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ABSTRACT

The problem of determining, analysis and description of a particular application’s information structure
(and relations) and the process of mapping the information structure to a "good” data structure (in this

case a DBTG-type structure) is considered.

The applicability of a top-down oriented design procedure to

a relatively large practical data base design case is demonstrated. A canceptual framework and a notation

to be used for determining and definition of information requirements, information structure and information
relations is suggested. A systematic and partly formalized approach to map an information structure to a
DBTG-type data structure is discussed. The problem of analysis and evaluation of alternative DBTG-type

structures is also considered.
1 INTRODUCTION

Researchers in the field of data bases do (see

f ex (4), (5), (6)) on the whole agree that three
design and description levels can be recognized,
namely

(1

the information structure (or "infological”)
level

(2)
(3)

the data structure ("datalogical”) level and

the storage structure level.

The information structure level corresponds to the
end-user level where information is referred to

in problem-oriented and implementation independent
terms. The data structure level corresponds
roughly to a level where one has decided upon the
data representation of information (for instance,
when using a Codasyl DBTG-type data base manage-
ment system (1), the definition of record-types,
set-types and access principles). The storage
structure level is concerned with how records,
sets etc are implemented and how these entities
are allocated to physical devices.

These levels imply some important design problems
and decisions:

- how to map "reality” into an information struc-
ture

- how to map an information structure into a
data structure

- how to map a data structure into a storage
structure.

On each level, an almost infinite number of alter-
native mappings exist, i.e. reality (the actual
part of it) can be represented by many alternative
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information structures, an information structure by
many alternative data structures, etc. Additional
problems are introduced by the fact that alter-
natives are difficult to evaluate. They possess
many, often not measurable, propertigs which cannot
be weighted into one objective function. Also the
absence of a generally accepted notation and con-
ceptual fremework is noticeable. This is especially
the case concerning the information structure level.
It has the effect that in rost practical situations
"reality” 1s mapped directly to a data structure
and that data structure aléernatives are seldom
examined and evaluated.

Schema design can be seen as a problem solving
process which starts with analysis of the user’s
needs and definition of the information structure
and which leads to a feasible and "good” data
structure. In order to’constitute a useful basis
for the subsequent part of the schema design
process, the information structure must be documented
in a precise and formal way and include information
such as requirements concerning input/output (includ-
ing information relations), response times, secu-
rity etc. The result of the schema design is

- a date structure (schema) described in Schema
Data Description Language (Schema DDL)}

- estimetes of guantifiable properties of the data
base, such as storage requirements, response
times, times for creation and updating, ete

- estimates of unquantifiable properties of the
data base, such as flexibility, simplicity of
implementation, security etc.

This paper

- demonstrates the applicability of a top-down
oriented design procedurs to a relatively large
practical data base design case

- suggests a conceptual framework and a hotétion to
be used to determine and define information re-
quirements, information structure and information




relations, and demonstrates its applicability
and utility

- discusses procedures for analysis and evaluation
of alternative DBTG—pre structures.

The theoretical work (see also [2])was carried out
in close association with work on a practical data
base schema design project. The objective of the
project was to study the feasibility and conse-
guences of applying a DBTG-type DBMS [3] to con-
struct a data base for @ Swedish organisation's
financial follow-up, budgeting and forecasting
information system. The size of data base is
approximately 250 Mbyteg and the transaction rate
is about 2.5.108 per year.

2 THE SCHEMA DESIGN PROCESS - AN OUTLINE

The design process outlined here evolved from the
work on the above practical case. The general
validity and applicability of the results presented
must be evaluated considering the special charac-
teristics of this partigular case. These are:

- The input boundary, in terms of existing trans-
action types, is given.

- There are no strong frequirements concerning the
functional availability of the DB-system or
concerning data privacy and security.

- Retrieval of information from the DB will be
mede by a predefined;set of queries, which do
not contain conditional or relaticnal expres-
sions of any noticeable complexity.

The schema design proce$s (figure 1) contains
three main tasks:

(1

Determination of 1hformat10n structure and
relations. i

This task 1ncludes‘

- collection of gquantitative information
about the reallt

~ mapping of the actual part of the reality
into an information structure,

- determination of information relations,

- determination o% required and desirable
properties of the data base.

t
Close collaboratioh between the user and the
data base designeriis essential here. Only
the user can state|the information require-
ments and only the designer knows which infor-
mation (about IEquirenents) is essential for
the subseguent stages in the schema design
process.

(2)

Design of a schematalternatlve

This task constltuﬁes the mapping of the
information structyre into a DBTG-data struc-
ture. Requirements; such as ability to respond
to certain types o% queries within a pre-
described response time have to be considered.
At the same time ohe has to try to arrive at
as good values as possible for certain proper-
ties that are morelor less easily measurable,
such as need of se¢ondary storage space,

ease of implementation and maintenance,
flexibility etc.

I
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(3) Analysis and evaluation of the schema alter-

native.

