA F 709 operand(AA ) 7F 24 &AY F 717F NULLo] o}
Uobd TRUEE YERNE) infixed comparison operator(Are) vln Az % &3kt SQL:
1999 3k 7)ol weh B3 Unknown #h& 7H 4= 9= BOOLEAN #¥ 9] Woa& 2748t
3tk AAE SR Al2E(el, PostgreSQL)IA BOOLEAN NULLZA] BOOLEAN
Unknown& AR&stal it

7.3.4 Data manipulation
dglo]¥ ZZ}o](Manipulation Language;DML)T HIO|HE F7}, 7341, 2FA|87] $18he] A}
|5+ SQLO FEFjtelth,

1) INSERT; rows (&2A& o 2% tuples)E 7|& HolEo F7} eg.:
INSERT INTO example

(fieldl, field2, field3)

VALUES

('test', 'N', NULL);

2) UPDATE; a set of existing table rows

il
rE
9)’.
@
0Q

UPDATE example
SET fieldl = 'updated value'
WHERE field2 = 'N";

3) DELETE; o] &4 71& rowsE 2HA|, e.g.:

DELETE FROM example
WHERE field2 = 'N";

4) MERGE; &4 "Ho]E9 dolg|&E A3 o722 INSERT and UPDATE elementsE& 234
it}

MERGE INTO TABLE_NAME USING table_reference ON (condition)

WHEN MATCHED THEN
UPDATE SET columnl = valuel [, column2 = value2 ...]
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WHEN NOT MATCHED THEN
INSERT (columnl [, column?2 ...]) VALUES (valuel [, value2 ...])

7.3.5 Transaction controls

Transactions< I Q3 DML AAAE

X (wrap)& 4= S tloperations:

o

1) START TRANSACTION (or BEGIN WORK, or BEGIN TRANSACTION, depending on
SQL dialect): database transaction®] LEBE A=A T s 28R LEXZE marksHo}.
2) SAVE TRANSACTION (or SAVEPOINT): 7 @je] & AlHoA dlo]EHo]~e] AHE

save 3+t

CREATE TABLE tbl_1(id INT);

INSERT INTO tbl_1(id) VALUES(1);
INSERT INTO tbl_1(id) VALUES(2);
COMMIT;

UPDATE tbl_1 SET id=200 WHERE id=1;
SAVEPOINT id_lupd;

UPDATE tbl_1 SET id=1000 WHERE id=2;
ROLLBACK TO id_lupd;

SELECT id FROM tbl_1;

3) COMMIT; RE do]EE A Moz MAs =S St
4) ROLLBACK; w412} COMMIT or ROLLBACK o]%¢] RE dolee] Wals ¥7|ste], H
olHE WAl AH=E EHwerh. dY¢ COMMIT  statement’} s =W, 1
transaction's ¥4 ThA] HEH F glvh

COMMIT and ROLLBACKZ #Ale] AYE Fxstal dole = (locks)s Folweth
START TRANSACTIONo|JY H]==3l statement®] F-A A]ell, the semantics of SQL:=
implementation—dependent ©]t}. o} 2] doA] =o] 3 A Fo|A A A TE 3o F7}H
= Ae Ade udd oles HoFa Jrh vl AAL Frib Audithd, ZE Age
rolled back ¥t}

START TRANSACTION;
UPDATE Account SET amount=amount—200 WHERE account_number=1234;
UPDATE Account SET amount=amount+200 WHERE account_number=2345;

IF ERRORS=0 COMMIT;

IF ERRORS<>0 ROLLBACK;

7.3.6 Data definition
dlo]g] AHolo](Data Definition Language: DDL)¥ table¥} index structureZS g3t}
DDLe 7} 7|2l olo]¥l5S (CREATE, ALTER, RENAME, DROP and TRUNCATE
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statements ©]t}:
1) CREATE ; dlo]EjH|o]2ol] ALE (9], a table)S THETL}, e.g.:

CREATE TABLE example(
fieldl1 INTEGER,

field2 VARCHAR(50),

field3 DATE NOT NULL,
PRIMARY KEY (fieldl, field2)
)i

2) ALTER; 71& AR Fx& o8 71A waoz WA (d, 71E HolEd Z-oly A
3% (constraint) F7}87]), e.g.:

ALTER TABLE example ADD field4 NUMBER(3) NOT NULL;

3) TRUNCATE; % w2 WAooz golbor & doleE AAlshAN, golh o AA=
2A|sA] =T, o] A2 Al a subsequent COMMIT operations 9w shi=d], ThA] &
S| A, rolled back 2 4 gltbe Aeolth( dHe]e &= DELETES @], $ rollbackg logsol
7|EHA =),

TRUNCATE TABLE example;
?
?
?

4) DROP; dlo]EiHlo]zol] = thAlz AT 5 gl Alm S delete dth. BhA] EefA, o] A

2 rolled back¥ 4 glt}, e.g.:

DROP TABLE example;
?
?
?

7.3.7 Data types
SQL Elol &l A= Z ZAHS 2ol 713 382 AMAdsta 9tk ANSI SQLAA = t©f
7 [e)

w3 22 dolE f¥& i ok

1) Character strings
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a) CHARACTER(n) or CHAR(n): fixed—width n—character string, padded with spaces as
needed

b) CHARACTER VARYING(n) or VARCHAR(n): variable—width string with a maximum
size of n characters

c¢) NATIONAL CHARACTER(n) or NCHAR(n): fixed width string supporting an
international character set

d) NATIONAL CHARACTER VARYING(n) or NVARCHAR(n): variable—width NCHAR

string

2) Bit strings
a) BIT(n): an array(W] €, vjgd® H o8 ) of n bits
b) BIT VARYING(n): an array of up to n bits

3) Numbers

a) INTEGER, SMALLINT and BIGINT

b) FLOAT, REAL and DOUBLE PRECISION

¢) NUMERIC(precision(FEE), scale(H%E, ¥, wl&, =3)) or DECIMAL(precision,

scale)

dE 5o, HE 123.45% 59 precision®} 29 scaled ztal vl AU E=H (binary or
decimal®} Zo])EW I radix(7]57, Ha)olA 23 YARES =22 ZAAs= A% A5
(positive integer)E &3}l H = B -FA AH<(non—negative integer)S &ttt 0 2=z}
= AL IO AV At AS et S HEE R AR At A gEket A gk

10SE Y¥ 9n] ¢):=(significant) YA EES A4 ztolt}.

SQLo|A = TRUNC (in Informix, DB2, PostgreSQL, Oracle and MySQL) or ROUND (in
Informix, SQLite, Sybase, Oracle, PostgreSQL and Microsoft SQL Server)®} ¥ EZ%* round

(Z 23=) numericsY datesS 93+ S-S A F3ar Y.

4) Date and time

a) DATE: for date values (e.g. 2011—-05-03)

b) TIME: for time values (e.g. 15:51:36). The granularity of the time value is usually a
tick (100 nanoseconds).

c¢) TIME WITH TIME ZONE or TIMETZ: the same as TIME, but including details about
the time zone in question.

d) TIMESTAMP: This is a DATE and a TIME put together in one variable (e.g.
2011-05-03 15:51:36).

e) TIMESTAMP WITH TIME ZONE or TIMESTAMPTZ: the same as TIMESTAMP, but

including details about the time zone in question.

SQLe| A= date / time variable out of a date / time string (TO_DATE, TO_TIME,
TO_TIMESTAMP)®] AJAHERE ofe} 1ej3k W45 /WEA W E $18te] (e, seconds)
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oAy 714 45 A-Fsoh

&

precisions T2 FE AAHS
FRACTION 45 Al&3sla Q.

7.3.8 Data control

The Data Control Language (DCL)2 dHlo|Ed] H3le] %
A9l Fa Wael gk

At of7)ddl=

2) REVOKE; grant° T

Example:

GRANT SELECT, UPDATE
ON example
TO some_user, another_user;

REVOKE SELECT, UPDATE
ON example

FROM some_user, another_user;

7.4 Procedural extensions
SQLE #AE dlojEHo]~
2l HAk SQLE
declaratwe(*ﬂ =)
[e]

control—of—flow constructs®} &<

query

dolE o]~ A Y=
g2 ALg3le] B8l 4 94tl. The IBM Informix implementationo] 4+ sub—second

22T 0]l
AT

o B+
CY BASICH} £ an imperative(™®) language’} ©}Yz} a set—based,

language

Aol Al2~Hl date / time= NOW<}

gstel Agel AHYE ¥U F Y EXTENDS
A% Qe olene 1

grantE A A 3c}.

dolHE Az 9% 5ue mqgew A

olt}, 2#A|W  Standard SQLY TS  E3

procedural programming language functionalityS 3F7}3}

At A7l ved 2 AEo] drk
gtal;llerci /s SQL/PSM SQL/Persistent Stored Modules
w / PSQL Procedural SQL
IBM DB2 SQL PL SQL Procedural Language (implements SQL/PSM)
IBM Informix SPL. Stored Procedural Language
IBM Netezza NZPLSQL (based on Postgres PL/pgSQL)
Microsoft / T-SQL Transact-SQL
Sybase
Mimer SQL SQL/PSM SQL/Persistent Stored Module (implements SQL/PSM)
MySQL SQL/PSM SQL/Persistent Stored Module (implements SQL/PSM)
NuoDB SSP Starkey Stored Procedures
Oracle PL/SQL Procedural Language/SQL (based on Ada)
PostgreSQL PL/pgSQL Procedural Language/PostgreSQL (based on Oracle PL/SQL)
PostgreSQL PL/PSM Procedural Language/Persistent Stored Modules (implements SQL/PSM)
Sybase Watcom-SQL SQL Anywhere Watcom-SQL Dialect
Teradata SPL Stored Procedural Language
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| sAP | SAP HANA | SQL Script

the standard SQL/PSM extensions and proprietary SQL extensions®l] W&+A, procedural
and object—oriented programmability% & dojo} E3HE DMBSE EI ©2 SQL
platformsol 4] ©]&& 4 A HArl SQL EF=d A+ SQL/JRT extensions (SQL Routines
and Types for the Java Programming Language)® 3}ol& SQL dlolEjH|o]~o] Q= Java
codeE A Yst=® dtar 9t} SQL server 2005+ the SQLCLR (SQL Server Common
Language Runtime)E& AF&3le] 1 dlojguo] Ao A &3l d= NET assembliesE: T2~
Esla it} HbHo), o]de] vlHe] SQL ServerolA+= 7|EAHo=w C= AA % unmanaged
extended stored procedures®te. 2 3ASF T} PostgreSQLL o] &A= 3}o]& Peril, Python,
Tcl, and C&} 722 vk dojolA 5 AHEE 5 J=F stal 9

7.5 Criticism
SQL& 1749] o272 ZA - BAY RdF 1A tuple calculus — oA o8] 7}1A] W

o7 Hoju At} o] oA, Elo]EL tuplesd a setQl HEHO|, SQLoA Ho]E3 Hg Y
A= ows/] ﬂ*E%O]‘Z}i ELE 2971 o] W AT 9oL, 299 A 7F FEelA
A4 dvh(d, LIMIT AeA). o]Zlo] &5o A% Aol HA wgh =79 FAo]
. o7 (NULLH views$t #2) 714 SA50] #AE 2l A2 s 74 &
S AR AR EN IAES sk o] g ofHA HAU

HE7HE2 SQLol A8 Eee] 7128 vehdl= o2 diA|s]ofof dttar F4star
AT o= 59|, The Third ManifestoS Xz} th2 B]H7FEL Datalog?} SQLOl Hl&l 270¢]
FAE Zta Jvkal Fsta vk RO oljet fAE &olatAl = Huk WEgk o
9] (cleaner semantics), 1¥]al 53] ¥EA F P (recursive queries)oA TS EHZ (more
expressive) o] gki= Zl o]tk

T gE B#HS SQL oldge] MitlE el wEx] gkon ¥FES dHE wE donw
Atk Aol A3 Iapel AJ7ke] F&ol|l A, string concatenation(A+<, ¢974), NULLs, and
comparison case sensitivity:® Aeluitt g2tk EWHI Ut S A7|HIL of2re

PostgreSQL ©]t}.

k
gl

SQLANA <1719 = ol FEA SR DATE or TIME data types® & Standard SQL
o] 71H EAo P& AFst= Aotk 7g e ayek o &3 @8lAH (incidentally)
7HE Q1719 2dA 18al A8 SQL DBMSs7h (DATEE DATETIMEA® AR&-3te] TIME
type©] ) Oracles® 2008¥ 7 o]xd e MS SQL Server ot} 28 o2 SQL mtE H o]
o]z A28l Abolo A Ao WE glo] A7 (port) ¥ 4] ¥+

dlolejuo] s A28l gl o] el @ 84 (portability)o] FEE o= ofe] /A7 9

1) The complexity and size of the SQL standard means that most implementors do not
support the entire standard.

2) The standard does not specify database behavior in several important areas (e.g.
indexes, file storage...), leaving implementations to decide how to behave.

3) The SQL standard precisely specifies the syntax that a conforming database system
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must implement. However, the standard's specification of the semantics of language
constructs is less well—defined, leading to ambiguity.

4) Many database vendors have large existing customer bases; where the newer version
of the SQL standard conflicts with the prior behavior of the vendor's database, the
vendor may be unwilling to break backward compatibility.

5) There is little commercial incentive for vendors to make it easier for users to change
database suppliers (see vendor lock—in).

6) Users evaluating database software tend to place other factors such as performance

higher in their priorities than standards conformance.

7.6 Standardization

SQL was adopted as a standard by the American National Standards Institute (ANSI)
in 1986 as SQL—86 and the International Organization for Standardization (ISO) in 1987.
Nowadays the standard is subject to continuous improvement by the Joint Technical
Committee ISO/IEC JTC 1, Information technology, Subcommittee SC 32, Data management
and interchange, which affiliate to ISO as well as IEC. It is commonly denoted by the
pattern: ISO/IEC 9075—n:yyyy Part n: title, or, as a shortcut, ISO/IEC 9075.

ISO/IEC 9075 is complemented by ISO/IEC 13249: SQL Multimedia and Application
Packages (SQL/MM), which defines SQL based interfaces and packages to widely spread

applications like video, audio and spatial data.

Until 1996, the National Institute of Standards and Technology (NIST) data
management standards program certified SQL DBMS compliance with the SQL standard.
Vendors now self—certify the compliance of their products.[36]

The original standard declared that the official pronunciation for "SQL" was an
initialism: /es kju: ‘'el/ ("es queue el"). Regardless, many English—speaking database
professionals  (including Donald Chamberlin  himself[37]) wuse the acronym-—like
pronunciation of /sitkwoal/ ("sequel"), mirroring the language's pre—release development
name of "SEQUEL".

The SQL standard has gone through a number of revisions:

luuu | use v | e ur L oL TUaeuu Y o

1989 | SQL-89 FIPS127-1 Minor revision, in which the major addition were integrity constraints. Adopted as FIPS 127-1.

1902| sa-02 | S92 FIPS | Major revision (10 9075), Entry Level SQL-92 adopted as FIPS 127-2.
Added regular expression matching, recursive queries (e.g. transitive closure), triggers, support for
procedural

1999 | SQL:1999 SQL3 and control-of-flow statements, non-scalar types, and some object-oriented features (e.g. structured
types).

Support for embedding SQL in Java (SQL/OLB) and vice-versa (SQL/JRT).

Introduced XML-related features (SQL/XML), window functions, standardized sequences,
and columns with auto-generated values (including identity-columns).

2003 | SQL:2003 | SQL 2003

ISO/IEC 9075-14:2006 defines ways in which SQL can be used in conjunction with XML.

It defines ways of importing and storing XML data in an SQL database,

2006 | SQL:2006 | SQL 2006 manipulating it within the database and publishing both XML and conventional SQL-data in XML form.

In addition, it enables applications to integrate into their SQL code the use of XQuery,

the XML Query Language published by the World Wide Web Consortium (W3C), to concurrently access
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ordinary SQL-data
and XML documents.

2008| SQL:2008 | SQL 2008

Legalizes ORDER BY outside cursor definitions. Adds INSTEAD OF triggers. Adds the TRUNCATE
statement.

2011 | SQL:2011

Interested parties may purchase SQL standards documents from ISO,[41] IEC or

ANSI. A draft of SQL:2008 is freely available as a zip archive.[42]

The SQL standard is divided into nine parts.

1)

2)

3)

4)

5)

6)

7)

ISO/IEC 9075—1:2011 Part 1: Framework (SQL/Framework). It provides logical
concepts.

ISO/IEC 9075—2:2011 Part 2: Foundation (SQL/Foundation). It contains the most
central elements of the language and consists of both mandatory and optional features.
ISO/IEC 9075-3:2008 Part 3: Call—Level Interface (SQL/CLI). It defines interfacing
components (structures, procedures, variable bindings) that can be used to execute SQL
statements from applications written in Ada, C respectively C++, COBOL, Fortran,
MUMPS, Pascal or PL/I. (For Java see part 10.) SQL/CLI is defined in such a way
that SQL statements and SQL/CLI procedure calls are treated as separate from the
calling application's source code. Open Database Connectivity is a well—known superset
of SQL/CLI. This part of the standard consists solely of mandatory features.

ISO/IEC 9075—4:2011 Part 4: Persistent Stored Modules (SQL/PSM) It standardizes
procedural extensions for SQL, including flow of control, condition handling, statement
condition signals and resignals, cursors and local variables, and assignment of
expressions to variables and parameters. In addition, SQL/PSM formalizes declaration
and maintenance of persistent database language routines (e.g., "stored procedures").
This part of the standard consists solely of optional features.

ISO/IEC 9075—9:2008 Part 9: Management of External Data (SQL/MED). It provides
extensions to SQL that define foreign—data wrappers and datalink types to allow SQL
to manage external data. External data is data that is accessible to, but not managed
by, an SQL—based DBMS. This part of the standard consists solely of optional
features.

