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INTRODUCTION TO DATADASES AND DATABASE CONSTRUCTION

Information, data redundance and data (.ePﬂ.‘"'znce

Any organisation,however large or small needs information
in order to be able to function, This may be inforimaiion
related to the market to whos2 satisfaction the cirganizations
activity is directed., ov information reliuted to the jnternal
functioning of the organisation, In a small firm it may he
possible for one. or a small number of persong to bave a
complete awareness of all these information needs, hut in
large crgonisations one finds seperate uf:z\)axtmmlm each wicth
its own information requivements.

We can regard informalion as data looked upon in a cerinin
way, and this implies that the same daia can vrovide different
information depending upon who is using it, or upon how it ir;
used. For example the produciion planming depariment of
firm is interested in nformation regarding new orders $o \';hat
they can be completed inside given d livery dates. Those
responsible for stock holdings of paris or rawmaterials are
interested in the same orders because they must ensure thit
production will not be delayed by lack of material or parts,
Tor both deparizents the data from which they yeceive

the necessary information will ogirate from a saies or
marketing department, It may seem pf"tt\’ obvious that thesc
various cepartments snould be operaiing with the zame data.
but this may not be the case for several rcasons., If cach
department has its own infurmation system. then the data
comm.inicated to it will have to he fed into its own syster.
The data may be lost. delayed or alteved as a result of {his
communication. or if it is a new tvpe of dawm it may even be
(tempmaa ilvy wnusable from ancther infovmation sub - sysems
point of view,.

This is illustrated in figure 1. where cach circle represents
the data necdedor used iu connection with an organisations
sales, planning, and pl‘oclw‘t"nll functions, Tor a small org:
satloq only one source of dain exists, awnd the data necessary
to provide information fortmore than one funciion (overlay
of the circlesy is always the sanmse  dawa independentiv 01' how
it is used l“‘m- IAY., Buot when an orsonisation oxvands, the
volume of data requived by each dn)'l Umnent expand= and rowls
to "eeperatwe” (lig 110) leadine to data redundunce wnore than
onc cony of the same data, different values for the same datsy,

(h

Above we have discussed and illus

rared the problems o con-
neetion with the mairienance of data, {ho otlier side of the mater:
arises in connection.with the use of dat



This is more casily discussed in relation to comﬁ:«}mriscd in-
formation systems. Facih department in an orpanization hos
its own data pool which may be in the form of magnclic tape
files, or direct access files, The records on these files will
congist of different data organized in a way which is only
relevant for the oue departimnent.  Information will be ottainoed
by running various programnizs which use some or all of the
data iu various ways and these pregrammes will he devendent
upon heing aware of the physical layout of the records they
process, Ilucreasing the data content of records, or changing
the way in which it is arranged wiil mean that some or all

of the compuier programmes using the data will have to he
rewritien, This so called "dsta dependance” makes the changing
of exisiing {raditional systeme both costly ond time consuming
and the development of an orgenisation itsely, and its abilily

to ad«pt and react to chuancing external events will he limi-
ted correspondingly depending upon how dependent it is upon

the use of the information sysiem. This is illustrated in fig,2,

The solution to these preblems. fhe avaidance of data redun-
dancy and data dependence and their consequences is currently
called the "database approach' (see fig, 3)
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All the data l'eql_lirct‘i by an ovganisation is pul inio a common
pool, the dafabage. The vospob.,Lbiiiiy of maintiining arg vwro-
tecting the data is to a favge extent romoved fiom the vavious
user departments to a database adminisirator {vrciion, 'This
solves the problem of daia vedundauce,

The provlem of data denendency is solved, pariiuly anvway,
by insisting that all access to the database go vin standoed
database software. and that all rveifercenee to datn, record {ypes
or specific data clements is symbolic. or at e topical ]r*\rl
To give a simple example. each daw ¢ persom ro-
cord will have a name, like AGE, SURNARIE. ADDRESS und
it is suilicient to give these ndm cs s one wisnes to obptain

a persons aoo, surname and address from hi : novecord,
One does nor bave to kaow  anythioyg adoit

i

clemenis are piaccd in voution o the siaxt

.
recora,

e

or where the record physically is stored., The introduaction
of new data elemeils inlo records will not ailect exisiing user

programs so long as they are not to make vse of any of these
new data eiements,

Another advantage of the database approach is that it is always
possible to write new application p]ogr’ims to use data already

in the database to provide a new (ype cof information,

And to the extent that a gL"nel'alén,_C{lF"”].“] 'ufl"(’ i suppovicd
by {he databuse svstem oue is using, "t sho sa ossible
to sit on line at a terminal and accass data in the doiabase,

There is one important point in connection with 1‘1@ conversion
to or introduction of datahase philosophy ivio qu orznnisation
How docs one go from the situation 1].11%1‘1‘31"0' i i, R, or
from a situstion involving no usc of computerised data handiing
technigues. te that illustrated iun {ig, 3 ? U ¢ numbar o (‘_;LJ
clemenls mav be very lurge and dhey iney be comb ¥
nsed wany dirforent wave, and ofien a single pavson will no
be able to viecuvalize all these al onc time, It iz theiclowve
very lmpoviant to bave some kind of meaowbod ov vroecedure which
aliows oncto wnalyze required information nceds in terms of the
data to be =torcd in the database ol of the wayvs in waiceh
it can be used.  The remaing chaptovs in this apanual aze
devoted to describimsuch o (semi-lermal) method,

R
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Databasc Systems and Tile Systems

4

Tor those whe arve accustoined to traditional sys‘oms where

apypl

ication programs wovk dirvectly upon recoiwds |
it is imorotani to have the difference and the \

cld in files,
ien Letween

a database systom and a [ile syztem cleaxr, This is iljusivated
in fig. 4 where we sece that using a daicbase systemn removes
qj

the user one stave furtuner from the phyvsica
o I

storagve ol daia

by insistine that he use a standard interfuce, the daiabase
Y =)

software,

lying between him and the duia .he wishes {o use,
(o]

Database Definitions

A number of dutabase definifions arc given below:

1¢

2.

A collection of shared data

The data necessary for the running and control of
an organisation

All record occurrences, set occurrences and avcas
confrolled by a given schema,

A collection of siructured data refiecting the work-
ing of an organisation and sevving its requirements
for storing and supplying data

A collection of structured data belenging to an
orgaunisation, and serving its information veguire-
ments, which can be simultaneously accessed by a
numboer of users,



-
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Database Bystem Functions

The services or functions which one should expect from a
daizbase systern are listed below:

1. Control over the duplication of date to avoid un-
neeessary data redundance,

2, To provide storage, structuring and access mec-
hanisms so that applications can be run as efficiently
as possible,

3, To provide for the controlled simulicncous access
of data by more than one application,

4. To pravige for the sepecvation ¢f applicatlion pro-
gramming logic from any lwowledge of phy;ical data

structurcs,

5, To provide reorganisation facilities for existing data,
and the 1)03':1111111" of removing old or adding new daia
types so that the database can be adapted to change

the organisation which it sewves,

G. To provide privacy controlls to prevent unauthorised
acecss to datu,

7. To provide for the integrity of the data in the data-
base and avoid its ]oos or damage, To give good
back vp facilities and recovery facilities in the event
of break down,

8. To provide for the retrvieval. slorage, and deletion
of data in an efficient and measurable WLy,

9 To support the use of the database sysicin via a

nuinber of highlevel lang

L]L\E;Cb .
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Construction of PDatabhase

The remainder of {his chapter describes the approach descrvibed
in this marual. nameiy how a database can be used as a nodel
of realily. of for cxample an organisation. The databaze is
regarded as a collection of technical data represzenting events.
staies. poins in 1ime. phvsical objects and so on which are
used to precuce and handie informstion relaied to  the reality
which the database is meant to represent. One difficualty with
using the dawmbase as a model is that oue must undersiand the
data technical aspects of the wodel, Another probiem js that
ol distinguishing belween the data techiieal aspects and ihe
coneeptual aspeets during the construction of the ~model,

To {rke accomt of {hvee difficuliies we have here choscen to
eonsiruet the dvnbase in tyo aleirly separsicd phasos, n
the first phase we describe reality., ‘This is done here vsing
a conceplusl model which is a Togical deseriplion independent
of the data technical aspeets, The process of going {rom the
conceptuzl model to fts implementaion is described using an
implementation structure,

This two stage description process is shown in figure 5.

CONCEPTUAL F:tj..S:
MODEL

¥

DATAMATIC
MODEL




A closer definition of tho conceptual medel and ivp
structure js given in chapter 2,

Tereentation

Reality can be regaidiecas consisting of a nwalier of "seligy
elements. called objccts, together with 2 number of reiations
between these objecis,  Objects can be a cusicmer. a product
and so on, IRelaiions are the various interdependencies which
exist hctween the objects,

For example. an ovder can he regarded as a rdélation between
a customer and a product,

Objects and relations exist independently of databases and in-
formation systems. The aim in constructing & datahbase is fo
provide a dafa orvienled description of ihe chiccis 2nd reiations
of reality. vhich enubles one to eowmair inforiention {rein this
description (or model) using simple information secking
procedures.

T'or example. if one has a database in which information
about customers, products and orders is stored, then it
should be pessible using simple vrecedures to obiain infor -
mation abouf which orders a cuslormer has, which customers
have orders for a given £Yoduct, and so on,

When the conceptual model is to be impleinented one necds
details of how cfien the informalicn cescribing each chicet
or relation is to he used, These dztails ave found by ano-
Iysing the way in which the preiccicd database is to be used,
It is also necessary te knew sowething about the characteristies
of the database system which is to be used. The impicinen-—
ation of the conceptual medel is described in terms of thoe
implementation structure in which the acecss mechanisms,
storage mechanisms and layout of the various record iypes
are dosceribed,

Ag a basis for the use of the construection rules on a prosected
system, onc should have arrived at a description of the 8Vs~-
tems information requirements preferably via auw information
analysis procedure,  Thus the deszeription shouid he arrived

at via some formal procesure like the ISAC mavhod, or one
shoald have cavried out a general analysis of the reality”
which is to be deseribed usine the database, together with

an analysis of the information recuivements which the daia-
Lase is to satisfy.  One should also have working know-
ledee of the most common struciure mechanisms neod in
modern database systems in order to appiy the siructuring
rules cffectivly,
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The aim here is to make the construction of fhe conceptzal
model independent of the database systim undev which lt is
evenwally to Le implersentied,  The conccpial modal can,

at any rate in principal.be imple mcb‘u a withouo 1o usze of
a database system,

With the trancformation to the implementation struciure the
physical condlit ionsunder w}noh e databage s to he imple-

L

mented (the acetuzl damabase system, the comtiv
media etc,) together with det :nls of lwow the dat
uscd must be corsidered,

1, tle storage
base is to he

N
2
a

One can in cages whore the physical 001_01110‘1a demand it,go
back and change the conceptual medel,  The various s‘ﬂ.c,es
of the construciicn proc and 1he order in which ikey are

to be carried out are chown in figure 64 and 63,

The end result of such a construction process is a'high
level" documeniation of the record types and the structure

of which the dawabase is composed., This documentation
creates a bhasis for a detailed structure documentation,

In addition one should have cxpresscd ones need [or infor-
matioen and how this is satisfied by the dotabases content
and structare, This then provides a nigh level specitication
of the application programs which are o use thz database

The most important results of applvirg the set of rules and
noiation o be described ave as follows

- the various parts of the censirvuction precess
are forced into a definate order

- it is easier to p cture the total system

- one remains indepe "fiﬂ- 1t of the actual data-
base sysiem 1o Le uscd for as long 2s possiclie,

The rules are designed in such a way {nat one works with the
logical struciure until one has a model vhich covers the re-
quircd need fov information in the simplest possible way,
Logical simplifications can he made independently of details
related to the physical implementation,
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Input to the construction process is

oncs view of reality described in
lorms of objects and activites.

