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ABSTRACT

As the processes of information system development and maintenance
became complex, the needs for controlling and maintaing the processes
themselves came out. Data Dictionary/Directory (DD/D) was developed
after the experience of the data base management system to complement
the above needs.

Owing to its historical constraints, DD/D had to use the then
available tools éuch as conventional files or databases. It turned out,
however, thatlone cannot overcome some intrinsic deficiency so far as
relying on existing tools. In particular, tﬁe departure of DD/D from
DBMS cause theoretically unfavorable problems.

The integrated DD/D (GUIDE 1974) overcomes these problems. The
practical architecture of the integrated DD/D using the self-descriptive
DEMS (Hotaka and Tsubaki 1977) is described with a concrete example.

Some efficiency degradation, perhaps intrinsic in integrated DD/D
and DBMS, is observed and the practical method of optimization is

stated.



1. INTRODUCTION

As the process of informaiton system development and maintenance
became complex, the needs for controlling and maintaining the process
themselves came out. Data Dictionary/Direc;ory (DD/D) was developed
after the experience of the database management system to complement
the above needs.

Owing to its historical constraints, DD/D had to use the then
available tools such as conventional files or databases. It turned
out, however, that one cannot overcome some intrinsic deficiency so far
as relying on existing tools. 1In particular, the departure of DD/D
from DBMS cause theoretically unfavorable problems.

The integrated DD/D (GUIDE 1974) overcomes these problems, but
so far the practical way of implementation is not well known. The
author has proposed one method (Hotaka and Tsubaki 1977) using self-
descriptive DBMS. Here the method is restated empﬁasizing the DD/D
aspect.

in 2, various architecture and applications of DD/D are briefly
reviewed. Deficiency of non-integrated DD/D are pointed out in 3.

New approach using self-descriptivity, is introduced to realize the in-
tegratd DD/D in 4. DD/D is the meta database or the meta information
and is itself a kind of database. Its schema is defined in 5 and an
example of the occurrences of DD/D is given in 6. In 7, the use of
DD/D is described from 2 peints of views. One is the use of DD/D by

the DBMS and other by the application programs.’



DD/D is indispensable and plays important role in installing
distributed databases. But only non-distributed database environment will
be considered in this paper. Relations between DD/D and distributed

databases are stated elsewhere (Tsubaki and Hotaka 1979.)

2. REVIEW OF THE DD/D SYSTEMS

Many authors state the merits and necessity, the objects of
description, basic functions and application of DD/D. We will briefly

review these points.

MERITS AND NECESSITY

Not all data of enterprises have been stored in computer much less in
databases. Therefore all the problems of data cannont be solved using
only data base management systems, hence the necessity of DD/D (Leon-
Hong and Marron 1977). Some of these probleﬁs are {Lee and Lee 1975):

. Data redundancy

. Lack of standardization

. Lack of sources or derived information of the data

. Lack of comprehensive description of data

. Lack of tools to make estimates of the effort of changing the data base
. Lack of centralized tools for the DBA to effectively carry out his/her

duties.



Whereas the merits come from DB/D are (Leong-Hong and Marron 1977)

. Simple and effective countrol of the data elements

. Reduction of data redundancy and inconsistency

. Enforcemeﬁt of standard usage

. Enforcement of security safeguards and controlled accessibility to the
database

. Determination of the impact on the total information activity from
changes to data elements

. Centralization of data elements as an ald in design and development
of new systems

Consistency in documentation for data elements

THE OBJECTS OF DESCRIPTION

DD/D must describe all the information of an installation that needs
management. There are many ways of constructing DD/D's, but roughly
speaking, they are divided into three categories of information: data,

processes, user/owner.

There may be three kinds of data: Data related to the database such as
. Databases

. Database files

. Database records

. Database group of data items

. Database data items

Data related to the conventional files such as

. Files



. Records
. Group of data items

. Data items

Data related to non-mechanized information such as
. Manual files
. Documents

. Transactions

There may be two kinds of processes: Mechanized processes such as
. Procedures (an ordered set of programs)
. Programs

. Modules

Non-mechanized processes such as
. Systems (a composgite of subsystems)
. Subsystems (a composite of procedures and manual procedures)

. Manual procedures

Non-Mechanized procedures are playing important roles at the present

state of information processing. Therefore they need careful management

by DD/D.