ISO/IEC 9075—10:2008 Part 10: Object Language Bindings (SQL/OLB). It defines the
syntax and semantics of SQLJ, which is SQL embedded in Java (see also part 3). The
standard also describes mechanisms to ensure binary portability of SQLJ applications,
and specifies various Java packages and their contained classes. This part of the
standard consists solely of optional features, as opposed to SQL/OLB JDBC, which is
not part of the SQL standard, which defines an API.[citation needed]

ISO/IEC 9075—11:2011 Part 11: Information and Definition Schemas (SQL/Schemata).
It defines the Information Schema and Definition Schema, providing a common set of
tools to make SQL databases and objects self—describing. These tools include the SQL
object identifier, structure and integrity constraints, security and authorization

specifications, features and packages of ISO/IEC 9075, support of features provided by
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SQL—based DBMS implementations, SQL—based DBMS implementation information and
sizing items, and the values supported by the DBMS implementations.[43] This part of
the standard contains both mandatory and optional features.

8) ISO/IEC 9075—13:2008 Part 13: SQL Routines and Types Using the Java Programming
Language (SQL/JRT). It specifies the ability to invoke static Java methods as routines
from within SQL applications ('Java—in—the—database'). It also calls for the ability to
use Java classes as SQL structured user—defined types. This part of the standard
consists solely of optional features.

9) ISO/IEC 9075—14:2011 Part 14: XML—Related Specifications (SQL/XML). It specifies
SQL—based extensions for using XML in conjunction with SQL. The XML data type is
introduced, as well as several routines, functions, and XML—to—SQL data type
mappings to support manipulation and storage of XML in an SQL database.[39] This

part of the standard consists solely of optional features.[citation needed]

ISO/IEC 9075 is complemented by ISO/IEC 13249 SQL Multimedia and Application
Packages. This closely related but separate standard is developed by the same committee.
It defines interfaces and packages based on SQL. The aim is a unified access to typical

database applications like text, pictures, data mining or spatial data.

1) ISO/IEC 13249-1:2007 Part Framework
2) ISO/IEC 13249—-2:2003 Part Full—Text
3) ISO/IEC 13249-3:2011 Part Spatial

4) ISO/IEC 13249—5:2003 Part
5) ISO/IEC 13249—-6:2006 Part
6) ISO/IEC 13249—8:xxxx Part

Still image

Data mining

co O O W N

Metadata registries (MDR) (work in progress)
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8. Database normalization

glo]glHjo]~ Af3(Database normalization)™ 9 (redundancy)s #HA3}317] 9 st
of #AY dolguo]l 29 Aot HolES XAsh= HAoln. Aafrstol A= A2 Avhet
HolES Hop 2 aga FHo] B A2 HolER i thael 23E e dHAdS
gojgtty, o] A AL g dro] F7t, AbA|, WA o] @A & EHo] oAt o] Foj3] ths
of geojul #AHAFo IAst] L odlolE Mol 29 yH A EHo|E7HA] IFEHESE HoHE
a9 (isolate) Al 7]+= Zl o]t}

HAY =del sEAiQl Edgar F. Codd7} Aitsle] /Mde& A7kl on, 17} the
First Normal Form (1INF) in 1970, the Second Normal Form (2NF) and Third Normal
Form (3NF) in 1971%, 18]3 Codd and Raymond F. Boyce”} the Boyce—Codd Normal
Form (BCNF) in 19745 A9siqlvh. vlgA Aoz, #A3 dolgHo]x HolES 1319]
Al 3 Aol dod, “AarsEAdvtar wehr| = vk iR Al 3 Ard e HolE2

insertion, update, and deletion anomaliesol 4] A&

o] o] 2~ Tz}l 7lol=9] 7]FEo A, YyAFo|y = A a fully normalized designs
Az kLo, AsS Eol7] el M¥A denormalizations A& stejof vt Dt 9l

.

8.1 Purpose

Edgar Frank "Ted" Codd in 19707} 2%k the first normal form®] 7]¥-z<l =% 2
first—order logicE H}E O 2 3 “a "universal data sub—language"E AF&3to] Ho]EHE
Al stal 22 =E k= Aolth (SQL2 Codd7F AlZhst Aol e Aoz #dsia )
A9k 7123t data sub—language®] 3+ oot}

E.F. Codd”} "Further Normalization of the Data Base Relational Model"ol A A 3%
o], INFo| gitale] Bae et gk

1. A3kA] &= A9, A, Ak gEA o7 RE 3 Jwe] #A (the collection of
relations) & A7 sk 2L

2. NEL 39 dHolHE iz gk o] #Ae] A gk 84S A7HA|
A, &8 TR life spans == 4.

S mdS o] gt A Bl A KA O = (informative) TEE A

L8 A BAES query statistics — ©] BAES AlTko] Aol uwhel WSl Feks)
o — o THACE wEE A

8.1.1 Free the database of modification anomalies
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Emtphoyeas’ Shifis
Employee Address skill

B IyTarioie LmEE EFrus

AT R e S
Tae s Bubsritng

Lt Sheniond Dy,
i SRRy :

An update anomaly. Employee 519 is shown as having different addresses on different records.

Faculty snd Their Courses

EFil.'.uIt;.I 10 | Fi::l.JI‘qn= Nim! Fa:l.JIt:.,nI leu Da’e CnursE Cndﬁ

260 (D Giddens .1” Feb- 1985 ENG 206
E-l[.l? [:Ir Saperstem '19 -Apr- 1'399 CI-.-IF 1I:I1
e o Or Saperstein |19-fpr-l089 CHP-201
T

tia Dr. Mewsome _ |26-Mar-2007  © 3

An Insertion anomaly. Until the new faculty member, Dr. Newsome, is assigned to teach at least one

course, his details cannot be recorded.

Faculty and Their Colises

Faculty |D: Facu [ty NEI‘[IE 'FI.I:UH]I' H|r|=_I DaEI Cnurse Cﬂdﬁ
S R R e N
4a7 -Dr. Saperstein | 18-Ap-1983 CHP ol
407 Dr. Saperstein | 19-3pr-1083 [CHP-201

%@

HEREY

A deletion anomaly. All information about Dr. Giddens is lost if he temporarily ceases to be assigned

to any courses.

Hloj 2 WAL Y, AASIE o, YWstAl = 4@ akside-effects)7t WA
o RE dolzol clelt $pane olgE BE Se otk and giane s
Al Qe ok HolZolAeh wArsich 25 sty Hol2e cheat e sht
ool ERg ML & 9

T

. A
m\l
rlo

Nusl Bael 290 BPY 4 gk D2 1 EHolRg JPAlsts AL kaF

X](logical inconsistencies)s & 4 Qlct. o2 £o0], "Employees' Skills" table 9

|ZE%X an Employee ID, Employee Address, Skill ztia 92 4 9ith I8

Z2AA0] =40 HAL AxH o7 B9 HIE(one for each skill)o AL=
a

.

ot oY Zgalo]l FEshA AGEAl SeThE - &, 5999 F471 o HREd
AT o2 ZoAe ¢ 9otd, 3 Holge BUA] AR gA "ot 53], o
= of oigt AZol Yot=tl E¢H(conflicting)g JoZIt}. o]z

VRN ST TN TR ) m{m
[e]
o flo rlr h\oJ i ()

o T o T oox I
o © > 3o o

update anomalyz=}

2) ol" Atdol 23 715d 4 Qv &0l &MY o2 S°], "Faculty and Their
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=

Courses" table9] YT 5= Faculty ID, Faculty Name, Faculty Hire Date, and
Course CodeS ZI1 Qlt}. TJe2jo=z Q2] Aol 3t W=3 7IE2X= a0 st YIS
128 & glout, opal mEg wiAwA £E Ad@po] thdt Uelg 152 4 ek o

5tH, the Course Code?} nullo]”] mjFo|tt. o]3st dAE insertion anomalyz} StC}

w

) ojw ZHAA, oWl ARES HESA = dolHe AAE d3 g ARENS ddsta
Ae HolE Y AAlE FHbgth(necessitates). 919 ©l¢l "Faculty and Their Courses"
table o|2igt o]f(anomaly)2 741 ATt T wpofA] A= o =2 vj7go] FA|
HoH, 9= 3o r O WaE AASH] sty 1 wa HAEl Ad A2 AMAIH

ofgt stct. o]2igt FANS deletion anomalyz} §tct.

ol

_4

8.1.2 Minimize redesign when extending the database structure
Mz FPe] tolHE wrolEol7] fete] Fis] Aarstd dolgulo]~ Fx2E gy
stadt @ w, 7]E] EARY deleel s FrE Aol mi A WskA Lobo Frh,
soz, 1 HelHuolast FEAEHE oFEe ALFOR TS At B o

4
AL table creationo] ®j-$ -&3}c}.

8.1.3 Make the data model more informative to users
Aarste Heols, 1gla kv AatstE HeolEd o E Ao #AAe AAAY] A

3} A7 A ABAL ¥ 3T (mirror).

8.1.4 Avoid bias towards any particular pattern of querying
Bitshe eolge Aurgne Aol AFaArh F 1 e 49
o] tistel ojm e A w APy ojujo|r),

FelE skl 3= HeolE 4o, 4
TEFE A X3 HolEE oW Fe] Aol A (end)sHA Rt BE Aoll= 184 &

ol = Aol zka AojskE mA e EF(wish—list)E ZEal & 2okl AHS
A7V Bzp, “o] mze] F& AS OJ—}LA”Q} Ze Byt o-ﬂw«El = 946—}0:], A 2}

M) wishlist®& A4 4 A
a2, o]yt fApRle A, delgulolxE ©A] shite] @ Felo tisiA T oid
st Q. 222 s AU YA dS5skA] 13 e 9 ¢ glvk 7P B dojse
Fan

o] Folel7l? ojil mMo] WW II espinageo] #AS zra J=71? oJE A Lord Byrono]

AA
FAIY A3 &S (stack up against)? ©]# 3 HEo] 3k @2 1 go|E H|o] 9}
R A =HE 583 adaptive toolsZH-H FoAX= Aol #wslrt. g 74 =5 1Y
gt Fels 5 HAwstEs e AXE Y = qdrh o]y st 53l adaptive

H
= o
softwaret @7 Shute] B sbm glvk A% vl-Fits BEE R weE A

Unforeseen queries can be answered trivially, and entirely within the database

framework, with a normalized table.
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8.2 Example
n780] A87te Aefof ot oh-gaF 22 non-INF representationd} Z-2 J1&8E A
o= dolg fxo] E019&= TIojEE Helstl 24 sk A2 TBRo|For EAlsirt

Customer Transactions
Tr. ID | Date Amount
ones 12890 | (2700 | g7
12904 | 279920 | 50
Tr. ID | Date Amount
Wilkinson 10898 (1)3—Oct—20 o1
Tr. ID | Date Amount
12007 | (020172 ~1g
Stevens 14920 gggNov—Z —70
15003 gg,;NOV_Z —60

UtE A 20| Aal(a repeating group of transactions)?} Z+zte] mZRof A4 ULtERL L

J2jaz 7o) o #et ol digh Abs gUte It E2 2 AR o]F

Aol Tei3t 182 3

olt
|J
i
=
O,
-
Y
=
Nk
i)
)
L
jn
tlo
B
>
>
et
4>
=]

UES

rol

% o]l

1 ©A19] 235 :L711 #Hel Z2uE Holliti(deriving).
S 50|, 20039 10¥€0o] o]FojFl =& 1Mol wiE A2 FAHZ dotE7] 9fsto], 1
o 7F

2t 1789] Transactions groups WA sfA|ISH oF30f, 20039 10¥€0] siidst= A
Stct,

(o)

A Dateol|d A RE AW Amountss A4tsto| of

Codd9] %83t A7t 59 st olgist 1248 B4/do] Hels FAgtotil(o]-8Are} o
Zof 9lsff) J22]1 I oh=(DBMSo] 2lsff) Ao @2 power and flexibilitys ZHA o=z
&g SAsHA AAE & Atk= Aol o txE FAsst AL o Ath

_fE

| Customer | Tr. ID || Date | Amount \
| Jones | 12890 || 14-Oct-2003 | —87 \
| Jones | 12904 | 15-0Oct-2003 | =50 \
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| Wilkins | 12898 || 14-0ct-2003 | —21 |
[ Stevens 12907 [ 15-0ct-2003 [-18 |
| Stevens | 14920 | 20-Nov-2003 | =70 |
| Stevens | 15003 | 27-Nov-2003 | —60 |

ojAl ztzte] B4+ A A&It= AdE WEh®, 2 DBMSE 109 sid st
2 ZtolAl A5 AmountsE AT O 2N FtdetAl g
DS T Uk o] dHeolHé %= DBMSO| AFGAo g Zt7ko] g kFAIPO2H, s dt
Al(on an equal footing) TE o] A}e]l& Hojsty Q7] wj2of, zrzre] 7k
Helo AR oz o 4 ol ¥tHo] o[fe] AgoA= ofH s

OFgF Sh= stel TAY A

Aol HeE AYg & o

rr B
=

iRl o] udch. meba gt gARRIE
gtHo] v]7d e (unnormalized) TJAQIS 1

8.3 Background to normalization: definitions

8.3.1 Functional dependency(?}—’r—?ﬁi oEA)

543 "o, v TEx ©hA Zbzhe] X glo] AekstAl g e Y ghshant A%
oH, £4 Y= &4 X9 @%L(Set)oﬂ e ofEsta Jduka Tk, (X -> V)&t
dstrt. o & 59, £/ “Employee ID"9} “Employee Date of Birth"& 233t &
‘Employee” Elo] & A, 34 &4 {Employee ID} —> {Employee Date of Birth}&
ZEA 2 Aol

Rt

I:kl

8.3.2 Full functional dependency (A3 I3 J&A)
uke]l A o]: ) BEF o R Xol| oFalw i, 18l b) Xo oW EEF(proper) 8
21 Aol Aoz ofFEsh] Za dopd, 23 $A42 &4 X Hol dAsA g4

=]
o2 oFEsta Yk

{Employee Address}+ {Employee ID, Skill}ol] &H o=z o &l YAvk, A3t
S oEAE Zha AT FHh L ol = ©]Z2 {Employee ID}elkx= oEstal 917
otk {Skill}& AAZT strjete, A o]E4d2 obA 7k {Employee Address} 1
2]3. {Employee ID} Ztoll A% Sl

8.3.3 Transitive dependency(H <% o&A

x40]7<4 45_/\42 7}76;99_] 7}53]-3,:4 g]f/\éo]rq X —> 7= 1:]—;<] X —> Yﬂ— Y —> Zoﬂ
o)A Nt o] FolA|= o|EA S HIT
8.3.4 Trivial(3}&L, A}&23%, UAH3) functional dependency

A2 & ol 1A 9] supersetell Wk £ A EL S EErh {Employee
Address} — {Employee Address}* %, {Employee ID, Employee Address} —

{Employee Address}t LA Aol

8.3.5 Multivalued dependency(EF%k 9&A)
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gk Sl E Helge o' 295l gltkel wel ofd tE 2959 EAE

8.3.6 Join dependency(ZF2l 9J&A)
W) T7F To %49 89 FES AT Y= 7 Hol RS thye] Holu Agsd]

= -
G4 Al ASE S dE, ol TE 24 gEHS 2tk

8.3.7 Superkey(s7¥7])
o7 $A4E59 Ao, oA dHolEHol A HAEE FUsHA AEelr] $18k]
229 4= 9t 3 Ao HolEd e v w77 S 5 Ut

8.3.4 Candidate key(FX.7])
THI)= ot o] (extraneous) AHE ztal QA &= FHIIE FAAA 5HEHIS )

9 Aol ol Ae Axdel 4370/,

dE E9], the fields <Name>, <Age>, <SSN> and <Phone Extension>2 2 o]Fo]
1 Hol 52 B2 AAA 797 E e o35 ol 37HA] 79 7] <SSN>, <Phone
Extension, Name>1\11"’ <SSN, Name>o|t}. o] AE FollA] @A <SSN> whlo] Z17]<Q]
o, &L olf= Hel A5 da=s s AdEsted 28X 42 BRE X3t
%7 T:O]E]r. (‘'SSN'2 oA7]A  Z}zke] Abghel Al Fojd FA3 AFS] B A S (Social
Security Number)Z &3+}).

8.3.5 Non—prime attribute(8]—2.& £A4)
H—o % Z£xojgt ojislt THI|NAE A7|x e £Ao|th. Employee Address:
“Employees’ Skills” Hlo] &0 9= H]-o % SAjojr),

oX,

8.3.6 Prime attribute(2.% £4])
OF $A4L 9o oul ZHI|NA AVIE Aot

8.3.7 Primary key

P (relation) ol = 6}@9} THIE=
(w: ofw oA Fagk d)olAwk, dASA 7154 (notational ) ©
= ojwg wAE ZkA %‘”‘ﬂr. Aarstel A, BRE FRIIES YT dFS A

QA A,

_o_ 7]; HXJQ _/[: oh;]_ ]7-]01 olul A o] A

2
_°|L‘
£
o2
=y
L)
LS

OPH

8.4 Normal forms(B3)

A dlolguo] 2~ o]E] NF#F =84l EUX]4d7 o] (logical inconsistencies
and anomalies)el] ™3t Ho]&E 2o HAA (immunity) AEE AAS}E TF=S Al&st= Ao
ot HolEo| A&7bsd Gardo] oW S5 F, 149 HdE AH ¢ Eolen &
Ho]EL2 3 79 ‘highest normal form" (HNF)'E zt=th: A
HNFe¢} Z179] HNF BEth w2 & A3 a7210S 3 TFA A ¢ 5 =3



, Hol &2 1319 HNFRET ¢ #& oW A ¥ a7x21S T3A7A 3

2 2 Holgel A8 5 sk delEwlolz AAZF 4t d nolgta Wl A
& Ao BE HolEol Aatd nolehal ®ehs A g
w2 dolE el TR ZHATF FHA Aafshs Ao €
o, oAl A, INF oARQl2 2NFE 919 3 WA Aafstela, 1 o322 3NF
&

i
)
o‘ﬂ:’,

At ol o dAHo At olFolHE Wy
ot oW dwahd TAE Hol%e ALY INFE B & Utk H
3NF&}¥, 3NFQl HNFE 714 gFo] =}, “Hy =27 GFF e (3NF °]7
2 Baw s g, ks SNF b o]
5

Az F7H4e taele] g a
wrh B 4de] aTEAL FHA77 ek W@ AR Bass] ¢ uﬂ%O]E}

m1o
o
do
ol
o
)

F8 4

o

ackatm, gt 2

Normal form Brief definition

The domain of each attribute contains only atomic values, and the value of each attribute

1 NF First normal form contains only a single value from that domain.

No non-prime attribute in the table is functionally dependent on a proper subset of

2 NF Second normal form any candidate key

Every non-prime attribute is non-transitively dependent on every candidate key in the table.
3 NF | Third normal form The attributes that do not contribute to the description of the primary key are removed from the table.
In other words, no transitive dependency is allowed.

