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P This. workshop investigated how managers can evaluate,
select, ‘and efféctively use information resource managemént . ( IRM)
tools, especially data dictionary systems (DDS). An executive o
summary, which provides a definition of IRM as developed by workshop
participants, ‘precedes the keynote address, "Data: The Raw Material
of a Paper Factory,"™ by John A. Gosden. The reports from four working
‘panels which follow cover: (1) the uses of an‘information resource
dictionary system (IRDS), with a discussion of organizational
information systems.and database perspectives,. as well as tables--
illustrating how the -IRDS is used in various system life cycle (SLC)
phases and the relationships between IRDS functions and ‘its
users/uses; (2) IRM policies andvcontrols, with a sample strategic
system architecture plan and discussions of IRM policies applicable
across all SLC phase$ and other policies for specific phases; (3)
logical database design, with discussions of user requirements -

+ analysis, information modeling, the interface between logical and
physical design, and the role of DDS in the managemeént of data, as_
well as an 84-item bibliography; and (4). physical database design, '
with a discussion of six SLC phases, including the user requirements .
analysis, physical design, “-implementation, operatiéns, evolution, and
end game phases. A. list of workshop participants and their
organizational affiliations concludes the report. (ESR)

L




- u.s.bermuzmosmoc:mou K

R ;”;T?°“Lci%?§5f"”57““°“ .Computer Science * .
_;:,”E:"{ﬁ:,ﬁ;t’;ﬁ and Technology
0. ,\b ) ~ 0§i§r§:mzmmmxumn$zﬂs .-
S0 . TN .NBS Specual Publlcatlon 500- 92
Foa . Data Base Directions
& Information Resource g
w o .~ Management — . s

S’crategues and Tools

. Proceedmgs of the Workshop of the Natlonal Bureau of
. Standards and the Association for Computmg Machlnery,
held Oct. 20-22 1980, at Fort Lauderdale FL. ’

X .

Alan H. Goldflne, Edltor - - ‘

Center for Programming Science and Technolggy
Ingtitute for Computer Sciences and Technology
Natignal Bureau of Standards
o . . Washington, DC 20234
/i . . - L . — ~ b, - . '

Major Contributors: Mayford L. Roark, General 1

- Chairperson; Henry C.Lefkovits, John K. Lyon,
Shamkant B. Navathe, and Anthony J. Winkler

Iu I~

Assoglatlon for Computing Machinery
,‘“ or c%

‘w’

S

)
Cungay o

A
L/
\
\.,. o %
.
.
’

\ ‘#;“ .o ""

U.S. DEPARTMENT OF COMMERCE "
Malcolm Baldrige, Secretary

~ National Bureau of Standards ] ;
e Ernest Ambler, Director

Issued September 198? . .
o Jso M2 A

Lol 77
{5
L)




.

tRepo on COmputer Sclence and Technology

The National Bureau of Standards has a special responsnbrlrty wrthrn the
Federal Government for’ computer science-and technology activities! ’ “The

- programs of thé. NBS Institute for Computer Sciences and Technology are
designed to provide ADP standards, guidelines, and technical advisory services .

to improve the effectiveness of computer utilization in the Federal sector,and to

perform appropriate. research and development efforts as foundation for such
activities and programs. “This publication series will report these NBS effortsto

~+the, Federal computer community as-well as to interested specialists in the
academlc and private sectors. Those wnshlng to recelve noticesof publications

in this series should complete and return the form at the end of this pubhcatlon :

. . N .-
a ) hd . -

Lib’rar; of Cong‘ress Catelog .Card Number:- 82-600584

st . .
— " o
@

BN

. National Bureau of Standards Special Publication 500-92
Natl Bur. Stand. (U.S.); Spec. Publ. 500-92, 174 pages (Sept 1982)
CODEN: XNBSAV 2

U.S. GOVERNMENT PRINTING OFFICE
o : _ WASHINGTON: 1982

- .

" For sale by the Superintendent of Documents, U.S. Government Printing Office. Washlngton D.C. 20402
Price $6.50
(Add 25 percent for other than U.S. mailing)




. This report constitutes the proceedings of a three-day

workshop on information.resource management tools, -held .in

Fort Lauderdale, ' Florida on October 20522, 1980. "The-

. workshop was sponsored jointly by the Institute for Computer
-Sciences .and Technology of .the National Bureau of .Standards

- {NBS) and the Association for Computing Machinery (ACM).
: The workshop continues the close working relationship ° that
.was  started in«1972 between the Institute and the ACM.'

- .+ The . first workshop in this series was Data' Base

Directions:. The Next Steps, held in October, 1975, NBS pub-
. lished the workshop report as Special Publication 451, and
" it “was reprinted both by the ACM Special Interest Group on

the.Managemeént. of Data and ‘the ACM Spegial Interest.Group on
. Business Data Processing. The‘British Computer Society . pub-
lished the report for European \distribution, and it was ex-
cerpted by the IEEE an Auerbach. :

7

The second  workshqp, Data "Base Directions: The
- Conversion—Problem, was Yield on November 1-3, 1977. It ad-
dressed the questions: "wWhat information can help a manager:
‘assess-. the impact a conversion will have on a: database sys-
tem?" and "What aid .will database system be during a .
conversion?" The report* hay been published by NBS as Special
Publication 500-64, and as a joint publication of the ACM
Special TInterest Groups on the Management of Data and Busi-
ness Data Processing. Portions of the report were presented
-at the 1978 National Computer Conference. :

The purpose of this latest workshop was.to.generate in-
formation that Federal and private in stry managers can ap-
.Ply to evaluate and select .information\ resource management
tools, especially data dictionary sys.ehs, and ‘use them ef--
fectively. Such information is becomin increasingly impor-
- tant to Federal agencies working to manage the enormous col-

lections of data characteristic of today\s operations. ;

The workshop divided into four working panels 'to con-
sider information resource management tools from the stand-
point of uses, policies and controls, 1logical database
* design, and physical database design. Each panel prepared a
draft report, which was then put into final form by the
panel chairman for submission to the.proc3edings editor. /
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. Becausecthe part1C1pants in the workshop drew on the1r
-personal experiences, they sometlmes cited speC1f1c vendors

and commercial products.. The inclusiéon - or - omission of = a
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. On October 20-22,. 1980, the’ Institute for Computer Sci-
‘ences.. and - Technology'; of the National .Bureau of Standards
-, (NBS) and.the Association. for Computing Machinery (ACM) held -
o the.thigd‘inetheir“serigS'qf Data Base Directions workshops.
" The goal of:this workshop was to generate. information that

manager’s ~.ca ly .to-‘evaluate, select, ahd effectively use

. -~ information reso tce-magagement.tools; - ///,/, .
- RN - \ . o
.~ - BAmong ﬁhese.fools,fayeentral role. is/ played bys data

dictionary systems . (DDS)) which have become basic to all
-phases of data administration.. Managers increasingly turn
‘to .data: dictionary systems to satisfy requirements for in-
formation resources management (IRM), to said in database
-design, .and to provide the info;mation needed for the effec-

P
.

tive auditing of data. - .-
*aexeforé;Vthe.waksth was organized into four ﬁorking
which met to discuss: ‘ . .
* UseS'of:the Information Resource Dictionary System
< for IRM c- . :
* IRM Policies and Controls . -

* }ogical Database Design

. * Physical Database Design . .

The workshop participantsv realized that their first
priority was to develop a working definition of information
resource management that would allow them to focus on the
key issues. .The definition that evolved was: ; e

Information Resource Management (IRM) is whatever
policy,  action, or procedure concerning ;jinforma- -
tion  (both = automated "and non-automated) ‘which .
management establishes to serve the overall
current and future needs of the enterprise.. . Such
policies, ‘etc., . would include considerations of
availability, timeliness, accuracy, integrity,
Privacy, security, auditability, ownership, use,
and’' cost-effectiveness. o

-

-
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Uses of the Informatlon Resources D1ctlonary System for IRM _

‘This panel 1nvest1gated the questlon of how data dlc—l
;tionary systems could be’ used to support managed informatlon
envlronments and help organizations realize the'benefits of
‘an. enterprise-w1de information resourcé system. After gen-
- eralizing "data dictionary systems" to ."information resource
dlctlonary systems (IRDS);" the panel examlned the questlon;'
~ from three perspectrv : L R A

‘.’ ‘ . . L ‘
1. the enterprise’s:. Organlzatlonal perspect1vej'vkﬁ
""2. 'the perspectlve'Qf ruformatlon_ systems supportlng
the enterprlse E DR T e

PR . R . I . s 5'_"

13;- the perspectlve Of the enterprlse s database_'

. .From the organlzatlonal perspectlve, the panel conclud-
ed- that the IRDS should prdvide information both for those
" managers directing the buslness functions of the enterprlse,
and for those managing its 1nformat10n resources. ' The. IRDg
shows funct}onal_managers what 1nformat10n is, avallable, _the
form ‘in which it is available, where and’ how to .obtain it,.
~and its probable cost. Informatlon résource - managers rmeed
_the TIRDS for analytical data on how often and how effective-
ly ‘the resources are be1ng used, as .well as to. help them
analyze and assess the lmpact of proposed changes to an 1n-
formatlon resource. . . .
 The Eanel then examlned the potent1a1 uses’ of the IRDS
during the phases of an information system life. cycle. For -
~ each phase, a table was -constructed 111ustrat1ng how the
IRDS is used. by various categories of users. For example, .
during the. requlrements phase, the- 1nformatron "customer"
defines the generic business appl!catlons and methodologies,
,and the .informatiom resource manager then translates these
to the context of the enterprise’s information resources.
The overall application is reylewed, through the 1IRDS, by
the data»audltor. L - : o .
» o
The third perspective viewed 'the IRDS in relation to
the development of, “acCess to, and support of enterprlse
databases--both automated and non-automated.  The IRDS.. is
used globally to view all data independently of eavironment
and physical implementation, and to support the functions of .
copeeptual database design, ~qsyelopingrprototype systems,
"and data mode11ng.'70perationally, the IRDS is used as: S
* a directory of the enterprise’s data and 1nformat10n
' resources, providing the 1ocatlop (and a path £o ob~
tain) the needed resourcés e -

- - . ' - . . . "
ot . v



e T ' St : »x‘rl/: EEE 7":*" S
. % a'"ﬁpport for a g1ven» database management system ' . .
(DBMS) 3 Here _thefIRDS is ‘used by the database ad- -
. - ministrator tovdescrlbe and’ mon1tor ‘databases; -‘gen- .
v . . .-eérate. schemas, and*rmplement 1ntegr1ty rules and ‘ac~ .
ST lcess constralnts. R X T sl

LA . . . e -
el L I I
e . R S

* IRM Pollc1es and Controls f_fjj LR e, .’ g

."_-. ‘e

This panel was*charged w1th 1nvest1gat1ng the po11c1es ,ﬁ
an organization requireés ‘to establlsh ‘standards and controls
in an IRM envifonment.. Since the members of the -panel had
' ' been *-drawn both -from the IRM technology sector and from the
g,1nternal audltlng professlon, it was dec;ded to ‘divide the\

panel ' ‘into: separate technology and auditing worklng groups.l- ,
. The final. report of the paneI comblnes the flndlngs of .the ‘
Co. two grougs ) L e o

v

_~ e = . ,;‘ . . T . R ."-'

oo The panel de eloped a'set of fundamental IRM pollcaes
‘for  -a - hypothetfcal. organlzatlon. These . pollc1es emphasize .

the need for a ntegrated Set of plann1ng do%nts }

% g strateglc system archltecture plan

L) long range 1nformatlon plan et L sl T
- :g‘ * gu1del1nes for the ‘use’ oﬁ dté%monarles, languages,
databases,‘and networks PR R -

>

. R " e
L, * a data sﬁ\hdardlzatlon planv .

After out11n1ng the strateg1c sYstem archltecture plan
“(the key document) .the panel identified, speciflc policies".
that are important to the overall suceeéss of- .IRM. :The re-"'
port discusses .or lists:deliverables, app11cable computer—
- based“tools, concerns about tdols, IRM control .policies, and
~~-auditing -risk » exposures. These /olicies affect all. phases
of . the 1nf6rmatlon system llfe cycle, and have a s1gn1f1cant °

1mpact on other areas éf an enterprlse. A ‘
- % - . . ‘r:"--
-~ -, N T

Logical Database Design Lo Tt s

R

-—-

This panel addressed the issues of IRM as” they relate
to the process of logical- database designm. To best. exp

this broad area, the panel wasr d1v1ded into four wor ng

groups' R '., e :‘--., i f;}-; SR : -

N R Requlrements ,Analysls/Assessment of ‘User / Needs. =~

e THiGLY worklng group closely examined the process by
F}«""'Fﬁfiwhlch a. mean1ngfu1 ‘statement of -an enterprise’s in-
~- 7. formation reguirements is' developed. The droup con~
) fcluded that. ex1st1ng tools and methodolog1es 1n.this




s

: f number of desirable features, but that
no szngle technfque “stands - out._ Data dictionary'
ems~were emphasized a -'t'y.,ﬁﬂv e

ing the. analysis“ fﬁw~‘ _:_r,,. o
-control: mechanism S “. j,*”
*'ool to.perform’ basic analyses L ;-
+d manager-of a.database to. _which more soph i
cated analytical’tools may be applied

S nformation Modeling.f. This group identified the‘
SO asic-processes inyolved in. developing an. integrat-
- ed, formal,- 1mplementation-independent spec1frcation
?_,’Tof.application—speCific enterprise information. " The
‘a,group surveyed ‘the bettér known informationr models
- and-: the existing~ tools for database design. . Theyv..
'Udeveloped the. concept -of a "database ‘werkshop" - to
‘support . the:design.process. This workshop: would’begf_.
" built” around ‘data’ dictionary, ‘which' would play .an~
-active " role -as '‘a repository of metadata about the

.

o database being deSigned;~gg;, E,';_;;g ,;‘_ e .w_4
oL ? - e . I :
{;ﬂ;l%;3yl§1nterface between“Logical and- Physical Design. This;;'b
R ;u;ﬁgrohp discussed the:~relationships between logicaljfg‘

LR ssand physrcal design.g Sl -reviewed some; .
',vresul. ,of logical desig which influenée physical.-g
jdesign ec1sionsh,and examined the~ impact.of physi-f=;:»

- 4. Role of Data Diction&ries Management of7 Data._?
e - This:: group ~-summarized‘: the role o} % the\DDS as.pers
T :;;}forming ‘the- ‘functions of 1'planning, control; direc-"'
iy tieny and, organization of -the: information resource." e
. The. members - -¢oncluded that while- axzdata dictionary o
- is7integral . to a database: enVironment, .the. DDS - it= - o
-?l;self Should be independent of.the DBMS.- * They - iden—;~,
. tified"-a‘ list of DDS feature helpful‘in designing-ﬁ
_databases; both in: distributed and centralized ‘en-
-gvironments.. R S . D

U e e

’é;' This panel investigated the _”ysical issues: of databasef'.
design using a data dictionary system. . Once.. -again; a system
life cycle framework was-chosen to escribe the uses of the, e

;fjﬁ”fl;u=User Reggirements Phase. Th dictionary for a new?

vt LT . ‘database is initially create during ‘this phase us=-_
vis o ing” logicaI design components\such- as entities, at=

o ttibutes,fh‘gand relationships.v;f The collectedff




. .‘.