Relevant data base properties are derived and
evaluated against specified properties, accord-
ing to phase (1). Some guantifiable properties
can be analytically derived while other pro-
perties can only be estimated.

The above three tasks require information and pro-
duce information. Systematic collection and docu-
mentation of information constitutes therefore
important and necessary subtasks of the design
process. In the actual case described, more than
50% of the time was spent in phase 1. Construction
of a data base schema is a multi-goal task, which
makes it less meaningful to discuss "optimal” data
structures. What can be done, is to, in a syste-
matical way, arrive at different schema alterna-
tives, which then have to be partly formally
evaluated. This, in tum, makes it necessary that
the tasks (2) and (3) are performed in an iterative
way with the objective to arrive at a "balanced”
schema alternative, where stated requirements are
satisfied and where desirable properties are con-
sidered.

The similarity of this process with the "Sketch of
basic theory of systems analysis” by Langefors (8},
should be observed.

The amount of information about the design object
that the designer has to handle increases rapidly
with the complexity of the data base. This raises
the need for a precise and compact notation for
describing information needs, relations and proper-
ties of the data base. The concepts and notation
used is discussed in the next section.

3 INFORMATION STRUCTURE AND RELATIONS

The transactions and queries described verbally or
by old computer-produced reports, had to be trans-
lated into a formal notation. The "translation”
started with examination of:

- About what (objects) entities should the data-
base contain information?

- What "kind of information” should be kept about
these (objects) entities?

- How are these information elements functionally
related?

3.1

An object is considered an abstract or concrete
entity, about which information is recorded or
derived. An object class is then a set of objects
who in some sense are considered sufficiently
similar from the application problem point of view.

Different kinds of objects

For unique identification of objects, objects from
a set of base object classes were used. A base
object class X consists of a finite set of identi-
fiers {x;, X5,.+s., x_} which uniquely identify an
administratife (abstrict or physical) concept within
the organization (cf an attribute in a "candidate
key” (3) or "name set” in (4)).

As it turned out, in this application, the base
object classes corresponded to the main accounts in
the accounting system. For instance departments
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Figure 1: Crude outline of the schema design

process

within the organization were identified by depart-
ment numbers, which then were used for identifica-
tion of accounts. We regarded the set of department
numbers as a base object class.

Eight base object classes (table 1) were recognized.

For each of them their cardinality was estimated.

Base object class | Abbreviation | Cardinality
Department number OEP 35
Division " DIV 1500
Program " PRG 75
Project " PRO 500
Sub-project " SUB 1000
Activity " ACT 1500
Technique " TEC 500
Resource " RES 100
Table 1

3.2 Information object classes

An information object class is a set of objects
sufficiently similar. Information about elements
of an information object class may be recorded or
derived. An information object class is associated
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with a set of base object classes and tuples of
these uniquely identify an information object.
Notation used:

(A} an information object class associated with
base object class A. Elements of this class
are denoted (ai] € (A).
elements of this class are denoted

(A,B)
: (ai s bj) € (A,BJ].

The relevant information object classes were deter-
mined by examination of each specified transaction
and guery type. For instance, the gqueries

(1) What amount of money has been spent by a

certain department last month?
(2)

What amount of money is budgeted for a speci-
fic department on a specific program for the

next year?

lead to the information object classes (DEP) resp
(DEP,PRG]). Elements of these classes are denoted
(dep) and (dep,prg) respectively.

By examination of each transaction and query type
24 information object classes were identified and
their cardinality determined. Some examples are
shown in table 2

3.3 Relations between information object classes

Let B = (DEP,DIV,PRG,PRO,SUB,ACT,TEC,RES) be the
set of defined base object classes. For a particu-
lar application problem, "meaningful” subsets B s

of this B can be defined (see table 2).

The set of meaningful subsets is a subset of the
power set of B and it defines the set of informa-
tion object classes relevant to the problem.

An information object class B. is a constituent
of an information object class Bj iff B. < By .
The notation used for this property is By (<) Bj.

The pragmatic interpretation of constituence should
be that information associated with an object class
Bi is in some object-system sense "finer” (further
partitioned) than information associated with an
object class Bs , B; (<) B; For instance infor-
mation about t%e money spen% by a department-divi-
sion (DEP,DIV) is regarded as a refinement of
information about the money spent by a department
(DEP).

Constituent relations hold the transitive property,
i.e.

Bi (<) B. A Bk

(<) B, =B, (<) B,
1 1

k

Bi is an immediate constituent to B: , (<<) Bj
iff B; (<) B: and there does not exést another

Bk such that Bk (<) By and By (<) By .

’

In table 2, for instance
By (<) By , B3 (<<) By , By (<<) By etc.