EKN Elementary Key Normal Form Every non-trivial funct\_onal dependency in the table is either the dependency of

F an elementary key attribute or a dependency on a superkey

BCN . . . .

= Boyce-Codd normal form Every non-trivial functional dependency in the table is a dependency on a superkey

4 NF Fourth normal form Every non-trivial multivalued dependency in the table is a dependency on a superkey

5 NF Fifth normal form Every non-trivial join dependency in the table is implied by the superkeys of the table

DKN . Every constraint on the table is a logical consequence of the table's domain constraints and
Domain/key normal form ;

F key constraints

6 NF Sixth normal form Table features no non-trivial join dependencies at all (with reference to generalized join operator)

8.4.1 First normal form
INF&= 348 H]°1E1Hﬂ°1i°ﬂ Us HAe] Adoln. vk 7} %*éﬂ S| ¢lel A=k
(atomic value)Wto] Eo0Qlar, 72} A9 o EdelA =& &<
3L QlthE, 1 #AlE INFO %l
Edgar Coddi= 1971 =&olA] INFo| = #AAE Ao
Coome A% 1 Al REEY RAES 24 welel Brka dait.

‘i?i
N
<8
=
o,
)
<
=
=
(@)
N—
rlj
o
P

Lo
ol
o
i
L
o
R
I
b
é
o,
=
%2,

EEIE DEE DN
AiekE HAawel 87

=
i
oo

pns

(1

X

©



8.4.1.1 Examples

chgo) AluRlex HojEujo] A tiato]us} of=Al INFE v 4 QlEAlE Mol
01[4-_

a) Domains and values
Cjxtolui7t w7Mo] o) 23} MW s S e|Rcsty] vt bds) WAh 1
17 gloj2g tiArlgtk:

rr
0
gjo
I}
e
rlo

customer
Customer ID First Name | Surname Telephone Number
123 Robert Ingram 555-861-2025
456 Jane Wright 555-403-1659
789 Maria Fernandez 555-808-9633
J9 oo gAtold = HE o AAN 540 HAsHS S I A
Mgerh 3k olAE A2shs Jh e W=, theut o] ofE e
“Telephone Number” ZEo] 3}} o]Ato] ZH2 3] gafjoF stctu AYzhsh
customer
Customer ID | First Name Surname Telephone Number
123 Robert Ingram 555-861-2025
. 555-403-1659
456 Jane Wright 555-776-4100
789 Maria Fernandez | 555-808-9633
JX|gE, AefHs ZEo] 127] ATE9 ZhRldo] old HHs-& ol A
gejgckn Jhgstcia, glo] BHS INF7F opn, ©x| ofefe e v 5
qlck:
customer
Customer ID First Name Surname Telephone Number
123 Robert Ingram 555-861-2025
456 Jane Wright 555-403-1659
456 Jane Wright 555-776-4100
789 Maria Fernandez | 555-808-9633

oo Woo] B49 P HEA0RH ofHe INFE Yulstn Aok MFHQ WA
dlolelslo] 2 ] AARlAE 3 Elol Qlol 9ot o] Bl gre masts T
g5tA] erect.

8.4.1.2 A design that complies with INF: 1NFo] gt= T]x}Ql
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INFol #9354 %= HARIS o3t 22 2719 Eo]&3 AR&sto] e Zojth
Customer Name Ejo]E3} Customer Telephone Number E|o]E-.

Customer Name Customer Telephone Number
Customer ID | First Name | Surname Customer ID | Telephone Number
123 Robert Ingram 123 555-861-2025
456 Jane Wright 456 555-403-1659
789 Maria Fernandez 456 555-776-4100

789 555-808-9633

AeisEoel whgol o] OARIoA = =K  Qre=tf. 1 gjilol, 27
Customer-to-Telephone Number 532 = 1 A}A|9 I 7t &HA8stc} keyol 174
= Apgete, U-t-tlo] BV} 5 Hol2 7io] ERFI. "RR” Ho) 3

a

Blaes “xhi” Hol2Ql uA Mstiso] Qi we Astis oac
U Zi7ke] Astiis s ©a] shibe] naolARE &3ttt mebq ZZsjof ste AL of Tz}
o =8 2 22w 3NFO] F7bQ WaEAe FEAZ 4 Yot Aotk

8.4.1.3 Atomicity(dx}4)
Edgar F. Codd?9] INF Ao]- ‘atomicity’
FL 9l =l 2

ge Awstn oot “zizke] wAcA A
o 15[ 4] YA}=
tt. E&t Codd: sh}e]
o .

i

o] 7 2}
e 2SS DBMSeH BalsiA @xbsolof ch 1 Codd= st
2 e

ol

M olgel gHo

e

Mz o rr 22 32 19

Z
N
K
>
30 1
e
i
o,
v
m
=
Rl
[E
1o
=)
ol
i_.
)
r
Y
jo
ol
e, o
o
gl
!
K-)
¥9,
rr
H o
0 =
il
T

1) In database systems, atomicity (or atomicness: from Greek a-tomos, undividable) is one of the ACID
transaction properties. In an atomic transaction, a series of database operations either all occur, or
nothing occurs. A guarantee of atomicity prevents updates to the database occurring only partially,
which can cause greater problems than rejecting the whole series outright. In other words, atomicity
means indivisibility and irreducibility.

H. Darweny} C. Date’} A9t =
05742 INFE olsfist=d Aotz %JJ% 20" st%
be decomposed”olgt 7@ FAI7F A= b
w30l ¥AtAolat: oJu|R jhofg oA 4~ Q1Y)

+ A character string& YAtAo] ofUetl o AHA 4~ 9l=d|, XgA oz RDBMSO
AE 3 e BAGR BAY 4 9k MRS AFetn ] Ugolc
+ A fixed-point number YAPAO|A] oty oAAA 4 Ql=r], MPA o2 RDBMS
. ALAFE Al A7

ML D2 HLot BE2 BT 2 9
1

= ME‘
© An ISBNE AFHOA] 9ot olAF 4 9lidl, 22



ZE o] 7] fzolo

Date?} A|Qtst2, “the notion of atomicity has no absolute meaning : a valuegt
o offl Bxo| mel YRR oM A& YAY, OE DAL AL o we JJEA as
o] Agtozw 1= L% Qlty o] st F£Ato] Wr2H, INF+= atomicityS ZFralsto] Aojsh
+ ok o Qs 4 l=(conceivable) HlolE F(ZAE #Fd AT FYONAMTH arry
typest Elol2 7)) ZASS INF HolBolAl WolS 4 olck - ulF 4 viFR
712 ofYR|gh & S0, Customer Name TEE %= 7o =% "9l First Named}
Surname ZBE=Z F2|st= Zlo] Hr} vi=sict

=

03‘-’

INF, C. Date’} AoJgt ZI&x]™, relation-valued attributes(E]o]Z Ujo] Ho]E)S &
&5t It} Date’t £74sH4, ¢ Ho]29 Tt £o ofH Hol&Z 1@8]-3:]% FToz A
Q35I= 1S

relation-valued attributes2 o2 slHst 3209t S-8351ct

8.4.1.4 1INF tables as representations of relations: @#2] g 024 INF glo]&
Dateo] 7ojo] wtah, ghl ElojZo] S5 1L rheat e 5rhxle] AUS WEAT|E
“isomorphic(0]£5&A) to some relation”o]2tH, 1712 INFof 9tk

1) 290] ojf3t top-to-bottom ordering= EAI5IA] =t

2) 20| oJd3t left-to-right orderlngE ZER)5}R] o=c},

3) ol FEY 20% ExfsA] ¢

4) @& row-and-column 1ntersect10n0ﬂ‘— A L7155t TofQl( 1 o] Ao A& of
Y02 e 2 shuel Fere s et

5) B ZHe FA(regular) oItk [HHA] WA 29E 29 IDs, A s, B 374

time-stamps(ZA Y LA7|S) I 22 &A% 484 S AU 2R oS=r.

olaldt A5 ofHl g YvstE 2L AASH YA 1 oo BAFo] ohn]
1730l obyet ojujolck. A 1 AR ol2fdt HS FEAAZA ot

1) st} £4 7l(unique)’t gle Hlols. 213 Hole2 =

r

3]

)

goz F2E 29

Ev st —f-_“—l\ii UEH =& 71A|5t =S (mandates) &0 24, row-orderingo] 1
Ho] 7S8Ao|1% 9u|9le R&o] E= view. 0|Z1& 27 19] QJuto|tt. true relation
Ut wplest: A2 BT £ 2K e

3) Axd she] Yol Soig 4 9l
Jo o=
o =

A ‘E-E— E

o &7 49 futolt}, ™A FEE|oF 3]'5 AL 27 49] o] glo] =AY tl/do]
2= Aol ukstd, o)A o Uk Ee 1S A|AIS Coddel #AE dld
st 4 A3l (later vision)ollA A A o]gH Aol7| wFolt}
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8.4.2 Second normal form
2NF= deolgule] 2 Aatstol A ARgH A t&elty. 2NF= 19710l E.F. Coddel ¢
3 AL o=,

INF HolE2 ¥ 170] 2NF9] F45 237 faix e F7HAQ1 7S WA Ak
gtk oo ARAs] ZeElA, T oW Heo]Eo] INFOl 9lal, L Ho]&e] ojudk Hj-o
T SR 2z R 7159 ojwd shel [Pl oFEdsta A FHE, 1 HolE&
2NF o]gh= Zolth o7]A Ho]&2] Hl-oF HAold I HolE9] ojug F1 79 <

Pio] ohdl £4& Wt

]
=

O

Sofetdd, ofwl HolEo] INFl glar 1719 BE Hl-oF £HA4o] Fr7|9] Ao 9

8.4.2.1 Example
employees' skills& UL 9l 439 Hlo|&S& EAL

Employees’ Skill

Employee | Skill Current Work Location
Brown Light Cleaning 73 Industrial Way
Brown Typing 73 Industrial Way
Harrison Light Cleaning 73 Industrial Way
Jones Shorthand 114 Main Street
Jones Typing 114 Main Street
Jones Whittling 114 Main Street

{Employee} U} {Skill} & T o] Elo]&9] £H 7|7} ofyc}. ofufstd, S4IsH
ol (2 5429 7leE 7 4 ooh) YErE #oF ofyey, S4% 7] AA]
0] Fddol 1 7legs M2 £ o) YEYr| migo|ty. 1™
key {Employee, Skillli= o] Eo]E2] S HI|=A AtAS ZrE11 QlT.

o]
A}

17

rol opy
r ©

rE 2
o

—

UHZA] £491 Current Work Location2 ©A] $H7]9] dH B0l = Employeed]|§t 2]
Zoty k. 738 & o] Hol52 2 NF7}F ottt Current Work Locatlonsoﬂ e} 9=
EX(redundancy)g F=35}2}: 017]/\1 Jones?} 114 Main Streeto]|A] dstcta 3 ®JASY
0, Brown2 73 Industrial Wayoj]A] 2583ttty 29 BT o] e HEH o7 915ty
71 HolgZ 7340l (update anomalies)ol] F|otshAl =t o & E°|, “"Shorthand” ¢}
“Typing” & Z.E oA Jone2l work locationg 78418t 4~ Qo 19] “Whittling(Lr$72H7])”
dices A X & 4 Ao 2 2 golH e o2t 22 AZ0 st Zed g2 Al

o3
517 ®ic}: “JoneQ current work location& FS1UY7t?”
ol GAFQlol Bigh 2NF et st FEE &+ i Hols=2 o3 Zo] Bdsh=
P

Zlolty: $87] {Employee}s %'+ Employees H|o|]2x $H7] {Employee, Skil}& %
Employees’s Skills H|o|E&.
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Employees Employees' Skills
Employee | Current Work Location Employee | Skill
Brown 73 Industrial Way Brown Light Cleaning
Harrison 73 Industrial Way Brown Typing
Jones 114 Main Street Harrison Light Cleaning
Jones Shorthand
Jones Typing
Jones Whittling

O[] o] HoleE52 ofr

z

A 7YAlolgez oy

jo

AR et

YA BE INF Elo]250] ZBAlololA ALGE e e ofych AlolgoR of2g
2 7% ONFY o chgt Zek:

Tournament Winners

Tournament Year Winner Winner Date of Birth
Des Moines Masters | 1998 Chip Masterson 14 March 1977
Indiana Invitational 1998 Al Fredrickson 21 July 1975

Cleveland Open 1999 Bob Albertson 28 September 1968
Des Moines Masters | 1999 Al Fredrickson 21 July 1975
Indiana Invitational 1999 Chip Masterson 14 March 1977

H|Z Winner?} Winner Date of Birth7} key {Tournament, Year}?] Ao 9J5§jA]7}
ofuizt Ao <jsff 2FH X Hete, 58 Winner / Winner Date of Birtho] ZAg2 o
20 Hicols FEACR el o Mol WAAICE vl 7o ApAo
2 239A gy, off SWd sejats £ jo) A2 o2 YRS e oz U

g Zlojot.

o]719] ZEXl FA|= Winner Date of Birth £Ajo] &35ty Q= Mo|A oJ=X
(transitive dependency) Tj-#o]tt. Winner Date of Birth= AZj2 Winnero] 9]&s5tH, 1
theo] 7] Tournment / Yearo] °]&3tc},

o] A= 3NFO|A ch2ch
8.4.2.2 2NF and candidate keys: 2NF2} 4 7]
oZslo] djsto] olmst BRA TR JENS Zn X ¢he EHojZe AYHoz
2NFOIX|gF & T 719k ofyc}. ©F7] o|Qjok, Eo]&2 T 2 7M
Y5 WA, olmzt Hl-0F HYw olejdt FwIl of

dependencies& ZEA| Qrofof 3trt

t}go] Hoj ol B0l S|t teht Uk
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Electric Toothbrush Models

Manufacturer | Model Model Full Name Manufacturer Country
Forte X—=Prime Forte X—Prime Italy

Forte Ultraclean Forte Ultraclean Italy

Dent—o-Fresh | EZbrush Dent—-o-Fresh EZbrush USA

Kobayashi ST-60 Kobayashi ST-60 Japan

Hoch Toothmaster | Hoch Toothmaster Germany

Hoch X—Prime Hoch X-Prime Germany

8|5 gxto]y7t {Model Full Namels oE&F7|2 Aottt sirjetke, o] Eol52 2NFO
QlX] ¢ttt {Manufacturer, Model} ®£5F S H7]0o]1, Manufacturer Country:= 1719] 24}
< StA gl Estal Qo Manufacturer. o] 4ARRIS 2NF= ®1745H7] ¢siA= thaat
22 2 740 Eloj=o] W@ty

Electric Toothbrush Manufacturers

Manufacturer Manufacturer Country
Forte Italy

Dent—o—Fresh | USA

Kobayashi Japan

Hoch Germany

Electric Toothbrush Models

Manufacturer Model Model Full Name
Forte X—Prime Forte X—-Prime

Forte Ultraclean Forte Ultraclean
Dent—-o—-Fresh EZbrush Dent—o—-Fresh EZbrush
Kobayashi ST-60 Kobayashi ST-60
Hoch Toothmaster Hoch Toothmaster
Hoch X—Prime Hoch X-Prime

8.4.3 Third normal form

3NF& (a) IEJE]7F 2NFol laL, (b) Hel&9 BE A2 &x] o577 st
ol&sltlE= HZH-Z A (Referential integrity) S A 7|==  3dtod, do|ge o]FA
(duplication)& &o|%=% dlolEulo]=E Aqfdlel= 3WA HAkql I7g ol

8.4.3.1 Definition of third normal form

3NF&= dlo]guo] 2~ Aafste A AMEH &= A @ olth. 3NF= 19711 E.F. Coddell ¢
al A A=A Codde] FoolA Augh 32 ofH HeolEo] vhd iz 2 21S
FAZTE 232 3NFel| lvhs Aol

1) @A R(Elo]&E)o] 2NFo At}

2) RY BHE H|—0% &40 Ro] BE superkeyol H]—Z 0] & (non—transitively) ¢&A4&

ZEal At
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RO H]-oF £A4L& RO oWt TR 7L 43X (belong) %+
&/\éo]ﬂ /K]xHXqOEL‘ X—)Y:L]‘J/]J__Y—)Z (:L%iX]U Y — X(;)l 7g

Sadolt), Hold o
o

- , T
ARAOR X - 7 (X7h 22 ARAH FA o E2HS da

7} ohuleh)el A,

3NFE= Coddel Aol #ZAwk 1982\ C. Zanioloo] 93 th=A AL} o] A
oo A WatE Z> HolEo] &R A9 A ofEA X — A9 Z4Zbd gisle] Hoj=
&3 e 241 5 UE AU 248 3NFol dths Aot

1) XE AZ ¥33(F, X — At A& (trivial) 4 o]&Aolt}).