) Phxsical Des;gn Phase.-

TR

be collected 1n a non-DDS environme;rciﬁgu,.g‘ T,

- tadata’ needed to describe decis;ons and, actions jthat

bThe panel -identified th} me— L

.lead’to’a specific database design. -~ This- metidata -
~is’ . also necessary to determine the distribution and
vﬁplacement of récords. within- the ~available storage

‘f?'metadata"'or data about data is’ the ‘same- as. would.f“

. -.design as well. However, t

ff-space,‘ and . the specification of, procedures leadlng'
- towards va11datlon of the database. - '

~'.v .

'%,;gglementatlon Phase. Thls phase can be v;ewed as" a:;_

‘conversion:, from ‘an . .o0ld: system-or design to a new ' ¢
~ + one... Certalnly the DDS should reflect . information - -
+ .- abott.  the new design, and gosslbly, ‘about the older

shouldn”t.. also be . ‘possible  to . use an active DDS
A

.,vdlrectly to assist in, the automatxc 1nsta£lation of

U 'the database. SR _ >

'ment1ng the answers to these questlons-

quirements phase? |, .

_deslgn phase?

" * What is the actual performance dur1ng the opera—l_

‘;;tions phase? -

<ﬁ1?'-What are.the est1mated character1st1cs :of data -

. and usage : -from' the requirements phase?

"?;fWhat are ‘the actual characteristics of data and’

-rfjJusage dur1ng the operatlons phase?

Z’Evolution Phase.‘ Reorganlzatlon and des1gn may )

require major changes to:the definition &f the data.
Most of the metadata that the panel‘~1dent1f1ed as

e panel wondered why it

What was" the de51ned performance from the re-.

.~0perations Phase. The DDS. is the veh1cle for docu—q

a2 *_ What was - the pred1cted performance from the_”"'

-

... -necessary during the physlcal deslgn phase ‘would~ be, -
“needed here -also. . - o

End Game. Phase._ The panel recognlzedfthe pOSSlblli—

- ty- that | the operation of. a database might at some .-
“time -be shifted to a dlstlnctly different .mechanism.

- The -DDS then would play the role it does during the

conversion in the’ 1mplementatlon phasé. The archiv-

ing - features of-a DDS would be espeC1ally 1mportant‘
: here. o L : . £ :

. A-q/‘ e



o DATA BASE DIRECTIONS et
T mronmnon RESOURCE: MANAGEMENT—-STRATEGIES &. TOOLS

Alau H. Goldfmne
IR gditor_; N
. o : <. /;:{,. - :“ o A ‘ . o '

.This report constitutes -the results of .a.
———*——thnee-day—worksﬁop—on~informatron—resource—manage-
‘ment tools; held in Fort ‘Lauderdale, . Florida. on
“October 20-22,: 1980."° +.The workshop. was sponsoredi
]01nt1y by the Institute for Computer Sciences and
Technology' -of the - National ‘Bureau of -Standards
. (NBS) 'and the Assoc1at1on for Computing Machinery :
tacw) s , S |
- - .Patterned after the two previous Data Base'
Directions ‘workshops, this -workshop, Data Base -
- Directions: Information Resource Management o= o
. Strategies - & Tools, investigated how managers can;:”;
evaluate, select, and effectively .use:’ 1nformation' .
resource = management. tools, -especially data dic-
- tionary . systems. The approximately‘,.seventy '
_workshop participants were organized into. four
workihg panels, which met to discuss Uses- of- - the’
" Data Diectionary System, IRM Policies and .Controls, = . ..
Logical‘Database De51gn,~ and- Physical - Database- -
Ikmgm S ,~ @w'“'- f Tf yyf'>

. Key words: data’ dictionary system, ‘data’ management,*~
. database; database . deSign, DBMSf information R
o resource management. : : R
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B R INTRODUCTION

 Mayford

" GENERAL

_,Biographical*SKetch' S

: Majford L. Roark has headed" the 1nformatlon systems
function. ‘at  Ford Motor Company - for the: past 15
'years-—flrst as Asslstant Controller._later as . Direc- -
tor  of Systems, " and- presently -as " Executlve .
:Dlrector--Systems.v Mr. Roark Jolned the Company’s
~ PFord Division -in 1952 as a Senior FlnanC1al ‘Analyst,.
"/ and managed several financ1al departments at Ford from
'fl955-l965.l _ . -

- Mr. Roark was a Budget Examlner at the u. s Bureau of
~ the Budget from 1947 :to 1952. Previously, he was with-
. the U.S. Weather Bureau and the COlorado Department of
'-Revenue. o e

“m e X '

- He is a. graduate of.the Unlversity of Colorado,- where'
" he . recelved ‘his BA- (Magna Cum Laude) in 1940, and a
_Master of Publlc Admlnxstratlon degree in 1942.

'He is past V1ce Presrdent of the Amerlcan Management

. . Association, and was .General Chairman of the 1979 ‘Na-.

" tional Conference - of the~ Ass001at1on for Computlng
'Machlnery.- ool T

L . . : A . . e e T : - .

1.1 ~THE-rrRSm.TwoipATABBAsE;brﬁnciIONSFWORxsnoes

: Flve ‘years have gone by s1nce the f1rst Data Base g

_ Dlrectlons “workshop in the Fall of 1975. . That meeting. was

M.concerned -about - the - fundamentals' ‘of. database art--the

_language - structures.. ‘the standards needed to govern future

growth, and. the benefits to be-expected from the. - database :
enV1ronment.ﬂv R RS o N

AN

" Data Base D1rectlons II, in late 1977, addressed a more”l
advanced problem--that .of conversion. ' Already it had become
- apparent, standards ‘notwithstanding, that mapy of us would

~'be. faced sooner or later with the task of adJustlng from one .

database env1ronment . to, another.. The‘}value ‘of, - these




drscusslons\was brought home to ‘me . two years later when
there ' was an urgent phone call; from a-systems—dlrector of* a”

" told by -my ‘management  to convert at onceagrom batch‘to K- I
state—of—the—art database environment. :The roceed1ngs of. .
Data. ‘Base Dlrectlons JIT af@ the only 11terature I< ze been:

able ‘to, f1nd on\thls problem.: LT e e .

! . .\ - — ) . "\

large-scale government organlzatlon who :said, " "I’ve. beenw_“

B Rl

B 1.2 DpaTa BASE__DIRECTIONS—«*III"‘T:-“‘T__"?' -

[RESUE S

.f . . : . . - . . . . ." o L r R T : :

% _ ' Data Base D1rections III has recognlzed a growzﬁgf;atu—

- rity ‘and acceptance of database systems. In late- 1980, most
‘organizations were directing- their major“systems development
toward ‘on—llne,_ database  systems. ~The software market

\
‘presented an outpourlng\not only of database management sys-
‘tems, " .but . also of related products for the management. of
these systems ‘and for the information resource as .a whole.
'The evaluation of the resultlng "Strategi€s and Tools" pro-
- vided the theme for this: th1rd Data Base Directions workshop
. on October 20—22, 1980. d-' . o

l 2. l Us1ng the Data D1ctlonary S%, . :
"7 7 The most obvious of ‘these too¥s .is the data dl°t1°nary

-system. Although most- organliatlons have by now accepteda,
. the idea that information files: ought to be - organlzed in-
dependently ‘of the - computer ‘pograms they ‘support, it is -
- quite another thing to’ keep’ track of the-contents of . these.
- files as they expand to. encompass V1rtually every segment ofh
“information with which an organization is . concerned. - Most .
~ suppliers of database.management systems have developed ‘data
dictionary systems to accompany - their offerlngs. ‘Several
software. firms .have &eveloped 1ndependent data- d1ctlonary__
systems. . Most of us are’ still struggllng to learn hog best¢
to. use. these tools for- manag1ng the rap1d growth 1n ur in--
formatlon resources. S - L _ ERE

3

l 2 2 Standards and Controls. }gﬁ T

. As always w1th the prollferatlon of new technologles,~r.
' the exp1051on of information: ‘databases has . led to .a cry for
- '"standards -and controls."—How .can. . we,. apply - standards_ and;
_controls w1thout stifling ' the growth we: -are - . trying to
manage?. Thls was a second theme of Data »Base D1rectlons» :
. IIX. . _ .

- ST . .

[




l 2 3 Database Deslgg. j” 'jf.vf 'p,,,f,:"V

o Flnally, the growth of our databases has confronted us
.-with serious problems of architecture. In the database..
fleld, we must consider two kinds of archltecture—-the "log—‘
-ical database design" and ‘the "physical database design."
Although these may be related, they are influenced -by dif-

ferentwrneeds .and _considerations. - -Data- Base- D1rectlonsQ;II—-—¥

-dealt w1th these' problems through two adthlonal study —
groups.; . _ -

R VU -7 : N ‘\ j e
1.3 concLusION, .

hll three Data Base D1rect10ns workshops over this five
year ' span -have attempted to draw on the experience and
'skllls of individuals who have achieved - d1st1nctlon either -
-as practltloners or "as- students of  database “art. The
proceedlngs of these: d1scusslons. therefore; prov1de an in-_

. valuable- compendlum of the accumulated experience of" people :
who have been closely involved in the, identification’ and
'solution of problems at the 1ead1ng edge of database tech-
nology. : v . _ . _

o)

As a part1c1pant in. these dlscusslons, I found the ' in-
-dividual ~workshops “to - be an invaluable stimulus to my own
th1nk1ng and a rich source of 1deas. All of us who partici-
pated. . in the meetings will hope that you, ‘the reader, will
.share in the inspiration that we were able to gain through
the three days of face-to-face meetlngs w1th our colleagues.

. e




" 2. . DATA: THE RAW MATERIAL OF A PAPER FACTORY .

"1John-A.'Gosden . T ..

- _BiographicaILSketch' -

' John Gosden .is the Vrce Pres1dent for Telecommunlca-
- tions " for the Equltahle Life Assurance Society, where.
_he is respons1b1e for’planning, providing, and recom-
_-mend1ng management policy for all e1ectron1c communi-
" cations, both voice and data. He Jolned Equitable in
1970 as "a Second Vice President in charge of the
- Technical Support Group. From 1975 to 1978 he was in
“charge of Corporate Computer SerV1ces.e

-'Mr.,Gosden was with MITRE fr&i’ 1966 to 1970. From
1966 to 1969 he was head of the .Program Systems 'Design
Subdepartment, and from 1969 to 1970 -he was head : of -

'~ with automatien ‘of a factory. An insurance ‘¢

- the | Information Systems Deparfment of—the-NatIonal
, Command and Control Systems. Division. of the MITRE
. Corporation”s. Washlngton office. Previously,; heé was

with Auerbach Corporat1on and Leo Computers. L

In 1977, Mr. - Gosden was cha1rman of a Federal Adv1sory
- Group on White: House. Information Systems, ‘which re-
ported on ways to use\1nformatlon,systems to 1mprove |
~the dec1sion mak1ng processes of the Presldent.-

t - R N
. . N .

2.1 m"‘mrmsr-mc _CHALLENQE_

\ 1‘-

It 1s ‘an 1nterest1ng cha11enge to compose ‘a. keynote_f

y,speech to ‘such a specialized and -expert. audience. A dozen.

years ago 1 managed several projects ‘and was - very involved *

. in databases. In- ‘the, last ten years my- exper ience has been -

e on

any”s home .
off1ce is bagically a paper factory, and the raw material is

~data. In the last twenty years insurance companies have au-

tomated the “basic production lines and have pioneered . many.
app11catlons. ‘Now ‘we are looking at the’ future and there is
much more - to do, and ‘one of the c¢rucial technical problems
is how we handle data: store it, ‘index it, -access it, update
it. My speech today is -essentially the content .of a paper

'~or191na11y prep red for my top 11ne managers. _?he _mater;al'-

f;47%
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has not- been modlfled for th1s technlcal aud1ence. Thls*’ls_

the way ‘we -~ described- ‘the next twenty years, how. computers

 and. communications will evolve, -and "how we .expect . -business

“to rea5t7-.1 th1nk it 'is- an- 1nterest1ng commentary on_fj
- today”s. insurance managers ‘that 'such a paper with a" strong’ - .

."dtechnlcal background 1s an 1mportant part of thelr plann1ng.

Sectlon 2. 2 d1scusses current changes'fin? technologyr

that will be familiar to you. The two systems mentionedy

- CAPS and EQUI-CLAIMS, are large, on-11ne, centralized -data-
base systems:- that - support over half our 1abor and paper-
intensive business act1v1t1es. - They - cover ‘over 3,500,000 °

--1nd1v1dual ‘life insurance. pollcyholders and some 20 000,000
peopie covered for health insurance. ‘These systems depend
on databases. For - these and many. other. appllcatlons we run,
~data‘d1ctlonar1es are a. cruc1a1 tool.

+  Section 2.3 d1scusses a . social and . businessf
phenomenon—-lnstant service. . We use a code phrase._"I want._

7" it now." Technology makes it possible.. ‘Business flyms ex—~

'plOIt it to get a competitive advantage, whether it is need-
ed or not.  Then it becomes a "want,"” and a. commercial im-

perative. Thus, ‘improved .service becomes 1mportant competi-
_t1velyu Thls is complicated by an 1ncreas1ng volume of data
that is made avallable by automatlon. .

Sectlon 2.4 pred1cts how managers and management must,
and will, react.to the greater serv1ce demands-'j

. * :Managers w1ll become more analyt1cal._u :

v .

