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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 conceptual 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 OBTG-type 
structures is also considered. 

I INTRODUCTION 

Researchers in the field of data bases do [see 
fex [4], (5), (6)) on the whole agree that three 
design and description levels can be recognized, 
namely 

(I] the information structure (or "infological") 
level 

(2) the data structure ("datalozical"] level and 

(3) the storage structure level. 

The information structure level corresponds to the 
end-user level where info~nation 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 infolmnation (for instance, 
when using a Codasyl OBTG-type data base manage- 
ment system [I], 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 n~p "r~ality" into an information struc- 
ture 

how to map an information structure into a 
data structure 

how to map a data structore into a storage 
structure. 

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, properties which cannot 
be weighted into one objective function. Also the 
absence of e generally accepted notation and con- 
ceptual framework is noticeable. This is especially 
the case concerning the information structurB ilevel. 
It has the effect that in ~ost practical situations 
"reality" is mapped directly to a da~a structure 
and that data structure alternatives: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 tot constitute a useful basis 
for the subsequent pert of the schema design 
process, the information structure must be docLmented 
in a precise and formal way and include information 
such as requirements concerning input/output [includ- 
ing infomation relations], response times, secu- 
rity etc. The result of the schema design is 

- a data structure (schema] described in ~chema 
Oata Oescription Language [Schema OOL] i 

estimates of quantifiable properties o~ the data 
base, such as storage requirements, response 
times, times for creation and updating, etc 

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

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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This paper 

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

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

relations, and demenStrates its applicability 
and utility I 

l 

discusses procedures! for analysis and evaluation 
of alternative DBTG-~ype structures. 

l 

i 

The theoretical work (spe also [2])was carried out 
in close association wi~h work on a practical data 
base schema design project. The objective of the 
project was to study th~ feasibility and conse- 
quencss of applying a OBTG-type OBMS [3] to con- 
struct a data base for b Swedish organisation's 
financial follow-up, buWgeting and forecasting 
information system. Theisize of data base is 
approximately 250 Mbytes and the transaction rate 
is about 2.5.10 b 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 particular case. These are; 

- Ths input boundary, ~n terms of existing trans- 
action types, is given. 

- There are no strong r~quirements concerning the 
functional availability of the OB-system or 
concerning data privacy and security. 

Retrieval of information from the OB will be 
made by a predefinedlset of queries, which do 
not contain conditioBal or relational expres- 
sions of any noticeable complexity. 

i 

The schema design process (figure I) contains 
three main tasks: i 

(I) Oetermination of i~formation structure and 
relations, i 

i 

C2) 

This task includes I 

- collection of q~antitative information 
about the reality, 

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

- determination of information relations, 

- detezTnination of required and desirable 
i 

properties of the data base. 

Close collaboratio¢ between the user and the 
data base designer!is essential here. Only 
the user can statelthe information require- 
ments and only theldesigner knows which infor- 
mation (about requSremants) is essential for 
the subsequent stages in the schema design 
process, i 

Oesign of a schemaialteroative. 

This task constitutes the mapping of the 
information structure into a OBTG-data struc7 
tufa. Requirements~ such as ability to respond 
to certain types of queries within a pre- 
described responseltima have to be considered. 
At the same time o~e has to try to arrive at 
as good values as possible for certain proper- 
ties that are more!or less easily measurable, 
such as need of secondary storage space, 
ease of implementation and maintenance, 
flexibility etc. 

(3) Analysis and evaluation of the schema alter- 
native. 

Relevant data base properties are derived and 
evaluated against specified properties, accord- 
ing to phase (lJ. Soma quantifiable 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 df information constitutes therefore 
important and necessary subtasks of the design 
process. In the actual case described, mere than 
50~ of the time was spent in phase I. 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 systs- 
matical way, arrive at different schema alterna- 
tives, which then have to be partly formally 
evaluated. This, in turn, makes it necessary that 
the tasks (2) and (3) are performed in an iteretive 
way with the objective to arrive at a "balancsd" 
schema alternative, where stated requirements are 
satisfied and where desirable properties are con- 
sidered. 

The similarity of this process with ths "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 ANO RELATIONS 

The transactions and queries described verbally or 
by old computer-produced reports, had to be trans- 
lated into a fo~nal 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 infol~nation elements functionally 
related? 