There may be two kinds of user/owners.
. Organizations (such as department, division and so forth)

. Persons

Relationships among these objects are also described.



BASIC FUNCTIONS

Basic functions usually provided by the DD/D are as follows (Leong-Hong
“and Marron 1977, DDSWP 1977).

. various reporting facilities such as cross-reference reports, change-

. effect reports, error-reports etc.

. Various retrieval capabilities such as keywording, indexing, and online

or batch querying.

. Command language to control, retrieve and update the DD/D.

. Validation and redundancy-checking capabilities

. Security safeguards to control the accessibility to the DPD/D

. Data description generation

APPLICATIONS OF DD/D

DD/D can be used in various situations of information systems using the
above-stated basic functions. Here we observe important application of
DD/D, especially in development and production of data processing systems

(Canning 1978, DDSWP 1977, Leong and Marrom 1977, Lyon 1976, Towner 1977).

In development phase:

. A designer may ask DD/D all the documents relating to the program
which he is now engaged.

. Suppose a designer needs a data item in the database. He wants to
know if the data item has already been defined in the data base.

. In integrating two files into a file, the DBA must determine if the
two similar data items in each file are identical. The process of

reconciliation is facilitated if the DBA can identify the source of



data, its meaning and where and how it has been maintained.

. DBA must ascertain if there are any data of which source have not been
defined.

. He also must f£ind out the data which will be used by a program or a
procedure and has not been defined vet.

. In creating dat;, the DBA checks if the name obeys the standard naming
rules desribed in DD/D.
Suppose a change in the meaning or representation of data -occurrs.

The DBA must analyze the impact of that change using the relationship

between the data and the other resources decribed in DD/D.

In production phase:

. DD/D can monitor the usages of data or programs. Therefore DBA can
find these resources which are not used. Frequently one of redundant
data items can be discovered this way.

. He can also know the frequency of usages of the resources to tune up
the system.

. Sometimes the replicated data are created for the efficiency. The
replication is described in and controlled by the DD/D.

. DD/D generates data definitions for DBMS and ordinary programming
languages.

. DD/D provides useful information for users. E.g. it is useful for
determining what resources are represented in the database, what limitations

are imposed, and what procedures or systems may have already dealt with a

particular kind of the resources.

There are not only advantages but also disadvantages to the DD/D (Leong-

and Marron 1977). DD/D can be time-consuming to install; the maintenance



function may require considerable effort; and there may be objection to

the formality necessitated by the DD/D.

ARCHITECTURES OF DD/D'S
From architectural point of view, a DD/D is classified into two categories:
. integrated DD/D
. non-integrated DD/D
An integrated DD/D is an integral component of aData base Management
system (DBMS). As a result, only a single set of descriptions is required
(GUIDE 1974). There is another way of classification of DD/D:
. dependent DD/D
. independent DD/D
A dependent DD/D uses a particular DBMS to store its description, whereas
independent DD/D uses conventional access methods e.g. ordinary data
management facilities of an operating system. Thus an integrated nD/D

is necessarily a dependent DD/D.

At present, all of the commercially available DD/D's are non-integrated.
DATA CATALOGUE (Synergetics Corp.), DATA MANAGER (MSP, Inc.), LEXICON
(Arthur Andersen & Co.), PRIDE/LOGIK (M.Bryce & Assoc.) are independent
DD/D's. DB/DC Dictionary (IBM), TIS Directory (Cincom Systmes, Inc.),

UCC Ten (University Computing Co.) are dependent DD/D's.

Dependent DD/D's may seem deficient in that it has close relationship with
a DBMS and has no ability to adapt to other DBMS's. But this is not so

because one can implement various interfaces to many DBMS's.



2. DEFICIENCIES OF NON-INTEGRATED DD/D

Both integrated and non—integrated DD/D have their merits and
demerits. But, for theoretical completeness, integrated DD/D is superior
to non-integrated one (GUIDE 1974). We will advocate the integrated DD/D,
and observe deficiencies of non-integrated DD/D or superiority of inte-
grated DD/D.