_?""One-stop—process1ng w1ll be the éomlnant mode of-;'

'proces81ng. _ . ,__, B A

Gk Serv1ce representatlves w1ll become key staff roles.'.d

- -

'“thelr support systems.'

.

-data services, ~and these will be increasingly difficult-

- construct as: the. systems become w1der-rang1ng and more com- . '

plex.;_>;- S

*W;Serv1ce representatlves will be | very demandlng of'{'f

Serv1ce repreSentatlves ‘and managers will - demand gogg-7~
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..

- . Néne-of thiéfis‘wila'iﬁaginationér AlIItﬁé$é‘¢réha$'aré
in place - and happening today. The pace is determined by

. pragmatics, successiul.igp}emen;qtiqq,janqf;the*,competitivei' e

¢

- .situdtion.. e R A S

-~ The major ‘point T want to establish_and reinforce -with -
you iS',that.-serviCe-‘consideratidns_‘will'ZdrjvegdatabaSQm,,u

- . design much more than is- now.the ‘case. :We ~will.want .con-
“ffvenient**acceSSfto—a—wfde?rangefofﬁdata;LLIt—will—needfto;bg_f_f;;

»;-a-qqmmon¢$YSFém~a“d centralized*databasesff

iﬁ“2}2;i:sééé¢55FiIiﬁ§5ﬁij’ifﬂj?ff3ﬁ:?' S

_.solufions. -

2.2 CHANGES.OCCURRING |

linked togéther and cross-referenced in a -number - of ~-waysy
and _ ‘these ways may be continually modified. ‘This indeed is

Ca very.difficu;t;prpblem ‘and we will be waiting for .your .

_'..yOvef'thé'iéstvthirtylfeafsi there have been 'qfamétic .
changes: -in ‘computing and- communications technology. -The

-.computer ‘has evolved as a powerful tool,_and has :been ..in-

_c:eaging,'in_,power.;more- than,tepfo1d‘each_decade‘,:Weunqwl
have 'a wide array of computers: large, . medium, . mini, and

" minute--even . pocketgcalculators'thatfaredmoreJPOWéfful than

the large computers .of 20 years . ago. .Communication technol-"

_;jogy pas*aISOfg;own,dramatical;y(j.We'dbw'have-large networks
__.of terminals- and computers. .We have changes in . telephone’
- — —stable and stag-

systems every -few years instead ofa-very- g____;;;

" nant -set of. systems. CQmmunicatiQns“aﬁd,cqmpu;ggSQhaVe made
_possible large systems. such as. GAPS and EQUI-CLAIMS and have*®. -

provided a basis for.regionalizing .service while maintaining - .-

-

'ff;ﬂﬂﬁﬁerenié‘téchhbiqu,ébihgiiﬁjtﬁéffﬁtureféhd how willVitgfy

. change our way ’of. ~doing.-business? We - expect dramatic
“changes -to continue .in:the-next twenty. years. . The . .major .- _

. :changes 'that -we will sée will occur because systems and ser-
“yices can be larger, more compxzehensive, faster -(or- more . =

x“responsiv¢);;¢and;¢alljgatﬁlowe:fcosts,;-There are more than

,"Qenbughﬁpewfideanardundyjadaias;qqsts&come down new -ideas
gibecbmeilegoaniq;:anq-.att;ééﬁiqegi“VWhaﬁ follows ‘are some - -
deVélopmenté-thati;.expecgatOgbegoméﬂévailablé;gﬂ B R R

v

o

:VEEJ’;Mhﬁyféihpié ;¢1epﬁdhé5mgssagééfwiilabéiéutbma;éa;'i-To;'

 ”day,.'peop1é leave -messages . to.call each}bthérfbabk{fthiS"“u“~
. cayseSvf:uStrations“and;delaysgagSQQn.we'will;uhaver“9ystems,i‘hﬁf

" with which we will be able to.dictate messages to each other ..

" warded to others.  Any new message. can bé attomatically sent - ..

".'and call_upudh‘oU:fbwn;te;ephonesﬁto;listen to tHe.  messages . .

dictated for us. - ‘The messages can bé stored, and:even.for=,

"to a list of ‘people. . -If you are-away:from your telephone - -
e g T T s e



you can d1al in to get your messages. . 'fu,':j 1 f;"~‘.,"

2 2 Electronig gall and Storage. ‘7--, ';;',hﬁyJ:;j' ' d*x

‘;T T Messages. memos, letters, and contracts that need “to be -
in writing ‘will-.appear only rarely on paper. They will be
- prepared.on- term1na1s, ‘sent’. \electronlcally over networks,_

" read from ..a- screen, - indexed and filed electronlcally. o
_____Managerseand—sta£f~will~be~ab1e~to~use—term1nals*to—scan*and————
‘z-retr1eve documents  needed to review history, or to- record

‘answers. to questlons.* Paper and copying ‘costs '(dollars: and
wasted .time) ' will be cut (drastically, I hope), ‘mailing de-
‘lays avoided, and many problems ‘of keeping files up to - datej“
and f1nd1ng th1ngs 1n them should be much’ s1mpllf1ed.~ L
2. 2 3 Image Storage._,— “‘~d ) “fisjf - ”;ﬂi-*_ s
. Some 1mportant documentsjrphotographs, s1gnatures, and"-f
letters that ,arrive in non-electronic form Wwill: have to. be~:li
stored. Today, these are filed becausg  they.are too- expen-'djj
'sive to store: in.  electronic form. With reduced costs we ‘ °
will be able to: afford to -supplement automated _electronic
f111ng systems and keep such documents as- "photographlc" im-
. ..ages .in’'our. electronic flles, thus eliminating more paper, R
H-f—and sav1ng the problems of transcrlblng them.,; e ; ‘

BUY TN

2. 2 4 0n-L1ne Reports, AnaLYS1s, Graphlcs. 7155f'~%f‘

: 'ﬂhe~new systems cannot s1mply present raw data‘to - exe- .
o cut1ves. - Just -having all the . operating ‘data” ‘on-line does. -
‘.. . not.mean a manager can just. press. some buttons ~and see a . °
'7'“ useful management; report. -Actual results that are dlfferent.-*-
~ from pred1ctlons ‘Qr’ plans need 1nterpretatlon. Experts will =
. have - to analyze and" fllter results, look. for ‘causes, and’
.separate the effects of each. _They" widl - use  'powerful ‘‘on-
. line. analytic tools: .and. “create management reports using .
graph1cs technology to-produce'd1agrams,vtables,.charts, and. . -
: graphs display - -results.: . Where: models ‘have. been
developed, new trends can be fed into. . them to’ proyect possi-.
\ble changes -and. allow management to-consider new alterna-.
t1ves. R T \. T \\¥+,~-¢-~5,,;w;“u”.m

2 2 5 Retall Databases..,;_;f:...
-&ju Today, there are some: databases ma1nta1ned and avall-ffm“f
.able for< a“fee:' Stock Exchange ‘Prices:and volumes; 1ndexed*‘¢_:
lega1 rullngs, ‘travel-and-vacation ~data; - ‘industry’ statis-.
"tics; and several government stat1st1cal publlcatlons.« ‘More - - :

L of. these'serV1ces will be’ avallable and - ‘used - by managers.“,

" ,Private . ‘exchanges ‘may - well ‘dévelop, and'we may also expect ... .. .

:in-=housé databases" to_be organlzed so that they are’ useful '
_to. - other™: parts of. the organrzatlon. ' For’-example; both the -
. ) . ) ,-'.", . . oy T " :‘-.’-}..’
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_’~personnel offlce and the controller need to look at employee
’ data. . o - o ;,_~ : :

.- S~ T

¢j2 2 6 Varletyfand Convenlence of Access.gA f: 'ﬂhc_A

_ Small term1nals w1ll be avallable for use ;- at home to
access *business systems. .Today, the special’ communlcatlons
- lines needed are expensive and take time to install. - By’
~-2000, cable TV ‘systems will allow home termindls to be ‘con-
nected to company systems without having to install special
lines,  and without being restr1cted by the llmlted capac1ty

. of telephone llnes. N

Cot e
[

__2 2 7 Cable TV Exten51ons.

Soph1st1cated cable' TV, 1nclud1ng systems .such as.
,-?“V1ewdata, . will become avallable. Viewdata is a new - type
.. of service that ‘enables suppllers to make’ statements avail-‘
-ablé. about their- serV1ce~and products., Vlewers ‘can’ tune in, T
. scan for products they are’ interested in, see -a - telephone A
gnumber,- call’ up,gland conduct business.. /Many. simple func--f*
" tions will be carried out by‘a ‘simple keyboard, -similar to-
one -on a touch-tone phone,'and the TV 'screen- Wlll be used(
for replies. 1In short, a large variety of ‘devices and ser- )
- vices will be developed around the home market. S R

2. 2 8 Qne-Stop Processing..

_ One—stop process1ng 1s a term used to descr1be a system_-
1n_ which a - s1ngle person, can provide a- complete range of | -
*serV1ces.; Thus, a. customez can' be dealt with-by-one . person

_*w1thout having to. go_to varlous.desks or ‘countérs ‘to-be ser-. e
"wviced. A good example' is”an - airlane-.reservatlon -system

_1'where one clerk can make all the.reservations, check credit;

-~ issue the ticket, and- check—baggage.~—Such_systemsadepend_on~w~
good  on-line databases, relatively cheap términals, cheap -

. pprocesslng, voluminous storage, and,. mo'st of all, ‘the abili-
'ty to. :design and install such systems even though’ they re-.

_ 'gulre dramatlc changes in organlzatlons and in: employee at-"'
-jt1tudes. LS S e AT e T R

. -
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2.3 3 GENERAL ‘ rjonc'_ns;»' ST"anM_-mG; .chNGE_

~

Worklng alongs1de 1mprovements in technology ‘are con-v

'.sumer1sm, -changes in- c0stomers - expectations, and  some:
'.current frusﬁratlons that are st1mulat1ng changes 1n SOClety
and bUSIDeSS.}l : ,)-_

Flrst, there is a pervaS1ve theme emerg1ng today. - that
applles to- customers, ‘employees, -
vasive theme in our soc1ety.- I believe it will ,also be
- characteristic of the. early twenty—flrst century. ‘I€ is ex-
pressed in the phrase I ‘want it now! A-generation.of people
are.. growing up-.in - an enV1ronment - where
letters but make. extens1ve “use 'of ' the- telephone.a

expect to be. able to. get a- . response or —-action. r1ght
away—-buy somethlng with- a cred1t card, make-a:
arrange an app01ntment, get a prescrlptlon from a. doctor.

AN

‘managers--indeed ‘a per— .

they write few
Theyi .

reservatlon,1f”

,‘.

Second, compet1t1ve forces w1ll/cont1nue to be a strong,;_

dr1v1ng force, and service .orientation -may become .more im—

portant than Price’ (just as; with convenlence»~foods).;

_Ohce -

‘.- . sérvice’.becomes.that. 1mportant, all vendors must adopt such*ff

.an attltude or face a decllnlng buslness.;

te e s

Th1rd, there is the'groblemdof cop1ng w1th an.’ 1ncreas-ﬂg;
‘Today, government and bu31ness organl—-lb
‘At the same time, _the _comput-.’ .

) 1ng 'volume  of ‘data.’ -
zations are drowning in data.

1ng “and. communications technologies are
in scope -and . .power. Information technolo “the’
-~ by - which' the-tools are used for the 1nterpretatlon, ‘presen-
v tatlon,_and controlled use -of data, ‘are . in the early ‘stages
-+ of- development,

‘g' fice of the Futuré" projects by«Amerlcan bus;ness, however,

ncreasing—raprdty—_—

technlquesm

‘The current -substantial investment in "Of- .-

-—-reflects—a~growrng-rnterest-rn'th1s~area~7w“

~3 o ._.'_
AT v <

Overall, in the next twenty years.I expect that tech- =

nology, ‘business, and- “social.: pressﬁres Will accelerate:

E deveIopment of systems that- respond faster to the needs of

- buS1ness manager staff, and customers,nﬁr;;_ e Lol

: - o 4{ Cor . - "‘ sy
s 2 e . 912- | - . - o
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2.4 THE NEW MANAGER'S WORLD OF-2000 . ' '

. ¢ - . .
EEERS - Lo o o . .. . P
~

L There 1s no 51ngle p1cture of the future—-any spec1f1c{*-~
,statement is- _only a prediction--but we can predzct a con-"
" tinuance of a general ‘trend that already exlsts. “There will .

- not-be one general pgttern.. leferent'lndustrxes, different
organizations, :diff rent managers will have different - needs =
——and~dtfferent—style v y~do—today———That~ts—why—we————*
can give a general pictiire Wlth confldence but spec1f1c XK= -

amples are less rellable.;" . S
4

P o . N

, Much of: a.manager s t1me 1s 1nvolved in deallng w1th g

--messages, (telephone calls and memos to be answered), study—w
ing data (operat1ng results, status of projects), making de~
cisions' (looking at alternatives and weighing’ poss1b1e out—

»

jgcomes), and conductlng or. attendlng meeélngs.v”k" _ _ >

: A manager w111 use on—llne 'systems .extens1vely--some~u

: d1rectly‘for messages, ‘some for look1ng at reports, and some -

- for..following up. . His or her staff.will use on-line systems

. to - Yeview results,. to. cons’der alternat1ves, ‘and to develop. -~

N plans. 0perat1ng-staff will use on-line. systems to perform-;:
- ‘the. basxc functlons of "a. bus1ness. ._-~ﬁ:, utk”.;u :

o Good. managers Wlll emerge who w1ll operate less by "the'

f;seat of - .their _pants™. .or 1ntu1tlon, .and ‘will rely more on .

.~ evidence. ' They will set up- systems that produce operat1ng"w-.
~fdata,that_show what 1s happenlng, use models to con51der al-
_ ically -oriented. than -today. °~~
-~ It Wlll be posS1ble ‘to make choices much less of Tgamble, -

. to expect a faster awaremess of, and reaction - toy’ changes.~f'v!