The set of constituents of an information object

class B; will be denoted by < {(B;) and the set of
its immediate constituents by << (Bl) . Obviously
<<(B;) € <(Bl) < B . An information object class

By i% called initial if <(B; ) =p .
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B, DEP i 35
B, DEP, DIV 1.500
By DEP,DIV,PRG | 11.700
B, DEP, DIV,PRG,PRO 12.550
Be DEP, DIV,PRG,PRG,SUB 16.900
By DEP, DIV, PRG,PRO, SUB, ACT 14,200
B, DEP,DIV,PRG,PRO,SUB,ACT, TEC 73.700
Bg DEP, DIV,PRG, PR3, SUB,ACT, TEC,RES | 377.000
By PRG ; 75
Big PRG,PRO { 2.015
Do : x :

Table 2

3.4 Information "kinds" and elements

Having defined the information object concept we
need a notation to defing what
about elements in information object classes we
want to record or to derive. This can be done cn
several levels of precisfon. For instance, on a
crude level we may say that we are interested in
"budget information”. Onja finer level "budget

information” may be refihed to 'amount of § budgeted”

and on a still finer level this "kind of informa-
tion” could be refined tp "amount of $ budgeted for
the first month of this year”.

No general rules can, hopever, be given how to
partition and how to refine information of an
organization. :

In the actual case, deciEions concerning the "kinds
of information” to be contained in the data base
were relatively simple because

- there were few "crude% kinds of information

- the partitioning of the "crude” kinds of infor-
mation was uniform for different information
object classes i

- with few exceptions, lall kinds of information
(at all levels of reéinement) were associated
with all information object classes.

\
There were, in all, ess%ntially four crude kinds of
information: |

- B (Budget infor%ation)

- P (Forecast infgrmation)

- U (Follow—up-inﬁorﬂation)

- R (Econaomic Fraje information).

These four crude kinds of information could all be
further partioned by § (gquantity) and by S (sum or
amount), which was denoﬁed, for instance

8.0, B.S, P.O, ete. |

A further refinement of [the information kinds con-
cerned time, for instande, a budget was partitioned
in quarters of a year. ‘he following examples
illustrate the notationused to refer to informa-
tion elements and sets of such elements

|

i
|
i
|
|

"kind of information”
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budgeted guantity first
guarter for a particular
department on a particular
program

B.Q.1(dep,prg)

B.Q.1(0EP,PRG) the set of information
elements {B.Q.1(dep,prgl}

for all (dep,prg) € (DEP,PRG)

the amount of $ spent in
month 3 for a particular
(dep,div,prg)-tuple.

U.S.3(dep,div,prg}

3.5 Information relations

In a data base, or in a large set of information
glements, there normally exists a certain redundancy.
This means that the value of an information eIemené
can be derived (given the derivation rule) from a
set of other information elements because a func-
tional relation holds between these elements. If

the value of an information slement cannot be
derived from other elements then this element is
said to be initial. Functional relations of this
kind can be object-local or object-global. An object-
local relation defines the rule for derivation of
the value of an information element from information
elements associated with the same object. An object-
global relation may hold betwsen an information
element and a set of information elements associated
with another information object class.

As an example, consider two information object
classes (DEP,DIV) and (DEP,DIV,PRG). An object
local relation is then for example:

12

U.S.Y. (dep,div) =: U.S.1 (dep,div)
i=1

U.S.Y is the notation for "emount of money spent
this year” and U.S.1i is the amount of money spent
month i,

It may also be true that U.S.Y (dep,div) can be
derived from information elements associated with
the class (DEP,DIV,PRG), for instance

U.S.Y (dep,div) = U.S.Y (dep,div,prg)
prg/dep,div

which means that the amount of $ spent this year by
a (dep,div} can be deduced by summing the amount of
$ spent this year by all prg associated with a
particular (dep,div)-tuple.

Alternatively

U.S.Y (dep,div) = U.S.Y (dep,div,tec)
tec/dep,div

In this case U.S.Y (dep,div) is a function of a set
of information elements U.S.Y (dep,div,prg) and/or
a function of a set of information elements

U.S.Y (dep,div,tec)

Object-local resp object-global information rela-
tionships can be graphically illustrated as in
figure 2.
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Figure 2: Illustration of object-local,
object-global and alternative
functional relations between

information elements.

In this exarple it is shown that two (or more)
alternative sets of information elements could be
used to derive a particular information element.

The notation used for functional precedence rela-
tions is:
I, [Bi) < Ia (Bj) , meaning that

a is derivable from a set of

information elements

I_(b.,), . €B,
(J) VbJ ;

{1, (b, : b, €B

b By ¢+ b; i/jCBi’Bi(<)Bj}

Concerning functional precedence relations we also
observe that

- the transitivity property holds

- from B; (<) B: it does not (in general)
follow that there exist information kinds I
such that I, (B;) < I (Bj) for an I, assoclated
with B

3.8 The correspondence aspect

For information relations which follow constiuent
relations, the correspondence aspect is one to—
many” (1:M). This means that an element b:

is normally associated with one or more eiemen%s
b; €B8; , if B (<} Bj , and that one element

bi € B; is associated with one and only one element
b. € B: It was observed that the knowledge of
some S%atlsthS about the number of elements by
associated with an arbitrary b: was of 1nportance
when designing and analyzing sthema alternatives.
In this feasibility study, as only approximate
calculations were made, the correspondence average

seemed to be sufficient. The correspondence average
between classes Bj and By , Bj (<<) Bj is denoted
t&j and calculated simply as

Eij = CRD (B.) / CRD (B.]

where CRD (B ) denotes the number of elements in
class B .