Objects are identified by a name and
their identifying properties,

Relations are identified by a short
description and any relevant identi-
fying properties,

The model is then drawn up using
the given sy.nbols

The type of each relation is drawn
in on the model,

Remaining properties (atiributes)
collected for both objects and re-
lations,

Relevant questions are put to the
model to test whether it has suf-
ficient information content,

The model is reduced mechanically
and its information content is tested
after each reduction,

When all reductions have becen made
the design of the implementation struc-
ture can begin,

Construction of the Conceptual Model,
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The Concecptual Model

To describe veality, we use ithe foliowing concepts whicihi. althoueh
familiav, will be delinod: objects, velations, propertics and iden-

tification.

Objects

Physical objects, such us. people, machines, products, etc.
Objecets have properties which con he measured cr observed

in some way. I'or example, colour, shape, weight, ete, GChjects
can always be identificd by their properties as long as these are
of sufficient number ond detail. In many cases, an ident:fication
gystem fov ehjects alvendy exists, for exanmple, the names of
people, {beir personal identification numher, product numfv«.‘f.
especially where the need for such identification exists. A person
name is not generally unique, but personal ideutificaiion m.mxbcrs
can he unique within one country, and product numbers can ke
unigue in one factory. Such identification numbers can he regarded
as artificial, but become real propertics in cerluin cases, as,
for example, if one writes the product nunber on the preduct.
Objects can he classified via their properties, all 1red products
Tor example.

In addition to physical chjects, we will also oporate with what can
be called abstract objects. A nunlbor of relcltlou.-,\ {zee the delinition
below) h:r“ eften names and an ideutification syvstem, us with ord
and ordor number, job with job wumber. It muy ofien hao advaniagr 2ous
or suitable to chat a rolation as an object, bl it is di[twau- W give
exact rules as to when this c¢hould be done. A general rvule is that
all relations which normally huave their own identilications svetem,
can be regarded as objects.

Relations between objecis in the model and ohjecls iyving outsids
the model wili alse often Lo treated us objects.

One should always look curefully al the corrvespondence heitween

the conceptual model of reality and reality itsell (o ensuce Gt

this is wnambiguous. For example, two orders with diffevent ordoy
numbers bul with idenlical properties, such as, customer, prodict,
and d‘Lt(’, may exist. This situntion could avice il the same ordoerv,
that is, agrecment with a customer. had, in ervor. bheen rocerdad
twice, 01' it could be that two identical ovders hiad becn woceoived and
recorded on thae eama Ay, Tnoguaoh cases. ane could avold nrik

by including the ticie of dai with the wite,

Abp objeetl is cqidl (o belong to one object class. Al obj in an
obicet cluss wre of the tepe and e obhicot olasgs s gl o

name, for examples,




B_clatigw_s:

Relatiens desceribe the connections hetvween objects. For exambple,

a relation bevween tvwo people could be that they ace marvied, an
order can be regarded a3 a velation between a customer and a
product, a job can be regarded as @ relution hobween i mouchine,

a person and a product. Relations Luve properties which describe
which objects are related by the relation, when it existed, how

long it lasted and so on. A relation can also Lo idenuificd by uging
its properties, provided these are described in sulficie nt u”“l

and a sufficienat number are considered. As mentioned above, one
often introdices an identification syetemn for velations, such as,

job number or order number. These can, as for ohjeels. be

called artificial properties, but thev cannot he made real bv

writing the ideutification upon the volation since thas Lhas na physical
existence. For eximple, a job number connot he weitten upon a
job, but it can be found upon the job sheol which itself is a
description of the job. The job number will then idendiv the job

sheet unambigueonsly, but the job sheet will not identify the

any further than the deseription to be found unon the jolby sh
Relations can also be defined using the objects with which t
relate. For example, if an order is regarded ag a relation between
a customer, a salesman and a product, then the identification of
"these three clascses can be made the Idenui'ying preperiy of the
relation,

joh
ct.
ey

;
|
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Svmbols and Concepis for the Conceptual Model,

<>

PROPERTIES or
ATTRIBUTES

-

OBJECTS e.a. PEOPLE, PRODUCTS, BUILDINGS.
CAN BE UNICUELY IDENTIFIED USING CHE
PROPERTY

RELATIO S BETVERN OBJECTS,

. '"HAS CRDERED'" IS A RELATION
BEHJEEN A CUSTOMER AND A PRODUCT.
IDENTIFIED BY THE GBJECTS IT IS A
RELATION BETWEEN,

BELONG TO CBJECTS OR RELATIONS AND
DESCRIBE THEM AS FULLY AS 1S REQUIRED,

CONNECTION PETWEEN A RELATION AMD THE
OBJECTS IT RELATES,

SACTION REPRESENTING A DEFINITE
R INFORVATION FROM THE MODEL.
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An Example
A simple example will be given to illustrate the use of the symbols,

We will make a conceptual model of the situation where customers
give orders for products. Customers and products will be regarded
as objects, and ovders as a relation between customer and product.
We ussume that one numbering svsiem exists for customers, another

. |
for products, and a third for omiers.

The conceptual model will then appear as illustrated below.

CUSTOMER

ORDER

PRODUCT
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Pitujyve orders then fhe

e conceptuy] mode] thay Salesmey,
ohject clags ordep
48 A relition hetween Customeps
aid e model then ho:

can be Tegardeq
; sn,lesman, and Products,




2-1

2.% The Implementation Structure
In ovder to describe the data structure which is to represent
out conceptual model in o computer, we usge the followine cancepte:
record, set and access key.

2.2.1 Record
A record consists of a number of data elements and can describe
an object or a relation. Lach data element describes some property
of the object or relation.

2.2.2 Set
Recerds can be coupled together in sets where one vecovd is owneyr
and one or more records are . members of the set. A set can be
used to describe a relation to which one does not wish to atiach
any data or it can represent a classification of objects or relations
(implemented as records).

2.2.7 Access Keys

An access key is a property or data element which is to be used
to find a record. An access ey can be unique, as is person,
identification number, or ambiguous, as in the case of & person
name,
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2,2,4 Symbols and Concepts for the Implementation Structure
1ER SY'BOL
RECORD TYPE NAME OF RECORD TYPE

SET

ACCESS KEY

OWNER RECORD| MNAME OF SET . IMEMBER RECORD

MNAME OF ACCESS KEY

TYPE (0N MEVB:) TYPE

RECORD
TYPE
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Taking the same exampie, used for illustrating how the conceptual
model is applicd, we indicate bow the above symbols are used. \We
assume that each order cousists of a variable number of order
defails, and that each ordeyr deteil refers to one product only. The
following implementation structure can then be made.

—~—— CUSTOMER NUMBER
~—— CUSTOMER NAME

' . ORDER NUMBER

CUSTOMER

ORDER

¥

ORDER
DETAIL

L

‘ ~———PRODUCT NUMBER
PRODUCT




The conceptual model has Leen implementod using lour recowd
types:  customer, order, order detail aud broducl,  ihroe gols:
cistomer~ordey, avder-ordor detail, produci-ordorp detail; and
three aeccuss kevs:  customer number, order numberp and prodiet
number,

The more comprehensive modael where we have algo ineluded
salesmen receiving orders, ean he implemented in ditierent

ways depending upon how one is to use (he system. We illustrate
two possible ways below,

We first assume thot we are only interested in finding the oprderg
obtained hy g given saiesmun, but have npo heed for any additional
information concerning the salesinan, We can achieve (hig by
introdueing the salesman number as an adhbitionn] acoeys kev in
the owler rocousd, We then obtain the fellawring splenentation
stracture,

~——CUSTOMER NUMBER
i*—-—CUSTOMER NAME

' _ ORDER NUMBER

ORDER SALZS My Nuvzzo

. - AL
————

CUSTOMER

ORDER
DETATL

]

PRODUCT

=——=—PRODUCT NUMBER

el




ORDER
NUMBER

—=  ORDER

If, however, we arc interested in storing information about
the salesimen, we can create a new recovd twype o saleceman
and relate this to the ovder records via a sct salesmun-order,
We then obtain the fellowing implementation structure:

~—(USTOMER WUMBER

CUSTOMER CUSTQMER NAME

| SALESAN
SALESHAN NUVBER

A

Vi

ORDER
DETAIL

A

PRODUCT  p=———PRODUCT NUBER
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CONSTRUCTION OF THE CONCEPTUAT: MODILL

Identi[i(;ation‘

Identification of Ohjects

Objects cun be defined as 'units' which can be identified by
their properties. Objects can be persons, things, events, ete.
All objects of the same type (persons, for example) form an
object class. The objects of a class have a numher of properties
some of which are classified as ''identifving properties''. The
latter arc often arvitificial properties given to the object to
enuble it to Le identified,

Objects are identified hy the name of the object class to which
they belong (person, department) together with the names of
the identifying propertics.

The name of an object closs and its identifving properties are
pul in a so-called object list. This could have thc following
appearance,

Neme: | Jdentifving Properties:
Person Person number, name
Departmeoent Departinent number

Identiflication of Nelations

A nuroher of physical and/or logical commections will cxist between
1

the objects in the object list. These connections ave repraseivoed
as relations in the conceptual model.