.'Managers, too, w111 becpme 1mpataent.--They, too,'wlll "want o
1t nOWo . L N . - r..'.".--. s R

v ? . . S e,

A new management phllosophy and an 1ncreas1ng tempo “of -

. bu51ness w111 regulre managers to make decisions more rapid-

:”ly. At ‘the: ‘same” time, with more information réadily . avail-"
L;able, it will berposslble to increase the span of control of
L. an- 1nd1V1dua1 manager.. There’ should:be: fewer people to-deal

W Lth— eXceptions or to- supplement the automated systems and;;h;5f
%lcoVer the connectlng parts., Most of the processing can-be '
: automated. . . '.The ' .major- outstandlng functions . w1ll be’ .
‘;analysls, declslons, -and customer service; - as ‘well as p1an—ﬁ'j1<;
. ning. . Thus, " there -will’ beifewer pure,admlnlstrators and.
:~"bean counters,' and more’ managers w1tﬁ the. entrepreneur1al;~._
_outlook -to také advantage of,emerglng opportunities.. .Theseig,'
.new managers will have a broader ‘Scope of. .actipn,, will be-

- more>-"risk" - oriented;.<and will be held more. directly. ac-

countable for results."-f;fi;,vv;/”: S e T L




and:fﬁ'
- work unlts Qr work”x-_
In.my~nganlzatlon, fo Hexamplehﬁwhenpwe want _to -

y phone;-we must arrange th1ngs S0 thatwlone person on:’ ourﬁ%ff
staff can deal w1th all the questlons and actions the’ caller'
be—effxcrent—-—rf~—we~—~

pass callers from one un1t to another.n'“ ’

~,

j;"’ﬁi Employee attltudes need tb change because there is an‘-.
'3 ehtirely® dkgferent ‘tempo’ and 1nter-personal style required -
s to- respond dftectly o~ callers ‘rather than processing pieces: ..
-of . paper. " The tempo is: part1a11y~controlled by the callér.
“and work cannot. be- rearranged ‘into . meat. v.piles’ of similar -
Ckind.- There :is.no- ‘timeé. 'to: "send for flles'-dfnles must: be,
ready at’ hand.: There: is:no ;time to refer -unusual .cases‘to.a. =
;g superv1sor--too many exceptlons w1ll stop the system fromf“”i
' workmg- SR T e R L

_,... “ . - C -
»_,o;v [ '_- ‘u: o

’1ff"ff‘b The tempo of both soc1ety and buslness w1ll be affect-'\;g
~ed.. It-will be a "dynamlc society” w1ll1ng, able. and want-v“;m
1ng to: do 1t now.;,__- iF B 5‘v L T o :_;3h

= Ded1cated employees wantang to prov1de good serV1ce can o
be- expected 't6 demand that the system: and organlzatlon sup- .
port them in“their-jobd. They  will' be . critical ~and: 1n-‘
tolerant of " 1neff1c1ent or .. unrespons1ve systems, and. of .

't1neff1cient managers ‘who do-not fix things or'. develop ..ways
t0. < respond to ‘new, rsituatlons. ~Again,” a.'very- dynam1c~en-'j_“
v1ronment is golng to: emenge.g As, emplqyeesa are. more: '1n-;

™ ~in- dlrect servsce, management must-be more respon51vev,

R and less au ~To. get’ responsive employees, . Managers:
Twills Be called upon to " eXpt at is going on, ‘and - truly:
\get employees 1nvolved'1n~the bus1ness.u e, as the’ ser—

vice ~1nterface.. the employees w;il be ' a major .par ' :
the- pnblac sees ‘as: the business. "~ 'Not~ only will “there be farg_.
‘need ' :for ‘imore . delegatlon. ‘within.3 . management ‘. to minl and .
mlﬁi-mlnl ;businesses, but many employees will- Tneed ‘to :be: .
-considered ‘as. managers -.of = their -own: " 'time~and. company[WEL
resources. as they operate d1rect1y W1th the public.; ; LA

Y




ar X ;.,x.

thus should be sympathetlc to a- service attitude.-~-

Wherefwill _more. responsive. employeeshcome from? They'f“
re already'becoming available. _The younger generations in® -
" our’ society seem.to be more: attuned. to. people-needs,_:_andj_

- In the~next QO years 23 expect the combina;ion. of . the,??
avallabie technology, the already established;advantages of ,
,one-stop processing, management frustrations with- delays in. -
gettlng -data, - and a continulng demand“for service to foster

an "I want it nok c11mate.,. T PR
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 f“a0mega Group, Inc: and Chalrman of ‘the Am rican Nailon-'in.
- al Standards. Institute’s' Technical Committee on Infor- -

 mation . Resource : Dictionary. Systems. DrL;.Winkler-has .

. over -20° years- experience - in computer. related. areas Leagie

'.manager,,researcher, nationally :known speaker, ‘and au—~_-'

 thor. in the subject :areas: . of - 1mplement1ng resource

:.management and- us;ng dlctlonary systems: as. managementlj

;1 ]tools. 'He was Chairman- of- ‘the Air Force’s: System Sur-
" vey- “Team: which - publlshed The: :Data ‘Administrator” s

a’Handbook, the ‘foundation :document “for - sdatabase’ - ad-f’

';mlnlstratlon -procedures -within the’ Worldwide: Military -

<

-1Command and COntrol System'(WWMCCS). ];f'hi;.@.a-glv.w
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R

”v Carl Clark - . >~ Dan: Magraw;.
‘Al'pDale: . - .- . -~ % ‘John. Mayson_,
~'Charles: Drumm - 7o Don‘McCaffrey
. Don FOX: + . L.t - . Has Patel.. .

@? Gayle Gllllngham . vt .- Susan- Rosenbaum_~('>a:f

-Bob_Hegland . © ... . . Roy.:Saltman .
Allan’ LaRue '~,';vﬁ - - Dan Schneider .
Tom Lee - c.o ..+ . Jim Swager.' . |
Marv Lerfald =_Ngﬂé,';l,§ﬂif&fga,?1;£.~-r




-

3 .

'2‘3 1 1 The Objective..__‘f'p'f;f;;;.;,-3g,;_;gj, S ;g,,"

SR The ob3ect1ve of th1s panel was to 1dent1fy ‘the uses of ..
R_a data ‘dictionary- system in- support1ng organizatfons wh1ch ’
1‘ﬁhave~recogn1zed the neéd: for and are. attempting. to 1mplement
“an . 'information .. resourc¢e: management '(IRM) - -environment.-
.,_Although,a ‘data’ d1ctlonary system, in its: " most: rud1mentary

. sense-or 'its.normally: understood-sense, gan support some as-

. pects of: the IRM- environment;- the,requ1rements‘ for IRM. go .

- "beyond” ‘the- functions of- most if not all currently—avallable
'rd1ct1onary systems.. For th1s reason it is: the consensus of
‘ this panel™ that the‘expreSS1on 'data d1ct1onary system 1sr‘:

f*no.longer appropr1ate 1n-descr1b1ng a’ pr1me tool . of IRM.=~-
“The express1on chosen: by the’ panel is the "1nformat1on,-'

*resource“d;ct1onary system" (IRDSQ.; "This- expression” was '
-.,chosen: becéﬁse it:-is 1nheren€1y more-descrlptive of ' the pur-

~ - pose of. thié tool and is more.closely.inZ thne with the trend
-{_of d1ct1onary systems in the mdtket plaéb _ .

S R - DR R A

e Before proceed1ng, 1t ;sm necesgiry to exp1a1n the

L ripa 61°s intended ‘méaning” “of * IRM and IRDS.- The- pr1no1pa1

- points in these definitions céoncerh’ ‘the fproad colrerage  of ..

" -‘information .- and 1nformat1on S.. relevancew,o and’ ava11ab111ty 4:

' for management needs across the<enterpr1se Ve L, AR

T

*#QﬁInformat1on Resource.Manaqemeniz IRM), 1s whatever_-i

o policy,.. act1on, or. procedure: concerning information N

~ (bothr automated and non-automatedv supported) wh1ch*f:

- management’: establishes. . to.’ ~servex’ the. overally~}

R . -current-and. future ‘needs: of ‘the. enterpr1se. - Such- - -
.. v, ' 'policies, - etc., “would: rpclude . C s‘deratxons ‘of
e L y'ava1lab111ty, t1me11ness, accur gy 1ntegr1ty,i*
-l privacyy. secur1ty, aud1tab1l1ty,-ownersh1p, use, and{“~

) : ,cost effect1veness.'g;'- : S _

o* An Informat1on Resource D1ct1&nary,system (IRDS) .
-~ -“an__information -system with:ahtomated support wh1ch¢4~
documents the information enV1 onment _of ;. ‘an énter—--
T prlse, supports ‘the operat1on‘L aspects.of ‘that" 1n—~
. ¢ .- ~ formation environment,  illustrates the 'im

rates the -Lnterrela-"”
s _-,-j“t1onsh1ps of- 1nformat1onaenv1ronment components. and ..
... “documents ‘the ‘locations of -allicomponents of*the_1n-; :
G T formation env1ronment. “The . Information: ' Resource -
'“ . . Dictionary ' (IRD) is the actual database man1pulated
'«*by the’ IRDS software.‘v1" DT L I




'.'..’ L '. ol o

= IRM 1s currently one of the most s1gn1f1cant topics bh-;f
- 1ng ‘discussed ‘concerning information systems, and is being
j.discussed along a: variety'of lines.of . thought. These - in-'
- elude- business -systems - planning, information systems' -
'analysis, design, and develgpment- database design. and_~im_____
" Plementation;-the: disciplines of office management,-paper- o
+ work management, and 1nformation sciences - ‘management; and
»L*the variouS'problems and-costs: associated with 1mplement1ng
TRM to 1nclude each of these areas.f~ . ‘_ .

.‘-

S The panel would like to point out that IRM and an’ IRDS
?m_are . not Panaceas.- They, by themselves, will not eliminate. i
U all: of the-problems encountered in the previously mentionedn .
~:arease . .They can . -support: the resolution or elimination. of
’ these: prob ms, but only if the. goal of the" enterprise is to
‘manage . the resources: which provide ‘it with 1nformation. wIn-
.lthis-case, all: components of ' the enterprise s 1nformation' ‘
- environmént :@must be 1dentif1ed and documented to the .level
;. which makes ‘the. components " "shareable" . across “the enter-w-
'.prise. ‘To realize ‘this goal, -IRM: is’ a: necessary function
and the ‘IRDS is a- necessary tool. of ‘IRM. - How :the - IRDS . can-
be used to- support: this~goal Wlll ‘be discussed in 1ater sec- R

';tions of this panel s,report.-g

: RS . - e

3. 1 2 A Historical Perspective.py fjﬁ'-7;~AT;P:'T*._'AJ‘7~l ﬂg

- ", Terminology changes since Data Base Directfons (DBD) I
7 (1975) "and II (1977) are revealing. The: emphasis .in these. -~
earlier: workshops was. - "data";. today it 1nformation' o
;-resource.™  The- - emphasis on 'data management' discussed in-

. the keynote speech at: DBD II ~has: evolved -to ="1nformatlon
Tresource-: management" - at. DBD'*III.“, These changes ‘are; of .
J;course, ‘more ‘than: wordechanges.-aThey reflect an-. increasing- :
1y .. prevalent view ‘that ..the. narrow concern for how. computers
jtmanipulate ‘data.has” outlived its usefulness.” In 15'place is’

* a¥ _global ‘wview: which.is “far “beyond- manipulatrng -data within
;ﬁan”automated databas “the view\is concerned with \providing
*all, information in- the form and :at the time required by the.
,.enterprise.a~In fact, since it is. frequently postulated—that
ran: enterprise S greatest asset -mayv. ‘be -its- 1nformation.
;'resource, management 6f th1s resource is as necessary as .z
;Lmanagement of .. thew enterprise 5 personnel and financial <.
;,resources. ,;;;~ L B R : S . -

ST Management~of?the 1nformation resource is. a develop1ng
¢ art.;; Its -primary .- objective .is to. meet,,w1th increasingly
- -effective. results, the’needs ‘of ‘the" enterprise or:
. tion. i - This .requires’ 1dentification, review, ¢ tinua1 up-’{
dating- of needs,. and~; development ‘of . informatv n: systems .
;"which’ ‘meet ..those needs with-either 1nterna11y enérated or.j"

?externally available data. ‘This further. requires  a— frame-. .
' ,for the ]“enterprise and thus necessitates the-ﬂ‘

[ L



;,establishment of plans and pollcles to ‘assure cons1stency of
'Tjinformatlon. systems ‘with: enterpr1se ‘objectives, - plans, v
lprioritres,fl gal constra1nts (such as data §r1vacy), and 2
secur1ty. ’ : L ‘ » _ Lt

SRR B

Implementatlon of the IRM concept necess1tates theigg.
) creatron of‘;an 1nformatlon system,whlch m19ht~be ‘called an
‘“*":tni:‘c:irmat't:'i<:ix'rw résoureée management system.e. This ='system;, - in .
,forder to be effectlvey must permeate: the enterprlse if it is
to assure' the. integrlty of ‘the. enterprlse s 1nformatlon en—f_;f
‘vironment. : -Such- an- 1nformatlon system, ‘to be.more than.a '
‘5short-11ved experxment, ‘must be adequately staffed and:fund- .
ed, and ‘must- be supportable W1th :sound’ cost/beneflt ana—'
__lyses. - Both .- short-term -and -~ long-range -costs “and
ff.beneflts--ofv all klnds--must be cont1nua1ly progected and’
ffmonltored. Over t1me, the: enterprlse s ‘objectives, . prior1— “
: t1es» “résourcesy” “and- 1nformatlon requlrements,vlts available
ﬁ,technology, ‘the. abllity of" its'managers to use : informationm; -
./"and: - the cost/benefit ‘trade-offs. associated withinformation - °
U uses: w1lI change. - What: wlll,not change is -the "néed for- an -
optimal - mix:-of - “information” system resources, and ‘the ‘need
. for management at all- levels to .assure:that the_ ‘right infor-
-mation “is’ avallable .at ‘the - rlght time to a1d‘1n problem o
'fsolv1ng and declslon-maklng for the enterprlse% e gl

: '.3 1 3 'I‘I'fe Approach._._-._-.-f':

The problem fac1ng thl .panel»was to 111ustrate how the
IRDS .could be. used to- support managed ‘information enV1ron—«
; ments to reallze the' concepts’ and benefits: described - above.
V'The approach ﬁtaken was: to d1scuss the’ 1nformatlon enV1ron--'

-f#jzs'fthe perspect“ve of' 1nformation YSystems isupportzng
"'”vgthe enterprlse Hﬁjgjgg;mer-g - e :

. 3#} the perspect1ve of the enterprlse S database. which ‘
"+ is the source -of all-data used by:its. 1nformatlon
'zsystems to produce des1red enterprlse 1nformatlon

: The organlzatlonal perspectlve sectlon 1dent1f1es three
classes of users-¢4;_;.‘ TR T o ey

. . ) ‘A .
.7 . Tl - ve O f

1. functional managers,_h'rjr
'5-12;allnformat10n~resource’managersfif*;i'f R

. . ' [ [ T o e




‘“{j'3k' 1nformat1on consultants"” _ |
Four IRDS metadata classes are requ:.red to : suppor,t:\‘ithesf‘e.
umxs.: AT G s o

-0
L.