The utmost cause of deficiency is the discrepancies between two des-
criptions: one held by the non-integrated DD/D and the one held by the
DBMS. The DBM always must be cautiocus so that the description in the
DD/D should not be taken seriously unless the corresponding description
is in DBMS. For example, if he register a new data item in the DD/D, he
must attach status flag to that data item to show whether it is real
(i.e. DBMS is in the same status with respect to the data item) or not
(i.e. the description is only local to the DD/D and has no relation with
the real activity of the DBMS). And when the flag showing that the data
item is real is set, the DBA must control the DBMS so as no users accesses
the database before the same description is memorized by the DBMS.

DBMS is particularly useful in avoiding redundant data thus alleviating
the burden of the DBA. Non-integrated DD/D, though it is a kind of
database itself, cannot eliminate the redundancy of the descriptien,
thus increasing the load of the DBA.

Another deficiency is the problem of consistency. Supposeé certain
kind of security or integrity comstraints are imposed on some data, e.g.
a data item containing the payroll should be protected from accesses by

the person belonging to the other than the department of persomnnel.
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If the restriction of this kind is stated in a DD/D, itahés no influence
on the actual execution by the DBMS since the DBMS simply does not know
the existence of the DD/D at all. In non-integrated DD/D situations, .
DD/D is completely exterior to the DBMS and it is only a kind of appli-
cation of the data management facility of the operating system. The

DBA would have to have checked the logic of all the application programs
before execution if he is to maintain the security or integrity conditions
as stated in the DD/D. In reality, it would be almost unable for him

to preserve security or integrity unless all of the application programs
are developed by a team of programmers where these security or integrity
conditions are enforced by other, say administrative or managerial,
methods.

In the integrated DD/D, these problems all disappear. The DBA can
impose any integrity or security conditions supported by a DBMS simply
by adding or inserting the condition in the DD/D. Here, the description
in the DD/D implies the real control of the data, though the control is

limited to the extent that the DBMS supports.

4., AN APPROACH TO THE INTEGRATED DD/D

An integrated DD/D and its associated DBMS DPLS was implemented
(Hotaka and Tsubaki 1977). Its architectural problems are restated
focusing the discussions on the integrated DD/D. The DD/D is itself a
part of the database, and the corresponding schema will be explained

in 5.
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The definition of the entire database including its control infor-
mation, the so called data directory, is itself described using the
same method which the database use for describing ordinary data.

Since the DD/D is a part of the database, it is described by the séme
method. Thus i£ is described self-descriptive. An integrated DD/D

¢ould be built without using self-descriptivity if the DBMS useé the data
directory in the DD/D as its control information. But the description

of the cqntrol information itself would not be described in the DD/D,
thus the risk of discrepancies of this kind of information.
Theoretically, self-descriptive construction gives the complete integrated
DD/D.

Curiously enough, in a self-descriptive database, a database occur-
rence (supposing usual 'data type" and "data occurrence" terminology also
applies to database) explains the schema of the database. An database
occurrence example will be explained in 6.

A DBMS with any database model would be built self-descriptive, but

the model using flat files or tables is adopted.

5. THE SCHEMA OF THE DD/D

The real DD/D contains all the information from logical data de-
scription to the detailed physical data description. It also varies
according to the model of the information system and admits various
extentions added by particular installations. We will assume flat table

or relational model and simplify the description for the ease of under-
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standing. B
The schema diagram (in Bachman diagramj of Fig.l shows how the tables

or relations are related to each other. The exact schema is described by

- specifying relation manes and accompanying attributes.
PERSON
make
owmn access .
. A
RELATION .ACCESS - PROGRAM
" contain ///////,rf’/;::essed by use calll. [called by
\
ATTRIBUTE > USE CROS-REF
used by

Fig.l The schema diagram of the DD/D

THE SCHEMA
Each relation must have an attribute which contains the tuple identifier

RELATION (RELID, RNAM, OWNER, Lﬂc; TLEN, TIDATRNO)

RELID: the tuple identifier

RNAM : the name of a relation

OWNER: the name of the owner of the relation

LOC : the physical location where the relation is stored
TLEN : the length of a tuple

SIZE : the size of the space allowed to the relation
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TIDATRNO: the tuple id of the attribute which play the role of tuple

identifier in the relation, e.,g. the TIDATRNO of the relations

RELATION, ATTRIBUTE, PERSON are 1, 11, 21 respectively.