One can distinguish between:

14 Relations befween objects in the same o'jeat class.
These will hereafter be referred to as teclf velotioas™,
llere, when using the construciion roles, we will condne
oursclves Lo sell relations between two objects of an
object class.

2 Relations between objects from two different object
1

classes. Wheve, unless otherwise stated, will he rofer-
Y

red to as binavy reladions.

s

‘oS hrohor




The following appreach can be uscd to decide what relations
exist between objeets in the conceptual model:

- the listed objects ave compared two by two to find anv
binury relaticns. We choose to identity binary relaiicns
[irst hecause these are the most common aad the easiest
to identify (for example, '"person' is cmploved i
"department').

= for each object class oue decides whether theve exist any
sell relations between the objects in the class (for ex-
ample, person 'is subordinate to'' person).

= where it ig possible to find directly anv hicher order
relations, these are noted {{or exarmple, an order! js a
relation between a customer, a product, and a sz

Although o relation between objects may have been identified,

thi s does not preclude the objects from helonging to further
relations. One object can belong to binary relations, self relations
and higher order relations.

A salesman can have a velation ''is employed in'' to the depart-
ment and a relation "order' io both customer and product.

Fach relation is identified by the name of the relation class
(for example, "is cmploved in™ and hy the identifying proper-
ties of the object classes to which it relates. The relation can,
in addition, have its own icentifving propervties. One constructs
a relations list which should contain the name of each relation
class together with the names of its identifying preperties and
he names of the identifving properties of the object clusses
related,

An example of a veludion list is:

Name: ____Identifving Properties: Objects Trelated:
Order Ordar number Calesmun, customer,

product

Employce Emplovee number Person, depariment
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What are Objects and What are Relations?

When analysing a given reality, it is often difficult to decide
what are obijects and what are relations., A rumber of relations
are of such commnion usage that they ave norinally regarded as
objects. An order, for example, can he a relation hetween a
customer, a salesman, and a product.. An crder will often be

a relation which has ils own ideniifying propervty (order numhber)
and can occur in the model witheut one or more of the obiect
classes it is usually a relation between. For example, order
and product can appear in the model as two obiect classes with
the relation "included in'' between them.,

In general, a relation which has its own identifyving property
and is of higher ovder can ofiea be represenicd as aa object
in the model. This is particularly the case if the volution
exists at the ''edge' of the model, that is, one or morve of the
object classes related by the relation are not included in the
model.
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Construction of the Aodel

The notation introduced in Chapter 2 is used here to construct
the conceptual model.

The varicus types of relation are represented as follows.

ONE TO ONE

ONE TO MANY

1 N ‘7;. Bin ax—\j
MANY TO MANY |
;\.




The model is constructed by drawing in each objcct class

once and then filling in all the relations between these objcet

clnsses.,

As indicated in Figure 6a, the construction is an iterative

process. In pre

ctice, one makes o list of some of the objects

and relations, draws a piceture of the model based on these,

’

and then adds any additicnal ohjects or relalions,

The name or description of all the object classes and relations
in the model are written in. The construction of the concepiual

model can be illustrated by an example.

The model is to contain all the emwmlesces

of a firny, clazsgified

according to the department in which they work. It is alsn to

contain information regarding who is subordinate to who in
the firm. The object list will then be:
Name: | Identityine Properties:
Person Person number, name

Department

Department number

Here we will have a relation between person and departmoent
"is emploved in'', and the object class perszen will have a
self relation "ig subordinate to'.

Relation list:

is cnuploved in

is subordinate

Tdentifving Properiy:

OLjects involved

employment number

in tee re

Person, de

Persan

1
1

Al

o

iment



When this part of the construction process is complete, we will

Lhave:

o conceptual model based upon the given notation

all objects and rvelations appearing in the
by name and identilying proparty

7€ rem

I

model deseribed

——
— e s
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A dcpru‘t,mcnt has inany emplov\'ees, but cacep Cmployae bclongs {o
only one dopnrtmcnt.

It is yot alwaypy Possible (o Yepresent o relation tyne in the

Manney shown ahove., For gelp relationg and bin;ary I'oi:Ltio.ls,

RO problemg Occur, hon'evez’, for highcr Ordey relaiinng the
relation tvpe ig not. gp casily 1‘eproscntcr1.

Here ¢ wil] deseribe the thiree relatioy tvpes foy self relationg
and Linayy relationg, An in-dicntion of hoyw the tipe can he deter -
mined fop Certaiy highep ovder relationg Will also bo Siven,

1:4 Re_l:lii_(_’_)ﬂ

T

Selr Re{ation:

N

Gives 4 Sequentiq] Structyre between Chjects of the same ¢lasg,

B — | |

1

{ {
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I | |
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Fach PCrion in 4 “leue sta)ay "hekingn only one otlioy Bersoy

in the Jlele
Binayy Relation.

Remwzsenis PArs made up of one object ip ohe clygg and ainothey
chjeat ip anothep class,

g




3.3.2 1:N Relation

Self Relation:

Represenls a simple tree structure. \-/;\

|
|
|
|

One person may be in charge of one or more persons, but each
pevrson is responsible to only one ''hoss',

Binary Relation:

Represents a two level tree structure,

HAS
HPLOYER WORKED N N} peprmenT

D vaw  jw tha recowd Shrvetwrt vouvse ['r

N
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One depaviment congists of a nwinbev of cmployees, Lut o person
is onlv cemploved in onc deporiment,

sSe

J—t

[ Relation:

Represants a siraple net structure,

™ : DR N
Dvraw 1A wecovel

Pa ~ T | i
| !

-
- -
. 5
<18 NG
.
T et e q."):

e Ta
A product part canimake up a number of oiher produet parts while
il itsell cousisis of o number of product parts

Lo,

Represaonts a two level tree structuve,
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A shop stocks various articles or products, and cach product
can be stocked by a number of shops.

Ilicher Ouvder Relations

For simple third order relations, it is possible to fix the relation
type, or velation fypes (a higher order relation can in general
have more than one type). This will be illustrated by two examples.

Lxample 1:

An order is a relation between a salesman, a customer, and a
preduct.

CUSTOMER SALESMAN

PRODUCT

solesman
[0

s ovders frem maony customers (1:N) whereas a

1
1
rer deals

custo SN vt only oune zoalesmior. A cusiomer hogo oo
producis on order, and n given product is on order o mnany
custowier = (NiNj. .\ solesman accents orvders for many paroduets.

}
el enn be ordeoved vie o poenbor

ob sulesmren (NN,
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Lxample 2:

A model deseribes the despatehivy of praducts with theiy covres-
ponding handbooks to customers, The object cluzses here ave
customer, product and handbool, and the veliation between them
is despatch,

P wstomer

¥

Qphs[,-d\\
N \

I _/__/h :
1 | i
P-f-on-sc\, 'I Hauxci Loelz i

e e
e S S —

To one customer, we can despatch many products (1: (oothel
with the coumpon(lm; number oi handbeoks (1:N), (ml ¢
product will have associated with it one handbook (1:1).

When this part of the constraction is comploted the meodel will
consist of:

= a drawing of the model using the given notation including
(where possible) the relation tvoes

- ohice! lisis ond relation lists whorve the elasses are named,

and the identifvive properties are given.
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The Listing of Propurtices

For each object class and relation, the properties or ateibutes
arce collected. This will vesull in an expanded version of the
object list. 1t is possible to distinguish between two types of
properties:

= simple properties, that is, properties for vhich a given
object ov relation can have only onc "value'!', c.g.,
name, age and height for the object ”pui:-,o-.l".

- repeating properties, that is, preperiies for which {he
object or relation can have more taan one value, e.g.,
examinations, previous emplovers, cvder details

One can also indicate which gimvule properties ave idoentifving

properties. An identlilying property nced aot necessariiv have

a unigue valuce. For example, person nuwmber will normally he

a uniquely identifving propecrty, but a person’s name will, or

may, be ambiguous.

The object list can have the following appearance,

Name I Simple Properties: Reneating Propertics:
Person Person number, name, Scuocols, previous
address, pay employvers
Denartment Department number,
Department name

The relation lists could be as follows:

Nezeviption Simpie Repeated Related Ohject
(Name): Properties: | Propertics: Classes:

a1 ) -
Imployed in I'mployment Person/deparine ut

nurmber,
work
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Testing the Information Content of Lhe 2Alodel

The conceptual model (ov dizoram) plasg the obicet und relation
lists including the associned propertics and atrribiutes shorid

now contain sulficient infoimation Lo enible cne 1o aikenit (o
mswer the quostions which will be posced to the neojecicd database.

Il is not casy to give t("mm(, rules as to how such o control

EME
Wh

should he corrizd out. one does 1o to sei the coostions to

the model which will later Iwcome the application progzrams working
against the dalabase to sce whether the model is antisfactory

for cach question. one must follow the siructure of the conceptual

model and determine \\'l.etl er each object or relation containg {ho

required informalion. Thic procedure can be illustrated by an
example:

The conceptual niode

>,

; |
| :
iy , d N = |
F"'{“ went. - < E\.MblOLYS *-—-——-——--—v( ;T erson :
| . N / f

[ ‘\"‘\\-;./ i )

o>

The structure bhelorve testing the informuation content.

Object list

\(m‘f

Department

PPerson

Relation list:

Dezevipiion:

Faorioved in

Propgities

Department namber™
Department name

Peoreon number™
Name, :ul NS

salary, work code

Schaols

N
134
s

Simple l Nepeated
Proapeviies: EDRronerticens
=
;
b “’.)10. INIORE
omunboey , i
Ui | I,
IRIAAN J I
|

rovious

cmplovers

e
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The questions we wish to answer ave:

1. Whicle people are employved in each deparimoent?
2. Find the pay, training and previous experience of cach

employee.

3 What kind of work and what responsibility each emplozce
has ?

4, Who is direcily responsible to cach employce?

b, What is the functional connecticn between the depariments ?

L

The answers to the quezllons ucing lee concepinid model are

given pelow:

i. For cach department, tihe relution "empleved in' is vsed
to find all the employees working in the department.