3.1 Different kinds of objects 

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

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 I, x~ ...... x } which uniquely identify an 
administrative (abstract or physicall concept within 
the organization (cf an attribute in a "candidate 
key" (9) 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. FoP instance departments 
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Figure I: Crude outline gf the schema desizn 
process 

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

Eizht base object classes [table I) were recoznized. 
For each o{ them their cardinality was estimated. 

Base object class 

Department number 

Oivision " 

prezra m ,, 

Project " 

Sub-project " 

Activity " 

Technique " 

Resource " 

Abbreviation 

OEP 

OIV 

PRG 

PRO 

SUB 

ACT 

TEC 

RES 

Cardi na lity 

35 

1500 

75 

500 

1000 

1500 

500 

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 
de~ived. An information object class is associated 

with a set of base object classes and tuples of 
these uniquely identify an information object. 
Notation used: 

(A] an in#ormation object class associated with 
base object class A. Elements of this class 
are denoted (a.] E (A). 1 

[A,B) elements of this class are denoted 
[a i , bj] E [A,B]. 

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

[I] What amount of money has been spent by a 
certain department last month? 

[2] What amount o£ money is budzeted for a speci- 
fic department on a specific program for the 
next year? 

lead to the information object classes (OEP] 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. Soma examples are 
shown in table 2 

3.3 Relations between information object classes 

Let B = [DEP,BIV,PRG•PRO,SUB,ACT,TEC,REB] be the 
set of defined base object classes. For a particu- 
lar appl~cation problem, "meaningful" subsets B i, 
of this B can be defined [see table 2]. 

The set of me@ninzful subsets is a subset of the 
po,~er set of B and it defines the set of info~a- 
Lion object classes relevant to the problem. 

An information object class B. is a constituent 
of an information object class Bj 1~f B, c B i . 
The notation used for this propert~ is J B i [<] Bj. 

The prazmatic interpretation of oonstituence should 
be that information associated with an object class 
B i is in some object-system sense "finer" (further 
partitioned) Lhan information associated with an 
object class B~ , B i[k) B~ For instance infor- 
mation about t~e money spen~ by a department-divi- 
sion [OEP•OIV] is rezarded as a r~inement o£ 
information about the money spent by a department 
( D E P ] .  

Constituent relations hold the transitive property• 
i.e. 

B. (<) B. ^ B k [<) B i ~ B k [<] B i l j 

8 i is an inTnediate constituent to 8~ , Bi [<<) Bj • 
iff B i [<) B-' and there does not exist another 
Bk such thatJBk (<] Bj and B i [<] B k • 

In table 2, for instance 

B3 (<] BI • B3 [<<] B 2 • B 2 (<<) 81 etc. 

The set of constituents of an infomation object 
class B i will be denoted by < [B i) and the set of 
its inTnediate constituents by << [B~] . Obviously 
<<(B i] c <(B i) cB • An inforrnation~object class 
B i is c~lled initial if <(B i] = ~ . 
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I n f . o b j  
class 

B 1 

B 2 

B 3 

B 4 

B 5 

B 6 

B 7 

B 8 

B 9 

BIO 

Base object I 
classes i 

! 
OEP 

OEP, OIV 

DEP,OIV,PRG 

DEP, OIV,PRG,PRO 

DEP, DIV, PRG, PRO, SUB 
1 

DEP, DIV, PRG,PRO, SUB,ACT 

OEP, OIV,PRG,PRO, SUB, ACT, TEC 

DEP, OIV, PRG, PRO, SUB, ACT, TE C, RES 

PRG 

PRG,PRO I 
L 

: [ 

I 

Card, 

35 

1.500 

11.700 

12,550 

16.900 

14.200 

73.700 

377.000 

75 

2.015 

3 . 4  

TCble 2 

l 
I n f o r m a t i o n  " k i n d s "  and e l e m e n t s  

f 

Having defined the information object concept we 
need a notation to defin@ what "kind of informatiod' 
about elements in information object classes we 
want to record or to derive, This can be done on 
several levels of prscis~on. For instance, on a 
~rude level we may ~ay that we are interested in 
'budget information'. Onla finer level "budget 
information" may be rsfined to 'bmount of $ budgeted" 
and on a still finer level this "kind of informa- 
tion" could be refined t b "amount of $ budgeted for 
the first month of this ~ear". 