ATTRIBUTE (ATRID, ANAM, REL, DTYPE, LEN, OFFSET)

ATRID: the tuple identifier

ANAM : the name of an attribute

REL : the relation identifier of the relation to which the attribute
belongs

DTYPE: the data type of the attribute, e.g. AN(alphanumeric), N{numeric)

LEN : the length of the attribute

OFFSET: the relative ﬁosition of the attribute in each tuple occurrence

PERSON (PID, PNAM, DEPT)
PID : the tuple identifier
PNAM : the name of a person

DEPT : the department to which the person belongs

PROGRAM (PGMID, PGMNAM, AUTHOR)
PGMID : the tuple identifier
PGGNAM: the name of a program

AUTHOR: the name of the author of the program

ACCESS: (ACCID, ACATR, U NAM, ACOND)

ACCID

the tuple identifier
ACATR : the name of an attribute accessible to the user
UNAM : the name of z person having the right to access the attribute

ACOND : the access condition, e.g. R{read only), W(read and write)
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USE (USEID, UATR, UPGM)
USEID: the tuple identifier
UATRE : the name of an attribute used by a program

UPGM : the name of the program which uses the attribute

CROSREF .(CROSID, MPGM, SPGM)
CROSID: the tuple idemntifier
MPGM : the name of the main program which calls a subprogram

SPGM : the name of the subprogram which is called by the main program

The schema of the DD/D could be designed as’ complex as the system
requires, but on}y the simplest case is handled here. For example, all
the length of attributes are assumed to be fixed, information concerning
to non-database data are omitted, optimization in comstructing relations

are not tried.

6. AN EXAMPLE OF THE DD/D OCCURRENCE

Occurrences of two relations RELATION and ATTRIBUTE are exhibited
as an example (Fig. 2 and Fig. 3). They constitute the kernel of the
integrated DD/D. Note the ordinary files or relationslin the database
will be handled analogously.

In the relation REILATION , the first tuple carries the Information
of the relation RELATION itself, i.e. the RELATION is described in the

RELATION, hence this representation is considered to be self-descriptive.
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In the same way, the relation ATTRIBUTE, contains the tuple relating to

the attribute ANAM, REL, DTYPE, LEN, OFFSET which again are used to

describe the contents of the relation ATTRIBUTE itself.

RELATION relation

TID

RELTD RNAM OWNER 1.0C TLEN NOOF | \7r
TIDS | o

1 | RELATION DBA 0 42 500 1

2 ATTRIBUTE | DBA 500 2% 1000 11

: 3 PERSON PRESIDENT 1500 28 100 21
4 PROGRAM DBA 1600 28 400 31

5 ACCESS DBA 2000 29 200 41

6 USE DBA 2200 28 100 51

7 CROSREF DBA 2300 28 200 61

Fig. 2

" The relation RELATION which

describes all the relations in the database



ATTRIBUTE relation

ATR 1ID ANAM REL DTYPE LEN QFFSET

1 RELID 1 N 4

2 | RNAM 1 AN 12 4
3 OWNER 1 AN 12 16
4 | LOC 1 N 4 28
5 TLEN 1 N 2 32
6 NOOFTIDS 1 N 4 34
11 TIDATRNO 1 N 4 38
12 ATRID ) N 4