21 Por cach cmployee, thie chject list containg informalion
concerning his salary, education and previous expericace,

3is The object list for cach cmployee containg a joh code, Te
make available information as to what a given job involves,
we must crcate a n2w object class codled 'job tyne!'', iden -
tified by ibe property job code, and a new reiation 'ecaw be
carried out by' belween the new object class and the object
class !''person't. ‘

The new objeet class job Lyne' will contain inforrsation
aboutl the natuve of the job and the responsibiiity it ontails,

4 I'er coch empiovee the relation "is in charee o iz used to
find ouv which persons that coaployec has diveestiv wnedr bim

D, The oreanizatioral yelation betvoon the on

dipartiient is obteinable vin the snewer (.

this i¢ veprasented by o sinple tree st .
conreiioms Loty oen = '
he miere Camidierned, oy i ¢ S I R P

T ",‘ gy YT ~ .
Wourk -ooad e,
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The relation list for 'functional connection'' must contain the
properties necessary to describe the functional connection between

the departments.

When the procedure of answering the given questions is completed,
one must decide whether the conceptual model has the necessary
information content. If some of the questions cannot be satisfactorily
answered, then one must go back to {he point in the construction
rules where the necessary changes to the model can be made,

In the example, questions 1, 2 and 4 could be answered satis-
factorily by the model. However, to answer the questions 3 and
5, the model had to be added to. This required a return to
point 2.1 in the construction procedure.

The final appearance of the conceptual model for the example
caw 5¢ elvaww 1w Boisw.,
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The complete object list:

Name: Simple Propertics: Iiepeated DPropertics:

Department Department number”
Department aame

Person Person number®, schools, Previous
name*, salary, employers
work code

Work Type Work code*, job Job responsibilities
description

The complete velation list:

Descrintion: Simple Repeated Ohjects

+ ) Properties:| Properties: Reluted:

Employed in

In charge of
Organization

Person
responsible

When the abov

foilowing:

Employee
number, D
Date
employed

description

Person, department

Person
Department

Person, job tyvpe

test is complcted one will have arvived at the

- a conceplual model containing the names of all objects
and relations together with the relation type for the majority
ol the rclations

- a complete list of all objects and relations plus their
altributes/properties.
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Reduction of the Model

At this stage in the construction, the appearance of the con-
ceptual model will, to o 1 o extent, reficet the constructors
intuitive undersvonding of e veality he wishes to represent.
It is not possible to uniquely define the "hest! cone entual
model. A number of '""1tuie of thainb' rules can, however, bhe
given, The use ol these will sonerally enable one to reduce
the number of relations and/or objects in the model.

Such reductions will ofter be accompanied by the loss of
some of the possibilitice of the original miodel. Therelore,
for ecach reduction rule, the way in which the information
content may change will be given.

It is important to realize that the veduction rules do uot auto-
matically result in the best solution. Other factors which cmn
weigh for or against reduction will often be involved. These
may often be related to physical or practical considerations
involving the actunl database. This will be discussed in the
description of the imolem(‘m;mon structure. Factors involving
the information content may also requive consideration. It is
not alwayvs sufficient to be “able to answer a given question

to the database and one should also consider how it is to he
answered, This will have divect consequences for the application
programmes to be run against the database,

The six reduction rules will be handled separately. Their order
is random und the rules can ke applied in an arbitrarv order
The information content of that part of the model aflected by a
reduction must always be tested after the reduction, This is
especially important for the possibilities which one loses. These
are listed for each reduction rule,

Reduction of a Number of Divary Relations to One Third

Order Reladon

This reduction is possible il:

- binary reluations between pairs of three object classes
exist
= tie binary relations have a conimon property, that is,

one property can he drawn out of each velariorn a.d pur
in the aew reol.

The reduction involves integrating the l)l"n‘ui\' relations in one
third order velation. The tepe of the thivd ordev relation wiil not

always be ensy o dotermuine and will devend won fimm wiich
chijcet class the relation iw viewed. The relation tipe for a

third order veiation can, Tov exomple, bBe 10X hetveen onw
U;I]'hr'-»:- D sl (‘\‘\1\0\ LRRR s NA R G I PP TR ?\"'"-'"7,

J PO L K SR =S

Tuo cxeepiey of thin rpe of reduction are given helow
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Exomple: 1

Part of a conceptual model consists of three object classes,
customer, salesman, and product. The velation sale-cust exists
between salesman aud customer and indicates which customer a
salesman has. Between customer and product, is the relation
order which indicates which ordersa customer has.

N 2 H

’ | . |
CL_{SM{ [ ‘-‘A(fr"!___.i____q'saie..cuzt_ . Sq[fs?""a"'\/ V
| -~ 1

wioolel bx’“ﬂ ave,

! A
TC ol el ghal

et e e g

|
]

Pﬂf C'C'{u r“\:.

The relations sale-cust and ovder ave holh 1:N binary relations
and have in common that they both involve cusiomer.

The two relations can be merged to a dilfevent third order
relation called "order'. This reduces the size of the model,

and afso improves s infarmation coprent as it is aow nogsinia

to find all the preducrs a salezman kas shrained orders for witheu

going via the customers,

Le
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The prex_v'i-z)_ﬁ_éh'elations to one third order relation. The next
example shows how three binary relations can be reduced to one
third order relation. In contrast to the previcus example, we
have lost part of the information content as a result of the
reduction.

The example describes the costs involved in loading and unloading
cargo for ships. The object classes involved inthe determination
of costs are: cargo tvpe, ship type, and harbour,

: AN |
SO ey N e HNO N | Harbowr |
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- he relution S-II-cost contains information about the
cost of a given ship type to lie in a given harhour,

- The relation 3-C-cost contains information about the cost
of loading/unloading various cargo types for eacl ship
type.

= The relalion H-C-cost contains information about the
cost of louding/unloading the various cargo types at each
harbour. :

S-M-cost is of the type N:N as each harbour can receive a number
of ship types, and each ghip tvpe can lie in a number of harbours.
S-C-cost and I1-C-cost are both of type 1:N.

To caleulate the cost of loading/unlowdiiig a given cargo tvpe one
must begin with the ship type and the harbour

and calculate the S-H-cost between
these, the S-C-cost between ship and cargo type/.and the H-C-cost
betvreen harbour and cargo type.

Had it been desirable to have a combined discount for certain
combination of harbour, ship tvpe and cargo type, then this cannot
be directly represeanted by the model,

Should the model be reduced by combining the binzrv relations in
onc third order relation, .then this velation must have properiies
which identify ship type, harbour and cargo type. Such a thivd
ordar relation will also enable combination discounis involving
Awo or all three of the object tasks to be expressed us properties
or atiributes of the third order reluation ''cost!,

t

The reduced mode] Ca-w £& clvewie iwe belowd:



One should notice that the informuaiion content is somewhat
altered in this reduced model. While the first model could
give the cost for o given ship tvpe to lic in o harbour civectly
the S-H-cost will vow be bound to the cargo type to he loaded
or wunloaded. Corrvesponding comments can be made for S-C-cost
and H-C-cost. On the other hand, @ combination discount can be
included in 'cost'' divectly, which was not possibie for the original
model. -

3

The Reduction of a Numbher of Relalions with an Object Class
Inbelween, 1o OUne Reiation

This. reduction is possible if:
- a number of binavy relations of type L:N exist between one
object class and surrcunding object classes

- all 1:N relations have their ""N'" side towards the surrounded
object class and their 1 side towards the surrounding
object classes

In addition, the surrounded object must be an '"'abstract type!
(refer to Section 2.1.1),

The reduction consists of combining the surrounded object class
and all the relations joined to it by a single new welation. This
reduction will usually result in changes in the information content
of the model:

- some of the informotion previcusly contained in the

surrounded object class may be moved to the surrounding
object classes or to the new relation

= information paths which previcusly used the surrounded object
class, will now go via the surrounding object classcs.

An I'xample:

The model describes the conncction between persons, jobs and
contructs.

PERSON | N B

L CONTHRACT!
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Here, job is the surrounded object class, wilh relations to
person and contract. The relation "carries out' gives all the
jobs a person is working on. The relation '"'involves! gives all
the jobs a contract results in.

If the model is to he reduced, then some of the information
in job will be moved to contract and person. In "contract'
information about the tvpes of job involved could be placed;
which informution about which types of job a person is qualified
for could be moved to ''person',

. " ] " n
The new relation replacing job, carries out, and involies will be
of type N:N as one person can be involved in a number of con-
tracts while one contract can involve a number of persons.
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The reduced model.

L -ceun >
"-\ /
Sy
N

The relation ''per-con'' can contain information about o person's
position in relation to u contract (e.g. vesponsible for). Such
information could not be represented in the original model since
all communication between contract and person went via job.

The dewring of Two Identjcn]l or Nearvly Tdentical Objcet Classes

which e Joived Ly o Ditary Relation

This is possible il;

- the two objeet classes ave so similar that no meeat changes

!

in (he properties oceur as a result of the conanination

don dnvolves merging the twe

peplacivg the binarvy velution hy o Vel

atiott TDCCIlie Uy one ohvicel oln



The intormation which can be kst with this reduction is any
information relating to the scquence of objects in the removed
object class.

The reduction also removes a good deal of redundant information.

Example 1:

A model describes the hicrachy between the employees in a
concern,

PERSON-1

1

PERSON-2

"Person-1' contains information about each person.''Person-2'
contains an identifyving propertv for cach person (vedundant in-
formution). "Is in charge of' is the velation vhich joins a
person to those persons under him.

The model is reduced by replacing the two object classes by
one, namely person. The relation "is in charese of! becomes
a self relation, but will othevwise be unchanged. The intor-
mation content will not ehange provided no special sequence

cxizted for the objects in Person-2.
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Lxample 2:

In this example, an N:N relation describing a product structure
is taken.
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n U
The relation consists of i N:N as one part can ¢o towards
the making of a number of other parts while it consists of a
nuwnber of parts,

The rveduction here consists of merging the two objcct clusses
as in the previous example, and changing '"'consists of'' to a
self relation,

TJ.{?\(; e place ol vaoclel Cawe Be Sivmoaaw

IFFor this tyvpe of reduction, (for hoth examples) the reduced
model makes wandering about in the slructure casier. II one,
for cxample, wishes to go downwards in the hierachy in

the first example, onc would have to return to person-1 flor
each downward step in the structure. That is, afler finding
person-2 cue would then [ind the corresponding object in
person-2 to conlinue the searching The dotled
line shows how one can arrive at person z12.




After reducing the model, the searching can go directly through
the tree structure. The dotted line again shows how
we arrive af person 212,

One will also remove a good deal of redundant information as
all objects not at the top or bottom of the hierachy will be
represented twice in
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Two Symelrical 1:N Relations N
This

.

ave NReduaead o one N
reduction is possible if:

two 1:X% in opposiee divecrd
object clasgses

the velations have an information countent which can
combined in one reinton

The reduction involves merveing

the two relations into onec.
As lorg ag the new relation coutaing all {he properties found
in the two 1:N relations, no loss of informaiion will oceur nw
A resiit of the roduction.