3.7 Description of transactions and queries

The notation used when analyzing and documenting
the required transaction and query types were

T (<inf.kind spec.> (<object spec.>)) and
Q (<inf.kind spec.>(<object spec.>)

The same notation for on-line and "batch” trans-
actions and queries was used. For each transaction
kind it was also noted whether the operation
concerned updating, insertion or deletion. The
<inf.kind.spec.> described the kind-of information
required and <object spec.> "about which objects”.

The gqueries concerned a single object or a hier-
archical set of objects from specified object
classes.

Examples:

v, (B.5.1 (DEP = dep, DIV = div)) =
the amount of $ budgeted the first month this
year for a specific division under a specific

department.

0, (B.S.1 (DEP = dep, DIV = ALL)) =
the amount of $ budgeted the first month this
year for all the divisions of one specific

department, (sorted by divisions).

In this case, the order of specifyimg base object
classes was relevant becawse it determined the
sorting order.

0, (B.S.1 (DEP = ALL,DIV = ALL)) =

3
the amount of $ budgeted the first month this
year for all departments and all divisions
within the departments, sorted on departments,
and within each department, on division.

The frequency was estimated for each transaction

and query type. For queries, reguirements concerning
the actuality of the answers/reports were defined as
well as requirements concerning response-time.
Approximately 30 different transaction types and 80
different query types were specified. i

3.8 Information structuring: a sﬁnnagy

The result of task (1) of the schema design process
is
a) a description of transactions in terms of

- their content - information objects and

- freguency
- the sort order

- the type of processing: update, insert or
delete.



b) a description of gueries in terms of

- their content - information objects and
kinds of informafion

~ the sort order
- frequency
- response time requirements

- actuality requirements, 1.e. maximum time
between input of |a transaction and the time
when the affected information in the data
base is updated.

¢c) a description of thel information structure in

terms of

- base objects and base object classes, their
cardinality

- information objedts and information object
classes, cardinaﬂity

- correspondence bdtween relevant information
objects

- kinds of in?orwebion
- information elemdnts

- functional preceaence relations between
information elemdgnts.

3.9 User rquirenents and desires
The schema design proceés was guided by a set of
- functional requireneﬁts )
- performance reqﬁirenqnts,

|
- statements concerning "desirable properties”
of the design object.

Functional requirements iconcerned ability to accept
specified transactions, ‘ability generate replies
to specified queries or.to requests for reports
and ability to specify procedures for retrieval of
information about any coambination of base object
classes (i.e. new information object classes).
Performance requirgnenigeconcerned average and
95-percentile response times for replies to
certain specified guery itypes, generation times
for reports, updating times and data base creation
time. Statements about d951rable properties were
made concerning }

- secondary storage sp$ce

- sensitivity to variations in relative frequen-
cies of the specified gqueries and transactions
]

- security E

- functional availability

- flexibility and incrementality.

|
These latter properties, as well as the quantify-
able performance properties, are further discussed
(with reference to the ¢ase study) in section 4.6.

4 DESIGN OF SCHEVM ALTERNATIVES
4.1 The aEEroach

Two extreme schema alternatlves can be recognized

(1) data are stored onéthe initial (transaction)
level only - respohses to queries are produced
by deriving information from the initial

information level |
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the information in the data base is organized
in such a way that information for the reply
to every known query is explicitly stored and
updated when a transaction, affecting it,
arrives.

Altermative 1 minimizes the secondery storage space
required but this is done at the expense of
extremely long query-response times and long times
for generation of reports. Alternative 2, on the
other hand, provides fast response times to on-line
queries and requires less time for generation of
repeorts. This is, however, achieved at the expense
of considerable resource consumption for data base
updating, record insertion/deletion and also for
storage of the data.

The first alternative was unacceptable considering
the response time reguirements. For instance,

one of the on-line queries would need access to all
initial information objects (377000). The second
alternative, on the other hand, satisfied response
time requirements but did not satisfy other require-
ments well enough.

A partly formalized procedure for construction of a
feasible schema altemative, close to extreme
alternative 2, was developed (section 4.2). It was
then analyzed with respect to stated requirements
and desirable properties. After several iterations
(schema modifications) three final alternatives
were suggested, each with the requirements met, but
to different degrees (sections 4.3-4.5). The user
then had to make the final evaluation and choice of
alternative.

4,2 Five steps to a response time oriented extreme
schema alternative

The goal was to design a schema which is character-
ized by easily accessible, explicitly stored replies
to every known query.