13 | ANAM, 2 AN 12

14 | REL 2 N 2 16
15 DTYPE 2 AN 2 18
16 | LEN 2 N 2 20
17 OFFSET 2 N 2 22
21 | PID 3 N 4

22 PNAM 3 AN 12

23 DEPT 3 AN 1z 16
31 PGMID 4 N 4

32 PGMNAM 4 AN 12

33 AUTHOR 4 AN 12 16
41 ACCID 5 N 4

42 | ACATR 5 AN 12

43 UNAM 5 AN 12 16
44 | ACOND 5 AN 28
51 USEID 6 N

52 UATR 6 AN 12

53 UPGM 6 AN 12 16
61 CROSID 7 N 4 0
62 | MPGM 7 AN 12

63 SPGM 7 AN 12 16

Fig. 3 The relation ATTRIBUTE which

describes all the attributes in the database

16



17

7. THE USE OF THE DD/D

HOW THE SYSTEM USES THE DD/D
Any complex database operations can be decomposed into a small group
of elementary operations such as
Add (r ; t): Newly add a tuple in the specified relation the relation
identifier (the tid of the tuple which corresponds to the
relation in the relation RELATION) of which is equai to r.
Then the tuple identifier of the new tuple is assigned to t.
Delete (r, t): Delete the tuple in the relation the relation iden-
tifier of which is equal to r and the tuple identifier of
the tuple is equal to t.
Getvalue {(a, t ; v): Get the attribute value the attribute
identifier (the tid of the tuple which corresponds to the
attribute in the relation ATTRIBUTE) of which is equal to a
and the tuple identifier is equal to t. Then the value is
assigned to v. Note,.in our model, it is not necessary to
specify any relation because it is determined by the attribute.
Putvalue (a, t, v): Put the value v into the attribute value of the
tuple the tuple idéntifier of which is equal to t and the

attribute is equal to a.

These elementary operations are further decomposed into more fund-
amental primitive commands such as
Getatr (a, ma; v): Suppose the tuple identifier of the attribute be

a and the specified (meta-)attribute has the tuple identifier

Pl
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equal to ma. Then the (meta-)attribute value of the tuple
is assigned to v.

E.g, Getatr(l, 13, v) = v = 'RELID,' Getatr(l, 14, v)>v =1,

Getar(l, 15, v) + v W', Getatr(l, 16, v) + v = 4,

0, Getatr(l3, 12, v) » v = 13,

Getatr(l, 17, v)+v
Getatr(l3, 13, v) > v ='ANAM', Getatr(13, 14, v) + v = 2,
Getatr{l3, 15, v} ~.v ='AN".
Getrel (r. ma; v): Suppose the tuple identifier of the relation bé
r and the specified (meta-)attribute has the tuple identifier
equal to ma. Then the (meta-)attribute value of the tuple is
assigned the value v,
E.g. Getrel(2, 2, v) + v ="ATTRIBUTE', Getrel(2, 3, v) *+v =
"DBRA'.
and the physiecal input/output commands such as
DB read (loc, len; v): The data of length len beginning from the
physical location loc in data storage 1s read and assigned to v.
DB write (loc, len, v): The data v of length len is written into the
data storage beginning from the physical location loc.

» Using these primitive commands, the above stated elementary
operations can be defined. The definition is written by the help of
FORTRAN and/or ALGOL-like language. TFor example, Getvalue operation
is defined as follows.

SUBROUTINE Getvalue (a, t; v)
begin

integer loc, then, offset, atrlen, ws;



RELATION

| ATTRIBUTE
RNAM LOC TLEM
3 PERSON 1600 |28
/ / |
] REL LEN OFFSET
i .
! 32"+ 3 12 4
% 1600 28 bytes [ ]
W
PERSON
1600T23x(3—l)
PROGRAMIOL
S 4 T~ 12

Fig. 2

Getvalue (32, 3; v)
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integer LOC, TLEN, OFFSET, LEN, REL;
LOC:= 4; TLEN:= 5; OFFSET:= 17; LEN:= 16; REL:=14;
Getatr(a, REL; ws); comment get the relation id;
. Getrel(ws, LOC; loc); comment get the beginning loc;
Getrel(ws, TLEN; tlen); comment get the tuple length;
Getatr{a, OFFSET; offset); comment get the offset of the
aﬁtribute value;
getatr(a, LEN; atrlen); comment get the attribute value length;
DBread (loc + tlen *(t-1) + offset, atrlen; v);
comment see the Fig, 2}
end
Qther operations could be defined analogously using primitive

- comments.