2) X7t 779710}

3) A%} X319 set difference(AH ) E HEH = A-X9 & 84F OF HAolth(HHA]
DA, A-Xol A= 7 AL ow TR S x3hE).,

Zaniolo®] Aol 3NFeF ]2 9243 BCNF(Boyce-Codd normal form) ZFe] x}ojol tj
ste] s vrs|ar vk BCNFolA &= Al |4 diok(AfF X 1+e] set difference?l “A—X<]
O % AU rE A AlASHE Aol

A

m
rlr

=y
—J—UL

8.4.3.2 "Nothing but the key"

HAZANA e FAdS st AEF Aok mpzrbA =, 3NFel thgh Codd®] o]l A
7199 swksl e B, Kentol]l 93] A|FHAT: “[EE] non—key[$A 1= the key, whole
key, 13]31 @A (nothing but) the keyel w3+ fact?tS A|Fsofqt 3o}.” 3+ 71XA
common variation®] Y3 7S WA9 HEO old HeE HASIT Atk “so help me
Codd".

‘the key’9] EAE 93] Zlo] 1 Elo]&o] INFo| Uth= AL FAsts o, Hl -
7] &4 %E0] “the whole key™ol| ¢]&3S Wa]= Aol 2NFolgts AL Felst= Aol F
72 H]—7] 2400 “nothing but the key’ol 2]&3%HS W3l % o]
sl Aol

C. Datex= Kent?d L9 tha] 3NF9 “an intuitively attractive characterization” .=
data 9low, a3E Zad v £ o A e Boyce—Codd AP A — “7H7te]
42 the key, the whole key, and nothing but the keyol gk AFN-S F&Hsfofwt e}
o =& & 4 Avkal sisith 3NF&= &4 H]-7] £A0o] 7|59 o&Esthe 3S &2ls)

= dwt FAL 727 wjZo, o]8]d 3NF9 A= Dated BCNFY variation®.t}h eksit},
(Z1EIAY 719 BEE)Q oF SAES Aoz dx oEA o)A ofof gy 17
5 A7t 22270 1 719 Aoy AAlg e Re® 1 7ld Uid AMS wdska
(A7 FEIok st AL oW 1 & 719 ZF HF-F o] “whole key” A(clause)S $|WHs}
A HERE BE S4d olAs A&ste A 2dFd H5FFHRIIE a4 2 Fol7]
e, o] 73S grHoer ofEse HAEAAT HEHTteE Aot
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3NFeo] 2718 SFA71A] &8l 2NFY o+ v 2ok

Tournament Winners

Tournament Year | Winner Winner Date of Birth
Indiana Invitational 1998 | Al Fredrickson 21 July 1975
Cleveland Open 1999 | Bob Albertson 28 September 1968

Des Moines Masters | 1999 | Al Fredrickson 21 July 1975
Indiana Invitational 1999 | Chip Masterson | 14 March 1977

o] glo]&9] 7} 29 53 Yearo] 53 Tournament A5 L&A okslr] o
oll, 37 {Tournament Year}& oWl 292 §datA 2H3slr] Yate] das Hask
o] &4 H3steltt, &, {Tournament, Year}i= ©] Ho]&9] F 1 7]o]r},

3NFo] 9julo] wrAg=d] 9ofitald H]—o% &4l Winner Date of Birth 7} H]—2
£ 22X WinnerE AXA £H7] {Tournament, Year}ol] Ho]H o7 o&3 Q7] W&
o]t} Winner Date of Birth7} Winnerol] <& o2 &35 il s AL O E gzt
o2 AdddS Zha FYS Aol sHsE AS WS AL ol AL gloen=z 1
o] 55 logical inconsistencies(=8]%4 B0 R JFEE FH R A HHE

g

SNF 9wglol $UF AAS EAS] fshe] o HolBE theat o F AR Lhrof
oF gk

m

Tournament Year | Winner Winner Date of Birth
. L Al Chip
Indiana Invitational | 1998 Fredrickson Masterson 14 March 1977
Cleveland Open 1999 Bob Al Fredrickson | 21 July 1975
Albertson Bob Albert 28 September
Des Moines 1999 | Al ° ernson 1 1968
Masters Fredrickson
. L Chip
Indiana Invitational | 1999
Masterson

olAl 3NFoll Sli= 5 71 259 HolEelA 7ol ido] dojd &=

52

.

8.4.3.3 Derivation of Zaniolo's conditions

Qe A A7, 19829 Carlo Zaniolo7} AIAISH 3NFeo| Aol& thad & Ao
S5t Let X — A be a nontrivial FD (5, X7} AS ¥335%] %= Z1) and let A
non—key attribute. Also let Y be a key of R. Then Y — X.

8.4.3.4 Normalization beyond 3NF

&l 3NF Ho]EE52 update, insertion, and deletion anomaliesolA A5 Tt.
3NF ®Hlo] &9 of" FHES dAAAE A 7] FEXRE o] g o] dEol] 3¢S
=t olgg Ho]EE2 BoyceCodd normal form (BCNF)9] ZA3S 7FA3 JYAY v =

=
=4

KX
T
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BCNFE &=A17|t)&+ % 4NFU 5NFeF 2& B}l uxpd#el Apdds 28-S zka g},

8.4.4 EKNF(Elementary Key Normal Form)

Elementary Key Normal Form (EKNF)& 3NFE U} nTslA A5 FJejolr}. A els)
2, EKNF Hol &5 A 3NFeoll JANE, skt o]k gk B37])7F 9lar, o] A Eo] A
2 59 o ols Jeirt BAST oldd B THE ZHEC JAHE U A
Qo] & & Ut

e a9 RE 7IEAQ T4 Aol whole keysell A A FEHAY e 7]
2 7] %4 (elementary key attributes)ol| A £dthH, 1 Ho]E2 EKNF 9t

E 93 nontrivial 32 o)EA A, X F]o]AY EE YE 7)E

8.4.4.1 Example
ERAC) A3 o]  EKNFQA  HolE9 dx  o}l#f¢  Boyce-Codd normal
form# Achievability of BCNF& #x3}7] nfght},

8.4.5 BCNF(Boyce—Codd Normal Form)

Boyce-Codd normal form (or BCNF or 3.5NF)2 do|gjH|o]~ Aif3le] ALY+ A
ol oA INFRUE X ¢ Z#H3k Aeltl. BCNF= Raymond F. Boyce and
Edgar F. Coddell o8l 1974del 7= len, A} Folgt AAH INF/AHA] vh74 X3d

oW #3e] o F(anomaly)ol ZHG BT 9Irh,

el #AFY 27lehk BONFO] Qb = thE 99 wle] A4 EAseE 3
4 gEAel fFEetn g RE HYe AAdd. v aem @A e 9Ey
X = o D

FAs e,

1) X — Y is a trivial functional dependency (Y < X)
2) X is a superkey for schema R

8.4.5.1 3NF tables not meeting BCNF (Boyce-Codd normal form)

3NF E|o]Zo] BCNFQ] Q31272 WHFAZIA] = 4= W& =4 o429 5
SH7|E 2t Q1A 4= 3NF Elo]&2 BCNFo &AsH Q= Aolot. 279 &4A oJE/
AZtoll whatAf, 270 o]gel F=5d SHEZ|E ZHil Qle 3NF fo]&2 BCNFo| /&
o OZA] s 2= Tk BCNFE 3FHAIZ7]A] Xsh= 3NFQ o= o3t 2t

Today's Court Bookings

Court | Start Time | End Time Rate Type
1 09:30 10:30 SAVER

1 11:00 12:00 SAVER
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1 14:00 15:30 STANDARD

2 10:00 11:30 PREMIUM-B
2 11:30 13:30 PREMIUM-B
2 15:00 16:30 PREMIUM-A

- HOIZS 2 22& & JHSI SIEZE(RE 1) 8 D
U= HLIA 2O BE 0l2Y( court booking)S U
e M2 REY el _’EO1I FAIZEE 2 0l 20 &ICH.
o FIIZ, 229 L2 AW 2HE Rate Types Z=Ch 0l210= 401K19 2
&t rate typesIt RUCH:
- SAVER; &0l RE 12 0l
- STANDARD; HIZI& 0] ZE

m

+ PREMIUM-A; 3|20 RE 28 0l<.
+ PREMIUM-B; HI2I&0l DE 25 Ol

o] Hlojzo] 4m7|E r}gut 2k

S: = {Court, Start Time}

S; = {Court, End Time}

S; = {Rate Type, Start Time}

S; = {Rate Type, End Time}

Ss = {Court, Start Time, End Time}

Se = {Rate Type, Start Time, End Time}

S; = {Court, Rate Type, Start Time}

Sg = {Court, Rate Type, End Time}

St = {Court, Rate Type, Start Time, End Time}, the trivial superkey

o] Hol=oA H]Z Start Timed} End Time £/d=50] 2444 559 Us 24 d&=tt
sttlets, 9ojt ofd o2 Jao] ZE 13} E 20] Oigt & 7}x] A2 cf2 ojofo] Sl
AIRTEIAL SAl0] Edths e AlIsHorgt stth= Zof FEstojop gitt. o]Zlo] ¢ff {Start
Time}7} {End Time}o] o] Elo]2o] 2m7|2 1= 4 laxlo] thst o] golck,

HAQE, @A Sy, Sy, Sz and Sy = FHRIISAU(H o AOIA | 4310

a} 501 S; © S5 50 S5 = EHIZF E 4 Q17 wiolth 2NFoj|A]

- E/3(THA] oA, ofret 2 R7|M = HAYSHA] = £7d)9] F2A

A= At 3NFolA] S8 7)o Tt B]-0F £/d9] Fo|X gk
#7152t

m\n
_-t% 0[’4.4
rg
2
) i

_4

|o
oA

_O'y‘
B g
=0 o

P
L &

ol oz r9£

o
=

oy

Al

o =

roax NN
ox,

VS 1

11

‘_—‘7
[

izl
mlo

o
=

s

st

Today's Court Bookings E|o]EojA], oj@st H]-0 = &X

£852 o 2E7]0] &stal Qo 22jB= 7 EHo]e2 2NFe} 3NF & oo sl
JHXRE, o] Holg2 BCNFO sigHAl= g=d, 2 olfe 28 £74(

determining attribute (Rate Type))o] SH7]|& T12]11 SHI|9 superset® o}d, Rate

Type — Court 9J&4 mj2o|t}. Rate Type — Court Q&AL Rate Type’l ©A &<

Courtof| 9+ A -&&]ojofgt wfjgt o] o]l tH(respected).

ol

Ttlrln
v%rlﬂ K
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r}2o) tjaele BONFE 5541717] 9stel 249 4 qlrk:

Rate Types
Rate Type Court Member Flag
SAVER 1 Yes
STANDARD 1 No
PREMIUM-A 2 Yes
PREMIUM-B 2 No

Today's Bookings

Rate Type Start Time End Time
SAVER 09:30 10:30
SAVER 11:00 12:00
STANDARD 14:00 15:30
PREMIUM-B | 10:00 11:30
PREMIUM-B | 11:30 13:30
PREMIUM-A | 15:00 16:30

Rate Types Ho]Eg& ZHIEL {Rate Type} ¥ {Court, Member Flag} oJc}:
Today's Bookings E|o]E29] S H 7|58 {Rate Type, Start Time} 72|11 {Rate Type, End
Time} o|t}. o5 & ©f BCNFoj| Qlt}. {Rate Type} o] Rate Types H|°o|29] 7]d o, &+ 7
o] N2 o FEC} A4 Rate Typed Z+= A& &7Fsstth. 1222 Rate Types H|o]
Eo d+= 7124 {Rate Typels A& o=x, X x9 Holgo] IFS 7|Ae= ol
(anomaly)2 AAZ & A

8.4.5.2 Achievability(&+54) of BCNF
ojd 7o, H]-BCNF E|o]E52 BCNFE THEA|AA x| x9] glo]goA {FAIEHAH &
2 EESHL Qe HolEEE _\L‘.‘OH 4 AT} 1979¢ 0] Beeri @ Bernstein ol =91,
|EQ] &R oJ& {AB — C, C — Bl= BCNF A7]uto] o B 4 vt A2
of 2t webA A9 37HR|Y] At 2], BCNF&= 34 &/dd

araAl o]&/do] {AB — C, C — B} patterng T2+ t}32] H]-BCNF H|o]=& A§2Isl
HAF:

Nearest Shops

Person Shop Type Nearest Shop
Davidson Optician Eagle Eye
Davidson Hairdresser Snippets

Wright Bookshop Merlin Books
Fuller Bakery Doughy's

Fuller Hairdresser Sweeney Todd's
Fuller Optician Eagle Eye
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Z¥7¥o] Person / Shop Type Z&yt #&ASHA], o] glo]Eo] f2joA &stl A= A
ozl 5879 AdL2 AHoz A}E}Eﬂ At 71 Zibo] Qltk= Zoloh. 2]= stue] A

Aol & 7] olate] 9WY & It zikaA FHAatat.
o] Hlo]29 SHI|S2 t3} 7EPUr~
{Person, Shop Type}
{Person, Nearest Shop}

2% 3719 £7d0] o F &£7d017] fwol(&, £E7|0] &3tt}), o] Ho]&3 3NFo o,
JZX]qF o] E]o]Z0] BCNFOﬂ% 451Xl &4=dl Shop Type &7do] &Aooz Hl-2H7|Ql
Nearest Shopo] 9&35t1 17| wj&o]c}.

BCNF9] 9Jytojetil sh= 712 o] Eo]=0] o]4f(anomalies)o] FF=
£0], Eagle Eyex= “Davidson” #|ZE0A Shop Type “Optician”2 A235t1 Q= =
J719] “Fuller” g2 E0]A “Optometrist”2 v} Shop Type2 7HA &% Qlth o]A&
Arol 2ed digS Aled Aol "84l Eagle Eye's Shop Type?l7h?”

2 N 0 e
o -
~]

Ze A
Aol 4 oF ¥ AS5h= Shop Types 7MCo=zM A 7haeh Ol”(anomahes)%%
d}st A O]q-
oa T M

Shop Near Person

Person Shop

Davidson Eagle Eye
Davidson Snippets

Wright Merlin Books
Fuller Doughy's

Fuller Sweeney Todd's
Fuller Eagle Eye
Shop

Shop Shop Type
Eagle Eye Optician
Snippets Hairdresser
Merlin Books Bookshop
Doughy's Bakery
Sweeney Todd's Hairdresser

o=k A A= TXx}QlojA], "Shop Near Person" E|o]EL& {Person, Shop}e}= ST H7|=
Zfow, "Shop" H|o]&2 {Shoplolst SIS Zt=tt. E°JsHA|:, H]5 o] fAFelo] BCNFO
ggottt striehe tebet Erf(grounds)E WorSY & gith o]Ze SUsH Abgo] A=
(against) 34t 7P 549 YA =2 stolg HIEsHA ettt vy s, 2719

S B2 d4A &/ {Person, Shop Type} — {Shop}’} &HI2Ch= Z(respected)s E
SotR = e

olg|gh B o]d3 AlAsh=(22{y BCNFo] m=X] ¢t=) HARQIo] 7Hssitt. ol T AL
012 Elementary Key Normal Formeo 2 24X A2& FFFo|t}. o] gAQIL oA A
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J =} Bernstein's
7+ 3NFo] 7=
o}

Nearest Shops

Person Shop Type | Nearest Shop
Davidson | Optician Eagle Eye
Davidson | Hairdresser | Snippets
Wright Bookshop Merlin Books
Fuller Bakery Doughy's
Fuller Hairdresser | Sweeney Todd's
Fuller Optician Eagle Eye
Shop
Shop Shop Type
Eagle Eye Optician
Snippets Hairdresser
Merlin Books Bookshop
Doughy's Bakery
Sweeney Todd's Hairdresser
T A ZFAX ZA(referential integrity constraint)o] A WA] E|o]EoA] & {Shop
Type. Nearest Shop}o] & ®&] Eo]Z0o|A & {Shop Type, Shop}a ZZRsfjofgt gtt= &

THeffect) S 7Jler Zlol2td, AdollA 7]sst HlolE o2 g & St

8.4.6 Fourth normal form

ANF= dlolgHlo] Ayfstel AREH= A tdolvh. 19779 Ronald Fagino] 273
ANF&= BCNF9] thg @AIQl A tdlelt). 2, 3, 18]a Boyce—Codd AitHo]l 47 o&
A3 o] e W, ANF= E53t 94 (multivalued dependency)e]gtal st HUh
AukAQl 3o ofEA Y #Ho] Qdrt v 1Elal ©@x] 139 non—trivial multivalued
dependencies X ——>> Y9 & Aol tisto], X7} 57| - &, X7} FERI|O)AY 1A 9
superset2}H, 1 H o] E-2 4NFo| St}

—

8.4.6.1 Multivalued dependencies

#AAE dlolg o]~ Ho]E2 column headingsE 3709 disjoint(3}A]) groupings X,
Y, 22 vE 5 v, o' 53 299 4 (context) oA 2= P 2 15 o}
o & dHelHE 717 x, y, z2 HE 4 Au. multivalued dependency X ——>>(two
head right arrow) Y& T 27} Ho| & A AR TNt oH x5 Ao (o]
el xcdhar 24}, 1 Ho]BoA A= BE xcyz 2% I AEES A (compile)
o, xee 29 ddglol HEE vy entrieset A et © oulelt}. w
ghA EHA o R 2@ A= vy AAA ks A 7 A =

87 gzt

!