'1;. data and 1nformat10n class

:

2, source class : ' .
3. use and user class h;:'d“ vu;j; gy -
4. pprocess-and'ha dllng class . :

A d1scusslon of the uses- of the 'entlty-types within these
Classes 'is also presen d., v ST
“fr- The 1nformatlon system approach was to 1dent1fy the
users, uses, and types of use. of an IRDS forreach Phase of .
.the system-llfe-cycle, ,ﬂ%e phases d1scussed in this section

Ares. L.l Uiate i \‘“

,-, --_\

1o the requlrements def1n1tlon phase H*“~hw‘_

e

“'2, the development phase (1nclud1ng analysls,' deslgn,

7‘"" ' "vand programmlng and testlng) WL e .
R S JRRRET ~
- 3 ~the ,"‘ 1nstallatlon/lntegratron/bonvers1on/test1ng
e . Phasen il | - .
ﬂ"4:oﬁthe operatlonal phase ‘vi-ﬁﬁh=§e_"f~ . e

o - '.—

fthefnain enance and mod1f1catlon phase

-.1nterre1atlonshapf of -users,. uses,
v 'and phases ‘of .the ' system life cydle are’
“an attachment to thls chapter,. ;n Tables = 3-1-

5f.presentedj.s
through 3-9.

: : - ks ~xloglcal .IRBS con51st;ng of-an\enterprlse-,
3a oriented dmetlenary function, ‘a dlzectory ‘'function;--and  a"
system~spec1f1c d1ctlonary functuon..»The users and: uses of

g“The database perspectlve approach,resulted in’ the de-_f“'”

w'each " of | these functions :‘is. descrlbed in ,terms of an.n7}
enterprise 's™ database--whether manualior automated or both.~m;
= thea

. Bach: . perspective 'will” be d1scussed in” deta 1 i
‘; remalnder of th1s chapter.,iv L S o
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3 2. l Introductlon.,_w N a_fo,; u'“f"

Ry

-

— IR :
* IRM related technology, both hardware and software

‘% the 1mp11cat10ns of IRM on 1nformatlon " systenms and
' automated database des1gn : fu»qh, T S -

-

;What ;s too often,left unsald or lost from sight is that
IRM”s reason” for . being is to . serve the - 1nformat10n and

gdeclslon-maklng needs of the enterprige. 1In - thg words - of -

“the keynote speaker of Data Base Directions I in 1975: "The

‘essence of ‘'management . . . iS rat_onal udeclslon-maklng

based on the best available data:’ ‘Thas, the broad’ questions

- of data management lie at the very center of the ‘management

process. . Extending this more- specifically to ‘the top1c of

- this- workshop, the IRPS,. IRM and all related pollc1es and
procedures must evolve to serve the “total 1nformatlon and :
';declslen-makrng needs of the enterpr1se.,' T

- U
e

3 2 2 The Organlzatlon, the IRDS and IRM.a

: ) e z;‘,
ffz IRM 1s an En erprlse-W1de management program wh1ch -1s

~ ."'global " its: objectlvesiland scope. . .Like all management °
"~ programs:’ that extend across all- organlzat1onal components of -

an enterprise,: an‘ IRM program must strive for informdtion.

'cons1stency,ccompleteness, ‘and. compat1b111ty. That is,. the
information ~ resources. of Division. A must be" def1ned,v,

IRDS) .in - the. ~ same- way as are t
quepartment x.‘ RIS ~w'f‘

described, and nated in. the. IRﬁ‘(ghethgual database of “the
e 1nformatlon resources of

IRDS and ~the- “information . system of “which it is a part.
Foremost among these: is-the need for the IRDS to support a
'”top-down,h approach" Thls top~-down: approach should. reflect.

L

importantly, - ‘the.. ‘enterprise . plan' enterpr1se ‘model, or:

giong-range enterprzse strategy, and:iits"- assoc1atlon ‘with: the~¥

fi;dlnformatlon 'systems which" support it, as well as the com=-
‘*_ponents of. each ‘information system. . ‘A slgn1f1cant feature

Loe %

The goal of,conslstency has severaI 1mpllcations “for an:u

Much -of what_has been wr1tten and’ spoken about IRM emr s
phaS1zes.;;n‘ﬁ . R "_~_. 3. S e

.

{fof ‘the: top-down app;oach 'is that” it‘has no 1nherent lxmlta-[';
. ‘tion” of .depth, and will thus- allow: the IRDS to . support .ors
,1‘ganizatlonal 4and information components ‘at*all levels of - the‘
_‘fenterprlse h1erarchy, as well as a globa1 enterprise v1ew.'-

EN

the: enterprxse,s organlzatlonal structure.-and,- perhaps ‘more - T



v"*The needs and ea11t1es of 1arge enterprises may re-.JA
qulre them to 1mplevent mu1t1p1e ‘IRDSs to support’ ‘the’ opera-.f
_tional aspects of:- A1l that IRM" demands with-respect: to
-such multlple 1mp1'mentatlons -is: con51stency'of the: IRD<conr.-,
___tents_across—th -ehterprise.—This-consistency- “bé"—best -
.-accomplished by treating. all IRDS as part.of: a global, logi=-" !
‘cal. IRD; the database sectlon of thls chapter proposes -such: ..

a model for the IRDS.'y”‘W. ERRS ‘ L

" 5 :‘ o

. T . -

3 2. 3 Organlzatlonal Userssofcan IRDS.;.7”

. What is now happenlng 1n. the IRM enV1ronment is. an
elqyatlon -of the IRDS concept to - the- eriterprise- management
-level. In ‘this arena the IRDS is ysed to manlpulate not-
only data  about data, but also-data- about the: 1nformat10n
envzronment 1nc1ud1ng spec1f1c names,, places,' functlons,.v

' etc..- by Whlch ‘the:* enterprlse S 1nformat1qn holdings are
linked to’ the structure, functions, clientele, etc., ‘0f: the™

. enterprise " 1tse1f.5_ Furthermore, if the IRD is to be*: ruly* ’
enterprlse-w1de in is; scope, it must contaln references to

- both . internally . generated ‘1nformat10n and znformatlon ac- i

ax qulred from external sources.u - . y g :

q._ " .

The IRDS should pro&ide 1nformat10n abgut those enterb
prlse 1nformat10n resources requlred to ‘support management
needs at all organlzatlonal levels. - These needs:, exist - both:
for. those managers dlrecting the. bu51ness of the enterprlsewi@
-and. for; those managing its 1nformat10n ‘resourcess ;7 In: addi-i.-x
tlon,; the IRDS: must support those people within. the -enter=.: .
prlse‘who—brldge the gap between the end-users: .of ‘the.infor-
mation and the deVEIopers and prOV1ders of the 1n£ormatlon
base.-;;:, ) " SRR . o e

e o

-

oS The panel 1dent1f1ed these user classes funct;onal ﬁv;
managers,*»lnformatmon. .resource . managers..Jﬁn information”
~'consultants. A descrlptlon'of each’ class: and 1t Ppotentlal

.

uses of the IRDS*IS provided below. s.?j~-

i;‘f, Funct1ona1 Managers.. The functional mana ers are
ﬁgid: charged. .with:executing: the ‘business plan of the en- .
‘terprise-\to accomplish- ‘this they need &n anentory T
- of information -avaijlable +to them to sslst their: = -
“fdechion-maklng. JThese managers, and _their staffs, - s
- will™® use *the" IRDS :ito- prov1de-a\catalog f-available ‘
L u.\f“lnformatlon. .The. IRDS can’ g1ve a percep ion of what,.
T £- % available._ the “form:~ in wh1ch it.is available,’
”*JH:Q,Where and. how to obtain. 1t, Cits probable cost.,:'”
. %7 .The' "IRDS should. ‘help these” users scale their infor- .
;_émationezequlrements to’. only “what is involved .in
7L'sat:sfging those.: requlnements and can ‘thus’ contr1- A
““bute'. d1rect1y to controlllng 1nformat10n expendl--iﬁﬁ
tures. : . : - » :




.the' IRDSﬁ'can help to xﬂentlfy'proper goals and- ob-f'ﬁi
v><3ect1ves. Controllers ‘and--auditors; - on - the other
: :hand,“can»uSe'the -IRDS: to. verIfy goalwaccompllshmentv

Informatlon Resource Managers. These ‘are’ people whof
L -are. - concerned:. “with the- cost-effectlveness of those-;:
L ‘ﬂ;i' components .of the 1nformatlon env1ronment “used’ to . -
- RN generate,J recerve, transmrt,\Processr and store 1n—¥‘.
L :a 'formatlon. :Included” in' thls class’ are those respon-ﬁ'
- e sible -for. data collectaon act1v1t1es, “data‘adminis- """
Lo tratlon- functlons, llbrarles, te1ec0mmun1catlons,l;f;
e ﬁ'off;ce systemsy- - and- appllcatlons systems des1gn, e
SO develogment, and operatlon._ ;g.. ; o R

. MR .

- These managers w1ll look to the IRDS for.'analytlcalijg
i _ data..on. ‘how often-and how efchtlvely the-informa-. : .
# ““%ion résources are be1ng used.n Thé.IRDS should-also .’
. ’ prov1de them'with the Information’ needed~topanalyze<~'
S . .; and assess. the 1mpact of: proposed chenges to an - in=
. formatlon resource.;- InformataOn resource managers

N

S . "will also,use the:- “IRDS -t6 ‘accomplish’ special.’ func-
e o tronal management requlrements Such as those’ conr

v lh cern1ngwsecur1ty and/or prwvacy,lssues. *;yf;gvg;-ufgw,'

y . N S e
vr4)o~{/, X o K >

Informatzon 'Consultantsf* ‘Informatlon consultants e
~are -those -intermediaries™ W " 1iKe reference li- .
brar ans, can: communlcate,WLth 1nformatlon consumers
Ceghes “consumer’s. languageXS). can_help the. consu-
S T ‘mers artlculate their “needs " and .+ frame = their .in- . .
RS “gquiries, ‘and@: can'locate ‘the information requlred to T
EERCIR 'satlsfy the consumer S»requests..ij-g-;_ ) S I

.

Informatlon consultants w1ll f1nd the IRD an in-
d1spensable tool,- since it: unltes data about all en=

v _ terprzse 1nformatlon resources.; They will “ use” the_-

L E 'IRDS ~ to learn ".about bothithe existence of desited - }
fif . information and its locdtion.:’ In this. respect, the

" - ~IRD -contents 1dent1fy the total Information holdlngsﬁ

"of an. enterprlsepmuch as ‘the contents~of a card '

talog 1dent1fy the books, perlodlcals, etc, of a ll-_

,qulre of the commlssioner of educatlon,vy"can you

give meé.a- breakdown - for ‘the: elementary ‘schools in- YT

“"district, of: enrollment figures byusex,w1th1n grade, _

jffor ,each ‘schoolZ" MIRDS,woula‘be.used by ah B
: ion’ dot |




1nformatlon 'ouroe wh;ch conta1nS'the de31redf1nfor— _

St mation, or if: the-data ‘exists in: as -form-‘which tan he~fhf

Tg*{j*~‘—'aprocessed.to produce the .desired ‘information.*: The-ﬂ'g

© o« Lul.oc . IRDS'. would:. hot' be used to- prov:.del the'desired
' P V*f'breakdown' 1tse1f. L ;:r;~ e L

:iff3 2 4 Scope of th}WInformatlon Resource Entltg—mypes.:.;gés;r*”

The contents of the IRQ is. essentlally a well—defzned
‘;fcollectlon of occurrenc‘ ;oflentlty-tyPes {information .en- S
» " vironment: components), their, soclated.,attrlbute53 andaa
ggrepresentatmon of. relatlonsh1ps\among ‘the: ent1ty-types.. ‘To '1
__‘satlsfy the, IRM: needs of- the. entergrlse, ‘the. IRD , ‘must - ‘con="
";taln at': least the followlng four ‘classes. of’ entlty-types."*“f

"1 'The*'data . afi@ 1nformatlon, qiass\\lncludes ~those _
jentlty-types ‘that ‘describe data about»data 4dn both i«

' its "raw" form-and . its ‘processed “form. -~ Included

* among these: : ent1ty-types are‘databasesh f11es, re-"

Y

t"ports, forms,’records, ‘and. 1tems.-;g R
- ‘;'iﬂt_The source c1ass of entlty-types descrlbes the. or1—
N T :glns . of. data’ and,lnfOrmatlonp ‘These may . be custo~

t;;&ﬂ.;i; mers or clients, publlshers, government,- businass -_
S R processes {esgey! a manufacturlng or sales act1v1ty), R
or: .even employeesv gj,;q», Sy Tf,,,_”‘.. S ‘

[ .
XS
<

““ﬁ"lf3~£'The use ‘and user. class of ent1ty-types “are éssen-hj_
Lo o tlally- of two! types--enterprlse fUnctlons and com=>"
L “”ponents.v Enterpr1se-funct1ons (e.g.r manufactur1ng,
) ‘¢‘Q‘saleerJaccount1ng)°ref1ect the- functlons supportlng _
» .7 "the plan ot program of-the entérprise:: - Entérprise - -
‘ '-;components descr1be the d1screte organ1zat10na1 un-—- - -
i N S

e T 4.A,The_2rocess or»handllngjclass-of entlty-types cover
"+ “the -breadth. and.dep depth .of information’ handllng in <the*
‘genterprlse.; They are not 11m1ted i Lo )8 the computer fh'
. {related ‘entity-types. .such’ as - automated appl;catibns,
./ Programsy’ modules,~etc.‘;but also’ lnclude the'*nfor—a*