Optimizatien
When an input/output operation is issued by an application program,
the operation is decomposed into several elementary operations. And each
of the decomposed operation is executed as a sequence of primitive commands
as we saw in the above example.
A primitive command can be expressed in another way. For example
SUBROUTINE Cetatr(a, ma; v)
begin
integer offset, len, Loc, TLEN
LOC:= 500; TLEN = 24;
Offset:= (ma=12)* 0 + (ma=13)%4 + (ma=14)%16 + (ma=15)%183

+ (ma=16)%20 + (ma=17)#22;
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comment a boolean expression takes value 1
if it is true else 0;
len : = (ma=12)%4 + (ma=13)%12 4+ (ma=1l4)%*2 + (ma=15)*%2
+ (ma=16)*2 + (ma=17)#2; |
DBread (LOC + (a~1)*TLEN + offset, len; v);
end

Note the boolean expression (ma=12) is supposed to take value 1 if
ma=12 and takes value 0 if ma#12. 1If physical accesses to the data storage
accompanies with DBread or DBwrite commands, it takes several times of
accesses In one operation, such as Getvalde (Seé the definition of the sub-
routine Getvalue above.)}

Since the relation ATTRIBUTE or RELATION is not so big compared to
ordinary user's relatioms, it is wisd to access these tables in a special
way. Possible optimizations are thus

. make the relation ATTRIBUTE or RELATION be main memory resident

. provide the special coding to realize the Getatr and Getrel

commands without using DBread command.
If other relations are expected to be accessed frequeﬁtly3 then
the same special coding for them may be available. But the two most
frequently accessed relations are ATTRIBUTE and RELATION,

As the reader might have conceived, Getatr and Getrel subroutines
cannct be coded without some apriori knowledge of the kernel relation
REL and ATTRIBUTE. Therefore, we cannot change the defigition of them
separately from the definition of the two kernel subroutines, hence the

name of primitives. In this respect, integrated DD/D does not show the
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complete coincidence of the DD/D and the DBMS if we change the kernel
information. But we have shown the utmost range where we can keep the
consistency hetween the DD/D and the DBMS.

In real situation, se?eral of meta-attribute values are necessary at
the same time. So it is convenient to get and put values tuple-wise

when dealing with kernel relatioms.

Database generation

The self-descriptine database management system can grow by itself

when only small number of kernel subroutines are provided. But in reality,
it is less cumbersome to generate the minimum DD/D and get started.

This technique can always be applicable when the parent DBMS exists,

because he can make the copy of himself. But this cannot be achieved

when no parent DBMS exists. The generation or creation of self-descriptive
DBMS from nothing is an interesting topic but will be left as a future

problem.

HOW THE USERS USE THE DD/D

A DD/D can be used as a powerful information administration tool.

One can store various useful information in the DD/D and can make queries
or analyze it to help sovle software engineering problems. For example,

the impact analysis of the data change explained in 1 c;L be analyzed

by cross-referencing these programs which uses the data. These analysis

will be programmed as an ordinary application program.



23

In the self-descriptive DD/D, a user can retrieve every data in the
kernel or system—oriented relations completely the same way as the data in
ordinary relations. Thus he can make use of the consistent definition
of the DBMS, He can, for example, issue the following command.

Getvalue (32, 12; v)
His intention was to retrieve the length of the system attribute
PGMNAM. 1In this case, the command is executed as was defined in the
SUBROUTINE Getwvalue. This logic is rather redundant since we could
have obtained the same result by issuing
Getatr (32, 12; v).
Of course DBMS allow users to use this kernel commands. But the important
thing is that users can get all data in the'DD}D by the same method.
Hence an ordinary query language can interrogate the DD/D as well as
the ordinary relations.

The update to the DD/D is more delicate. Even a user can modify
the content of the DD/D as he can do to using the same interface to access
the oxdinary relations. But there does exist the data in :the DD/D which
cannot or should not be updated (e.g. those duplicated and common informa-
tion in the kernel zelations). And the locking mechanism for these relations
require more delicated controls (Hotaka and Tsubaki 1977). But again these

problems are left for future problems.
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CONCLUSION

The self-descriptive construction of DD/D and DBMS was proposed and some
architecture for its implementation was shown., It is said (Lefkovitz
1978) that the DBMS and the operating system will be integrated in
future. In that case, the self-descriptive DD/D will be a good candidate
of the architecture since it realizes the complete integrated DD/D.

At the present state of art, self-descriptive architecture is rather
slow. But it is expected that future advances in hardware, e.g. an

associative memory of several thousand bytes will help much.
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