A trivial multivalued dependency X ——>> Y+ Y7} X9 subseto]AY X9} Y7} &4
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Al BE &4 AESE 4T o SAsh
St2 o) &AL multivalued dependency®] EHEH3 7 $olt). 3
A, BE x& 88 st yE& AASH, A3 sholid2 ofyofor

8.4.6.2 Example

Pizza Delivery Permutations

Restaurant Pizza Variety Delivery Area
Al Pizza Thick Crust Springfield
Al Pizza Thick Crust Shelbyville
Al Pizza Thick Crust Capital City
Al Pizza Stuffed Crust Springfield
Al Pizza Stuffed Crust Shelbyville
Al Pizza Stuffed Crust Capital City
Elite Pizza Thin Crust Capital City
Elite Pizza Stuffed Crust Capital City
Vincenzo's Pizza Thick Crust Springfield
Vincenzo's Pizza Thick Crust Shelbyville
Vincenzo's Pizza Thin Crust Springfield
Vincenzo's Pizza Thin Crust Shelbyville
P 2o7h ehlle 22 & SR Age] 545 Alojo] St thgst Hake uigw

o] Hlo]g& ojgt u]-7] &= Zra QIX] A2, 1 o]f ©A] 717} {Restaurant,
Pizza Variety, Delivery Area}o]”| mjZo|c}t. J=2jo g o]7l2 BCNIVIA]Y & AAFE
SEA| D Yt Y S2j7t PYeA, AgelA AT WA FRE uRAgo] JFS

WA AEHH(SH, ATo] B WiZAGo] ZE tefst OAkE siget), oA ANFE 55
AIZ1A] 2ttt &A= {Restaurant} &£7($H7]7F opd)at #&siA &= 719 non-trivial
multivalued dependencieso] UEPATH= Zlojtt. o] oj&d 2 oSyt 2

{Restaurant} —s {Pizza Variety}
{Restaurant} —s {Delivery Area}

non-superkeyo]| tfgt o]2{3l non-trivial multivalued dependencies2 AIojA A3
st miatel BRE AOIA WY & ot Alednt SYHoleks Aol Y3 7R
%, o] Aol 2 golgo] dojido] LAt} o F o], 2= 39 Woflof gtk Al 4
A= Stuffed CrustE A|xstd, Y Al Pizza’t Cheese Crust mX}IES grS7] A|AbsHCHH
Q&)L Al Pizza®) IZA|%0] 2}7bo] B0 202 Zo1e Wast g Aolch Iy ¥
AR olzig & 4 At AEAIL oA obf e gtk Lot Al Pizzad Y
Al RE7F ofy 2t U= #5tof Cheese Crust 2952 7t = ot O2tA the
multivalued dependency {Restaurant} —s {Pizza Variety}S X|7|X] E5}t# =},

e o>
Y 3o

ojgier o] 7HsdS MAsH] Hsto, 2= viEAIGo] tiet AMdERRH ojE o
€ Hols £22 AlgH= SR(varieties)o] tigh AMES DFASHOFRE 5toy, o] Lo 2 ]
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0|

Varieties By Restaurant

Restaurant Pizza Variety
Al Pizza Thick Crust
Al Pizza Stuffed Crust
Elite Pizza Thin Crust
Elite Pizza Stuffed Crust
Vincenzo's Pizza Thick Crust
Vincenzo's Pizza Thin Crust

Delivery Areas By Restaurant

Restaurant Delivery Area
A1l Pizza Springfield
Al Pizza Shelbyville
Al Pizza Capital City
Elite Pizza Capital City
Vincenzo's Pizza Springfield
Vincenzo's Pizza Shelbyville

S

axoz, o 3
e Aoz AYstA W

ol MEEL mAke]l £57h tuje shpel HjEA] oloqwE
che, 2)%0] 3-2% o] ANFE WHEAZ Zolrh

ro

8.4.6.3 4ANF in practice
Margaret S. Wu9] 1992y =Fo|x A Aoz tolEuo]~ AFEe] ZooA]l 4NF

o 9L MEEY 1 o ft ANFE AWSE HolB(1AT RE 39 ATFFS 0
ATEIE AL} QR olFoiAA wEvks wg WEeld St ol Wee 1d
Av AR Ge FE Ak Wus 40709 719 delulolz AFA, 20% ol

] A=
b9l AT S WEAZIT AW ANFE s Q= sk ol HelBg 2w Yt

rr rln

8.4.7 Fifth normal form

S5NF+ HE3F project—join normal form (PJ/NF)2tix 3t ojojx oz Hdwd &
o #HEAS mHEAY Oi’fﬂ E*%}: /\}N(multi—valued facts)S d =93} o]
Ll

S5NFell lvbar &ghcy,

Rl thgt join dependency *{A, B, -+ Z}7}F 9+ 831 ©@x] A, B, -, 29 Z}7te] R
S 93 a superkeyd Wik RY TR 7| (E) 93] FHF(implied) ¥t}

8.4.7.1 Example

Traveling Salesman Product Availability By Brand
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Traveling Salesman Brand Product Type

Jack Schneider Acme Vacuum Cleaner

Jack Schneider Acme Breadbox

Willy Loman Robusto Pruning Shears

Willy Loman Robusto | Vacuum Cleaner

Willy Loman Robusto Breadbox

Willy Loman Robusto Umbrella Stand

Louis Ferguson Robusto Vacuum Cleaner

Louis Ferguson Robusto Telescope

Louis Ferguson Acme Vacuum Cleaner

Louis Ferguson Acme Lava Lamp

Louis Ferguson Nimbus Tie Rack

o] E|o]&2 Brand® AAE ;o] 95l 7=0l%l Product Typed} 0|79 EFE LE}

WY+ Products= Traveling Salesman® 2 AX = TojgdoZHE o]&T 4 Q= 7S &

sta Qlct.

Traveling Salesman, Brand, and Product Type®] S ast ZA%E Astst= ofd 1A

o] urlz Qlstel, o] 3-44 EHlol2g ol2ist Aate AatetA] mstar Wat gt
JZARE offe] fAlS ARt 7}”011 HAE: A Traveling Salesmano] A419]

repertoired]| certain Brands and certain Product Types& zfi T}t 9 Brand Bluf

B27t 2.9] Sl 8o QUthH, 2|3 Product Type P= 19} 2xE2]o] Ith¥ (Brand Bl

o

.

Traveling Salesman

and Brand B2 = ©f Product Type PE ThECh 7HASHHH),
products of Product Type P those made by Brand Bl and those made by Brand B2
= Al&sliopet g

ol2fet g%,

Product Types By Traveling

o] Eloj2e

A
e

Pi2 s 4 Ak

Salesman

Traveling Salesman

Product Type

Jack Schneider

Vacuum Cleaner

Jack Schneider

Breadbox

Willy Loman Pruning Shears
Willy Loman Vacuum Cleaner
Willy Loman Breadbox

Willy Loman Umbrella Stand
Louis Ferguson Telescope
Louis Ferguson Vacuum Cleaner
Louis Ferguson Lava Lamp
Louis Ferguson Tie Rack

Brands By Traveling Salesman

Traveling Salesman Brand
Jack Schneider Acme
Willy Loman Robusto
Louis Ferguson Robusto
Louis Ferguson Acme
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| Louis Ferguson | Nimbus

Product Types By Brand

Brand Product Type

Acme Vacuum Cleaner

Acme Breadbox

Acme Lava Lamp

Robusto Pruning Shears

Robusto Vacuum Cleaner

Robusto Breadbox

Robusto Umbrella Stand

Robusto Telescope

Nimbus Tie Rack

ol 9ol g 17b ACMEO] §HE 1 wie]l he g Wa ®F o2 uac

(Robusto)9] AZAA7]|= THH, Louis Fergusond ACME(ACMEJA RFAHA7|S TH=T}

= 7 stoll)olA] 9F= Vacuum Cleanersg Alast= 1S AEE £ gith

FEE AL o) HA(setup)ol HYS AAs=Hl =ws T Aotk Jack
Schneider?t Robusto's products Breadboxes and Vacuum CleanersS 7] ARSItk
hal wab ol AAolN, et z7tel AE £RE9 stz who Aee FEg 27t
sflofg Ziojch: <Jack Schneider, Robusto, Breadboxes>, <Jack Schneider, Robusto,
Vacuum Cleaners>. M2& AAoA] £2]= Brands By Traveling Salesmanof 9= ©¥
gr=2 (<Jack Schneider, Robusto>)or2 F7tsh = Q71 9Qlc}.

8.4.7.2 Usage
@2 g = Aol Mgk ANF Ho]Eo] 5NFel| m}7bA]=(conform) =T} o] 2 &t
Lol A& HAEY ¢S frastd ddsted s A= Hag A-
19 AsZ7(a complex real—world constraint)e] 7 ®Ho]E9o] =] <FA] A (implicit)
o|7] g AFEolrtt. v 1edk HeolEo] 5NFRE A fstE A krid, 1 HolE i
E

=
24 daAdS frAlskEd mEs e A, AL A3 e A= o
ul

Al HlolH o] = S

Eo] FEA o g Tolof gty aelal 1 HolEo U H ]EV} EdX = =& Y7ol
EA8+A Hrk. tFZF o2, 5NF trpeld s 188k EA XA (inconsistencies) ] 7FsA
= WA A I}

8.4.8 DKNF(Domain/key normal form)

Domain/key normal form (DKNF)<2 domain constraints®} key constraints®.t} o2
o gk Algka A(constraints) = §li= Hlo|H o] ~E Q78 dlo|Hu|o] 2~ Aafstel A A}
&5+ Aol domain constraints 54 H4L&o2 s shegk ks 545k,
WAl key constraint= 54T HolEo] e 295 FdsA AET F de EXE 5

g3} g

domain/key normal form< TA A U= EE AL A7 keys® domains® H oo o



st} =249 A3d u AW, key9t domain restraint(F %], AX)} 2AE 7Fatgto
ZH BE AL ALE FFAIIE Hde] HY. PR o3-S HEE non—temporal
anomaliesE ¥ 8tt}. domain/key normal forme AF&3hi= o]fi= dlolEjHo] oA 7]323t
(clear) domain ©]4} key constraints7} ofbd WA Ql Ao 4AE 2= AHS Ity AT
ojt}. H-E 2] dlolg ol A= £AF T A domain and key constraintsES HAE
e Aok 2= ARE AubARl Agte e st HEo] Wol Ei FASEHE H &
o] @o] =1i= stored procedures® HE|E TR IWVS A= S to]EHo] 2o A A

oz g7d Aot adnz duty AR

-

84+ domain and key constraints® Y=t}

¢

T BE oNE Fi JdEAE BE BT} &2 Ho|guo]~E W3 (convert)dhiE ZH
t} domain/key normal forme. = Hlo|EH|o]| A2 FLE3E= Aol AN Aok a8 ATH
© 2 domain/key normal form databaseE® T3} AL HE AL HolgHo]x X7
el & AetxE ojEE dFoltl. 182 E domain/key normal formo] thH-Eo] do]E
Hlo] oA WAEE FAE AAstE s, 1AS st 7P dmld Ardd
otk 23 A9 domain/key normal formS ASHA] EEte AL Al7to] XivpdA HTh
< At migels deolgulo] o] Uehts ol dE® Qlete] AVIREe HA #old)
H|-&S A stA 24 ol

IR b

3NF, Boyce—Codd NF, 4NF, 5NF¥ domain/key normal forme| 5¥3 Z9-5o|th &
7} (super) 7]& W3lo] 7}53F functional, multi—valued or join dependencies® 7}A il
Attt o5 AFE 9 domainsyE ATS WA gowmw RE domain ATLAES WEAZ]
o}, aExwer Bk uxkPel ATFES domain/key normal formOE WA 7= AE A

dependency—preserving transformation®! A< olyrm =z A 7lEsA = &t

8.4.8.1 Example
o} Bloj 24l DKNF 9igto] wagst gick:

Wealthy Person

Wealthy Person | Wealthy Person Type Net Worth in Dollars
Steve Eccentric Millionaire 124,543,621
Roderick Evil Billionaire 6,553,228,893
Katrina Eccentric Billionaire 8,829,462,998

Gary Evil Millionaire 495,565,211

Wealthy Person®] w=ujQlo] nj2] o5l w2 FAIC MZo Q&= B& FAMQ o502
FAElo] Qlal; Wealthy Person Type?] EU|Q1-& 'Eccentric Millionaire', 'Eccentric
Billionaire', 'Evil Millionaire', and 'Evil Billionaire’® &0} 9lo0]; Net Worth in
Dollars =012 199 EC} PhAG AU B L2 /g o] okl 7HJs] BAL

s 27F g8 Zo=zHE sUE F&(deduce)d & 9 Al2fEWealthy Person
1|

Typeg Net Worth in Dollarso]] =3 A]7]=0] A|$Hconstraint)o] &A8stCE. o] A|gto] XA
5= 712 an Eccentric(]®}) Millionaire or Evil Millionaire= 1,000,0000]A]
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9099,999,9997tX]9] &A}AHnet worth)2 7 £ 9 X9t ojd Eccentric Billionaire or
Evil Billionairex= 1,000,000,000 o]At9] £AMArS 7P £ Qlth. o] A3tQ4A+= domain
constraint®= ofYi key constraint® O}LJEJ( laiﬂi Ldl= EAX|5tE= Wealthy

DKNF ¢¥re ©x] 2709 ZF 'Evil' and 'Eccentric'2 LA &E]= Wealthy Person Type
CoQle wigstoz2 ) AAYE 4 Qltk: a millionaire or billionaire?t 72 Bx}o] x|
(status)= their Net Worth in Dollarsol] 2@ %o UEL ooz ojmst 383 JHE
glofuial ] o

Wealthy Person

Wealthy Person Wealthy Person Type Net Worth in Dollars

Steve Eccentric 124,543,621

Roderick Evil 6,553,228,893

Katrina Eccentric 8,829,462,998

Gary Evil 495,565,211
Wealthiness Status

Status Minimum Maximum

Millionaire 1,000,000 999,999,999

Billionaire 1,000,000,000 | 999,999,999,999

DKNF&= ARz 43577 &5 o]y,

8.4.9 Sixth normal form
6NF& 2714 A2 b& WHoe R AMEHH, dAE dolguo]2~ o] = A
(term)©]t}.

o]

fid

8.4.9.1 6NF (C. Date's definition)

temporal databases®] ¥3+ Christopher J. Date and others® oA ZTAEH o=
(relational algebra)® A4 Abo A (based on an extension) H|o]EH|o]~8& AF o=
6NFE 7ol akalt.

o] oA #AAY AAAE - o, join —= GR AHFAH T A9 3 = F
interval data®] AA2= A2 E fste] ddtslE ey, 1™ St
(generalized join)& TS ¥ 7|22 43k

Wl gl ©A] 2Ao] A= oW 3 nontrivial join YEANE TEA] T X EIrhH,

=
relvar R [table]& 6NFo| 9t} - o]xdx &, vt gl WA AHojx #I#HE projections
ol A sh}(olrtE U_projections)”F %%ﬂ% relvar [table]®] RE &4 59 3L taken

overdtH A a join g&EA ] trivialdl 7

6NFoll 2+ ojug 3k #Agl= 5NFo| At}
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6NF= #AIE WsES o o ¢ ¢ 8l 7484E A
H|Z o]Z o] non—temporal relation variablesol] tw3ale] vl A F Q3% sty
temporal variables or other interval datag UE W 2% &= At} 5 E9
W A7} supplier's name, status, and city® o|FolA A, -7
ol @Al A FaIU(HE 51, FAH dolgd tigh) Al

(temporal data)Z %7}6}34 g glo, o] 3 #ol MR HHAHoeR 1Elal thE H]
g8 W XE rath A9 wgt $-gl= StatusS WH3AIZ AALS FHEHES AR B
21},
8.4.9.2 DKNF

W 5L 6NFE 24 =, Domain/key normal form (DKNF)2] o] &= ojz A}
43t}
8.4.9.3 Usage

6NFE= o2 £9] Anchor ModelingS Algdtoz2xR A o)

155
data warehousesol|A] A% 11 ¢t} H]|E 6NFE ALg3t= Aol HolEe Zubzx =7}
= FAE AFE3EEe]) select

7FAedet=, Al dolguo]~E (‘table elimination’o]2} HF-2&
queriesZ2 58 QFE X &3 wetA] oy 7HH S-S H
ste] HolEE5S AAT F Uth(prune).

1) Anchor Modeling is an agile database modeling technique suited for information that changes over
time both in structure and content. It provides a graphical notation used for conceptual modeling similar
to that of entity—relationship modeling, with extensions for working with temporal data. The modeling
technique is based around four modeling constructs: the anchor, attribute, tie and knot, each capturing
different aspects of the domain being modeled. The resulting models can be translated to physical
database designs using formalized rules. When such a translation is done the tables in the relational
database will mostly be in the sixth normal form.