/ mation: +8YS ems (whetber“manual“or suppbrtedf ¥ COMe %
: quters) ‘of . the: enterprise ‘and .etalIored‘,pro-
s cedures*’ usedfbyxédtergrise personnel_ ovide. the#
fdeS1red 1nformatlon.; These: 1n£ormatioﬁ’systems i ¥ R
»clude qhose . f5ed: lethln librarles,-record reposl- o
'tories, ‘and® document handllng centers. RS : -

i .‘:r-‘i‘,'

W1th1n each claSs;‘ .entrty-types should 1nc1ud all

H} attrlbute-types requmred to._ fully. describe. the: entity-txpe

' ‘and\'to use the entlty=tzpes~and their attribute-types in . an~-””
QperationalfSense,;The representat1on oﬁﬂrelatlonshlps among
these entltxrtypes serves to 'llnk" data and‘ 1nformation

e b
aed T

. ".'? U _a.»‘;,-_ . T _-\. A .
S Ny o
o -25.- _-._’_1 . 3 ~ o E '\\ ~F T ..-',.-v'




ahd handlmg entlty—
"there shogld be reLatlonshlps between o
and useS’ andf"

.'A

A “The concept qf*the IRDS drscussed abqve '1eads to the' -
realizatlondﬂthat the cqntents ,df’.an IRD 1s ac;uq;ly a e
management'database -and- the IRDS" is,” in, fact,-,a -management. - -
infofmation system that can be msed tq determine: who -knows

g whqt.~who ddes” whaty’ how-lnformatlon'systemsf fit  toégethér, .
where informatlon “comes’ fr j and, potentlally, why 1nforma-“?'

tlon 1s“cr ?fﬁ g s ESUe-
:-'& “ .':.:v‘
: . v.-«'l : _,_,',_ i I ; + - s 0 ;
' PR - Ve
3 3. 1 Introductnon.de = ,g@ j.¢‘ LR ﬁ.ﬁ_ﬁ;v S
3" , 24 L | e o gt LT
;-> Thms sect;on d&squsses potent1a1 uses of the IRDS dur-f;,f

Llng the - dewelopment‘of an- 1nformat10n system. .An_ 1nforma—n; ,
' Lbn sYstem dewelopment: beglns with-'an- enterpr;se -problem. .
téted as ‘a requlrement,f This: requ1remeht i's then’ translat—- ::

‘ed into procedures which satlsfy the requlrement..” Dur1ngf__
gthls evoiutlon the IRDS is uséd ‘as a support ‘tool. To.re-},j;
;late the users. of ‘thé IRDS.:and the -uses made of. : "the . IRDS, L
_the .evolutfon 1s»dlscussed -herein in-the framewofk of a %
formatlon system”s: life: cycle (SLQ%* “The IRDS ‘¢an’ 2*b 3
tremely . useful:. durlngm the: .SILC as al tool in documentlngq &
malntalnzng,- and. . controlllng.w/an 1nformatnon.« .system”s- -
§hhalysms,g de51gn,_‘and~devg1qpme't, and 1n fac111tat1ng 1ts L
operatxon. i T SRS ’

',i'.;"‘, Sl e

~,‘&,’A - L.,.'r‘\

- anulnformatlon system lrfe. cy-‘;‘r
- 41t ,1s easrer»to‘specify the requirements for the IRDS - ::°
t ‘éach; phase.d d 66" pecrﬁy’the.lnterfaces necessary to tie’

- IRDS 7 Vi ews-togetherﬂ;nto a .coherent ‘dnd-minimally ¥
, anformathn systeii. - The approadh, theréfore, prio- ' .
E V1des ~a'framework for determining: and:- understandlng the :re- . "

_ latlonsth*of thefIRDS to enterprlse s 1nformat10n systems.

;e

A 3:2‘Def1n1t10n offthe System L1fe Cycle-;i*i&? fﬂﬂ‘“w

'x.‘

iﬁﬁéle%*tthe §9;low1ng dlscu551on 513 preSented 0 deflne, for .
thls report 'the SLc’phases and their uses.““F1gure 3-1 pro= "

'resentatlon of . th +SLC.. N A,

i,Iwﬁ Requfreménts Definltion Phase.crﬂh s~1s a’ response to a .
ﬁ*customeq--request““for ‘an; enhancement“to an- eX1st1ng produc-ffiﬁ
tion 1nformation system or--a. request .for:the deveIopment of 7

-y\an ent;rely new lnformatlon system.,ﬂ The output of thls‘




| LT ISR
N AN o
“ . . N . “ - SR ‘J:i—.- ~

e -l,‘riga;é”ééiiﬁiﬁférﬁatiaé¥syéfém*Lifé%éiéle?‘

.~'.. e et - . '-:-- e et e

~ ot

phase would be a prellminary proposal whose key%fcomponents :L

- «a 'rough cut“ V1ew of how the system would-work
S hardware/software*performanqe and standards requ1re—

data reso rcgs needed=
staff’ resources needed &
1mpact on: other system componehts

: *° ‘summary- JUStlflcatloh' to contlnue" or dlscontrnue Hi
- ”leth the development phase‘n " o

':Zﬂf Development,Phaser

a1151s.‘ The analy31s stage 1s the formal effort in
;,response to a custqmer,request for an*ihfbrmation sys—w,_

ERIC

Aruitoxt provided by Eic:




. ilnterV1ew of customers ~and. other-~a£fectedg. ,
users; and documentation of the-current infor-_ﬂﬁ‘
. - mation system : - s o

‘%j?*f clarlficatlonw"nd acceptance of objectlves

. o determinatlon of output,-lnput, and procedurestﬁf-g
N g .uselectionio the best solut1on T
R *wjinformatlon;system flowcharting : AT
ol s e T R apprioval “and user acceptance of a solutlon Sl
: ‘*"~”* establishment,of~pr03ect schedﬁle “and‘ selec- .
. .2 tion.of staff . : : ol
PR * f1nal pre-design approval and s1gn-off v

B' ' ‘Deslgn. : The des1gn~ stage 1s the" development of _the'-'-r
.-%f”*k speC1fications for . the' information, system, software,~f "
: and operatlons 1nclud1ng.h_¢,..~l~,u, , ; T

Y

;54f'1nformation system,d?summary flowczartsvfandfjv»;

.par. rative’

ff?’*lnformatlon system m1d-level flowc rts: and“'fff

: . . .Specifications. = - "

. ;fj;manual and automated procédures.‘v summary,-;,l

L '4§f Nifg

'1‘. R At . L .

. = B3y . e - s i
- M”vffjgggélityvassurance approval\and slgn-off‘

! o Activ;ties dur1ng thisfk%*“

. stagexslnclude “the- efforts~of the~programm1ng (codlng) IR

personnrl.h Included are.hfag;.

.m?codlng in. the selected 1anguage nsz‘gT s
" - sorts) - merges, -and, other- utllitles . .
}lexecutlon/Job-control language -i”;h'v;- R
ﬂ . job;stream structures j;ry e T e
™ complles . e RSN -'_"' Sl oE L
_ *udebugglng. ‘ 13; el

3.\ Installation/Integratlon/Conversaon/mestzng,Phase.. Dur-v:wl_
.ing - this - phase .of the llfe cycle the'followlng activ1ties T
take place e ~ g 2T . S T




o ystem - 1 esei-%fhg;l'?
dat and,parallel¢te tin 5
‘ 10N . :

"'irev1ew.of,job.schedu1e, prlorltles, runtlmes, e;c. .
revnew of external _alancevproceduresx dlstrlbutlon,;g

. 1:' .
;-frev1ew ofpownershlgv
it ‘quallty assu;anceﬁs19n—off that~a11 operatlén

- T Malhtenance and. Mod1flcat10n Phase._ Thejéqtiyitiesfpér;‘,ﬁ-
formed dunlng thls phase 1nc1ude : e e e

stion, systém +ou keep tha ,systeﬁ insline: w1£h‘depart

ey

ent standards;and'chaaglng.hardware/s ftware éoﬂfT

car fraﬁéwérk for” cowparlng'uses of
h;SMrelatlonshlp, it is’ necessary~
f' vtentlal‘users of the




;prOV1des,support £o-and what kl'dfof sup*
3 o) ';.1%.,expressedw1n the” follow1ng’sectlons.
d1scu sionﬂshouldwillus trate the wide:variety of - users
.ses‘.of'the ‘IRDS':during ‘the SLC .phases ‘and; ‘activities
A2 hope - that- Tab_gs~3~l through 3-7, used to-. -111ustrate S

fthese relatlonshlps_ 11 clarify an area which As normallyuwf
‘amt f,_ﬂ*#”The!tables are»presented as™” -an attachment",
rend of this cHap SN D

-fm~The potentlaL and_actual—

develqpment -of . i-infor
the "intent her O cons1der them'as classes.oﬁg users or\
.as- orgenlzatlonal ent1t1es.. items:- descrlbe“
the 1dent1ty of each ugei fand the functlons of these users.® .-
' : ion. M 1fe cycle-_‘g;_wﬁ

j;'ef7?f ,*3 The Inf%rhat'* {Resource'Manager 1s,respons1b1e for
. v . managing i Ehé: corporate 1nformatlonhresource.j These

-resonrces 1nclude

g#?%spons1blef or'the develop-
”y§§eg,des1gn (1nformat10n flow o
~~{1nterfaces, 3 etc.; L

C ter ps1n',procedura1 languages (COBOL,
4_’71”~ tc;),*nonéprocedural languages (report writ-
32 ffllef~ : ' ‘ -and .
_ appl i-

-



the 1mp1ementation phases

of;z
‘~some cases, ‘project-managers’ are ..
5 thi 2 A

: N ‘ . -resp L
‘bie for the ; matlonusystem whlle it rs }n_the B

3,@3f~; ma1ntenance and*m 1f1catlon phase of 1ts

G

*7 The Database,Admlnlstrator 1s the 1nd1V1duaﬁﬁrespon-ifyi

sible . for thelintegrity of the physical data.struc- [ "

tures-and definatlons, and for database performance.

jd* The Data,Admlnlstrator is the 1ndividua1 respons151ef;’r5

deflnltlons.

. for the. 1ntegr1ty of. the logrcal datadstructures andj;'i'

The 5ystems Analyst ‘;éépbhsisié'”fo} analy21ng:"'

-user- needs,«flnformation -flow ‘and’ transformatlon,.,l';
»privacy and- security.v 1nformation processing, and;;,wr

other 1nformatlon.system requlrements.;;

~a—

- may - “include - aud1tors‘w
' and customers.n";-i ;:”wp.

data. ~f]: aa,,s_:;,ﬁﬁ_ e

’ .'.-'-

: 3 3. 5 Uses of the IRDSr (lj}”ﬁffﬁﬁ'j

The Audltor is responslble for analyzing 4aud1t and,v
~ ‘control . information during the various phases-of the.
~»fg'system development Yife.: cycle.- These 1nd1z;duals

) gquality assurance analysts,~»

LF gg hare automated procedures that may d1rectly4”
BaRt .access . the d1ctlonary for dynam1c use of the meta-'~

e
.

Y

In 1dentrfy1ng the potent1a1 uses.of the IRDS,"lt was -

clear ‘that - termlnology in this area is. inconsistent. The
-'following explanation 1s proV1ded to clarify the terms used:

,,--'-"" E e P T R L

yﬁ'f‘f;* ‘Techniques ' and p ocesses’ descrlbe algorlthms and:;l~

control proci?sesotfﬁs_




atanIoWS”deplct»the flow offd"ta through the sys-x';;-
.“tem " 'and .- identify processes -and” procedures ‘affected .
by £het ‘flows® andfprocesses:and\procedures affectlng

ﬂ ;othe flows."-n . L

: ; Intggrlty desgr1bes«~bus:neSSj*_Iegalu**appltcation“*"ff
ﬂ;ff“’"”etcu,u constralnts, ' including secur1ty and privacy . ..

;% . requirements to:. 1nsure correct aspects and con-q*d
o s;stency of‘data.,p;;d?__ . - “:__ﬁr e B
B "V - - ) ! P ' - ’
— Va11datlon cr1ter1a descr1be legal and/or iliégal

o doma1ns of values. , . L C ;

';y?. Data def1n1t1on generatlon descrlbes the~1nformat1bn:- :
~ - necessary . to: map:data from the buslness view to the . N

automatediV1ew, e.g. ;7 'skeleton for. generat1ng DDL,;_,V

PL/I declafat1ons, subschemas,ﬂetc.'

','* Impact analysls portrays the 1nformat1on necessary,"'
--£0 ;..assess - the impact of. changes to' the information -
system because of modlflcation to -the . business en-

. § V1ronment, resource .requlrements and utlllzatlon:

AR system and component 1nterfac1ng. the user-. communl--i

L ; s } .. . . . o . ., -
e - .

' Informatlon~szstem deslgn proyides 1nformatlon tov
assist . the deflnltlon, deslgn, and 1ntegr1ty of the
total system. ‘ . .

ﬁ;~'_

Sk Backup and,recovery 1dent1f1es‘requ1rements and'con-
' stralnts to perform system backup and recovery.us

A Envaronmental constralnts deflne the factors which ..
'will constrain either the development or the opera- '
tlon of an informatlon system._ _ . . .

VR Mon1tor appllcatlon system use is: the use of -~ the

.~ IRDS to actively maintain 1nformatlon ‘on how the in-
formatléi system 1s be1ng used and who 1s us1ng 1t.