No general rules can, however, be given how to 
partition and how to refEne information of an 
organization. I 

In the actual case, decibions concerning the "kinds 
of information" to be co[ntained in the data base 
were relatively simple bmcause 

- there were few "crudel" kinds of information 

- the partitioning of tlhe "crude" kinds of infor- 
mation was uniform felt different information 
object classes ! 

- with few exceptions,~all kinds of information 
[at all levels of refinement) were associated 
with all information pbject classes. 

were, in all, essentially four crude There kinds of 

information: [ 

B (Budget information) 

- P (Forecast infqrmation) 

- U (Follow-up-in4ormation] 

R (Economic frame information]. 

These #our crude kinds qf information could all be 
further partioned by 0 (quantity] and by S (sum or 
amount), which was denoted, for instance 

"B.O , B.S , P.O • etc.  I i 
I 

A f u r t h e r  ref inement o f ! the  in format ion kinds con- 
cerned time, f o r  instance, a budget was pa r t i t i oned  
in quart--e-~ of a year. ~he fo l l ow ing  examples 
i l l u s t r a t e  the notat ioniused to r e f e r  to informa- 
t i on  elements and sets Of such elements 

B.O.1(dep,prg) budgeted quantity first 
quarter for a particular 
department on a particular 
program 

B.@.I[OEP,PRG) the set of information 
elements {B.O.1[dep,prg)} 
for all [dep,prg) E (OEP,PRG) 

U.S.3(dep,div,prg) the amount of  ~ spent in  
month 3 f o r  a p a r t i c u l a r  
(dep ,d iv ,p rg ) - tup le .  

3.5 Informat ion re la t i ons  

In a data base, or in a large set of  in format ion 
elements, there normally ex is ts  a cer ta in  redundancy. 
This means tha t  the value of  an in format ion element 
can be derived (given the dez~ivation ru le)  from a 
set o f ~ n f o r m a t i o n  elements because a £unc- 
t i o n a l  r e l a t i o n  holds between these elements. I f  
the value of an in format ion element cannot be 
derived from other elements then th i s  element is  
said to be i n i t i a l .  Funct ional  r e l a t i ons  of  th is  
kind can be ob jec t - l oca l  or  ob jec t -g loba l .  An objec~ 
loca l  r e l a t i o n  defines the ru le  f o r  de r i va t ion  of  
the value of an information element from in#ormatieq 
elements associated with the same object. An object- 
$1obal relation may hold betwe--~an information 
element and a set of information elements associated 
with another infozTnation object class. 

As an example, consider two in format ion object  
classes (DEP,OIV) and (OEP,DIV,PRG). An object 
loca l  r e l a t i o n  is then f o r  example: 

12 

U.S.Y. [dep,div) =~--- U.S.i  [dep,div) 
i=1 

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

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

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

which means that  the amount of  $ spent th is  year by 
a [dep,div) can be deduced by summing the amount of 

spent th is  year by a l l  prg associated with a 
p a r t i c u l a r  (dep ,d iv ) - tup le .  

A l t e r n a t i v e l y  

U.S.Y (dep,div) = ~ . . .  U.S.Y [dep,d iv , tec)  
tec /dep,d iv  

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

Object-local resp object-global information rela- 
tionships can be graphically illustrated as in 
figurs 2. 
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DEP, OlV 

'/~, local 
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relation 

global 
relation 
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DEP.DIV.IEC 

Figure 2 • Illustration o? object-local, 
object-global and alternative 
?unctional relations between 
in?ormation elements. 

In this example it is shown that two [or mere) 
alternative sets o? information elements could be 
used to derive a particular in?ormation element. 

The notation used ?or functional precedence rela- 
tions is: 

[B.) • meaning that I b [B i) < I a j 

I a (bj) , Y bj E Bj is derivable ?rem a set o? 

in?ormation elements 

{I b (b i : b i E Bi/' c B i • B i (<) Bj} 
J 

Concerning ?unctional precedence relations we also 
observe that 

- the transitivity property holds 

- ~rom B i [<) Bj it does not [in general) 
?ollow that there exist information kinds I, 
such that I x [B i) < I a (Bj) ?or an I a associated 
with Bj . 