8.5 Denormalization

online transaction processing (OLTP)S HZA o2 &= HlolHuo|Ae AHIYHo=z
online analytical processing (OLAP)S HZ o2 3l dlolgHo]xrt) t A f3ly ofof
gty OLTP o ZEE52 w7yvtA 7heEHAA @) dzes Alstes 30 2 B 49
22 A (transactions) = & vk 54S 7HA Ak oy g Yt 4 A A8
W AEE dolgue] 2o wA Holgk Fojth. thxA o %, OLAP operationss 40 =
3= HloJEH|o] A= AAH O “read mostly” Ho]E H|o] 0]t} OLAP o]&EL oj#:7|7t
EQF Fo R AALA HolHE FEstele Adde AL Aok 28 ) ]HHﬂO] oF #d
A, o)A ola “ErA 132 "¢]l dlo]E]+& business intelligence applicationsS A&s}A &

4= 9t} E3], star schema©l 90+ dimensional tables:® £Z BA73 o] 33 x3helar
Ak gA4aE £ #YE do]E = extract, transform, load (ETL) 3459t 2214
A E o ok &, o] &AE 1Alo] dytd el (consistent state)7} 2 w7bAl L HlolH
s B 5 JuF 83l otdETh star schemaol] tisle] A FstE tieke snowflake
schema ©]t}. B Alglol A, computers and RDBMS software®] 371 A ¢ 7= 3A
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Hown, @Aqrste] Fadol FolEa Uth(wane). 1t} HolH e F37t
hardware and software performanceo] Wz} Z7}dto 24 OLAP ©loJEH|o] Ay FF o}
ANA &EAGqtstE 2~710kE ARESFaL 3L

g 5+3l= 3 computerized cash—registers and mobile devicesolA] ©A] look—up
(ell: price lookups)& HoJEIRFS AME-E &% lom= 43y FAFH s /sty 9
sto] AbgRth, g4 qtste 3 oji 3k RDBMSE Palmy 28 ZHE o7 EA&A &
W 1A eFow HolH e} swiftel] HlES Aokete ofwg Wt FasA &S W A

PN
4 F= dv

oo o

8.5.1 Non—first normal form(NF? or N1NF)

27 +8HDenormalization)= 7g+teto] wrdjolty. Z74fet= FJustl {8 & At=
o1Alof w2}, non-first normal form-& "sets and sets of sets to be attribute domains"
(Schek 1982)5 58§24 INFE Tr=X] Q= Glo|gHo]Ao] HAIRICZ Ao I},
metd o REolN HlolElS Helshn FRteter] ALSH odoj= 1 e ASS AYstrs
sirjg]ojofat 3},

0
%)
=
c
a
Q
=
=
@
9;

o7l AmE= g VA Y2 2st 129 Hese 2229 =HQI-A
(domain-specific) Aol 721 Q= EAStH 939 S(domains)2 12sh= Zlo|ct.
x| non-INF 2elo] Ti|2 ojujst= Ae wAY ment 170 Helshr] Ysto] Arg
g Qlojst Tefdt x| WA YA wPhUFos =ojst approacholch: olE &
the nested(£%]) relational model2 27§9] F71AQl HAAMAH(nest ot unnesHhH s EE=Z
nested relationsS H51 flatten(BHsHA mhe & A= IAE ti(algebra)d] =71
o4, =Hdl HXNH TAS AMHES AlHst

bo |4 Mo

ofelel Eloj2g AmuAR:

Person Favourite Colour
Bob blue

Bob red

Jane green

Jane yellow

Jane red

of® Ateto] Fofst ola] sbx|e] Aol ik sbgs] WAL BWsAE, MBste %
S2 o] Foj2o] ojs) mastEl 3 AEO] MZER o]2olxq 9} INFE NF? Hoj2g
GA717] Slatol, uct 20 270 AAAG BAR A2 SRAIIE nest’” QAR B
stk “nest"@IAIALE INF Elo]2o] A 8)7]: 2 theat e NF? o204 sh5atck

| Person || Favourite Colours \

Favourite Colour
blue

Bob
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| red

Favourite Colour
green

yellow

red

Jane

o|#% NF* Hlo]2g thAl INF2 W@A71] 9alds B} e 520 4739 W
F UaE FFAZI= “unnest” AARRPZE H@sttt. 919 7390, unnest= “colours™E At
Alo] glo]Eo] Ut 2 9lth H¥]= “unnest'7} "nest ol tist £&HA dtdj(inverse)2} shciat
%, "nest” AMAPT &4t "unnest’9] A wiOjoRe ofyty. WQ g ECHE ARt A 1
AR} the Partitioned Normal Form (PNF)o]] 9]8l] covered®]= bijective ojof str}t=
7ot
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9. Performance, security, and availability

7141 €] %%}f& & #Aste] dolHuolA Ve g Tasy] wel, dHolEHolA

) ] S, HekA 1eal o] 8Al (performance, security, and availability)¥} 3
Ay H3sh ‘31]7]"4%01 EEEo] o, dlolEHolx FFARE dtom o]t 5] A&
S A3t EF g

9.1 Database storage
dolemlo] 2~ 71X (storage)d  dlo]E Mol =] EE]4 A (materialization) 2]
container T, o]Z& dHlo|HHo]~ Fxo] WA (F2]4) FF(internal (physical) level)&
dgith. ER o3l Hed w o WA AdorFE JiEA FEH 94 Tf(conceptual
level and external leve) S A|F-F3t=d 2o BE FH(d, “dolge] o]’ wEld o]
Hel YA dole F2E)E X8t Ut dolHE FA 79 GAe ¥ A Ik
o2 I golgHolx 4% =, (ak.a.also known as, H A&, ¥WHLE) “storage engine’?] |
Aot 7] FGAAE Skl DBMSel sk Aol WA olgt suigt=(E FF
storage layoutE® #1¢+ wifA=A SFAA] A A2GE dAsiA7|IHER), 7]9%A] 9
dA% A4S 2 DBMSO G849 #9395 A8l 538 sasnE dHolgu|o]s At ¢
s WHEsHA el dvk DBMSE Al 9 Folvat o2 39 714X (o, wWEe
o &4 AHa)7E B e ARt HelEHlo]~E 5 ZHAAL dvh. dHolEH|o] 2] Ho]H
o} F7HHog dedt AHE ofnfr wl$ @S Fo|X Wk o]AEL bitsE Y3t FHod
AgA oz dolge= MdAd aga oA 9 dHolHE 2= WA v ¢dd] th2A Hol
z9] 719 A ol Eo] o}, HolHEFH Zadk JHeo VJ’GV] Sk
o] (4, dojguo]zol] A7} WAy ), 1 &

o, ol1d FEEe] AT A = s el 5o Stk

=
o
i
I
o
2
1o
&
frt
4
n% m[o
L
o
fo
-
i

1) Metadata is "data about data". The term is ambiguous, as it is used for two fundamentally different
concepts (types). Structural metadata is about the design and specification of data structures and is
more properly called "data about the containers of data"; descriptive metadata, on the other hand, is
about individual instances of application data, the data content.

Metadata are traditionally found in the card catalogs of libraries. As information has become
increasingly digital, metadata are also used to describe digital data using metadata standards specific to
a particular discipline. By describing the contents and context of data files, the quality of the original
data/files is greatly increased. For example, a webpage may include metadata specifying what language it
is written in, what tools were used to create it, and where to go for more on the subject, allowing
browsers to automatically improve the experience of users.

Libraries

Metadata have been used in various forms as a means of cataloging archived information. The
Dewey Decimal System employed by libraries for the classification of library materials is an early
example of metadata usage. Library catalogues used 3x5 inch cards to display a book's title, author,
subject matter, and a brief plot synopsis along with an abbreviated alpha-numeric identification system
which indicated the physical location of the book within the library's shelves. Such data help classify,

aggregate, identify, and locate a particular book. Another form of older metadata collection is the use by
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US Census Bureau of what is known as the "Long Form." The Long Form asks questions that are used
to create demographic data to find patterns of distribution.

o" DBMSt: 54# AL EsE AHEate] deolEg AYE RS stng, o /1 4%
37 54 dolguolxo] Agd 5 Yk

1) A character encoding system consists of a code that pairs each character from a given repertoire
with something else—such as a bit pattern, sequence of natural numbers, octets, or electrical pulses—in
order to facilitate the transmission of data (generally numbers or text) through telecommunication
networks or for data storage. Other terms such as character set, character map, codeset, and code page
are used almost interchangeably, but these terms have related but distinct meanings described below.

Early character codes associated with the optical or electrical telegraph could only represent a
subset of the characters used in written language, sometimes restricted to upper case letters, numerals
and some punctuation only. The low cost of digital representation of data in modern computer systems
allows more elaborate character codes (such as Unicode) which represent more of the characters used
in many written languages. Character encoding using internationally accepted standards permits

worldwide interchange of text in electronic form.

History

Early binary repertoires include Bacon's cipher, Braille, International maritime signal flags, and the
4-digit encoding of Chinese characters for a Chinese telegraph code (Hans Schjellerup, 1869). Common
examples of character encoding systems include Morse code, the Baudot code, the American Standard
Code for Information Interchange (ASCII) and Unicode.

Morse code was introduced in the 1840s and is used to encode each letter of the Latin alphabet, each
Arabic numeral, and some other characters via a series of long and short presses of a telegraph key.
Representations of characters encoded using Morse code varied in length.

The Baudot code, a 5-bit encoding, was created by Emile Baudot in 1870, patented in 1874, modified by
Donald Murray in 1901, and standardized by CCITT as International Telegraph Alphabet No. 2 (ITA2) in
1930.

ASCII was introduced in 1963 and is a 7-bit encoding scheme used to encode letters, numerals, symbols,
and device control codes as fixed-length codes using integers.

IBM's Extended Binary Coded Decimal Interchange Code (usually abbreviated EBCDIC) is an 8-bit
encoding scheme developed in 1963.

The limitations of such sets soon became apparent, and a number of ad hoc methods were developed to
extend them. The need to support more writing systems for different languages, including the CJK family
of East Asian scripts, required support for a far larger number of characters and demanded a

systematic approach to character encoding rather than the previous ad hoc approaches.

Code unit
A code unit is a bit sequence used to encode the characters of a repertoire.

With US-ASCII, code unit is 7 bits.
With UTF-8, code unit is 8 bits.
With EBCDIC, code unit is 8 bits.
With UTF-16, code unit is 16 bits.
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With UTF-32, code unit is 32 bits.

Encodings associate their meaning with either a single code unit value or a sequence of code units as
one value.

Unicode encoding model

Unicode and its parallel standard, the ISO/IEC 10646 Universal Character Set, together constitute a
modern, unified character encoding. Rather than mapping characters directly to octets (bytes), they
separately define what characters are available, their numbering, how those numbers are encoded as a
series of "code units" (limited-size numbers), and finally how those units are encoded as a stream of
octets. The idea behind this decomposition is to establish a universal set of characters that can be
encoded in a variety of ways.[1] To describe this model correctly one needs more precise terms than
"character set" and "character encoding." The terms used in the modern model follow:

A character repertoire is the full set of abstract characters that a system supports. The repertoire
may be closed, i.e. no additions are allowed without creating a new standard (as is the case with ASCII
and most of the ISO-8859 series), or it may be open, allowing additions (as is the case with Unicode and
to a limited extent the Windows code pages). The characters in a given repertoire reflect decisions that
have been made about how to divide writing systems into basic information units. The basic variants of
the Latin, Greek, and Cyrillic alphabets, can be broken down into letters, digits, punctuation, and a few
special characters like the space,[citation needed] which can all be arranged in simple linear sequences
that are displayed in the same order they are read. Even with these alphabets, however, diacritics pose
a complication: they can be regarded either as part of a single character containing a letter and
diacritic (known as a precomposed character), or as separate characters. The former allows a far
simpler text handling system but the latter allows any letter/diacritic combination to be used in text.
Ligatures pose similar problems. Other writing systems, such as Arabic and Hebrew, are represented with
more complex character repertoires due to the need to accommodate things like bidirectional text and
glyphs that are joined together in different ways for different situations.

A coded character set (CCS) specifies how to represent a repertoire of characters using a number of
(typically non-negative) integer values called code points. For example, in a given repertoire, a character
representing the capital letter "A" in the Latin alphabet might be assigned to the integer 65, the
character for "B" to 66, and so on. A complete set of characters and corresponding integers is a coded
character set. Multiple coded character sets may share the same repertoire: for example ISO/IEC 8859-1
and IBM code pages 037 and 500 all cover the same repertoire but map them to different codes. In a
coded character set, each code point only represents one character, i.e., a coded character set is a
function.

A character encoding form (CEF) specifies the conversion of a coded character set's integer codes into a
set of limited-size integer code values that facilitate storage in a system that represents numbers in
binary form using a fixed number of bits (i.e. practically any computer system). For example, a system
that stores numeric information in 16-bit units would only be able to directly represent integers from 0
to 65,535 in each unit, but larger integers could be represented if more than one 16-bit unit could be
used. This is what a CEF accommodates: it defines a way of mapping a single code point from a range
of, say, 0 to 1.4 million, to a series of one or more code values from a range of, say, 0 to 65,535.

The simplest CEF system is simply to choose large enough units that the values from the coded
character set can be encoded directly (one code point to one code value). This works well for coded
character sets that fit in 8 bits (as most legacy non-CJK encodings do) and reasonably well for coded
character sets that fit in 16 bits (such as early versions of Unicode). However, as the size of the coded
character set increases (e.g. modern Unicode requires at least 21 bits/character), this becomes less and
less efficient, and it is difficult to adapt existing systems to use larger code values. Therefore, most
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systems working with later versions of Unicode use either UTF-8, which maps Unicode code points to
variable-length sequences of octets, or UTF-16, which maps Unicode code points to variable-length
sequences of 16-bit words.

Next, a character encoding scheme (CES) specifies how the fixed-size integer code values should be
mapped into an octet sequence suitable for saving on an octet-based file system or transmitting over an
octet-based network. With Unicode, a simple character encoding scheme is used in most cases, simply
specifying whether the bytes for each integer should be in big-endian or little-endian order (even this
isn't needed with UTF-8). However, there are also compound character encoding schemes, which use
escape sequences to switch between several simple schemes (such as ISO/IEC 2022), and compressing
schemes, which try to minimise the number of bytes used per code unit (such as SCSU, BOCU, and
Punycode). See comparison of Unicode encodings for a detailed discussion.

Finally, there may be a higher level protocol which supplies additional information that can be used
to select the particular variant of a Unicode character, particularly where there are regional variants

that have been 'unified' in Unicode as the same character. An example is the XML attribute xml:lang.

The Unicode model reserves the term character map for historical systems which directly assign a
sequence of characters to a sequence of bytes, covering all of CCS, CEF and CES layers.

Character sets, code pages, and character maps

In computer science, the terms character encoding, character map, character set or code page were
historically synonymous, as the same standard would specify a repertoire of characters and how they
were to be encoded into a stream of code units - usually with a single character per code unit. The
terms now have related but distinct meanings, reflecting the efforts of standards bodies to use precise
terminology when writing about and unifying many different encoding systems. Regardless, the terms are

still used interchangeably, with character set being nearly ubiquitous.

A code page usually means a byte oriented encoding, but with regard to some suite of encodings
(covering different scripts), where many characters share the same codes in most or all those code
pages. Well known code page suites are "Windows" (based on Windows-1252) and "IBM"/"DOS" (based on
code page 437), see Windows code page for details. Most, but not all, encodings referred to as code
pages are single-byte encodings (but see octet on byte size.)

IBM's Character Data Representation Architecture (CDRA) designates with coded character set
identifiers (CCSIDs) and each of which is variously called a charset, character set, code page, or
CHARMAP.

The term code page does not occur in Unix or Linux where charmap is preferred, usually in the
larger context of locales.

Contrasted to CCS above, a character encoding is a map from abstract characters to code words. A
character set in HTTP (and MIME) parlance is the same as a character encoding (but not the same as
CCS).

Legacy encoding is a term sometimes used to characterize old character encodings, but with an
ambiguity of sense. Most of its use is in the context of Unicodification, where it refers to encodings that
fail to cover all Unicode code points, or, more generally, using a somewhat different character
repertoire: several code points representing one Unicode character, or versa (see e.g. code page 437).
Some sources refer to an encoding as legacy only because it preceded Unicode. All Windows code pages
are usually referred to as legacy, both because they antedate Unicode and because they are unable to
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represent all 221 possible Unicode code points.

Character encoding translation

As a result of having many character encoding methods in use (and the need for backward
compatibility with archived data), many computer programs have been developed to translate data
between encoding schemes. Some of these are cited below.

Cross-platform:

Web browsers — most modern web browsers feature automatic character encoding
detection. On Firefox 3, for example, see the View/Character Encoding submenu.

iconv - program and standardized API to convert encodings

luit - program that converts encoding of input and output to programs running
interactively

convert_encoding.py - Python based utility to convert text files between arbitrary
encodings and line endings.

decodeh.py - algorithm and module to heuristically guess the encoding of a string.

International Components for Unicode - A set of C and Java libraries to perform charset
conversion. uconv can be used from ICUAC.

chardet - This is a translation of the Mozilla automatic-encoding-detection code into the
Python computer language.

The newer versions of the Unix file command attempt to do a basic detection of character encoding

(also available on Cygwin).

Unix-like:

cmv — simple tool for transcoding filenames.

convmyv — convert a filename from one encoding to another.

cstocs — convert file contents from one encoding to another for the Czech and Slovak
languages.

enca — analyzes encodings for given text files.

recode — convert file contents from one encoding to another

utrac — convert file contents from one encoding to another.

Windows:

Encoding.Convert - .NET API

MultiByteToWideChar/WideCharToMultiByte - Convert from ANSI to Unicode & Unicode
to ANSI

cscvt — character set conversion tool

enca — analyzes encodings for given text files.

Common character encodings
*[SO 646
ASCII
*EBCDIC
CP37
CP930
CP1047
*[SO 8859:
ISO 8859-1 Western Europe
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ISO
ISO
ISO

ISO
ISO
ISO
ISO
ISO
ISO

ISO
ISO
ISO
ISO

*CP437,

CP865,

8859-2 Western and Central Europe

8859-3 Western Europe and South European (Turkish, Maltese plus Esperanto)

8859-4 Western Europe and Baltic countries (Lithuania, Estonia, Latvia and
Lapp)

8859-5 Cyrillic alphabet

8859-6 Arabic

8859-7 Greek

8859-8 Hebrew

8859-9 Western Europe with amended Turkish character set

8859-10 Western Europe with rationalised character set for Nordic languages,
including complete Icelandic set

8859-11 Thai

8859-13 Baltic languages plus Polish

8859-14 Celtic languages (Irish Gaelic, Scottish, Welsh)

8859-15 Added the Euro sign and other rationalisations to ISO 8859-1

8859-16 Central, Eastern and Southern European languages (Albanian, Croatian,
Hungarian, Polish, Romanian, Serbian and Slovenian, but also French,
German, Italian and Irish Gaelic)

CP737, CP850, CP852, CP855, CP857, CP858, CP860, CP861, CP862, CP863,

CP866, CP869, CP872

*MS-Windows character sets:

Windows-1250 for Central European languages that use Latin script, (Polish, Czech,

Slovak, Hungarian, Slovene, Serbian, Croatian, Romanian and
Albanian)

Windows-1251 for Cyrillic alphabets
Windows-1252 for Western languages
Windows-1253 for Greek
Windows-1254 for Turkish
Windows-1255 for Hebrew
Windows-1256 for Arabic
Windows-1257 for Baltic languages

Windows-1258 for Vietnamese

*Mac OS Roman
*KOI8-R, KOI8-U, KOI7

*MIK
*[SCII
*TSCII
*VISCII

*]IS X 0208 is a widely deployed standard for Japanese character encoding that has

several encoding forms.