Tiointionrs



Eximple:

A model describes projects and people working on projects.
Two 1:N relations, works hours on, and has workers exists
between the object classes person and project.

PRCJECT

{ORKS Oi

PERSON

The model indicates that one should be able to find all the
projects a verson is workirg on anrd all the persons wovking
on i given projecr,

The model is reduced hy merging the two relations to one
sinzle relation of tipe N:N.



PROJECT

Projeet participation

1N
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N N
PRCJECT '
PARTICIPATION
N

’

original two relations.

PERSON

satisfies all lhe criterin covered by the

The propertics belonving to the two previous relations can be

given to the new relation project paviicipation. One could

1
i

here add informaticn aboutl the work load upon cach person
each projecl he participates in.

S0

for
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C seg is Reduced {o o
Repeaiine Group for tiie Owner Object Class

A 1:N Relation Between Two Objeet Clas

This reduction is possible if:
- a 1:N relation exists hetween two object classes

= the object class on the N side is nol related tn auy other
object classes

= the properties belonging {c the relation and the object class
on the N side can be moved to the object cluss on the
1 side of the relation.
The reduction is achieved ky. removing the relation and the N
side object class and putting all the properties of the relation
and object class to he vewoved in as repeating g aps of pro-
pertics in the 1 side object class,

Tixample:
P

A model describes orders and all the order details making up
an order.

1 I OKDER
ORDER — | DEIAILS

RKEDUCES TC

ORDER
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The object list for order will be cxtended by all the prenerties
of the original order detail ohject class plus any propertics of
the relation 'has't.

No change in the information content need occur here.

3.6.6 A _1:1 Relotion Between Two Ohirct Classes is Removed and
the Two Gibjeet Clisses ave Combined into One

This reduction can always be carried out when a 1:1 relation
exists between two object classes. Tt will not resuli in any loss
of informution., The reduction is achieved by removing the

one object class and moving all properties of the removed class
to the remaining chject class. In addition any propertics belong-
ing to the relation will also be moved, If Ulc removed objoct
class had other relatioas to yet further object classes, {uese
relations will be transferred to the new object class,

Example:
' il

A model describes men, women, and who 15 m'erwd to who,

. _/"\._
! ‘.__,' /5 \.\
Maw Cta i ed ™ Wetian

'r t -r~c_

T, L e ——

The reduction results in a rew obicet elags called ""mavrvied couplet!,
which contains all the broperties before found in the men and

women object classes together with any from the relation '""married
to',

- ———y

Mavrried |
Couf}!x“_.

P S
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When ail possible or relevant reductions have been made to
the conceptual model one will have:

- a sketch of the model containing all the object classes
and relations together with the relation type for the
majority of relations. This model should satisfy the
revelent information needs as best possible

= a complete list of the object classes and relations
together with all their properties

- a description of the information needs one expects the
model to satisfy

At this stage of the counstruction of the database, one has a
documentation of the legical content of the database together
with a colloguinl (high level) description of the application
programs which are to run against the database.
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CHOICIE OI' IMPLEMENTATION STRUCTURE

The previous chapter describes how one with the use of the
concepts of object and relation can describe reality by a con-
ceptual model, This model is constructed mainly from a
knowledge of thatpartof reality one wishes to representand of its required
information contant,

To implement the model further information concerning the

way in whi¢h and how often the information in the model is

to be used is required, In addition one must be aware of the
characteristics of the mechanisms used in practice.

In the introduction the phases one should go through when planning
the implementation structure were described as a sequence,

This sequence need not be followed rigourously, and should be
regarded as a guide to the main activities leading to an imp-
lementation,

Before describing the individual phases some general charac-
teristics of practlial usage and mechanisms will be described,

Storage Mechanisms
We distinguish between the following storage mechanisms:

-~ Random (hashing)
= Sequential

- Serial

- Proximity

The relevant criteria upon which a choice should be based are:

Initial storage

- Storing of new records

- Removal ol records

- Space usage, use of freed space

- Sensitivity to changes in assumptions made,
- Information retrieval

- Storage order

The storage mechanisms can be found implemented in various
ways., We give the general characteristics of cach,



Random

In a random file the records are "arbitrarily" stored depending
upon the valuc of some data element which is used as a key
such that the initial storage of records (loading the data base)
can resultin many accesses lo the same part of a file, (this
can be avoided il one knows the randomising algorithm and sorts
the records to be stored suchthat their orvder corresponds to
the physical order they will be stored in on the file).

The storage of new records on a hashing file is normally a
fast operation which does not affect the other records on the
file. The same holds for the deletion of records,

The use of the space on the file depends upon how the values
of key are distributed by the randomising algorithm, Us-
ually it is not possible to atlain a usage of space betier than
70-90% before the file becomes less clfective in use. A ran-
domised file normally recquires the allocation of the same
amount of space independently of whether it holds few or many
records,

A hashing file is sensitive lo changes in the assumptions about
the values of the key and the maximum number of records
which can be stored,

A hashing file gives [ast access to the individual records, and the
access time is alomost independant ot the total number of records
which can be stored on the file,

F,

bl ) e N a2
Sty Tl v N

o
The table can be used in estimating the size re-
quirements for randomised and assumes that the values

of the key have a poisson distribution, The file is divided into
a main area and an overllow area, ILach address (bucket) in
the main area has room for a number of records. “The load
factor ol a hashing file is the ratio of the total number of re-
cords stored in the file to the number of records stored in the
main area.

The table gives the percentage of records which go into the
overflow arca as a function of the load factor and the number

of records per hucket.

IF'or ecxample if a bucket holds 10 records and a load factor ol

0,8 talken, 5,32% of the stored records will lie in the over-
Thus one might that it is best to choose

a large bucket size, but this will increase the seavch time in
cach bucket,



Records Per
Bucket in
Main Area:
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1
12

14
16
18
20

25
30
35
40

50
60
70
80
90
100

Load Factor:

0.1

4.84
0.60
0.09
0.02
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

The

0.2

9.37
2.19
0.63
0.20
0.07
0.02

0.01
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.60
0.00

0.00
0.00
0.00
0.00

0.00
D.00
0.00
0.00
0.00
0.00

0.3

13.61
4.49
1.80
0.79
0.37
0.18

0.09
0.05
0.02
0.01
0.01
0.C0

0.00
0.60
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.4

17.59
7.27
3.61
1.96
1.12
0.67

0.41
0.25
0.16
0.10
0.07
0.04

0.02
0.01
0.00
0.00

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.5

21.31
10.26
5.99
3.76
2.48
1.69

1.18
0.84
0.61
0.44
0.33
0.24

0.14
0.03
0.05
0.03

0.01
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.6

24.80
13.65
8.82
6.15
4.49
3.38

2.60
2.03
1.61
1.29
1.04
0.85

0.57
0.39
0.28
0.20

0.09
0.04
0.02
0.01

0.00
0.00
0.00
0.00
0.00
0.00

0.7

28.03
17.03
11.93
9.05
7.1
5.76

4.74
3.97
3.30
2.68
248
2.15

1.65
1.23
1.01
0.81

0.43
0.20
0.18
0.12

0.05
0.02
0.01
0.01
0.00
0.00

0.8

31.17
20.43
15.37
12.32
10.26

8.75

7.60
0.08
5.94
5.22
4.80
4.36

3.84
3.08
2.65
2.30

1.65
1.28
0.94
0.73

0.45
0.30
0.20
0.13
0.02
0.06

© age of records in the overflow area as a function of
the load factor and the bucket size (in records),

The physical sizes such as the block size of a storage me-
dium and bulier sizes in core will also set practical limits
upon bucket sizes,
kets connot Le read into core in one physical access.,

Some of the advantniges ave lost if bue-

0.9

34.06
23.79
18.87
15.86
13.78
12.24

11.04
10.07
9.27
2.53
2.01
7.51

6.67
6.00
5.45
4.99

4.10
3.47
2.98
2.60

2.04
1.65
1.37
1.14
0.97
0.83



4,1.2

4.1.3

Sequential’

In a sequential file the recovds are stored in order according
to the value of some key. Tov jnitial storage the records
can be corresponding'lg sorted prior to loading, and this will
than be a quick operation,

The storage of new records requires either the moving of all
records "behind' the new record, or the usc of an overflow

area when the physical ordering will be partly damaged until
the file can be reorganised,

The deletion of records will give "holes' in the file which
can be used if a new rcecord bhelenging to the hole arvives, or
if one moves ail the records behind the hole,

Space explojtation in a sequential {ile will be cloge to 100%
especially if{reed space can be used.

A sequential file will bes sensifive to changes in the assump-
tions made with regard to the storage and deletion of records,
If such "traifidt becomes considerably greater than expecicd
the accessing of records will he degraded, or one will necd
to reorganize the file more f[requently than originally planned,

A scquential [ile will be cxpensive to use if one is mainly
intercsted inemy a small number of the records in the file,

Serial

In a serial {ile the records are stored in the order in which
they arrive at the file, Both the tratial storage and the storage
of new records wiil be quick operations, The removal of re-
cords will also go quickly provided one doesg not "compress"

the file.

Space usage will be nearly 100% as long as {reed space can be
reused,

A serial file will normally require at least one access mechanism,
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Proximity

For this storage mechanism records are stored necar one
another an the physical storage medium depending upon some
criterian which could for example be the value of a data
element, A new recordwill be stored as closely as is possible
to the records to which it "belongs' without moving any

other record.