3,6 The correspondenc e aspect 

For in?ormation relations which ?ollow constiuent 
relations, the correspondence aspect is "one-to- 
many" [I:M). This means that an element b~ E B. 
is normally associated with one or more e~emen~s 
b i £ 8 i • if Bi [<) Bj , and that one element 
bi £ Bi is associated with one and only one element 
bj £ B~ . It was observed that the knowledge o? 
some s~atistics about the number of elements b i 
associated with an arbitrary bj was of importance 
when designing and analyzing schema alternatives. 
In this ?easibility study, as only approximate 
calculations were made, the correspondence average 

seemed to be su?ficient. The correspondence average 
between classes B i and Bj sBi (<<) Bj is denoted 
Eij and calculated simply 

Eij = CRD (B i) / CRD (Bj) 

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

3.7 Oescription 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 

O (<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 o? in?orTnation 
required and <object spec.> "about which objects". 

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

Examples: 

01 (B.S.I [EEP = dep, DIV = div}) = 

the amount o? $ budgeted the ~irst month this 
year ?or a specific division under a specific 
department. 

02 [B.S.I [DEP = dep• DIV = ALL)) = 

the amount o? $ budgeted the first month this 
year for all the divisions o? one specific 
department, (sorted by divisions). 

in this case, the order of speci?yimg base object 
classes was relevant because it determined the 
sorting order. 

Q3 [B.S.I (OEP = ALL,OIV = ALL)) = 

the amount of $ budgeted the ?iret month this 
year ?or all departments and all ~ivisions 
within the departments, sorted on departments, 
and within each department, on division. 

The ?requency was estimated for each transaction 
and query type. For queries• requirements concerning 
the actuality of the answers/reports were de?ined as 
well as requirements concerning response-time. 
Approximately 30 di??erent transaction ty~es and 80 
di??erent query types were speci?ied. 'I 

3.8 In?ormation structuring: a summery 

The result o? task (I) of the schema design process 
is 

a) a description o? transactions in terms of 

their content - information objects and 

£requency 

the sort order 

the type o~ processing: update• insert or 
delete. 
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b) a description of queries in terms of 

- their content - ~nforTT~ation objects and 
kinds of information 
the sort order I 

J 

frequency ! 

response time reqiuiraments 
actuality requirements, i.e. maximum time 
between input ofia transaction and the time 
when the affecte~ information in the data 
base is updated. I 

c] a description of the I information structure in 
terms of i 

i 
base objects and !base object classes, their 
cardinality 

information objeqts and information object 
classes, cardina~ity 

correspondence b~tween relevant information 
i 

obj acts 

kinds of informagion 

information elements 
i 

functional precedence relations between 
information elen~nts. 

3.9 User reqqirements and desires 
i 

The schema design process was guided by a set of 

functional rsquiremejts 

- performance requiren~nts 

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 combination of base object 
classes [i.e. new inforrgation object classes]. 
Per#orrnance requi~ement~ concerned average and 
95-percentile response times for replies to 
certain specified guery[types, generation times 
for reports, updat-[n g t~mes and data base creation 
time. Statements ~bout desirable properties were 
made concerning ! 

- secondary storage sp$ce 

sensitivity to varia%ions in relative frequen- 
cies of the specified queries and transactions 

- security ! 
E 

- functional availebil{ty 

- flexibility and incr~mentality. 
i 

These latter propertiesi as well as the quantify- 
able performance proper%ies, are further discussed 
(with reference to the ~ase study] in section 4.6. 

4 DESIGN OF SCBEMA ALTERNATIVES 

4. I The approach 
! 

Two extreme scheme a l t e rna t i ves  can be recognized 

(1) data are stored on!the initial (transaction) 
level only - responses to queries are produced 
by derivinz infor~r~tion from the initial 
information level 

(2) 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, 
arri yes. 

Alternative I minimizes the secondary storage space 
required but this is done at the expense of 
extremely long quer~y-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 
reports. This is, however, achieved at the expense 
of considerable resource consumption for data base 
updating, record insertion/deletion and also {or 
storage of the data. 

The first alternative was unacceptable considering 
the response time reQbir~ments. 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 scheme alternative, 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 
(scheme medifications] 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 o£ 
alternative. 

4.2 Five steps to a response time oriented extreme 
scheme 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 
object class B~ and consists of two narts B~ and 

± F i 

B~ such that B i = B~ U B~ and B~ n B~ = 
i ± 1 1 " 

One of the two, but not both, may Be empty. The 
first par~ requires unique access to information 
objects B{ • The second part specifies access to 
information objects BIu B~ which are associ- 
ated with the unique Object o£ class B~ • This 
query-strocture property is used in th$ design 
steps below. 