Shift JIS (Microsoft Code page 932 is a dialect of Shift_]JIS)
EUC-JP

ISO-

2022-]p

*J]IS X 0213 is an extended version of JIS X 0208.
Shift_JIS-2004
EUC-JIS-2004

ISO-

2022-]P-2004

*Chinese Guobiao
GB 2312
GBK (Microsoft Code page 936)
GB 18030
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*Taiwan Bigh (a more famous variant is Microsoft Code page 950)

*Hong Kong HKSCS

*Korean
KS X 1001 is a Korean double-byte character encoding standard
EUC-KR
ISO-2022-KR

*Unicode (and subsets thereof, such as the 16-bit 'Basic Multilingual Plane').
See UTF-8

*ANSEL or ISO/IEC 6937

o] 7HA low—level(A g3 dloJElWol~ 7|9 2= dolE RES A%
(serialize) e 4= = 71dFA ARlo|M AlgE ez Aeld ujdo] 23 2HA (written) 2
Atk ARlstel e 7ol AN H 3l AHEE & Atk AEAR VN F A= d-AEA
(row—oriented),o] ¥t 8 —A] A o] HA] AFE A A<l (column—oriented and correlation) ]
Ejuo] 22 At}

b

1) A correlation database is a database management system (DBMS) that is data-model-independent and
designed to efficiently handle unplanned, ad hoc queries in an analytical system environment. It was
developed in 2005 by database architect Joseph Foley.

Unlike relational database management systems, which use a records-based storage approach, or
column-oriented databases which use a column-based storage method, a correlation database uses a
value-based storage (VBS) architecture in which each unique data value is stored only once and an
auto-generated indexing system maintains the context for all values

9.1.1 Database materialized views

7Ha 719 9] o E(storage redundancy)o] A5E =o]7] $18te] ARSH T AREA1 g 7}
A A w2 F8 2 Sk external viewsy Hg AHE FAE= AR H(materialized
views)E A&sts Aol 28 FE Asts AL 2zlEe] 44 et 2RES Ad
3t == H)% H]&(expensive computing)S Aokdtt}. AR H-9 w4 (downsides) S FH %
2 4% deolguol~ dHolEet aRES sUIsA7IA AL w I AstE FUHEE
(overhead) @t 7191 €] of o] thgk 78] (cost) o]t}

1) A materialized view is a database object that contains the results of a query. For example, it may be
a local copy of data located remotely, or may be a subset of the rows and/or columns of a table or join
result, or may be a summary based on aggregations of a table's data. Materialized views, which store
data based on remote tables, are also known as snapshots. A snapshot can be redefined as a
materialized view.

9.1.2 Database and database object replication

5ol mekA, HolEHlo] 2= (FAFE HlolEu|o] A Ao v HFol8ATE FA
Ad 7 A=F Aes MAdstar, #AE dolEuloj2e] FEA FARo] disjM s 3E5Y
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AR SkA)) dlo]ElH|o] A~ AME E-A(database objects replication)E =3 7|99 o RS A}
&gttt HAE AR AL 1 AME] AR Zho] FAlO] o] FojAof gttt @ AP A
A dlolgHol 25 HAgTh

o
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9.2 Database security
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1) Physical security describes security measures that are designed to deny unauthorized access to
facilities, equipment and resources, and to protect personnel and property from damage or harm (such
as espionage, theft, or terrorist attacks). Physical security involves the use of multiple layers of
interdependent systems which include CCTV surveillance, security guards, protective barriers, locks,
access control protocols, and many other techniques.

Overview

Canadian Embassy in Washington, D.C. showing planters being used as vehicle barriers to increase
the standoff distance, and barriers and gates along the vehicle entrancePhysical security systems for
protected facilities are generally intended to:

*deter potential intruders (e.g. warning signs and perimeter markings);

xdistinguish authorized from unauthorized people (e.g. using keycards/access badges)
xdelay, frustrate and ideally prevent intrusion attempts (e.g. strong walls, door locks and
safes);

xdetect intrusions and monitor/record intruders (e.g. intruder alarms and CCTV systems);
and

*trigger appropriate incident responses (e.g. by security guards and police).
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It is up to security designers, architects and analysts to balance security controls against risks,
taking into account the costs of specifying, developing, testing, implementing, using, managing,
monitoring and maintaining the controls, along with broader issues such as aesthetics, human rights,
health and safety, and societal norms or conventions. Physical access security measures that are
appropriate for a high security prison or a military site may be inappropriate in an office, a home or a
vehicle, although the principles are similar.

Elements and design
*Deterrence methods

The goal of deterrence methods is to convince potential attackers that a successful attack is unlikely
due to strong defenses.

The initial layer of security for a campus, building, office, or other physical space uses crime
prevention through environmental design to deter threats. Some of the most common examples are also
the most basic: warning signs or window stickers, fences, vehicle barriers, vehicle height-restrictors,

restricted access points, security lighting and trenches.

*Physical barriers

Spikes atop a barrier wall act as a deterrent to people trying to climb over the wallPhysical barriers
such as fences, walls, and vehicle barriers act as the outermost layer of security. They serve to prevent,
or at least delay, attacks, and also act as a psychological deterrent by defining the perimeter of the
facility and making intrusions seem more difficult. Tall fencing, topped with barbed wire, razor wire or
metal spikes are often emplaced on the perimeter of a property, generally with some type of signage that
warns people not to attempt to enter. However, in some facilities imposing perimeter walls/fencing will
not be possible (e.g. an urban office building that is directly adjacent to public sidewalks) or it may be
aesthetically unacceptable (e.g. surrounding a shopping center with tall fences topped with razor wire): in
this case, the outer security perimeter will be defined as the walls/windows/doors of the structure itself.

*Natural surveillance

Another major form of deterrence that can be incorporated into the design of facilities is natural
surveillance, whereby architects seek to build spaces that are more open and visible to security
personnel and authorized users, so that intruders/attackers are unable to perform unauthorized activity
without being seen. An example would be decreasing the amount of dense, tall vegetation in the
landscaping so that attackers cannot conceal themselves within it, or placing critical resources in areas
where intruders would have to cross over a wide, open space to reach them (making it likely that

someone would notice them).

*Security lighting

Security lighting is another effective form of deterrence. Intruders are less likely to enter well-lit
areas for fear of being seen. Doors, gates, and other entrances, in particular, should be well lit to allow
close observation of people entering and exiting. When lighting the grounds of a facility,
widely-distributed low-intensity lighting is generally superior to small patches of high-intensity lighting,
because the latter can have a tendency to create blind spots for security personnel and CCTV cameras.
It is important to place lighting in a manner that makes it difficult to tamper with (e.g. suspending lights
from tall poles), and to ensure that there is a backup power supply so that security lights will not go

out if the electricity is cut off.

*Intrusion detection and electronic surveillance

*Alarm systems and sensors
Alarm systems can be installed to alert security personnel when unauthorized access is attempted.
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Alarm systems work in tandem with physical barriers, mechanical systems, and security guards, serving
to trigger a response when these other forms of security have been breached. They consist of sensors
including motion sensors, contact sensors, and glass break detectors.

However, alarms are only useful if there is a prompt response when they are triggered. In the
reconnaissance phase prior to an actual attack, some intruders will test the response time of security
personnel to a deliberately tripped alarm system. By measuring the length of time it takes for a security
team to arrive (if they arrive at all), the attacker can determine if an attack could succeed before
authorities arrive to neutralize the threat. Loud audible alarms can also act as a psychological deterrent,
by notifying intruders that their presence has been detected. In some jurisdictions, law enforcement will
not respond to alarms from intrusion detection systems unless the activation has been verified by an
eyewitness or video. Policies like this one have been created to combat the 94-99 percent rate of false
alarm activation in the United States.

*Video surveillance: Closed-circuit television cameras

Surveillance cameras can be a deterrent when placed in highly visible locations, and are also useful
for incident verification and historical analysis. For example, if alarms are being generated and there is
a camera in place, the camera could be viewed to verify the alarms. In instances when an attack has
already occurred and a camera is in place at the point of attack, the recorded video can be reviewed.
Although the term closed-circuit television (CCTV) is common, it is quickly becoming outdated as more
video systems lose the closed circuit for signal transmission and are instead transmitting on IP camera
networks.

Video monitoring does not necessarily guarantee that a human response is made to an intrusion. A
human must be monitoring the situation realtime in order to respond in a timely manner. Otherwise,
video monitoring is simply a means to gather evidence to be analyzed at a later time. However, advances
in information technology are reducing the amount of work required for video monitoring, through
automated video analytics.

*xAccess control

Access control methods are used to monitor and control traffic through specific access points and
areas of the secure facility. This is done using a variety of systems including CCTV surveillance,
identification cards, security guards, and electronic/mechanical control systems such as locks, doors,
and gates.

*Mechanical access control systems: An electronic access control system, controlling entry through a
door.

Mechanical access control systems include gates, doors, and locks. Key control of the locks becomes
a problem with large user populations and any user turnover. Keys quickly become unmanageable, often
forcing the adoption of electronic access control.

*Electronic access control systems

Electronic access control easily manages large user populations, controlling for user lifecycles times,
dates, and individual access points. For example a user's access rights could allow access from 0700h to
1900h Monday through Friday and expires in 90 days.

An additional sub-layer of mechanical/electronic access control protection is reached by integrating
a key management system to manage the possession and usage of mechanical keys to locks or property
within a building or campus.[citation needed]

xIdentification systems and access policies

Another form of access control (procedural) includes the use of policies, processes and procedures
to manage the ingress into the restricted area. An example of this is the deployment of security
personnel conducting checks for authorized entry at predetermined points of entry. This form of access
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control is usually supplemented by the earlier forms of access control (i.e. mechanical and electronic
access control), or simple devices such as physical passes.

*Security personnel

Security personnel play a central role in all layers of security. All of the technological systems that
are employed to enhance physical security are useless without a security force that is trained in their
use and maintenance, and which knows how to properly respond to breaches in security. Security
personnel perform many functions: as patrols and at checkpoints, to administer electronic access

control, to respond to alarms, and to monitor and analyze video.

2) Cryptography (or cryptology: from Greek xpomtég, "hidden, secret”; and yp&gswv, graphein, "writing", or
-hovia, -logia, "study", respectively) is the practice and study of techniques for secure communication in
the presence of third parties (called adversaries). More generally, it is about constructing and
analyzing protocols that overcome the influence of adversaries and which are related to various aspects
in information security such as data confidentiality, data integrity, authentication, and non-repudiation.
Modern cryptography intersects the disciplines of mathematics, computer science, and electrical
engineering. Applications of cryptography include ATM cards, computer passwords, and electronic

commerce.

Cryptography prior to the modern age was effectively synonymous with encryption, the conversion of
information from a readable state to apparent nonsense. The originator of an encrypted message shared
the decoding technique needed to recover the original information only with intended recipients, thereby
precluding unwanted persons to do the same. Since World War I and the advent of the computer, the
methods used to carry out cryptology have become increasingly complex and its application more

widespread.

Modern cryptography is heavily based on mathematical theory and computer science practice;
cryptographic algorithms are designed around computational hardness assumptions, making such
algorithms hard to break in practice by any adversary. It is theoretically possible to break such a
system but it is infeasible to do so by any known practical means. These schemes are therefore termed
computationally secure; theoretical advances, e.g., improvements in integer factorization algorithms, and
faster computing technology require these solutions to be continually adapted. There exist
information-theoretically secure schemes that provably cannot be broken even with unlimited computing
power—an example is the one-time pad—but these schemes are more difficult to implement than the best
theoretically breakable but computationally secure mechanisms.
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9.3 Transactions and concurrency
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1) A lock, as a read lock or write lock, is used when multiple users need to access a database
concurrently. This prevents data from being corrupted or invalidated when multiple users try to read
while others write to the database. Any single user can only modify those database records (that is,
items in the database) to which they have applied a lock that gives them exclusive access to the record
until the lock is released. Locking not only provides exclusivity to writes but also prevents (or controls)
reading of unfinished modifications (AKA uncommitted data).

A read lock can be used to prevent other users from reading a record (or page) which is being

updated, so that others will not act upon soon-to-be-outdated information.

ACIDZ dlojer|o] 2 Aol o] 34l A& Adystar vk Az, 434, 594, 9
WA (Atomicity, Consistency, Isolation, and Durability).

1) In database systems, atomicity (or atomicness: from Greek a-tomos, undividable) is one of the ACID
transaction properties. In an atomic transaction, a series of database operations either all occur, or
nothing occurs. A guarantee of atomicity prevents updates to the database occurring only partially,
which can cause greater problems than rejecting the whole series outright. In other words, atomicity
means indivisibility and irreducibility.

The etymology of the phrase originates in the Classical Greek concept of a fundamental and

indivisible component; see atom.

An example of atomicity is ordering an airline ticket where two actions are required: payment, and a

seat reservation. The potential passenger must either:

1. both pay for and reserve a seat: OR

2. neither pay for nor reserve a seat.

The booking system does not consider it acceptable for a customer to pay for a ticket without
securing the seat, nor to reserve the seat without payment succeeding.

Another example: If one wants to transfer some amount of money from one account to another,
then he/she would start a procedure to do it. However, if a failure occurs, then due to atomicity, the
amount will either be transferred completely or will not even start. Thus atomicity protects the user

from losing money due to a failed transaction.
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2) In database systems, a consistent transaction is one that starts with a database in a consistent state
and ends with the database in a consistent state. Consistent state means that there is no violation of any
integrity constraints. Consistency may temporarily be violated during execution of the transaction, but
must be corrected before changes are permanently committed to the database. If the transaction would
leave the database in an illegal state, it is aborted and an error is reported.

Consistency is one of the ACID properties that ensures that any changes to values in an instance
are consistent with changes to other values in the same instance. A consistency constraint is a predicate
on data which serves as a precondition, post-condition, and transformation condition on any transaction.
The database management system (DBMS) assumes that the consistency holds for each transaction in
instances. On the other hand, ensuring this property of the transaction is the responsibility of the user.

3) In database systems, isolation is a property that defines how/when the changes made by one
operation become visible to other concurrent operations. Isolation is one of the ACID (Atomicity,
Consistency, Isolation, Durability) properties.

*Concurrency control

Concurrency control comprises the underlying mechanisms in a DBMS which handles isolation and
guarantees related correctness. It is heavily utilized by the database and storage engines (see above)
both to guarantee the correct execution of concurrent transactions, and (different mechanisms) the
correctness of other DBMS processes. The transaction-related mechanisms typically constrain the
database data access operations' timing (transaction schedules) to certain orders characterized as the
serializability and recoverability schedule properties. Constraining database access operation execution
typically means reduced performance (rates of execution), and thus concurrency control mechanisms are
typically designed to provide the best performance possible under the constraints. Often, when possible
without harming correctness, the serializability property is compromised for better performance.
However, recoverability cannot be compromised, since such typically results in a quick database integrity
violation.

Two-phase locking is the most common transaction concurrency control method in DBMSs, used to
provide both serializability and recoverability for correctness. In order to access a database object a
transaction first needs to acquire a lock for this object. Depending on the access operation type (e.g.,
reading or writing an object) and on the lock type, acquiring the lock may be blocked and postponed, if

another transaction is holding a lock for that object.

*[solation levels

Of the four ACID properties in a DBMS (Database Management System), the isolation property is the
one most often relaxed. When attempting to maintain the highest level of isolation, a DBMS usually
acquires locks on data or implements multiversion concurrency control, which may result in a loss of
concurrency. This requires adding logic for the application to function correctly.

Most DBMSs offer a number of transaction isolation levels, which control the degree of locking that
occurs when selecting data. For many database applications, the majority of database transactions can
be constructed to avoid requiring high isolation levels (e.g. SERIALIZABLE level), thus reducing the
locking overhead for the system. The programmer must carefully analyze database access code to
ensure that any relaxation of isolation does not cause software bugs that are difficult to find.
Conversely, if higher isolation levels are used, the possibility of deadlock is increased, which also
requires careful analysis and programming techniques to avoid.

4) In database systems, durability is the ACID property which guarantees that transactions that have
committed will survive permanently. For example, if a flight booking reports that a seat has successfully
been booked, then the seat will remain booked even if the system crashes.

Durability can be achieved by flushing the transaction's log records to non-volatile storage before
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acknowledging commitment.

In distributed transactions, all participating servers must coordinate before commit can be
acknowledged. This is usually done by a two-phase commit protocol.

Many DBMSs implement durability by writing transactions into a transaction log that can be
reprocessed to recreate the system state right before any later failure. A transaction is deemed

committed only after it is entered in the log.

9.4 Migration
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1) Total cost of ownership (TCO) is a financial estimate intended to help buyers and owners determine
the direct and indirect costs of a product or system. It is a management accounting concept that can be
used in full cost accounting or even ecological economics where it includes social costs.

9.5 Database building, maintaining, and tuning
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1) Database tuning describes a group of activities used to optimize and homogenize the performance of a
database. It usually overlaps with query tuning, but refers to design of the database files, selection of
the database management system (DBMS) application, and configuration of the database's environment
(operating system, CPU, etc.).

Database tuning aims to maximize use of system resources to perform work as efficiently and rapidly
as possible. Most systems are designed to manage their use of system resources, but there is still much
room to improve their efficiency by customizing their settings and configuration for the database and the
DBMS.
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Spreadsheet strengths Spreadsheet Weaknesses

Data integrity problems, including inaccurate,
inconsistent and out of date data and formulas.
Relatively easy to use Difficult to validate data e.g. an incorrect formula
Require less planning

Very simple data storage

Methods for keeping data up
to date and consistent

Data is of higher quality than
data stored in spreadsheets
Good for storing and
organizing information.

Require more planning and designing
Harder to change structure once database is built

Requires more technical knowledge to administrate

9.6 Backup and restore
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1) Database logs
2) Graphics component for producing graphs and charts, especially in a data
warehouse system

3) Query optimizer — Performs query optimization on every query to choose for it the
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most efficient query plan (a partial order (tree) of operations) to be executed to
compute the query result. May be specific to a particular storage engine.