A query (see also 3.7) concerns an information
oBgect class B; and consists of two parts Bj and
such that B; = BJ U BZ and BI N B2 m
Dne of the two, but not both may Be enpty The
first par? requires unique access to information
objects B{ . The second paﬁt sp901F1ES access to
1nfornet10n obJects 2 which are associ-
ated with the unique ObJEC% OF class B - This
query-structure property is used in thd design
steps below.

1 Define all information object clasaes needed
(see section 3).

2 Separate those information object classes (Bj)
for which thers 1s a need for access to unique
objects i.e. . Consolidate the information
concerning each (B } into a record type identifi-
able by the base object classes included in
(Bj) . For these record types direct access is
desirable.

3 Search those object classes ®h whose objects
are the unique identification %owner) of a set
of objects (constituents, members)of an informa-
tion object class (B;) . For each of them define
a dummy record-type, identlfﬁable by the base
object classes included in Bf , and indicate it
as directly accessible. Consolldate the infor-
1at10n concerning the members (B;) into a record-
ype.
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Figure 3:

4 Establlsh a set-type from each owner-record-
type (B)) found in the previous step to its
oonstltuent information object class KB ),
menber) . The members within a set Dccurrence
are sorted according to the conditions (order
of Bf) given by the query. This means that a
record type can be member in more than one set
type. It also means that more than ore set type
can be defined for two record types. Define
each member record-type as sequentially access-
ible.

5 If there are querle?, sp901Fled as AlLL-combi-
nations only i.e. B , define the corres-
ponding infornﬁtlon DbJECt classes as record
types. Define a set type for each such record
type with the universe (SYSTEM} as owner and
the actual record type as member. Define each
such member record type as sequentially access-
ible.

Application of these steps resulted in a schema
according to figure 3.

4.3 Design of a response time oriented schema
alternative

4.3.1

Design principles

The extreme alternative (fig 3) was used as a basis
for stepwise refinements to increase storage
economy in the first hand. For each refinement the
schema was evaluated against stated requirements.
Properties and restrictions of the DBMS-product to
be used for implementation were also considered.

To evaluate different schema altematives on the
logical level there is a need for various resource
measures. The most appropriate would have been to
use measures for number of secondary storage
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An extreme, response-oriented schema alternative.

accesses, CPU-time, etc. However, these are not
possible to calculate at ‘this stage as they depend
on several implementation and allocation decisions
to be made in a later stage.

Therefore the "measure” dba (= "database access” =
= resources consumed for retrieval or storage of a
record occurrence) was introduced. The assumption
was made that a schema alternative consuming less
database accesses per reference-period concerning

a stated requirement will, in this respect be more
efficient than an alternative using a larger number
of dba:s .

An overview of a set of refinement steps which lead
to a tree-like schema structure is given below:

1 Reduction of set types

A reduction of the number of set types yields a
decrease of insertion/deletion time and the
storage space needed for link addresses. If there
is a path (a set type) from a unigue owner record
type to a member record type, where the members
are sorted in a given order, and there also
exists a path from the same owner record type
over two or more set types to the same member
record type, where the members are sorted in the
same order, then the first set type can be
eliminated at the expense of a longer access path.

The effect of eliminating S1 is (see fig. 4)
(a)
(b)

less space for link addresses

fewer dba for insertion and deletion of

A,B,C-type records //'

(c) more dba to retrieve appropriate A,B,C-*
records. ye
The positive effects (a and b) have to

against the negative effect (c) on re
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S2(B)

S1(B.C)

| () = sort-order

S3QC]

A.B.C |

Figure 4: Reduption of set-types.

2 Reduction of direct a&cess entries

Some gueries indicated a need for direct access
twrecords of specificirecord types. This could
be effectuated either!through a LOCATION MODE
CALC or INDEXED declaration in the record des-
cription, or through & SEARCH KEY declaration
for the record type if it is declared as a
member in a set type.:The need for direct access
is in the latter case:"moved up” one step.
Generalization of the:.use of SEARCH KEY will

level. i

I
If there is a need Fof direct access to an
A.B.C-record as indicated in fig 5a, this can
alternatively be effegtuated as shown in fig 5b.
(Thick arrows indicate the search paths).

Entry through the SYSTEM-record

Introduction of theseichanges would result in a
schema alternative wheére almost all queries
would have to be answered by starting from the
SYSTEM (universe) - level and by searching the
appropriate records through SEARCH KEY-governed
direct access, sort key governed sequential
access Or a combination of both. As the maximum
number of characters illowed in a direct access
key in the actual DBMS-product was limited, some

it was decided to reconstruct the schema in
order to get a consistent way of searching
records, namely always from the SYSTEM level.
The affected record-types are linked through a
new set type as members to an existing record
type (owner) which haye as.many identifiers
(base object classes)ias possible in cammon with
the member. The ownerirecord type must be, or
become, linked, direc{ly or indirectly, to the
SYSTEM record (see fig. 6a and 6b).