I 0efine all information object classes needed 
(see section 3). 

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

3 Search those object classes (B~) whose objects 
are the unique identification (owner) o£ a set 
of objects ~onstituents, ni~mbers) of an informa- 
tion object class (B i) . For each o£ them define 
a dummy record-type, identifiable by the base 
object classes included in B{ , and indicate it 
as directly accessible. Consolidate the infor- 
mation concerning the members (B i) into a record- 
type. 
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Figure 3. An extreme, response-oriented schema alternative. 

i 
PRG, PRO, SUB, DEP 1 

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

5 If there are querie~, specified as ALL-combi- 
nations only i.e. 8~ ~ • define the corres- 
ponding information object 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. Oefine each 
such member record type as sequentially access- 
ible. 

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

4.3 Design of a response time oriented schema 
alternative 

4.3.1 Oesi#n 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 OBMS-product to 
be used for implementation were also considered. 

To evaluate different scheme alternatives 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 

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. 

There fore  the "measure" dba (= "database access" = 
resources consumed f o r  r e t r i e v a l  o r  s to rage o f  a 

record  occurrence)  was i n t r o d u c e d ,  The assumption 
was made t h a t  a scheme a l t e r n a t i v e  consuming less 
database accesses p e r  r e f e r e n c e - p e r i o d  concern ing 
a stated requirement will, in this respect be mere 
efficient than an alternative using a larger number 
of dba:s . 

An 

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

Reduction of set types 

A reduction of the number of set types yields a 
decrease of insertion/deletion time and the 
storage space needed ~or link addresses. If there 
is a path (a set type) from a unique 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 $I is [see fig. 4] 

[a] less space for link addresses 

(b) fewer dba for insertion and deletion of 
A,B, C-type records  / / 

(c) more dba to  r e t r i e v e  a p p r o p r i a t e  A,B,C:k ~ 
reco rds .  / 

The p o s i t i v e  e f f e c t s  (a and b) have t o ~ "  
aga ins t  the nega t i ve  e f f e c t  (c) on r e 7  

/ 
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E x a m p l e .  

S I ( B . C )  

S2 [IB) 

I '  - q  
I A .  

( ) = s o r t - o r d e r  

$3(~C) 

1 

F igu re  4: Reduption of set-types. 

2 Reduction of direct a@cess entries 
! 

Some queries indicate~ a need for direct access 
torecords of specificlrecord types. This could 
be effectuated either!through a LOCATION MODE 
CALC or INEEXED declaration in the record des- 
cription, or through a SEARCH KEY declaration 
for the record type i~ it is declared as a 
member in a set type.iThe need for direct access 
is in the latter casei"moved up" one step. 
Generalization of theluse of SEARCH KEY will 
give a starting point at the highest Pg~b~ 
level. ..... [ 

IT there is a need for direct access to an 
A.B.C-record as indicated in Fig 5a, this can 
alternatively be effectuated as shown in fig 5b. 
(Thick arrows indicat~ the search paths). 

3 Entry through the SYSTEM-record 

Introduction of theseichanges would result in a 
schema alternative where almost all queries 
would have to be answered by starting from the 
SYSTEM (universe) - l~vel and by searching the 
appropriate records t~rough SEARCH KEY-governed 
direct access, sort k@y governed sequential 
access or a combinati@n of both. As the maximum 
number of characters @llowed in a direct access 
key in the actual OBM$-preduct was limited, some 
~-P~-g~:9~g~_O~ cguld not be met.  ThereTore 
it was decided to recgnstruct the schema in 
order to get a consisLent way of searching 
records, namely always from the SYSTEM-level. 
The afTected record-t~pes are linked through a 
new set type as members to an existing record 
type (owner) which have as many identifiers 
(base object elasses)ias possible in common with 
the member. The owner(record type must be, or 
become, linked, diree{ly or indirectly, to the 
SYSTEM record [see fig. 6a and 6b). 

Two new set-types are[added te the schema 
($3 and $4). In this 9ay the search can always 
begin from the SYSTEM!record and further through 
SEARCH KEY down the a~propriate paths in the 
schema to the searche~ record, (for an A-record 
over $3, for an A.B.O+reeord over $3-$I-$4). 