4) Tools or hooks for database design, application programming, application program
maintenance, database performance analysis and monitoring, database configuration
monitoring, DBMS hardware configuration (a DBMS and related database may span
computers, networks, and storage units) and related database mapping (especially for
a distributed DBMS), storage allocation and database layout monitoring, storage

migration, etc.
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x*+x [ jst of Academic Databases and Search Engines *#*x*

<Name: Discipline(s): Description:  Provider(s)>

Academic Search;
Multidisciplinary
Several versions: Complete, Elite, Premier, and Alumni Edition;
EBSCO Publishing

Aerospace & High Technology Database
Aerospace, Aeronautics, Astronautics

ProQuest

African Journals OnLine (AJOL)
Multidisciplinary
Scholarly journals published in Africa Free abstracts:

African Journals OnLine.

AgeLine
Sociology, Gerontology
Includes information on aging-related topics, including economics, public
health and policy.
EBSCO Publishing.

AGRICOLA: Agricultural Online Access
Agriculture
Produced by the United States National Agricultural Library.
Free access provided by NAL.
Subscription access provided by Proquest, OVID.

AGRIS: Agricultural database
Agriculture
Covers agriculture, forestry, animal husbandry, aquatic sciences and fisheries,
human nutrition, extension literature from over 100 participating countries.
Material includes unique grey literature such as unpublished scientific and
technical reports, theses, conference papers, government publications, and
more.
Produced by the Food and Agriculture Organization of the United Nations.
http://agris.fac.org AGRIS
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Airiti Inc.
Multidisciplinary
China, Taiwan. Airiti Inc.

Analytical Abstracts
Chemistry
Royal Society of Chemistry

Analytical sciences digital library
Analytical chemistry
National Science Digital Library and the Analytical Chemistry Division of the

American Chemical Society

Anthropological Index Online
Anthropology Index only (no abstracts or full-text)
Royal Anthropological Institute

Anthropological Literature
Anthropology
Maintained by Harvard University. Non-Harvard access provided by OCLC

Arachne
Archaeology, Art history

German Archaeological Institute & the University of Cologne

Arnetminer
Computer Science
Online service used to index and search academic social networks

Tsinghua University

Arts & Humanities Citation Index
Arts, Humanities Part of Web of Science

Thomson Reuters

arXiv
Physics, Mathematics, Computer science, Nonlinear sciences, Quantitative
biology and Statistics

Cornell University

Association for Computing Machinery Digital Library
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Computer Science, Engineering,
Association for Computing Machinery.

*

Astrophysics Data System
Astrophysics, Geophysics, Physics,

Harvard University.

*

ATLA Religion Database
Religious studies,
Provides information on topics such as biblical studies, world religions, church

history, and religion in social issues.

*

AULIMP: Air University Library's Index to Military Periodicals
Military Science,
Air University.

*

BASE: Bielefeld Academic Search Engine
Multidisciplinary,
Bielefeld University.

*

Beilstein database
Organic chemistry,
Available from Elsevier under the product name Reaxys.

*

Biological Abstracts
Biology,
A complete collection of bibliographic references covering life science and
biomedical research literature published from more than 4,000 journals
internationally,

Available from Thomson Reuters.

* BioOne
Biology, Ecology, and Environmental Science
An aggregation of over 78,000 peer-reviewed, full-text articles on current
research in Biodiversity Conservation, Biology, Ecology, Plant Sciences,
Entomology, Ornithology, and Zoology. Free Abstract & References,
Subscription Collections, and an Open Access Collection Available from BioOne.

* Bioinformatic Harvester

Biology, Bioinformatics A meta search engine for 50 major bioinformatic

databases and projects.
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Free Available from Liebel-Lab, KIT Karlsruhe Institute of Technology.

Book Review Index Online
Book reviews,

Thomson Gale

Books In Print
Books,
R.R. Bowker

CAB Abstracts
Applied Life Sciences Bibliographic information service providing access to
applied life sciences literature,
CABL.

Chemical Abstracts Service
Chemistry,

American Chemical Society.

ChemXSeer
Chemistry,
Pennsylvania State University.

Chinese Social Science Citation Index
Social sciences,

Nanjing University

Cochrane Library
Medicine, Healthcare,
Includes reviews of research to promote evidence-based healthcare,
Wiley Interscience.

CINAHL: Cumulative Index to Nursing and Allied Health
Nursing, Allied Health,
EBSCO.

CHBD: Circumpolar Health Bibliographic Database
Medicine

University of Calgary.

Citebase Search
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Mathematics, Computer science, Physics,
Semi-autonomous citation index of free online research,

University of Southampton.

CiteULike

Computer science.

CiteSeer
Computer Science,
Replaced by CiteSeerX,
Pennsylvania State University.

CiteSeerX
Computer science, Statistics, Mathematics, becoming Multidisciplinary
Pennsylvania State University.

CogPrints: Cognitive Sciences Eprint Archives
Science (General),

University of Southampton.

The Collection of Computer Science Bibliographies
Computer science,
Alf-Christian Achilles.

Compendex
Engineering Electronic version of Engineering Index,

Elsevier.

Current Index to Statistics
Statistics,
Limited free search,

American Statistical Association and the Institute of Mathematical Statistics.

Current Contents
Multidisciplinary,
Part of Web of Knowledge. Contains 7 discipline-specific subsets.
Thomson Reuters.

Directory of Open Access Journals

Journals,

Lund University.
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* DBLP
Computer science,
Comprehensive list of papers from major computer science conferences and
journals,

University of Trier, Germany

* EconBiz
Economics,
EconBiz supports research in and teaching of economics with a central entry
point for all kinds of subject-specific information and direct access to full
texts.
Produced by the ZBW- German National Library of Economics— Leibniz

Information Centre for Economics (ZBW).

* EconlLit
Economics,
The American Economic Association's electronic database, the world's foremost
source of references to economic literature.
the American Economic Association. Available from CSA, DIALOG, OCLC, OVID,
and AEA.

* EMBASE
Biomedicine, Pharmacology,
Biomedical database with a strong focus on drug and pharmaceutical research.

Elsevier.

*» ERIC: Educational Resource Information Center
Education,
Education literature and resources. Provides access to over 1.3 million records
dating back to 1966.
the United States Department of Education. Also available by subscription from
OCLC, CSA.

* Food Science and Technology Abstracts
Food science, Food technology, Nutrition
The world's leading database of information on food science, food technology
and nutrition.
the International Food Information Service. Access provided by OVID, Web of
Knowledge, Dialog, DataStar and STN International.
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GENESIS
Women's history,
Descriptions of women's history collections from sources in the UK, as well as
women's history websites.

London Metropolitan University.

Global Health
Public Health,
Specialist bibliographic, abstracting and indexing datatabase dedicated to public
health research and practice.
CABI.

Google Scholar
Multidisciplinary,
Google.

GoPubMed
Medicine,
GoPubMed, the first knowledge-based search engine for the life sciences
industry.

Transinsight.

HubMed
Medicine,
An alternative interface to the PubMed medical literature database.
Alf Eaton.

IEEE Xplore
Computer Science, Engineering, Electronics,
IEEE.

Index Copernicus
Multidisciplinary science,
Scientific journal database - the IC Journal Master List - contains currently
over 2,500 journals from all over the world, including 700 journals from
Poland.
The journals registered in this database underwent rigorous, multidimensional
parameterization, proving high quality. The Ministry of Science and Higher
Education acknowledged the IC Journal Master List by placing it on the list of
scored databases, for being indexed in IC JML journals get additional points in

the Ministry’s evaluation process,
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Index Copernicus International.

* Information Bridge: Department of Energy Scientific and Technical Information
Multidisciplinary,
The Information Bridge: DOE Scientific and Technical Information provides free
public access to over 266,000 full-text documents and bibliographic citations of
Department of Energy (DOE) research report literature. Documents are
primarily from 1991 forward and were produced by DOE, the DOE contractor
community, and/or DOE grantees. Legacy documents are added as they
become available in electronic format, United States Department of Energy,
Office of Scientific and Technical information

* Informit
Multidisciplinary,
Australasian aggregator of bibliographic databases and journals,
RMIT Publishing.

* IngentaConnect
Multidisciplinary,
Free searching,

Ingenta.

* Indian Citation Index
Multidisciplinary
Indian Citation Index (ICI) is a home grown abstracts and citation database,
with multidisciplinary objective knowledge contents from about 1000 top Indian
scholarly journals. It provides powerful search engine to fulfill search and
evaluation purposes for researchers, policy makers, decision makers etc.,
ICI.

* Inspec
Physics, Engineering, Computer Science,
The leading bibliographic database providing abstracts and indexing to the
d's scientific and technical papers in physics, electrical engineering,
electronics, unications, control engineering, computing, information technology,
manufacturing, production, and mechanical engineering.
I[ET

* International Directory of Philosophy

Philosophy,
Contains information on university philosophy departments and programs,
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philosophical societies, research centers, journals, and philosophy publishers in
the U.S., Canada, and approximately 130 other countries. Free search; full
access

Philosophy Documentation Center.

* Intute
Multidisciplinary Serves students, teachers, and researchers in UK further
education and higher education, offering a selection of around 300,000
academic websites which have been hand-picked and described by subject
specialists. No longer maintained.

Intute.

* JournalSeek
Multidisciplinary,
Open access journals in different language,
Links to journal's home page and publishers JournalSeek.

* JSTOR: Journal Storage
Multidisciplinary (Historical),
JSTOR.

* Jurn
Multidisciplinary,
Open access journals, primarily in the arts and humanities, but also coverage
in science, biomedical, and economics.

Jurn.

*

Lesson Planet
Education (K-12),
Over 400,000 teacher-reviewed classroom resources including lesson plans,
worksheets, educational videos, and education articles.

Free Abstract; Subscription full-text Lesson Planet.

*

LexisNexis
Law (general),
Electronic database for legal and public-records related information,
Reed Elsevier.

*

MathSciNet
Mathematics,

Available in print as Mathematical Reviews,
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American Mathematical Society.

* MedlinePlus

Medicine,
Free Produced by the United States National Library of Medicine, the United
States National Institutes of Health, and the United States Department of Health

and Human Services.

* Mendeley

*

*

*

*

*

Multidisciplinary,

The Mendeley research catalog is a crowdsourced database of research
documents. Researchers have uploaded nearly 100M documents into the
catalog with additional contributions coming directly from subject repositories
like Pubmed Central and Arxiv.org or web crawls.

Mendeley.

Merck Index,

Chemistry, Biology, Pharmacology,
Also available in print. Subscription Produced by Merck & Co.. Available from
CambridgeSoft Corporation, Dialog, Knovel, MedicinesComplete, STN

International.

Meteorological and Geoastrophysical Abstracts,

Meteorology, Astrophysics, Geology,

the American Meteorological Society. Available from Dialog and CSA.

Microsoft Academic Search

Computer Science and a limited extent on information science,
Provides many innovative ways to explore scientific papers, conferences,
journals, and authors,

Microsoft.

NBER: National Bureau of Economic Research

Economics,

National Bureau of Economic Research.

National Criminal Justice Reference Service

Criminology, Sociology,
Abstracts of scholarly journal articles, agency and NGO reports, and
conference proceedings.

United States Department of Justice, Office of Justice Programs.
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National Diet Library Collection
Multidisciplinary,
Japanese. Catalog for the National Library of Japan.
National Diet Library.

OAlster
Multidisciplinary,
OCLC.

OpenSIGLE
Grey literature,
Indexes European grey literature.

Institut de l'information scientifique et technique.

Philosophy Documentation Center eCollection
Applied ethics, Philosophy, Religious studies,
Journals, series, conference proceedings, and other works from several
countries online.
Free abstract & preview; Subscription full-text Philosophy Documentation

Center.

Philosophy Research Index
Philosophy,
Index of books, journals, disserations, and other documents,

Philosophy Documentation Center.

PhilPapers
Philosophy,
PhilPapers.

POIESIS: Philosophy Online Serials
Philosophy, applied ethics, religious studies,
Journals and series, online access for institutions with print,
Free abstract & preview; Subscription full-text Philosophy Documentation
Center.

POPLINE
Population, Family Planning, Reproductive Health,
POPLINE® contains the world’s most comprehensive collection of population,

family planning and related reproductive health and development literature. An
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international resource, POPLINE helps program managers, policy makers, and
service providers in low- and middle-income countries and in
development-supportive agencies and organizations gain access to journal
articles and other scientific, technical, and programmatic publications.
Knowledge for Health, Center for Communication Programs, Johns Hopkins
Bloomberg School of Public Health.

* PsycINFO
Psychology,
The largest resource devoted to peer-reviewed literature in behavioral science
and mental health. It contains over 2.6 million citations and summaries dating
as far back as the early 19th century.
the APA.

*

Pubget
Multidisciplinary,
Pubget.

*

PubMed
Biomedical,

National Institutes of Health and the U.S. National Library of Medicine.

*

PubChem
Chemistry,
National Center for Biotechnology Information and the U.S. National Library of

Medicine.

*

Questia: Online Research Library
Multidisciplinary (Historical),
Questia.

Readers' Guide to Periodical Literature

*

Journals and Magazines Coverage: 1983-present.
H. W. Wilson.

*

Reader's Guide Retrospective: 1890-1982
Journals and Magazines,
H. W. Wilson.

*

RePEc: Research Papers in Economics

Economics,
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Volunteer Collaboration.

* Retina medical search
Biomedical,
Biomedical resources with special focus for medical professionals.
searches among physician level standard documents eliminating patient level
materials.

Retina medical search.

* Rock's Backpages
Music,
Primary documents from the history of rock and roll Subscription.
Backpages Limited.

* Russian Science Citation Index
Scientific journals,
A bibliographic database of scientific publications in Russian.

Scientific Electronic Library.

* SafetyLit
Multidisciplinary,
Citations and abstracts of journal articles and reports from researchers
working in the more than 35 distinct professional disciplines (architecture -
zoology) relevant to preventing unintentional injuries, violence, and self-harm.
Graduate School of Public Health, San Diego State University and the World
Health Organization's Department of Violence and Injury Prevention.

* SciDiver.com
Multidisciplinary,
SciDiver is an academic paper search engine for the physical sciences.
The service currently maintains an index over arXiv, the preprint service for
mathematics, physics, astronomy, computer science, quantitative finance and
related disciplines; expansion to additional repositories is expected in the
course of the site's continued development.

SciDiver.com.

* SciELO
Journals,
SciELO is a bibliographic database and a model for cooperative electronic
publishing in developing countries originally from Brazil. It contains 985

scientific journals from different countries in free and universal access,
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*

*

*

*

*

full-text format.
FAPESP, CNPq and BIREME.

Science.gov
Multidisciplinary,
A gateway to government science information and research results.
Science.gov provides a search of over 45 scientific databases and 200 million
pages of science information with just one query, and is a gateway to over
2000 scientific Websites.
Science.gov Alliance, 18 scientific and technical organizations from 14 federal
agencies that contribute to Science.gov. United States Department of Energy,
Office of Scientific and Technical Information serves as the operating agent for

Science.gov.

Science Accelerator
Multidisciplinary,
A gateway to results of DOE research and development and major R&D
accomplishments of interest to DOE.
United States Department of Energy, Office of Scientific and Technical

Information.

Science Citation Index
Science (General) Part of Web of Science,
Thomson Reuters.

ScienceDirect
Multidisciplinary,

Elsevier.

Scirus
Science (General),

Elsevier.

Scopus
Multidisciplinary,
Elsevier.

SearchTeam
Multidisciplinary,
Students search together collaboratively for scholarly articles and resources,
Zakta.
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Social Science Citation Index
Social science,
Part of Web of Science,

Thomson Reuters.

Socol@r: Socolar
Multidisciplinary,
Scholarly open access resources in different language
abstracts; Links to full-text Socolar.

SSRN: Social Science Research Network
Social science,
Contains an abstracts database and an electronic paper collection, arranged by
discipline.
Social Science Electronic Publishing, Inc.

SSRRN: Social Science Research Resources Network
Social science,
Indexes datasets and statistical codes,

Social Science Research Resources Network.

SPIRES-HEP
Physics, (High Energy),

Stanford Linear Accelerator Center & partners.

SpringerLink
Multidisciplinary,
Free abstract & preview; Subscription full-text Springer.

Ulrich's Periodicals Directory
Periodicals,

Proquest.

VET-Bib
Social Science, Education,
European vocational education and training (VET) literature,
European Centre for the Development of Vocational Training.

Web of Knowledge
Multidisciplinary,
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Includes other products, such as Web of Science, Biological Abstracts & The
Zoological Record,
Thomson Reuters.

Web of Science

*

Science (General),

Includes other products, such as Social Science Citation Index & Science
Citation Index.

Thomson Reuters.

WestLaw
Law (General),

*

Thomson Reuters.

*

WFL Publisher
Food, Nutrition, Agriculture, Environment English language,
WFL Publisher & the ISFAE Ry.

WorldCat
Multidisciplinary,

*

Unified catalog of member libraries' catalogs,
Free & Subscription OCLC.

WorldWideScience
Multidisciplinary,

*

WorldWideScience is a global science gateway composed of national and
international scientific databases and portals. WorldWideScience accelerates
scientific discovery and progress by providing one-stop searching of databases
from around the world. Multilingual WorldWideScience provides real-time
searching and translation of globally dispersed multilingual scientific literature.
The WorldWideScience Alliance, a multilateral partnership, consists of
participating member countries and provides the governance structure for
WorldWideScience. United States Department of Energy, Office of Scientific and
Technical Information serves as the operating agent for WorldWideScience.

* Zasshi Kiji Sakuin: Japanese Periodicals Index
Journals,
Japanese.

National Diet Library's Online Catalog, MagazinePlus, CIiNii.

* Zentralblatt MATH
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Mathematics,
First three records free without subscription.
Springer Science+Business Media.

* The Zoological Record
Zoology,
Unofficial register of scientific names & papers in Zoology. Coverage 1864-
present.
Thomson Reuters. )
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