This storage mechanism will have much in common with the
serial, but will in addition use the possibility ol providing
an access path via the physical orvdering of the records,
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4,2 Access Mecchanisms
We distinguish between the following access mechanisms
- Random
- Index
- Chaining
- Searching
The criteria which should be used when choosing access mec-
hanisms are as follows:
= Space requirements
- - Tetching records
Large/small fraction of the total number sorting
- Storing records
Initial storage
Storing of new records
- The removal of records
- Sensitivity of changes in assumptions
As with storage mechanisms. access mechanisms of various
kinds exist, The general characteristics of each access
mechanism will be given,
The various mechanisms do not exclude one another. It is
fully possible, in principle, to access the same record via
hashing, via one or more indexes, via oie or more chainsg or
pe=) d
via searching,
4.2,1 Random

Most of what applies to hashing as a storage mechanism applies
to it also as an access mechanism.,

The advantages of using hashing as an access mechanism are
that it requires no =xtra space, and no table or pointirsnecd
to be updated when a record is stored or deleted,
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An index table is a table containing the value of the access
key,and the address of the record,for cach record indexed

AAAA RP

ADDEN RP

AFGAN RP

ANDER RP

ANDER RP

ANNEN RP

ALSEN RP

ALSON RP

ALSON RP

BADEN RP

& —

AFGAN JOHN 17632

The address of a record is fovitd by looking up the wvalue

of the access key in the index table. The index table can it-
sclf be regarded as a file and can be arganised in various vays
just as can other files. It can be raundoinised (often referrved
to as a hash {able), serial or sequential, (onc may come
across the term "index scquential file''., As we have uscd the
terms, and distinguished between a files organisation sud

its access mechanisms. an index sequential file will be a file
which is organised scquentially and which has an index table
as access mechanism),



Sometimes an index table will be organised as a combination

of a number of physical orgonisations and acceoss mechaonisms,
Tor example it can he divided up inlo a number ol small tables
vwhere the entries in each table are stored sequentially, whilz
the tablesare stoved scvially and chained together in a logical
tree structurc., Searching in the table starts at the top of the
tree,

An index table normally holds the value of the access key and
the address ol each record stoved in the file. 7The space
requirements for an index table are dependent upon the length
of the access key, the lenzth of an address, &nd the way in
which the table is organised.

The time requived {o nccess a record via an iudex table is de-
pendent upon how the fable is ovganised and how the record

is addressed from the index table entry, This can be either

a direct physical address to the rccord, or the address of an
area containing a number of records which must then be searched
for the relevant record.

If the index is organised scquentially it can be used to feteh
the records sequentially, This also gives one the possgibility
of fetching a selection of records for which the valucs of the
access key lie between two given limits.

When storing or removing records from the f{ile, ihc corres-
ponding entries in the index table must be added or removed,

4,2,3 Chaining

As the third access mechanism we have the chaiuing together

of records, This is acheived by storeing the address of the
next record ivn the chain. aand sometimes the adavess ot tho pre-
vious vecovd. in each recovd, Tor single chains oniy the
address of the next record is slored, while for double chains
the addresses of both the next and the previous rccord z2re
stored in each record,

5% ¢
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0
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Chaining requires space for the storing of addresses in each
record. The space requirements depend upon the I: nsth of an
address,

When accessing the recovds in a chain we feteh them one at
a time which can vermire one physical access per record if the
chained records are not siored close to onc another,

When records are stored in a chain, peinters in one or more
records must be updated. Tor umu‘e chains,one record,and

for double chains. two other records, must be Updai_(" The same
applies for the deletion of a record, (In some systems which
use chaining the rccords are not phy sically 1@1110\ ed from the
chains undol normal operation but marvked as “dead, and re-
moved pbysically in a reorganisation proccss)., 7The records
containing the address of the record to be removed are the

ones to be updated. This is an easy matier fordouble chains
where the record to be delcted holds the addresses of the re-
cords to be updated, Tor single chains howeve L, one Wiy Avave
go round the whole chain fo hnd the previous record, and this
will be costly if the chains are long,

Searching

+5

As the last access mechanism to te considered we have searching ,

In principle one can find any reccord in a file by searching
through it,

In an unsorted file one will on average have to search through
half of the file to get a record \\hl(‘h ig in the file, but one
must soar h the whole file to determine that a l—cord does
not exi

If a number of records are to be fetched at the same tiine,
these can he obtained by one seavch throuzh the lile thus re-
ducing the access time per vecord,

A sorted file las the same characteristics as an unsoried file

when searching for a single record, provided one siarts at the
beginving of the [lile.. However it will be faster in determining
whether a record exisls or not.



If a sorted file is stored on a dircelly addvessable storace
mediuvm, then binary and other search methods can be
to access a rccord more quickly,

1

UsCU

Searching is most advantageous when updaling or accessing
a large part of the rccords in a {ile, T
relation hotween the access time per vecord for sequential
and hashing files as a junction of what fraction of the records
are to he accessed i3 shieene belzul.
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The Grouping of Information

In the construction of the conceptual model information has
been sorted into groups according to where it logically he-
longs and how it is to be identified upon retrieval,

In constructing the implementation structure one uses this as
a starting point and may merge or divide the information
groups to form records depending upon how the nceds for
exploiting resources, f{lexibility and protection against loss
or misuse arec to be satisfied,

When choosing the content of the various record types the
tollowing points should be considered,

- Data volume (number of machine words, bytes,
characters) per object or relation ’

= Variations in this volume for the objects or re-
lations ol the same class

- The frequency of retrieval and updatling of the
various data elements

= Machine dependent sizes (block sizes on disk, buffer
sizes in core etc,) ’

- Demands for security of the various data elements
with respect Lo loss or misuse,

- The way in which the data is to be retrieved,

Normally the record sizes which it itpossible or sensible to
have will be limited by the available hardware or soltware,
There may olten be a higher limit and perhaps a lower limit
for the possible record sizes, and demands for space utili-
zation, buller sizes, processing clfectivity and physical block
sizes mean that information must be grouped in such a way
as to give suitable record sizes,

The data volume (measured in machine words), bytes or
characters) may well vary for objects or relations belonging

to the same class, If this variation is large it may, for the
sake ol space utilization be advisable to usc variable record
lengths, or to spread the data over more than one record type .
Thus Information belonging to an object or relation may be
stored in one or more record types depending upon how much
there is,
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The various duta elements helonging to an object or relation
may oftenn be used with rather different [requencies, I one
takes account of this and sorts the data elements into a number
of record types according to their usage, cne can obtain a
faster access to the most frequently used aund thus improve

the total etfectiveness of the system.

Both space usage and access time will as a rule be improved
if account is taken of the characteristics of the storage medi-
um such that records {or example do not run over block boun-~
daries,

In addition to the points meniioned above, the division into
record types and files can he affected by demands for gecurity
as mentioned in 3,1.3,



4.4

4.4.1

4-13

Usage Patleras

2

By usage patter:s we mean fhe way in which the database is
to be wsed. The various ways in which a database can he
used e¢an be represented under three main headings:

B the demand {or information retrieval
- the demand for updaiing
- the demand for security, integrity

Information Refrieval

;

Information retrieval together with updating will define the work
N pel B I‘ o

load to which e dntabase wiil be subiected. The most im--

portant parametcrs in connecrion with information retrieval ave:

- transaction frequency

- required response times

- percentage of records affected/used per transation
- required sorting or ordering

Transaction frequency is the number »f requests coming to the
database per unit lime, Tor batch use we are iiferested in how
often a given program is run against the database, for exariple
a report may be required once a week, Tor on line we need
to know the number of request transations per unit time.

The rcsponse time is the time [rom when a program,/iransaction

starts to the :ime when the output is available on ihe linc printer/

terminal,
The responze fime will noil only depend uwpon the dalabase
structure, hut alse upon the actual work leoad on the machine,

The number of records accessed or used as a percentage

of the toial number of records in a file (or the whole data-
base if this is not subdivided inio liles) will affoct ine choice
of lile organisation and access mechanisms,  Thus a large
pereentage indicales that scareking the whole data volume is
best, while a small percentage is Letter sevved by some diveet
access mechanism,

I the records ave {o be rvetrieved in a defiiede order it will
be mosi advaniageous to have a scquentinl orennizaiion,
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Updatine and Storing Records
Updating involves the retrieval of records, but in addition to
he considerations thonapplying, one must aleso takeacecount of:

- the freqgueney with which records are added or re-~
moved in number of records per uanit time,

- which data elements are changed in updativ:
gl l. [&)

To estimate how much load one will get as a result of updating
one must distinguish between the updating of "ordinary" data
elements and those data elements which are used when storing
st accessing a record, For the [atter more time is roquired
asthe index taible or pointers noed to be chonged. or the re-
cords physical pesition an tne file mav be alterved in additicn
to tlie updating of the data element,

Security, MMisuse

In addifion to the demands for the minimisation of the resources
required, the normal day to day usage of a database will have

to be protected against loss of all or part of the database and
against misuse of the data, These are oftzn regarded as
additicnnl demands not affecting the choice of databasse structure
in any way., IHowever, a good deal can be done, while the struc-
ture of the database it being determined, 1o simplifv the steps
pecessary to obtain required protection against loss or mis-
use of data,

Such demands should  Crefore be decided upoun and deseribed
carly cunough to be cc.wsidered under the construction of the
atabase,

If cerinin persontl data are regnrded as unsuitable for dis-
clesure 1o unauthovized perscens, these conld e collected
in onc record type las isolating the problem. Data redun-

dance can be usced as an insurance against the loss ol data,
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The Choice of Structurc and Mechanisms

e

In the previous section the general characteristics of the various

access aad storace mechanisms have been discussed.  We
will below show how one can use the varicus mechanisms to
implement a conceptual model,

Concepts and Symbols

To describe an implementation structure we use the concepts
of record type, access key and set with their corresponding
symbols as described in chapter 1,

The Reprecentation of Objects and Svmbols

Chapter 2 described how one, with the help of the concepts
object, relation and identificaton, can make a model of reality,
This model is based upon a kuowledge of the daia it must
contain in order to represent reality well enough to satis{y

the information nceds,

The conceptual model can be implementied in various ways de-
pending upon how it is to be uscd and what mechanisms are
available,

Az a start we can say that we will describe each ohjectiype
and relotien iype in the concepiual moedel by a record type in
the implementation struciurc. Such an implemeniaticn wwill
give a complete coverage of the information represenied in
the conceptual model, but will often be somewhat overdimen-
tioned and unzeccessarily costly in praclice.

We shall indicate various possibilities in the following example,

Example

In chapter 2 a conceptual model of an employees departmental
. SR . ' . B |
status was discusscd,  This conceptual model ig shown belean,
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This model can be implemented using thres record types,

- Employce record {ype. Fach record describes
an employee. 1t contains a data element vwhich
identifies the employee and various data describing
him.

- Department record {ype. EXach record describes
a department and contains a data element identifying
the department and various data describing the de-
partment,

- "Iz employed in'' record type. TEach record des-
cribes an employment condition and contains the
identification of the employee, the identification
of the department, and vavions other data such
as for example the date the person was employed,

We will then have implemented the conceptual model by taking
account only of the information content. We could decide to
organise the three record types as three scquential files:

- An employee file sorted an c¢mployee identification

- A department file sorted an department number,

- An employment file sorted an department number
as a primary key and employee identificition as . \
secondary key, { Brawn A TR o R R A B CJ'

This implementation will be able to "answer" all the cuestions
set to the concepiual model and will be quite effective in
producing a list of all departients where one gets the cmp -
loyee number and date of emplovment written out for cach
aepartment. It will he less cfieclive in preducing a list over
all employees and which departments they work in.