[ 

4 Eliminate multiple search- or sort-keys 

IT there are two member record types X and Y, 
which have the same o~ner record type but through 
two different set types and where the base 
object classes in X i@ a subset of those in Y 

S I ( B )  

~P 

F.q 

F igu re  5a F igu re  5b 

w i t h  the  same s o r t  o r d e r ,  then  the  se t  t ype  
hav ing  Y as a member can be r e p l a c e d  by one 
where X becomes the  owner r eco rd  t y p e .  This  
would reduce the  space needed f o r  s t o r a g e  o f  the  
i d e n t i f i c a t i o n  terms o f  the  Y - r e c o r d  (see s tep  5), 
a t  t he  cos t  o f  e x t r a  dba to  access Y - r e c o r d s .  
The se t  t ype  $3, which has a A . B . C - r e c o r d  t ype  
as member, w i l l  ge t  i t s  owner r eco rd  t ype  
changed f rom A to  A.B (see f i g .  7a and 7b) .  

5 Reduce se t  membership 

With the  r e f i n e m e n t s  acco rd i ng  t o  s teps  1-4 
above the  d i f f e r e n t  r eco rd  t ypes  cou ld  be r e -  
duced w i t h o u t  loss  o f  un ique i d e n t i f i c a t i o n  oT 
reco rds .  Only those  i d e n t i f i c a t i o n  terms o f  a 
member r eco rd  t ype  no t  i n c l u d e d  i n  the i d e n t i -  
f i c a t i o n  o f  the  owner r eco rd  t ype  must be de- 
c l a r e d .  I f  a reco rd  t ype  i s  a member i n  more 
than  one se t  t ype  then t h e r e  i s  a cho ice  between 

us ing  an i d e n t i T i c a t i o n  b u i l t  up by the  un ion 
o f  base o b j e c t  c lasses  needed i n  the  diTTerenL 
se t  t ypes  

by d u p l i c a t i n g  the  r e c o r d - t y p e  to  ge l  one 
occur rence  f o r  each se t  t ype  where each 
occur rence  con ta i nes  o n l y  the  necessary  
identification terms. 

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

This schema alternative can be characterized as 
follows 

It is output oriented, i.e. it makes it possible 
to give relatively Tast replies to queries 
achieved at the cost of considerable resource 
consun~otion for updating and data storage. 

It is a pure tree-structure. 
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Figure 6a 

I SYSTEM ] 

S3(A) 

(8) 

q 

Figure 6b 

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 objects (identification terms) in 
a predefined sort order. 

Replies to all queries are explicitly stored. 

4.3.2 Ouantitative properties 

Four quantitative properties, shortly discussed 
below, were considered when co~paring different 
schema alternatives. 

Search times 

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

I 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 0 (DEP=dep, PRJ=ALL, SUB=ALL] 
used a search pathlJ SEK/SI-SOK/S24-SOK/S25 which 
required (see also figure 6) an average of 176 dba 
to locate an average of,100 requested record 
o c c u r r e n c e s .  

In th is  way the total,~umber of dba f o r  a l l  known 
queries/month was"estimated,to about 800 000. 

Update times 

Update times were expressed as the number of dba 
needed to pe~o~m a cer ta in update operation. 
About 95% of the transact ions concerned the i n fo r -  
mation object B 8 (see table 2), which required 

I) SEK/Sx means: search a unique record occuP- 
ence in a given set occurrence S x using 
SEARCH-KEY. 
SOK/S x means: ordered search for all record 
occurrences in a set occurrence S x . 

(B.D) ~ ~ ~ B )  

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 Orde~ for each 
branch in the tree 

transaction level accumulation before database 
updating 

creation of temporary files, when updatiqg 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. 

Inser t ion  of new records 

The main part  of the database is  each yea~ 
successively establ ished, Establishment of  a 
record occurrence is  i n i t i a t e d  by the a r r f v a l  of 
an input t ransact ion with a con~inetion pf i den t i -  
f i ca t i on  terms (base object classes] wh ioh i s  non- 
ex is tent  in the data base. At the end of each year 
the main part  of the database is  deleted~ No 
delet ions are made during the year. The,refore the 
database can be regarded as being establ ished 
once a year. The t o t a l  work f o r  th is  includes 
storage c~ about 657 000 new record occurrences 
l inked in to set occurrences. 