Two new set-types areladded te the schema

(S3 and S4). In this way the search can always
begin from the SYSTEM!record and further through
SEARCH KEY down the a@propriate paths in the
schema to the searcheg record, (for an A-record
over S3, for an A.B.Dfrecord over $3-51-54).

Eliminate multiple seérch- or sort-keys

If there are two membér record types X and Y,
which have the same owner record type but through
two different set types and where the base
object classes in X i§ a subset of those in Y

S1(B)

s2(C)

Figure 5a

Figure 5b

with the same sort order, then the set type
having Y as a member can be replaced by one
where X becomes the owner record type. This
would reduce the space needed for storage of the
identification terms of the Y-record (see step 5),
at the cost of extra dba to access Y-records.

The set type S3, which has a A.B.C-record type
as member, will get its owner record type
changed from A to A.B (see fig. 7a and 7b).

Reduce set membership

With the refinements according to steps 1-4
above the different record types could be re-
duced without loss of unique identification of
reocrds. Cnly those identification terms of a
member record type not included in the identi-
fication of the owner record type must be de-
clared. If a record type is a member in more
than one set type then there is a choice between

- using an identification built up by the union
of base object classes needed in the different
set types

- by duplicating the record-type to get one
occurrence for each set type where each
occurrence containes only the necessary
identification terms.

In our case, the duplication method was carried
out in order to reduce the number of identifica-
tion terms in all record types. However, this is
done at the expense of extra dba for update of
the "copied” records.

Together with some minor refinements, not mentioned
here, these restructuring steps led to the schema
alternative shown in figure 8. The figure also
shows the correspondence averages between record
types and the expected number of occurrences of
each record type.

This schema alternative can be characterized as
follows :

It is output oriented, i.e. it makes it possible
to give relatively fast replies to gueries
achieved at the cost of considerable resource
consumption for updating and data storage.

It is a pure tree-structure.
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- Each record type is identified by its set
membership and by one base object class only.

- All searches start from the SYSTEM record and
follow the branch corresponding to the searched
record’s base chjects (identification terms) in
a predefined sort order.

- Replies to all queries are explicitly stored.

4.3,2 Quantitative properties

Four quantitative properties, shortly discussed
below, were considered when comparing different
schema alternatives.

Search times

Search work can be expressed as the number of data
base accesses (dba) needed

1 per query, each time a query of this type is
submitted to the data base

2 per query type, per month

3 for all queries per a given time period.

For instance the query Q (DEP=dep, PRJ=ALL, SUB=ALL]
used a search pathl) SEK/S1-S0K/524-S0K/S25 which
required (see also figure B) an average of 176 dba
to locate an average of 4100 requested record
occurrences.

In this way the total -humber of dba for all known
queries/month was ‘estimated .to about 800 000.

Update times

Update times were expressed as the number of dba
needed to perform a certain update operation.
About 95% of the transactions concerned the infor-
mation object Bg (see table 2), which required

1) SEK/Sx means: search a unique record occur-
ence in a given set occurrence Sy using
SEARCH-KEY.

SOK/S, means: ordered search for all record
occurrences in a set occurrence Sy .

[+ ] [ 2]

S1(B) S1(8)
A-B $3(8.0) [A-B I
s2(C) \S3(0)
[A.B.c A.B.D [A . ”l
Figure 7a Figure 7b

updating of the involved record occurrences from
the lowest level and up to the top level through
all existing paths. When estimating the number of
dba needed for updating the other transaction types
were not considered because of their low frequency.

The estimated transaction rate was about 40.000 per
week. As information in one record occurrence, in
our case, could be derived from information in
record occurrences to which it is am owner, each
transaction affected one record occurrence of most
record types. Thus, with 29 record types and

40.000 transactions, about 1160000 updates of
record occurrences would have to be performed each
week. This figure could however be reduced by

- a suitable transaction sort order for each
branch in the tree

- transaction level accumulation before database
updating

~ creation of temporary files, when updating one
branch, with accumulations on different levels
suitable for updating of other branches.

In this way the number of affected records was
estimated to about 380000/week and 1500000/month.
To these efforts the work required for various
sorting and accumulation operations on transactions
must be added.

Insertion of new records

The main part of the database is each yeap
successively established. Establishment of a
record occurrence is initiated by the arrival of
an input transaction with a combination of identi-
fication terms (base object classes) which 'is non-
existent in the data base. At the end of each year
the main part of the database is delsted. No
deletions are made during the year. Therefore ths
database can be regarded as being established

once a year. The total work for this includes
storage of about 857 000 new record occurrences
linked into set occurrences.

Need for secondary storage space

When calculating necessary secondary storage space,
space for identification and data, link addresses,
overhead, overflow, indices, etec must be estimated.
The need for secondary storage space was estimated’
to about 500 million characters.
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several levels must, however, be used with caution
as it may introduce extensive search work.