%;JMetadata changeshzdentlfy the owner or; focal-polnt f;’
- '~n$ure change 1s controlleda

: l_"Transformat ons'deflne codes-(or‘values)/W1th the1r

B 'sﬁassOC1ated meanlng oL text.vviggﬁ T SR 54.;@f
o y¥}‘1*- Program-code generatlon reqﬁlres the -documentatlon
i o of -data. definitions,:: datae.flow, processlng tech—;-*
L e _nlques' forms des;gh. aIgorlthms, aﬁﬁ' networks™ to‘ﬁff

create” program source for an appllcatlon development
*fac111ty. S ,fr, RPN . R

'v-Test data generatlon requlres the documentatlon and
'analysis ~of data definitions;, data”flow, processing’.
DL techniques“'forms design, algorlthms,, and networks ';”
”T*"-fa‘uysg' create . test -databases, . test transactlohs, test

’ plans, and test reports.,-‘ o '

"Verslons
wﬁ;matlon.,

Tables 3-1 through 3—7 111ustrate how the IRDS~ 1] '
"each - SLC phase by 1dent1fy1ng the type of use. for~the users ‘ﬂﬁ

and uses descr1bed above._ B ST e
3 4THE ﬁAfrABAsE?LéERSéECTIVE S

X 3 4 1 Approach.”_ L '_5; ‘ | S " .
. . L O ar SN o : ‘ ,_’ o g :

¥
D e

SO The objectlvefof th1s sectjon" is . to .conceptualize an
IRDS “in- relation to: the deslgn and-development of databases,
querylng and der1V1ng 1nformatlon -concerning: databases, and .
providlng operatlonal support .to automated -databases.. Th1s
database- perspectlve is "ralso. - equally appllcable ‘to non-_
autoi%tedi files-  and ~operations:™ ‘The terminology in this ™

, sectlon should therefore be 1nterpreted to refer to both the~

~.automated and non—automated enV1roements., i B




v’finghis approach recogn12es three cOnceptual'functions,ain
1terms (o]

_of “two.. modes-global ‘and operational. . The specific: . ':

are*‘sigﬁificantly divergent and: *are -
ﬂtherefore addressed individually; eglobal- mode incor-., *
;porates an’ enterorise:oriented d1ctionar.“ function: _ (Eigure____
o 3. and thought-of .from the enterprise point of view, T -
':w;jsince a1y datarabout the: enterprise ~¢can-be:viewed . as. being
”_'1ndependent Qf enV1ronment (manual .OFL.- automated). phgsical
;r;;¢1mplementat1on, computer systems, or hardware;--a . ]
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Figure 3-2. Database ?erspectiveshof an- IRDS %r'w
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The operationa mode, on-the: other hand, 1s composed of a

directogz function ‘and a szst §pec1fic dictionarz func--
~tion. (Figure 3-2). Thel directory .view concerns‘iuser . in-=

quiry, information searching. . and 1nformation locating- 1n'
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.,?designedﬂto ‘accommodate :a
7 database)- ‘an@ = multi»locatlon;;

tional-;data env1ronment ‘of - the” enterpr1se.-?
‘multi-computer :

f_v1ronment.; The " systems 'specific: dlctlonary -is<-a database,
- .oriented= dlctzonary view-«concernlng the: operatlonal needs, .’
*for,an IRDS for-each speC1fic ‘data; processing - -environments-

'(dlstr1buted)ﬂlnformatlon en—b

. IE assumps ‘that -eaéh' - hardware system may.- have a- dlst1nct

: ﬁvdlctionary capablllty. \each -database” management : system

(DBMS) ‘may have -‘a- distinct Jdlctlonary capab111ty, sand

Jf»several 'stand-aloneF ‘dictionary- capabilltles>may exlst -on’

"yseveral: hardyare conflguratlons. Although three: ‘conceptual -

»;I'functlons ‘haye been‘ 1dent1f1ed, they may - in.  fact’ .. be.
i coalesced: for enterprlses within a « diverse- hardware or .

Nsoftware enV1rdﬁment. ~From a- logrcal pe ective it is’ 1m—““=

-, ‘portant: “tosview these ‘three; conceptual gﬁg :
?1ng to a slngle, loglcal IRDS. .

ctlons -as" belong-
L ’I. -?,_' A

e
PRI

Thls conceptual approach“makevaéiearv

;the dlstlnctLon,

;';between ;data administrator “and.database admlnlstrator ac=
Q“t1V1t1es._ “Thé data adm1n1strator acﬂhvzty mnst be ‘concerned

“'9'3 4. 3‘Entergr1se-0r1ented D1ctlonarx Functlon.‘Jt

4oy

In the context of the database

: *'ﬁpnovxdes a canonacal descrlptlon of all data objects

referen . or utlllZEd -in- databasesn.1mplemented..1n
‘«the DBM vironment (s)-available to:the enterprise.
7w such. descriptlon will xnclude authorlzed synonyms of

Jnamed data obgects and assOC1atlons¢ s

o _1dent1f1es aggregatlons of. data objects and assocla— o

‘tions,  as mecessary, consistent with 'the data model

“iused to structure the (conceptual) global ‘database "

' chema, and'thus deflnes the conceptual schema

-

‘. .,-

0
~) o7

s t,.ldentxfles'the use of data objects in ~user. views

(external schemas) Implemented in the DBMS environ=:7,
ment; and : the~ _computer™ systesi © enV1ronment(s)jﬂ'f;

LV

'whmch user views” are 1mplemented

R -.‘ -

: 1ronment of. the "efi-
;Lterprlser the. enterprlse-orlented d1ct10nary functlon,~-

.
LTS

5 ;WIth ‘the - enterprlse ‘view ‘of -the- d1ctlonary and looking:at-
.. data and .information 1n globaI terms. . Thé database adminis- . .

_--trator requirements’ are specific, to.each partlcular database

»;,;enV1ronment as .defined by the-physlcal 1mplementatlon W1th1n

~ _ theé enterprlse;'and will be. concernedﬂw1th the phys1ca1 and -

%,"loglcallaspects of the. operatlonal 1n£o

- whichi“is usually dependentgupon “the. izewand scope of the '

_ enterprlse. y . e

\)('?e}

rmatlon envaronment,a'

cand assoclatlons among ~data. objects’ whlch may . be - -

<

R



e

Tl

;&vthe ‘path: to~obta1n the- 1nformatlon.: The d1rector
* .provides’ a,cross-reference use of data- ‘'whether-,

:gsoftware ssuch as for. multi-systems; -
‘;‘Iocatlons (distributed); erent:
.and different" database ahagement systems;
rtlonshlps of data such as'user V1ews and synonyms.;~

"-‘4.

weoo

-

f?the~d1rectory to:reach

_;or.buffer to the ‘gaser. ‘when"o
‘tionaries” ‘was not on-llne.

“conceptuali(gIobaI)idatabase deszgn—-thls

e _ cludeS“provxslons for merglng user .views 1nto a

K{, non-redundant globa; view-if“the de51gn metho

T dology is’requirement ﬁorlented. =

;8 _4-- ‘mapping- user views at the conceptual level to

% external schemas 1n the, operatlonal DBMS
RN eHV1ronment(s) o ,»n

L E e ‘~“mapping the" systems V1ew to the dlrectory

St L the operatlonal DBMS enV1ronment B 53‘

i .

Ehe dlrectory is an organ:zed, 1ntegrated rep051tory of

1~data «that pProvides- for user 1nqu1ry 1nformatlon searching,

.

and‘lnformatlon locatlng .to: determlne-what‘data ‘and. informa-.

';tlon is avallable an the*operatlonal data’ environment oflthe
;forganmzatron., A functlonal user, . regardless of d1sc1pIine,

.‘.,

K

.~ would - be’ *able to determine whether«t&e data eX1sts in. the-,f
venterprlse and, if’ it does exist, where it- ‘located:: and

/ functlon
t- 1s' sin=
ardware “and

volved withs:the - 1nterrelatlonsh1p .of the.

59

\—L. .

Audltors and Eunctlonal users- would be the prlmary

\o

ry to audit™ the “functions .and - uses . of the enterpr1se~

~oriented d1ctlonarYb;whereas the funct1onal users would usé
‘his- or‘her system spec1f1c dlctlon-_#
akys In addltlon,ﬁthe~directory could:act as: a~controllerv
"‘of 'the system - spec1f1c dic-.

fThls>wou1d prov1de;1nformatlon
to the. user- to‘allow him or her- to'make ‘a deecision to e1ther

" ‘waitfuntil’® ‘the system: specific dictionary: comes‘back on-llne .
~ .Or access an alternate source for obta1n1ng the~ approprlate 20
'1nformat1on.. : i S

IS

.

multl-da bases; - multl-'fﬁ-
: conf;gurat;ons,,wga
or. the 1nterrela- T

‘users of the directory - The: audltors would use the directo--: .-

RS



c;1on concerns the{support tozbe”prOV1dedxfor av
~It. cam'be divided . into the: following sub~-
functions whach are furtherxdxvlded ints” the‘major IRDS fa-:‘J.

,{cilatles requlred to.1mp1ement theseafunctions-ww R

. def1n1ng phys1cal structures R ’**”‘j;fi":_?;
. - - definrng relatlonshlps between phys1ca1 .struc= -
”f137~} tures T b... . L
f?f o DataBase ver51on control 'g;;ém-::‘.“"?”*f"\iﬁ
!?L oy . o ".‘ R - T EELE :
LR ”5prow1dlng staglng and status facllatzes
o S providlng reorganlzatron cr1ter1a and data .
*; collectlng freéuency of access ' and? *update;é%
. ~ ...statistiecs. T IR M
- determlnlng processlng t1me for access and . up~
. ..date : - ) ' e
e “tracking - resource usage (central Progessory’
'1nput/output, etce ) : _.“-” e
- collectlng fa11ure statlstlcs ﬁﬁ
Generatlng schema and subschema defznltions :
;*F_- accessrng 'logical ! structures Mffronf”dk' Ehe
L enterprlse-orlented d1ctionary functlon . "
.} - generating.schema ‘definitions ., -~ . .
BV generating subschema - deflnitlons :
- generating input/odtput control, parameters for e
L the app11catlon programs accessing ‘the" DBMS ‘”ff”
fQﬁ“';@* Igplementlng 1ntgg;i§2¢' ﬁf_~:ﬁwj i%h,;?a'; lgf'ij f%-\:

N e storlng ‘the - 1ntegr1ty constralnt rules .
- - app1y1ﬁg these rules when .new . databases are gepJ"fij
- ‘erated e o

"« .. constraints for given parts of the databases’ i .
«.aPPIYIDQ these constraints when acge

gg_y fﬁ' = sort1ng 1nformatlon related to acceségand update
‘date requests are processed by the DBMS

: and up—-ﬁ

- . ¥ ‘.'
- .- -
3 Loent . e, . . ks
< . ket T . e .. IR o .
. . . < . -
-37- .. PR
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ng.-va. “yation'ruleséfrom the enterprise-
}priented dictionary;function' s T
ese‘rules into the ‘DBMS "specific

w3

Encode/decod '_

~grgyw,g,q— encoding'any user-specified 1nformation (e G
. % 4. schema” - andrsubschema definitions) 1nto,1nterna1
;o e & ,workingformats-and ‘tables . Do

il e "« < decoding-internal working format and - table"in-,f;

formation*into userqspecifiedaformat AT T

°_ _ tlon o .v:. : . -'It .
SRERE S .. = _generating: necessany error and warning messages
;_"ﬁ_fsg;-i during the encode/decode process J' S
-;”;;7!; Tables 3-8 and 3-9 prov1de,~ respectively, -a’; £abular

- view _of  the: -relationships betweén’the users-and. the three
Iogical “TRDS functions, and the uses.of these IRDS functions
from the database perspective. - . , A .

3.5 chGIeU:.S»IONJ:*-‘ S

LS~

- The reader of: this report should be convinced that h1s
or her. enterprise needs-a managed 1nformation environment..
This realization may ‘have: résulted from continual exposure

,~g~- -allowing: the user to update the decoded 1nforma-':.‘

to - the - ideas ; of " IRM, IRDS, ‘data managemént;: '‘database’ ad-.f“'

ministration, configuration management,' ‘quality ‘assurance,
productivity, Ymaintainabflity, ~etc¢iror- it -may have been an
inspiration.- ‘In either.case,- this chapter of the report has
-provided. a model  for uses of an. IRDS. .  All -aspects of the
" model, however, may. not fit every enterprise s.needs or may
-not. T be feasible or practical to: 1mp1ement, espec1a11y when -
“-the. enterprise initiates the" philosophy of truly managing
its 1nformation environment.“w- . ;

”_? : The implementation of the concept of managing the in-
'-rformation - environment- should’be evolutionary, and the IRDS
_aspects presented’ herein-« should undergo ' rigorous
cost/béﬁefit analysis. This: ah 3
" start-up .costs, because. the
front=end loading of costs.. !heabenefits and- reduced: costs
" of information systems will’ ‘adcrue. later,'-although some
-.short-term benefits “may - ~oceur;; - depending on-the situation
within the enterprise. The 1ong-term benefits can: accrue

e

e 3R
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through standardization improwed communication, maintenance‘ -
and modification of.  automited.and manual information sys-. . °
tems, better planning'and better design of :automated . :infor-i;‘“
~mation. . systems, and’ databases ‘which, can provide ‘mére fimely__-v
- response to- changesain the" information 'environment,%rfaster -
‘reaction to* government'legislation 1n9the areas of privacy :
“uandrpaperwork'controls. ‘reducing the:: ‘costs.* ~of .. conversion,?s‘F
-and* modeling  of “the “information - system vironment*-to————
‘develop a more -effective and efficient enterprise 1nforma—‘§,'
tion- environment.;\These»benefits can accrue over time, bqt:ja,
they are not free. O S PR p_ Lo ,,._c,ﬂ_s, EIE

-

: To realize the managed information environment will re—, e
_ quire organizaﬁion changes, the development of~user pPro—- ..
‘ cedures ‘for all information- systems;" the. ¢raining of peopie,'
- and-*the "changing-.of.: people (both: managers- and workers) to a
disciplined approach.frpm ‘the normal reactive. approach. - The
degreé of change to~ the enterprise .‘is- -dependént ‘on” the
-present enterprise env1ronment andgthe degree“of‘~enterprise
:adoption<o£ the model presented. ;;fl : h - EAE

=3%- 50 7




A
~%

. o
Z A

- i
E - ~
o >
- A 5
- -
£
-
=7
- =T
%
+
R
-
. o%
L
S ~
2z ~
: . i
Ve
- »
e~
v e .
- -

4 LA

W

i .-..ﬂ\u,w.... R

= h_.

&

{

t

A

“BROJECT

o |




I . . I A T AP . “

SR B - - o v . . M N

N mee BN ‘)
’ : R e R ‘...... RO e

't

. . ; .

3 al & . .
N * |

: ¥

.n \ )

N o e

~

.('

v

)“','U
. .»,'

‘I
2 |
I

TRANSLATE

(

Ly
LN

D
R .
I
I

=R
U
1
R
| S S
R
I

- .

‘.,
e -

B (DEFINE), ' T (INFLUENCE),'R (REVIEW), T

a.

ORI

SLC:PHASES
N\ 5

g

5

&

{0GRAMMER
USTOMER
)PERATOR
ROJECT
IANAGER
ADMIN
YSTRM
NALYST
UDTTOR
ROGRAMS
CODES:
\50

—
3



uy

W
Ol

L
e gt v
TR e

IR EEXESY B




RS AR

S S wmRmmmmm

fﬂ:ﬁﬁif.