Need f o r  secondaI~/ storage sp, ace 

When ca lcu la t ing necessary secondary storage space, 
space fo r  i d e n t i f i c a t i o n  and data, l i nk  addresses, 
overhead, overflow, indices,  etc must be estimated. 
The need f o r  secondary storage space was es t imated  
to about 500 m i l l i o n  characters. 
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Figure 6: 
RESPONSE TIME ORIENTED 

SCHEMA ALTERNATIVE 
4.93 

• 4,4 Design of  an updatilng or iented schema a l t e r -  
native I 

4.4.1 iOesign principles 

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

Two techniques for this !were used: 

Avoiding redundant s~orage of information 

Avoiding accumulat~ic~s over some levels 
at update time. 

Application of these two techniques (iteratively] 
resulted in the schema-presented in figure 9. 

The most frequently used path from the output 
oriented alternative we@ taken as basis for 
explicit storage of inf0;mation [$I-$6). Most 
queries concerned thismain path. An effor~ was 
made to, as far as possible, use this "main branch" 
for answering also the ~est of the queries. Queries 
with the identificationlterms in the same soft 
order  as the main branch, but w i th  one or more 
leve ls  omitted, could b~, f o r  instance,  answered 
by new set types l i n k i n~  together  the invo lved 
leve ls  ( f e x  set type S~O in  f i gu re  8). This 
required,  however, 337 ~ba:s f o r  a p a r t i c u l a r  query 
compared to 28 dba:s i n l t h e  respoqse-tima or iented 
a l t e r n a t i v e .  The method of  l i n k i n g  records over 

vera l  leve ls  must,, however, be used wi th  caut ion 
i t  may int roduce extensive search work. 

ar ies tha t  requi re searching in  an order not 
rresponding to the main branch, or  which are very 
source consuming i f  the main branch i s  used can 
stead be ef fectuated by in t roduc ing  one or  more 
n ~  record types as owner records to set types 

whose purpose i s  to provide a search path the 
record occurrences in  the main branch where t h e  
required in format ion is  to be found, This 
arrangement i s  done to reduce the resource 
requirements -For answering the queries through 

e main branch. For instance,  by a dunmy record 
pe RT16, the number of  database accesses foc the 
,ery O(DEP=dep, PRG=ALL, PRJ=ALL) was reduced from 
6 dba as described above to 447 dba. 

,ere were' a f ewque r i es  which could not be e f f i -  
en t l y  handled wi th  the arrangements described 
,ova. For t h i s  purpose a second branch w i th  
: p l i c i t  storage had to be def ined, namely 
1B-RT19-RT20 according to f i gu re  9. 

7% 
1%96) 

f 

; 15  

5.671 

[ | :Lnd:Lcatn oxpoct:o, 
~iC@I"dS ~;lOCiOt~, 

bau-obJects. 

This schema alternative includes lees 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 reguiremonts and condi- 
tions which are known today and was therefore esti- 
mated to be more "sensitive" to changes of user 
information needs. 
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4.4.2 Quantitative properties 

The total number of dba needed for answering all 
queries was estimated to about I 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 t h i s  schema i s  mere "complex" ( e .g .  some reco rd  
types are members in  more than one se t  t y p e ) ,  
i n s e r t i o n  o f  new records  consumes more resources .  
About 620 000 new record  occurrences are es tab-  
l i s h e d  each yea r  r e q u i r i n g  about 1470000 l i n k i n g s  
i n t o  se t  occur rences.  The t o t a l  need o f  secondary 
s to rage  was es t ima ted  to  abou t  300 M char .  F o r  more 
d e t a i l s  see s e c t i o n  4.6 .  

4.5 Design of a compromise 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 $29 
were found to be involved in only one query-type 
namely Q [BEP=dep, OlV=div,  PRG=prg, TEC=ALL). 
When search ing  f rom a unique (DEP,DIV,PRG)-combi- 
na t i on  ove r  a $29 se t  occur rence,  about 4.25 TEC- 
records  are found i . e .  4.25 dba are r e q u i r e d .  
Answering the query over  se t  occurrences $4-$7 
g ives  i ns tead  11 dba, making a d i f f e r e n c e  o f  6 dba. 
I f  the es t ima ted  query - f requency  i s  low,  then t h i s  
e x t r a  search e f f o r t  i s  n e g l i g e a b l e ,  

E l i m i n a t i o n  o f  records a lso  save upda t ing  work .  
For  i ns tance ,  i f  RT30 and $29 are exc luded the 
sav ing i n  updat ing  work i s  app rox ima te l y  170 000 
dba/month.  