We can instead of organising the files scquentially establish
access  direet mechanisms as for example shown = 2icu; .,

t i e e —
N L gwmaisleued X b <H hes B
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We can now go diveetly in to the employee file using emn-
loyee number, the department file using deparument number,
and the employment file using department number or employee
number,

This implementation will probably be faster than the previous
one in answering questions on who is employed in a depart-
ment, or where an emnloyee works but it will not be quicker
in preparing a list of all departments .7ith eniployee numbers
and dates of employment, ’

In addition this implementation will probably require more
space than the previous becaus? of the access mechanisms,

We can instead of using two access mechanisms on the emp-

loyment file join it to the two other files by using two sets.
We than get the implementation structure shown deiow.

] i . 5 5
~ e, I ¢ o R ; {
Moz 5 | ewablonsn o, 11 Aies
T et on, - RN LS R N T Debawnt v 5
e e e e 8ty - ‘;‘_'_'"'-_‘ b ) 'miu— S | 4/ QT/Q\A‘ SN wa
L : | R - g L ’ :
i I R CR R L IR IR ND-L -
{igaacl LDeba
| : ) | is
S=— ex, s | —— — A
S A=, 4
A

This implementation will have much the same characterisiics
as that shown on The Fv—-ev? I L

~
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In the above implementation cach object and relation has
been implemented as one record type. It may olten bhe ad-
vantageous to implement an cbject or relation as a number of
recordiypes, Reasons for this can be that some infermation
is requirved more often than oer, or that the amocuni of
information varies from record occurence to recerd occurence,
or thal somec informotion is confidential and therctore best

put in its own record type where it can be more eagsily pro-
tected against misuse,

The implementations shown above do not take account of the
fact that the relation "is empioyed in'' is a 1:N relation, i.e.
an employee can only work in one depariment, The imple-
mentation is "over dimensioned' in that the relalion record type
can represent an N:N relation,

If we take accouni of this we can rationalise the implemen-
tation without cither losing information or aifecting the way
in which questions can be answered,

Since an employee can .only be in one department we can move
information related to his employment into the employce record
from the "is employed in'" relation, and remove this relation,
then the implemeniation will only consist of two record types
as shown 7oiwus

. : -
D D el A -~ 8.,
~—~ f De T - t eI BTy =
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These {wo implementations will give the same possibilites in
answering questions as the previous implementations and will
require less space and {ime m use,

In general we can describe each object class by none, one,
or more record typcs depending upon:

- the volume of data per object in the class
- Ihow this volume varies for objects in the class

- the usage pattern and frequency of usage of the
various data elements,

Corresponcdingly cach relation class cau be described by rone,
one,or more record types depending upon:

- the volume of data per relation in the class
- how this volume varies for relations in the same class

- the usage pattern and frequency of usage of the
various data elements,

- the relation type (I:I, ©I:N, N:N)
When the choice of record types has been niade, these should

be documented in a '"record type-data element table as shown
in the chapter on documentation,
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Choice of Mechanisms

The above example shows how we can implement a conceptual
model using dilferent combinations ol record types and access
mcchanisms, We have however, not discussed the choice of

mechanisms,  This will depend upon the way(s) in which the

implementation is o he used,

To be able o choose mechanisms one must for each record
type describe the following:

- [Tow are the records in the record type to be re-
trieved, that is which are the relevant access keys.
I'or each of these we must describe how often they
will be used and how may records of the type
measured both absolutely and as a percentage of the
total number of records in the type) are to be retrieved,
T'urther, we musttakeaccount of the required response time
and indicate whether the records aretobe retrievedin a special orde)

- ITow often new records are stored or old records
deleted, and how many(measured absolutely and
as a percentage of the total number of records in
a record type),

Onc must also know how often initinal storing
(loading) will occur,

- ITow often data elements are updated and which
data elements are involved, Attention should es-
pecially be given to the updating of data elements
which are also access keys,

- [fow many records are these of a given record type,
both absolutely and as a percentage of the total
number of records in the database, One should
also have a good idea of how exact any estimates
of these numbers are,

~ [Tow much of the total storage space required is
to he occupied by each record type,
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To obtain the figures necessary to describe the conditions
listed above,ezch transaction to he vun azainst the dawa hase
must he brelien down to datahase operations per reeord type,
In practice one may lave to bhoe satisfied with average values
as the number ol data base operations per transaction may
be dependent upon the databases contenis, iz Laa Sabiez
give the characleristics of the various storage and access
mechanisms.

The tables describe the characteristics and considerations only
qualitatively. In practice a number of these musi be made
quantifative before a decision can he made .

By describing how each record type is to be used it is possible
to decide the characteristics which the mechanisms should
have, and use this as a basis for chocsing a combinatior

of mechaihisms lor each rccord type,

It can be scen that there is no one to one correspondence
between usage patterns and mechanisms, but we fecl it is im-
portant that one describes these systematically both to avoid
leaving anything out and to give an awareness of possible
alternatives,

Once the various mechanisins have been chosen, they should
be documented via a "record type - set table" and 1 "dats
element table',
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AN EXAMPLE

The application of the construction rules is illustrated in the
following rather larger example,

The example is -ased upon the Akergroups cost- -accounting system
Ag-kost, The system registers the costs of hours used, .
materials, EDP costs, the purchase of extarualiabour or
consulting in terms of hours, and the cost o) materials purc-
hased at the various cost points ,which can be new buildings,
repair orders, projects and so on,

The system is to be the basis for calculating and mo nitoring
costs,

The Problem

The problem is described below. where objects are underlined
with full lines,and relations with dotted lines.

An order (load peinf) can be divided into a number of jobs

vluch mav u(, m*'rmrl oul by one or more dep rtments which

ne m‘)s An order can also be
for nom' bv m_‘nun‘m'm

An order is identified bv main c‘larncterls‘mc/swopuaxv

characleristic. A job is identified by a work sheet numnber

Each department belong os to a jactory,

Orders are also chareed for use of stock materiai and divect
costs Direet s can be e 1111J.L11;1sing ol cxternal Tabour
or direct p purchasing of material, travelling expenses, 15DD

costs and #=0 on,

Iach usage of hours, stockmaterial or direct costs are given

a cost uwpe,

()Lders are groun ad inio nmr’uci

roups like new building,
repairs, and so on,  hach art -onas 1o only one product
group.  And each order belonzs (v 4 iuf’orv







The database to be designed must answer the following ques-
tions and will have the following transactions run against it

1, Registration ol the new usage of hours, stock material
and direct costs.

2. The retrieval and updating of usage of hours. stock ma-
terial and direct costs,

3s, The retrieval and deletion of cost points (orders) with
their corrcsponding use of stock materiel, time usage,
and direct costs, when these are no longer of interest.

4, The retrieval of all cost points and corresponding usages
for a given product group,

5. The retrieval of a given cost point and its corresponding
resource usage,

G. The retrieval of cost points (orders} and their corres-
ponding resource usage which are not yet settied, are
setiled, or have additional seftlements,

7. The retricval of the usage of stock material belonging
to a given cost type,

8. The retrieval of cost points belonging to a given type
of productlion,

9. The retricval of all cost points for a given factory,



t
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The Conceptual Model

We can list the objects and relatiens which will malke up the
concepilual model. We choose to regard orders and jobs as
objects rather than relations since they already havetheir ow
identification systems and because not all the objects which

they would have been relations between are included in this
situation, We also regard cost type and product group as

object classes, We then have the following objects and rclations.

Objects
Order
Ifactory
Department
Job
Stock material
Cost type
Suppliers
Product group
Relations
Factories consist of departments
Departments put in hours of a given cost type on orders
Departthents put in hours of a given cosi type on jobs
Jobs belong to orders
Orders use stock maierial of given cost types
Direct supply of a given cost type to orders occurs from
suppliers
Orders belong to product groups
Orders bciong to factories
We can then draw the conceptual model £ -bivwe o ¢ ppes e

Since an order can only helong fo one factory ov product group
these relations will be 1:N, In addition a department belongs
to only eoune factory, and a job belongs to only one order,

Using the transactions and inquiries which will eventunally bhe
o against the database,and the conceptual medel, we can
list the choracteristics or proper ties of the various objeets
and relations.
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Properity list for objeccts

Object Identifying propor tics
Factory Fractory number
Department Dent, number

Jech Job number

Order Main access key

Secondary access key
Stock material Material identification
Cost type Cost type number
Supplier Supplier code
Product group Product group number

Relation

Orderbelongs to Main key
Sccondary key
Ifactory number

Consists of Factory number
Depariment number

Product group number
Main key
Secondary key

Job belongs to Main key
Secondary key
Job nmber

Hours put in Job number, Department niwone-
an job bane

Cost type

Hours put in  Main key
Secondary key
Dept number
Cost tvpe

Secondary key
Material i,d.
Cost type

Stock used Main key

Direct costs Main key
Scecoudary key
Supslier code
Cost tipe

Other propex ties,

Settlemont status
Date settelgel

7

Number of hours. period
over which hours werput
in

Sum

Numbeyr of hours, period
sum

Amount, unils code

period, sum

Amount, units code
period, swum



The

arious transactions or the answering of gueries are car-

ried out against the model as follows:

1

(7]

The recoriing of new relations

_hours worked_on jo%
hoars vomcd (divect)
mdierml use
direct_costs

Access of relations

hours_worked

stock used

direct ¢ _,s_Lg
via order. Access of relation hcurs worked on_job
via order, job belongs to and job,

Searching through the whole object class order

Access of orders via product group and relation consist

Retrieval of order using main access key or secondary
access key, Retrieval of rclations hours worlked,
matierial used, and direct _costs. Access of Lf‘latlon

hourq worked on job via job belongs_to and job.

Searching through whole object class order, Relevant
use of resources fetched as in 5.

Retrieval of material used via cost type

Access of orders via product croup and the relation
belongs fo

Access of orders via factory and {he relation bilongs {o

of
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Reduction of the Concentual Model

If we consider the conceptual model shown earliew | and
look for the worthwhile recductions. we can look especially
at that part of it reproduced below

N

i ) ) — | CATREIN g -~
cmele = Belowse . N Jo f\‘//]:: D e <
= 4 d { '
( . ,.l o L

2 e e e .
- - - .