Queries that require searchlng in an order not
corresponding to the main branch, or which are very
resource consuming if the main branch is used can
instead be effectuated by introducing one or more
dummy record types as owner records to set types
whose purpose is to provide a search path the
record occurrences in the main branch where the -
required information is to be found. This
arrangement is done to reduce the resource
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-4.4 Design of an updatihg oriented schems alter-
native i

4.4.1

This alternative was degigned with the objective
to decrease the number df database accesses needed
for updating, under the irestriction that stated
response-time requirements should be satisfied.

Design principles

i
Two technigues for this ‘were used:
- Avolding redundant sforage of information

- Avoiding accuwulatlods over some levels

at update time.
t

Application of these twd techniques (iteratively)
resulted in the schema presented in figure 9.

The most frequently used path from the output
oriented alternative was taken as basis for
explicit storage of information (51-S8). Most
queries concerned this main path. An effort was
made to, as far as posﬁible, use this "main branch”
for answering also the fest of the queries. Queries
with the identification terms in the same sort
order as the main branch but with one or more
levels omitted, could bg for instance, answered
by new set types 11nk1n% together the involved
levels (f ex set type S10 in figure 8). This
required, however, 337 @ba:s for a particular query
compared to 28 dba:s 1n\the response-time oriented
alternative. The nethodroF linking records over

r

requirements for answering the queries through
the main branch. For instance, by a dummy record
type RT16, the number of database accesses for the
query Q(DEP=desp, PRG=ALL, PRJI=ALL) was reduced from
756 dba as described above to 447 dba.

There were a few queries which could not be effi-
ciently handled with the arrangements described
above. For this purpose a second branch with
gxplicit storage had to be defined, namely
RT18-RT18-RT20 according to figurs 9.

- - -
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.

records ussociated with identical RES RT9
base-objects. 393,000
This schema alternative includes less record ‘types
than the output oriented alternative (20 against 30)
but it contains on the other hand more set types
(34 against 29). This alternative was considered
more complex. Furthermore, it is more strongly
built up according to the reguirements and eondi-
tions which are known today and was therefore esti-
mated to be more "sensitive” to changes of user
information needs.



4,4.2 Quantitative properties

The total number of dba needed for answering all
gqueries was estimated to about 1 000 000 dba/month.
This is about 25% more than for the response time
oriented alternative. Instead, this alternative
gives a considerable saving of dba for updating:
about 1 500 000 dba/month were needed. Furthermore,
less work for sorting of transactions is required.

As this schema is more "complex” {(e.g. some record
types are members in more than one set type),
insertion of new records consumes more resources.
About 620 000 new record occurrences are estab-
lished each year requiring about 1470000 linkings
into set occurrences. The total need of secondary
storage was estimated to about 300 M char. For more
details see section 4.6.

4.5 Design of a conpromise alternative

Considering the properties of the two alternatives,
a compromise alternative was discussed. The stra-
tegy was to start with the response time oriented
alternative, examine record types and set types
taking part only in a few query-types and exclude
them from the schema if the queries can be answered
through other paths. For instance, RT30 and S29
were found to be involved in only one query-type
namely §Q (DEP=dep, DIV=div, PRG=prg, TEC=ALL).

When searching from a unique (DEP,DIV,PRG)-combi-
nation over a S23 set occurrence, about 4.25 TEC-
records are found i.e. 4.25 dba are required.
Answering the guery over set occurrences S4-S7
gives instead 11 dba, making a difference of 6 dba.
If the estimated query-frequency is low, then this
extra search effort is negligeable.

Elimination of records also save updating work.
For instance, if RT30 and S239 are excluded the
saving in updating work is approximatgly 170 000
dba/month.

The same type of discussions were carried out for
other record/set type combinations and this
resulted in a conpromise schema alternative accord-
ing to figure 10.

The number of dba needed for queries is here about
the same as for the response time oriented alterna-
tive, but the number of dba for updating per month
would be about 2 000 000 dba/month less. The need
for secondary storage was estimated to about

400 M char.

4.6 Summary of properties considered in the
evaluation

In this section some quantitative properties for
the two "extreme” schema altsrnatives are esti-
mated. An informal discussion of some qualitative
properties is also included.