The same type of discussions were carried out for 
other record/set type combinations and this 
resulted in a compromise 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/menth 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 alternatives are esti- 
mated. An informal discussion of soma 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 

$28 
5.2 

$27 
$9 75 

$21 ° 177 
$15 28 

;11 
1.42 

1.04 | 5.1 

Figure 10: 
COMPROMZSE SCHEMA ALTERNA'rIVE 

- new information objects will often cause only 
"local" reorganization in the response time 
oriented 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 
alternative be partitioned into separate parts 
which can be allocated to different physical 
devices 

- implementation: the response time oriented 
alternative seems to be easier 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 su~ry° concerningthe qualitative properties 
we found the response time oriented alternative - 
- to have several advantages co,Dared to the network 
structure - the updating oriented alternative. The 
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conDromise alternative was designed to preserve 
most of the performance 3roperties of the pure 
tree structure, i 

Ouantitative 9roperties.~ 

R : response time alternative (sect. 4.3) 

U = updating alternativei (sect. 4.4) 

Need f o r  secondar~ 
s t £ r e g e  space  (M ch)  

- data 

- record overhead 

- sum 

- total (150%) 

Time for establishing 
the data base 

amount of record 
o c c u r r e n c e s  to 
establish 

amount of links 
to be updated 

tim~1)for estab- : 
lishment/trens- i 
action ( sac )  

tota l  time 1) for  
secondary storage 
a c c e s s e s  (hre) 

- total  CPU-time (hrsi) 
i 

, • ,L i 

Time for u d a ~  

- dba/month 

- tin~/month (hrs) 

- time for sor t  (hrs)l 
! 

Time for answerin~ 
~U81"% es 

- dba/month for 
on-line queries 

- total amount of 
dba/month 

i 

I) Presumption: 

R U 

307 189 

16 21 

325 210 

488 313 

620 050 

1 467 055 

2.4 

126 

18 

1 454 000 

30.29 

1-2 

108. 385 

1 020 000 

856 830 

856 830 

0.6 

18 

10 

3 050 000 

63.54 

3-4 

21 310 

600 000 

1 dba = 0.075 seconds 

5 CONCLUSIONS. AREAS FOR FURTHER RESEARCH 

The concepts and notat ion described in th is  paper 
were found useful f o r  Communication between the 
data base designer and!the user as they made it 
possible to precisely and unembigously 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 inAolementation indepen- 
dent way. 

The ou t l i ned  method fop schema design, i . e .  design 
of extreme alternatives followed bY successive 
refinements in order t~ arrive at a feasible 
compromise, was practibelly applicable. The method 

made it possible to successively check thatstated 
requirements were fulfilled. However, j{he large 
number of calculations necessary to analyze the 
consequences of schema restructuripgs raised the 
need of computer based tools. 

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

(I) analysis of quantitative properties of a 
schema alternative such as 

- secondary storage space, 

- number of data base accesses 9or updating, 

number of date base accesses for answering 
queries, etc. 

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

With this kind of tool, a larger number of schema 
alternatives could be analyzed. Schema alternatives 
could also be analyzed in order to find out the 
consequences of ehan~es in the presumptions, e.g. 
for changes in the frequencies of different trans- 
action or query types. 

(2) Automatic generation of schema alternatives. 

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

Using e tool like this in combination with a tool 
for analysis of quantitative properties, the work 
of the data base designer could be restricted to 
definition of information structure end relations, 
statement of requirements end manual evaluation of 
generated alternatives. This evaluation must con- 
sider also the qualitative properties of %he design 
alternative. 

(3) Automatic generation of an "optimal" schema. 

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 foR auto- 
matic generation of "optimal" schemata within a 
foreseeable future. However, crude heuristics for 
design and evaluation of schema alternatiqes, 
considering also some qualitative properties can 
probably be developed. 

In sunTnary, the schema design process, as seen by 
the authors, will within a few years be aided by 
conputerized 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 number of schema alternatives 
will increase the chance to arrive at a godd solu- 
tion for a stated application problem. 
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