If we put the object class Job and the two surrounding rela-
tions together we get an N:N relation called_Job_as indicated
Soiged (see the construction rules: reduction of two re-
lations with an object in between to one relation)
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We now have two relations, hours worked (direct), and joh,
which in fact describe the same thing, namely that depariments
work on an order and chavge it for hours worked, The dil-
ference between {hem is in the details of ihe worlk done,

For tue relation "hours worked_on" only the relevant order is
specified. but the work done on a job is specified via the job
type and the hours worked,

If Agkost requires jobs to be specified in any detail, then the
infor nation will lie in the relation 'joh''. If this is not the
case then the two relailions can be combined inio one, TFor the
hours worked directly on an order. the relation will be over-
dimensioned as no job number is defined, The combined
relations will then be as shown belrio:

\\
{ S :
. ALY S N . . i
O T CfY e iy o ) R 3 Deba;~l varoal,
= )
na ¥ Dyoviaa s Smnc

The part of the model shown o€ +~¢--=%can be reduced in an-
other way., The model consists ot 3 objeet closses joined

by 3 "binary" relations, It can therefore be transformed to
three objects joined via one third order relation. as shown
Selow  (sce the construction rules).

=
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Representation in Terms of Record Tynes

Using the conceptual model shown o Ly the various tran-
saclions ond queries whick are tested azainst the model. and
the properiies nccessary to describe the various object and
relation {ypes., we can now decide what record types we need
to implement the conceptual model,

Only the identilication 1s required for the object classes sup-
plier, stock mafterizl, department and job. The relations con-
nccted to these ohr‘ct CJ% es ave never accessed via the
object classes, thus they need not be implemented as record
types.

Onl the identification ig veguired for the cbject class cost
type. The relations in the class material usc arc ¢ bhe fete-
hed via cost type. However, this transaction is run so soldom
that instead of keeping cost tupe as a record {yne we will
access e material type records via order vecords even though
we will have to retrieve a number of thege material use re-
cords unnccessarily,

As the relations '"'belong to" and "order helougs to" are of
the type 1T:N we ecan niove the content of the relations over

to the order side (the "K' side) without introducing any need
for variable record lergth, Thus the order records will then
contain both factory number and preduct group number in ad-
dition to the other information describing the order,

As the object class "department" is not to be implemented via
a record type, and its relation to factory is not rcquired We
have now got the following record types

Pro tuct group, I'actory, Order, llours worked, Raterial usage
avd Divect costs,
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It may be relevant to add some record types beyond {hose

we have so far obtained to increase the processing eifecctivity
of {he system, The transaclions and querics lo be run against
the data bhase involve summations in a nuwinber of cascsg which
requires a level of detail above that of the order records,
Dependent upon the frequency of wpdating or retrieval, it may
be relevant ot store these required sums in one or more re-
cord types. We will return to this point when calculating the )
catabase loading {rom these frequencics, fr"ftc_-_ rece vt +~JP*C:> Aw el
plhicivv &by elewments ave sbaww iw fiaa tabie U’DP\.S-K-
We can see that the record types production type and
factory at present only contain an ident:fication, We choose
however to retain them as record types since product {ype and
factory muimber aic used to access ovdev records, It may also
be useful {o store some of the agregated quantilies in ihese
record (ypes,
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Record Type,
Name

Data
Fla ! -
Element Name \. P
Product Group X X X X X
Factory Number X X X X X _
Main Access Key X X X X
Sucondary Access key X % X X X
' |
Code X i
Settlement Status X ;,] X X X
Date Scttled X.§ x X | x
Agregates, hours,cost X r
Dapt. Number X X X ’(
Cost Type 1 X X X
Job Number % X X X
Detail Code i x X | X
Load Period ! X X X
* % B o (TR (e e -
Amount $ { X X 4 X
G 1 el
Unit Code i ix X X
Cost | x| ox X
i i 3
Order Number it l X X X I
i " } Sy | —
| _‘ { i
Account Number h f X X i X !
e _;l P ¢ M TR SRS SV

Record Type/Data Element Table



Record Type:  Operation:  No. of Records: Access Key: No. of Transfers Total No. of

per Year: Recards per Year:

D::ail Retrieve 1000 Unique iD 1) 52 52000
Record
Detail Update 1000 — 52 52020
Record
Detail Ecan 20000 Unique ID 52 1040000
Record
Detais Update 5C00 —- b2 260000
Record
Detail Store 15000 —- 52 780000
Record
Detail Fetch 2500 Main key, secon- 52 130000
Record dary key
Detail Fetch 80000 Main key, secon- 12 960000
Record dary key, date of

settlement
Detail Delete 80000 e 12 960000
Record
Detail Fetch 10000 Main key, secon- 12 120000
Record dary key, date of

settlement
Detaii Fetch 3000 Cost type 12 36000
Record
Detail Fetch 180000 Product group, 1 180000
Record main key, secon-

dary key
Detail Delete 180000 e 1 180000
Record
Detai! Fetch 2000 Main key, second- 1 2000
Record ary key, settlement

status
Detail Delete 2000 = 1 2000
Record
Detail Fetch 2000 Main key, second- 1 2000
Record ary key, settlement

status

continued on following page



Record Type:  Operation:  No. of Records:  Access Key: No. of Transfers ~ Total No. of
ner Year: Records per Year:
C::.r Record Fetch 2500 Main key, sec- 52 130007
ondary key
Order Record Update 2500 —— 52 130000
Order Record Fetch 250 Main key, sec- 52 13000
ondary key
Order Record  Update 250 - 52 13000
Order Record  Fetch 50 Main key, sec- 52 2600
ondary key
Order Record  Fetch 10000 Product group 52 520000
Order Record  Fetch 100 Product group 52 5200
Order Record  Fetch 800 Date of settlement 12 9600
Order Record Fetch 100 Date of settlement 12 2400
Order Record Fetch 200 Date of settlement 12 2400
Order Record  Fetch 1000 Product group 12 12000
Order Record  Fetch 1000 Product group 12 12000
Order Record Fetch 20 Main key, secon- 1 20
dary key, settle-
ment status
Order Record  Fetch 5000 Main key, secon- 1 5000

dary key
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Retrieval, Storape, Updating and Deletion of Records

Trom ihe various record tvpes we now have, and the frans-
actions/queries o be run against the uLuJL se we cal list how,
how often,  and how many of the various rccord types must
be handled in a given time (siored, retfrieved, updated or
deleted)., We use the following figureg which are estimates
for NV. (Nu(aao\f Verkstea 1n Cslo)

Record type Number
Production type 1
Iractory S
Order 14000
Timed worked G30000
Materizl use 255000
Direct cost 10C000

Hercafter the record types time worked. material vsc and
divect costs will bo Jumped together under {he term "detail
recovrd'",

To calculate the load on the database we use the following
proccedure:

- Tach transaction and question is broken down info data-
base operations per recoxd type, Account is taken of
fact that update or deletion of rccords alse involves
retrieval,

- TFor retrieval the access key or scavth racchanism is given,

This break down is not covercd hbrc in detail, but only the
results given in the lable ¢ imbog e
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The unique access key (ov identification) for the detail records

is Taclory, main key and secondavry lr_e‘y, ‘
ment number, job number detail code, { all 1 Za0Tiy)

cost type., it

YTy

epart-

The table o bzve does not take account of the storing and

deletion of order records,

The number ol order

records is

about 1% of the number of detail records and this is lecss than
the uncertainty involved in the compiele calculation and ean
be ignored,

If we add up the number records retricved using a given access
key per ycar, we obtain the figures given in the table pelno;,

- No. of No. of Runs

record Type: Ac Key: ' R rds/Run:

oeo g CEssTReY Records/Year: per_Year: BEOTST

Detail Record  Unique ID 1092000 104 10000

Detail Record  Main key, secondary key 130000 52 2500

Detail Record Main key, sccondary key, 1080000 24 45000
Data of. settlement

Detail Record Main key, secondary cost 36000 12 3000
type

Detail Record Main key, secondary settle- 4000 2 2000
ment status

Detail Record product art., main key, 180000 1 180000
secondary key

Order Record  Main key, seccndary key 150600 157 950

Order Record  Product group 549200 128 4400

Order Record  Date of settlement 14400 36 400

Order Record  Main key, secondary key, 20 1 20
Settlement status

Order Record  Main key 5000 1 5000
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Choice of #lechanisms

As can be seen all r
condary access key,
structure, This indi

etrieval gocs via Main access key, se-
so that we have a purely hierarchic
cates that a sequential organisation sorted

upon the whole of the unique identification could be advanta-

geous since the file would never have to be resoried.

Iiowever

as only o small fraction of the towal number of records are
accessed in each transaction program it is more advantageous
to choose a solution using various access mechanisms.

Here we work through the example and satisfy the various
- = .
processing requirements using various access mechanisms,

The required access
fure shown pD<ciowd:

3

paths lcad us to the implemeniation struc-
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For the order recerds we have choosen access via an index
ou factory numil:er, main key, secodary liey comwbined in that
order, This access key is hievarchic and we can for example
fetch all records with the sawe factory vimber, ail rocords
with the same [actory number and main key, and any cingle
record with a combination of factory number, main key and
secondary lkey. '

We have also chosen to have access via production type so
that one can acccss all records with the same production type,

The order records and the detail records are chained together
in sets such that one can access all the detail records belonging
to a given order,

In addition; the detail posis have access via hashing ca the
unigue identification (that is the combination facotry number,
main key, secondary key, cost type, department number, job
number and detail codce),

With these mechanisms we satisfy all the access paths except
those based on time and status and cost type,

If we know the resource requirements (CPU time, channel time,
and number of accesses) for cach. database operation as a
function of mechanism type we can calculate the aimual re-
source requirements and cosis,

In the implementation structure shown in fig, 62 access via
hashing upon the unique identification flor detail records

has been chosen.  This means that the {iles o contain detail
records must be dimensioned to hold the maximum number of
records expectled since expansion of a hashing file is costly,

This can be avoided by organising the deiail records as serial
files which can imore easily he expanded. However, we ihen
lose the direct aceess vin unigue identification and must oo
via the set which comnecets detail recordsto the ovrder records,
This will result in the transactions using the unicucidtakin
longer time.,

o
]
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As can be seen the retrieval, storage or deletion of detail
recovds takes most of the time. If we instcad of Laving
single detfail records made records with space for 2. 3, 4,.,
detuil records by sorting usage wilh same department num-
ber or cost type, the total number of records will decrease
correspondingly, The total space requirements will also be
lessened since the same main key, sccondary key will not
be repeated in so many recerds, The space requived by
pointers will also decrease,

How much we can achieve in this way depends upon how many
detail records with the same cost type or depariment number
are to be found at each load point,
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