Qualitative properties

- the possibility to include new types of queries
seemed simpler for the response time oriented
alternative, as the procedures for the queries
are simpler in this case

- new kinds of information is technically easier
to include in the response time oriented alter-
native

83

SYSTEM
RT4
Y s9 75
! N
PRG RT10
0eF R12 szt 177
35 515 28 75
S14 Em
321 13.1 6.9
PRO RT11
DIV RT3 PRG AT
S24 OeP
1.475 o 980 2.015
S3 19 6.33 11
18 16 3.5 1.42
PRG RT4 PRO RT1 TEC RTZ0] ktB RT12
3.500 6.200 2.915
520 12
57 Vs Som [
TEC RT27 Sue RT18} DIV RT21 OEP RT1
18,300 4,400 49,700 (4,400)
- S18 $13
1.04 5.12
SUP RT6 [ACT RT19
16,900 4.600
54,72
ACT RT7
TEC
79.700
S8
4,93
RES RTS
393,000
Figure 10:

COMPROMISE SCHEMA ALTERNATIVE

- new information objects will often cause only
"local” reorganization in the response time
criented alternative, while introduction of new
information objects might, in the updating
oriented alternative, cause reorganization of
the whole data base

- security: the response time oriented alterna-
tive can more easily than the updating oriented
altemative be partitioned into separate parts
which can be allocated to different physical
devices

- implementation: the response time oriented
alternative seems to be sasier to implement as
it is a pure tree structure and allows parallel
processing

- the updating oriented alternative has simpler
updating operations as most information elements
are stored in one place only

- it was estimated that certain performance
properties of the response time oriented alter-
native might be possible to improve considering
the possibility to use parallel processing. In
this alternative it is also possible to make
more efficient choices of location modes and
area allocations. Furthermore, a dba is supposed
to have less probability to cause a secondary
storage access in this alternative.

In summary, concerning the qualitative properties
we found the response time oriented alternative -
- to have several advantages compared to the network
structure - the updating oriented altermative. The



compromise alternative was designed to preserve
most of the performance properties of the pure
tres structure. i

Quantitative properties:
R =
Uy =

response time alternative (sect. 4.3)
updating altemativel (sect. 4.4)

R u

Nesd for secondary

storage space (M ch)
- data 307 189

- record overhead 18 21
325. 210
488 313

- sum
- total (150%)

Time for establishing
the data base

- amount of record
occurrences to
establish

- amount of links
to be updated

- time') for estab-
lishment/trans- |
action (ssc) '

- total time!) for
sescondary storage
accesses (hrs) ’ 18 126

- total CPU-time (hrsh 10 18

856 830 620 050

856 830 | 1 467 055

0.6 2.4

Time for updating

- dba/month

- time/month (hrs)

- time for sort (hrs)

3 050 000
63.54
3-4

1 454 000
30.29
1-2

Time for answering

queries

- dba/month for
on-line queries

21 310 108.385

- total amount of

dba/month 800 000 | 1 020 00O

1) Presumption: 1 dba = 0.075 seconds

5 CONCLUSIONS. AREAS FOR FULRTHER RESEARCH

The concepts and notation described in this paper
were found useful for communication between the
data base designer and!the user as they made it
possible to precisely and unambigously define
required properties and functions of the data base.
They were also found useful for definition and
documentation of the information structure and
information relations in an implementation indepen-
dent way. i

The outlined method for schema design, i.e. design
of extreme alternatives followed by successive
refinements in order top arrive at a feasible
compromise, was practically applicable. The method
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made it possible to successively check that.stated
requirements were fulfilled. However, jthe large
number of calculations necessary to analyze the
consequences of schema restructurings reised the
need of computer based tools.

Three areas within the schema design process can be
recognized as presumptive goals for automation.

(1) Analysis of quantitative properties of a
schema alternative such as

- secondary storage space,
-~ number of data base accesses for updating,

- number of data base accesses for answering
queries, etc. )

This task is trivial but burdening if done manually.
A minor change in a schema alternative may affect
the processing of all query and transaction types,
implying that the quantitative properties of the
alternative have to be recalculated.

With this kind of tool, a larger number of schema
altematives could be analyzed. Schema alternatives
could also be analyzed in order to find out the
conseguences of changes in the presumptions, e.g.

for changes in the frequencies of different trans-
action or query types.

{2)

Our knowledge in this area is today limited. How-
ever, the authors are, due to experiences from the
application described in this paper, optimistic
about the possibilities to develop formal proce-
dures in the future, at least for restricted ddsign
cases.

Automatic generation of scheme alternatives.

Using a tool like this in cbmbination with a tool
for analysis of guantitative properties, the work
of the data base designer could be rdgstricted to
definition of information structure and relations,
statement of requirements and manual evaluation of
generated alternatives. This evaluation must con-
sider also the gualitatiye properties of ‘the design
alternative. ~—

(3)

To be able to develop procedures for automatic
design of an optimal schema for a specific applica-
tion, we must have more insight in this multi-goal
problem. The authors are not very optimistic about
the possibilities to develop algorithms foryauto-
matic generation of "optimal” schemata within a
foreseeable future. However, crude heuristics for
design and evaluation of schema alternatives,
considering alsc some qualitative properties can
probably be developed.

Automatic generation of an “optimal” schema.

In summary, the schema design process, as seen by
the authors, will within a few years be aided by
computerized tools for design of extreme-schema
alternatives, refinements of these extreme alter-
natives, and calculation of consequences concerning
quantitative properties. The possibility to design
and evaluate a large nurmber of schema alternatives
will increase the chance to arrive at a good solu-
tion for a stated application problem.
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