X .\.4 L
. ."‘ v
\ ' .

Ayt " ‘ ' “
L ST
E R B

s

OURCE: |~

[stsmme |,

GPRRATOR |

PROJECT
MANAGER

ADMIN
| sysmRy -

‘ﬁjM$

Co—43—

- |amaryst L

(e

| Rochans |

)

TAILATE),

@.

Y
&

R (RaEH)

TFEGE), 3

L. oS ) (OFT), T

N

Loy - P

M§D?;°f"" '

oo
SR S




p

R
R

FROTED

ATACTR

AT

T e ||

oADMY ] .
SYSTRN

ANALYST

ATDIR

O e e
s\ |
R | |
B
SYSTRM
| DEste

PROGRAMMER

| .
o |omm| |
e

f
Y
-
|
L

L
S

( e
i

Cal



2 ’ - :
. Loy, . .
L . o ‘
N . Table 3-6 -
e S T < 2 :
e A . : : Teles
A SRS S . - . AAn.n =
k > s B i
; . 2
(o =] [= I G

4
(UPDAT_E,);"‘ » KaE

i

¥
‘.’,

[ RANSLATE)

R
R
R
7

oooooo

N +

[ 4

Vs

»

4

H
]

[ o
,"“ ot ".
I I Y LA

REVIEW), -

, .

w/
R

B

R
R
CODES: D (DEFNE), I (IWFLUENCE), R (

SYSTEN
DESICNER
PROGRAMYER
CUSTOMER
*OPERA_TOR o
{ERovECT |

o ARAGER

i
DATABASE
AIMIN
SYSTRM
ANALYST
ATDITOR
PROGRAMS




SO PSR MAWEUNCEMODTIONO]

)

g
B

_-(D
W
|

-
b4
1

3
111111

2R (oa|
RDR|R|
:

IR
o . 3 Y %
i . AN 57 -
. . .
@;l Y. 3
. .
. - g’ v
. 3
. o y 'y .
T K % X1
Y 2

D
(& |
I
R

R
B

R
R{R-.
I

R
D
R
. R |

"
}
[ AL ¥
e b

2.

D
R
R |.B
181 |
R
B

D
SIEREE
D

T
D
R
D
R

DATABASE | {
ADMIN

o | | oo
mEyer {0 |
womR |k (R
PROGRANS

_ ) 1
. THISMBLE TS AT OVERLAY OF TABLES. 3-1 SEROUGE -

TIFO
RE%%ng
SYSTEM
DESTGNER |

I f_ -
CUSTOMER
OPERATR. | p

= G el e T s




SEERE b e [ NG e O SO
s RN 5@;‘ g N

SRR L
'-""'l'-'ﬁ'.LRESCEIEINGfDAE‘A R SR N
| Vomsrmrame s |

. N ST : - !
i B N
SR

24

RS N o E5% I P RECORDING LOGTOAL -y | | . L

. L " -
IR L ' . . 0

- FUNC'HONM\USERS ] & ot A
o ADP MANAGER\S\ o 1 «/ ANALYZING USE - Xx
* e PR It DEFININGINTEGRITY '
Xy DAEAEASEMSEEAEORS_; | | GRS

4

L

o EEEEEESE--EESEGEEEE ;;?—.Zi{;. S R M’ACT Amingsrs 7
o | DATAIDNINSTRATORS X0 | | VALIDATION cEEEEEEE
R SN ACCESS comAmEs SR
L Tre. Tt [ CROSS REFERENCE DATA P
| R USES/USERS LI
Lo R ‘smoms i"f{.; 05 3 I
wEs 0F TR ms S T
pATABASE PERSPECTIVE B ENCODE/DECODE ] 1)

7"

..‘\

| DATABAFE‘/’ERSIV»\IW SUL

e e B o USES OF s DATABASE PEESPECEIVE '
g bon SO m_ Ktk e .50-‘

' - K N . . | | W L. . B _'w
. L . . . | . N Ay N A . o _ Fa
B ¢ .




- B;Lognaphlcal Skptch"i) o

-

: 'Henry c. LekaV1ts is. Pre51dent and’ Pr1nc1pal‘,Consul-f
- -tant. of "~ Alpha Omega- Group, ‘Inc.., a company -that spe-
- -cializes in the solution of- a broad range of problems '
“in- the area_of"Information Resource: Management. He is -~
“the author of ®pata’ Dictionary’ Systems, publlshed by

Q.E.D. .. Information:. -Sciences;  which presents an in-

’_depth analy51s .of commerc1ally avallable ‘data-diction-
i ary - systems? and;’ ks currentvaworklng on:the second
c,jedltlon of this ‘work..' He has beén" ‘consulting = ifi-"the -
. field -of data-:administration:and:.‘the.uSe of. data dic
... tionary: systems; ' andis: a: frequent lecturer on . these
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-vANSI/XB/SPARC Database Systems'btudy Group. since’ 1ts,; P

" inception.” - He. chaired: the. :Data: chtlonary Systems .

”Study_Qroup whlch orlglnated the SD-3 ‘on-"Information .. o

';Resource Drctlonary Systems, - and then acted as the;f?5;
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Controls deczded_to-agree -on “a: workzng definition’ of Infor-;if

K l;-' “

?As-:ﬁsqfxrst:agenda 1tem, the panel on IRM POllCleS and{

matlon Resource Management. Such a definition: yas requlred

" to set the. boundarlesvof dlscourse for the work of ‘the: panel_f

"and to'give -the" prcper,pers ectlve to.the- 1ntegratlon of -the "
w1de-ranglng e Eh and areas of expertlse'*

that converge

-

cy . actlon,. or- procedure conce o
- (both automated andfhon-automatedrfhthch manade=.. . .
T:’;~ment establlshes ‘to//serve ~the -overall: current-. = -
c: and future ‘needs: of - the enterpriSe",u Such poLi- i kv
. cies, ' etci,.would: 1nc1ude considerations. of avai- - . .
yglablllty, t1me11ness, ‘accuracyy, . 1ntegr1ty, pr1va—-?}
© T CYy - -sSecurity, aud1tab111ty,*_ownershlp, use. and‘:f“
;ﬁfcost-effectlveness..h - : : S

A

gThe IRM'deflnltlon'emphas zes'the- enterprlse-w1de na—;3ﬁ'
= i qor

“truel: “t]
mary. shift:: of““Epg es: AT om;
methodolog:es toldata }entered deslgn methodoIbg1es.5;:

the_ work.of the~ panel and a general consensus’ -existed as.to
T its usefulness and proper focus on the problems that Were
d1scussed. o I : g

. R
R

E .The scope "of IRM and its 1mpact extend"intof a . large

3“:}:number e operatlonwaof an enterprlse. - Since: the work of .
- .~.the panel ‘was limited.%

‘the relatively short duratlon .of

- the - Workshop, the decision was made by the panel-members to.
~.~Yimit their considerations to.the analysis of IRM,1mpacts on"-

“‘the'. area.. of 'computer-based systems./ In order: to organ12eff;ﬂ

LT

t} 1ts phases.;_

R PR ST, K R
- X - e Tt .. o o S v

.the" work ‘to’ be done* and to:properly highlight the® app&&ch—

b111ty of IRM" ‘eoncepts throughout the life of such syStems..;;:
it was'decided to adopt a; part1cular definition of a- System

L1fe Cycle (SIC) - and to categorlze IRM 1mpacts accord1ng to;-&f

,.,,} . . .

N
.2

,.
A
s A
S
ST ;

ng 1nformatlonfﬂﬁfx'1

thDSr and procedure,' 1t da afled as. a;g :

-”th processlngbcentered de51gnfﬁﬁ'

S Thisfdéfiniti as'agaln reV1ewed upon Acompleiion' ‘Of




ST “the Juser-visible functionality.'
:;;7;;data elements required.\w L L

1ncluding 4"

o |
';Lf};iﬁxfjjThe Data/§zstem §pecification Phase consists - bf}faf
&Fg_tﬁ "r;~translating ‘the results: of‘the_prevrous phase.into .

vﬂreplaced or inter ed WIthln”t&e new: system.~

"iThe onstruction/Testing Phase consists

"fsystem eadyﬁto bémplaced inroperationy-;:, TR

. AT '. Lo J‘ s

#ff,*"The nstallation/ggeration Phaseais ‘the 1ntroduction’

and'then-routine production use of the systemm

a -

‘ '*f'mhe Maintenance Phase is routine=repa1r.“

'*?"fThe Enhancement Phase is. the'ﬁdditzon of new func-“"

_.;- T tionality resulf&ngT ;ﬁ

,*-rThe Termination Phase
"tion of production uses of the system.g‘ .

. :4 . PEER : .
-8 .- .

'\

4 4 ORGANIZATION OP THE PANEL

;}'VQ The members of the panel had.been drawn f:pm both the;f':‘
'technology sector gnd -the internaI auditingﬁ xofess1on.- It

- ‘was decided ‘that" the value of the work would' >e .enhanced’ if

k-the "panel' ‘spent.’ some’ .of its “workif#r Hime leldédslntO"
”Hcﬁarégdi w1th.fdif% B

..separate technology and*ahditing-groupé
ferent but complementary missions.__,w

-v,«“-n i ‘

-Lapsimplementable specification. ‘This phase includes -

.. p+tlogical | database design. ‘The. phase should also -

-'f_addresS'integration plans ‘in" ‘the. ‘sense ,:of - what: is
~-“done - about existing ‘systems and -data ‘that will. be,

Tk atabase/stt Desrgn -Phase consists »of de-j
. wooTailed-program designs and specifﬁﬁations and.-physi-
- cal database specifications that. will- “achieve- the -
“functionality outlined 1n the prev1ous’two phases.w’ﬂr”

R 2 ‘;Of _program ¥
.‘*'“}34§ and database implementation coding and unit testing.plar
. ;

'ijhe Int”ﬁ:atﬂﬁhszstem Testing Phase results ;n ,afﬁ

a3
PR

t_he_- -sys=

'1s the archiv1ng and gtﬁrmina-f'é



‘. ‘--, - P - oL s ,_.'7-]_... - i“ . - .'. .:-
B The technology group-was charged wzthﬂfidentzfylng is— -
'sues ‘associated- w1th computer-based tools. ‘which are’ appllca-ﬁ_
ble and available to support 1nd1v1dual SLC phases from‘ ‘a

developer srp01nt of v1ew.j*u

The empha51s of the aud1t1ng grouzLyas éh explore . the s

-l

"exposures ‘that eerted :in the varlou§§5LC phases and to sug-*

-IRN; -pol:.c:.és, requlred dellvenab=

presented -fts findings-and .a comg

' 1dent1f1ed. et

,,.o
ik

-

*4.5 - "IRM".,

)

;Sc'f-:

..gest tocIs;and prOCedures that would?m

the r1sk of
. these exposures. . j; ﬂ _ Lo 3 '

e P A . e
©

vl

"5ﬂ,ﬂBoth gfbups-were responslblel de eprrng llStS of
ous.SLC phases. - ;

'eachw gfoﬁs

SO In ‘the flnal worklng ‘sessi -

-limited time available. to eachfgr;‘

tive 11sts to be prepared, it

development“bf §M procedures ybﬁld/ lgnlfica'fffy

.{:r In theo follow1ng, the Hﬁlndlngs 1of' the pa lﬁ'are S
presented.,« It must beaporpted outbtha;,the Aise of Blctlon-"-gg
‘ary Systems asa tool is not highlighteéd’as it-was.felt’ “that_ -
this, :would occur in, fherwork ofj'tﬁéf‘wqpkshop panels. In== -

steady thelfrndlngs wgre structur g to-fycus more on » TRM-

=~

related ‘issues.: kT

:,..}' - . -«

o

. The panelfdeveloped a set ‘of IRM pollc1es for a fhy-"
pothetlcalw-enteqprlsgw -These’ results are grouped in ‘the
follow1ngwmanner~ ';CJ S o . .

o . . ..
A ks

Fundamentdi IRM p011c1es (ébctlons 4. 6 ;‘4.7) '
'IRM pol1c1es appl1cable across SLC phases (Sectlonadgi

.' 4, 8) ;‘. . . R % . . ‘ . p _ -.\. \_;,j'sé- .
R e A ”IRM pollc1es appllcable to iindiVidual.-SLc; phases -~ © .
o f.(Sectlon 4.9)- . R _fﬁ.n-w 3

The results presented are 1ntended to be ’representa-“ﬁ-;
Ctive; - in, no-instance does’ there ex1st the 1mp11cat10n that_.'

the,results are exhaustlve. < : T
% N : FR . Lo
. - . o
. . e A , g
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CJ.eS' -

The panel proposes the followlng fundamental IRM pollf,'

wer There w111fbeua#$trateg1c System Archltecture Plan

."~,?3 for the enterﬂilse.i-
E o Gm T '
s * There will be ;Lpng Range' Informatlon Plan wh1ch
P .considers’ -shor i an@ ‘long-range costa:aspects of
ma1ntarn1ng enterprlse data. ';34;_, -4 L

--Fundamental : -IRM P011C1es.
" that ‘the present report will be more _meaningful -
" an outline and brief description of each

- be cons1dered
: mentszn~?~-

. \ ‘i '

4 7 STRATEGIC SYSTEM ARCHITECTURE AND INFORMATIbN \
P PLANS SR P TP M -

There w1ll be Guldellnes for .the use of database,
management - systems, languages, networks, . d1ctlonary
‘systems, hardware, and other system components. R

~
- *' There w1ll be a’ Data Standardlzatlon Program,.:,
- - , ';: ) ..: ,':" . ﬂ'- : R “l

T KRS . o O
A B “ L. B 4 ST . . K .
T T : e P .

T Tﬂe'Strateglc System Architecture- and Informatlon PIans
‘constitute -the : -nucleds . of the documents called. for by thé
The panel did not discuss: the-

specific _contents  “of -these documents; however.,lt is felt-

What follows is
apter which can
representat1ve of the nature of these docu-

detailed désgription of them weqp included.

. [ . . e - L
. . N . -~ . §. : A
R L : : L. ¥ 8 .
’ ~ T S
Sy N . R S ~
P . L
- ) . : . - - B 7
Sr T ~ o . . -
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P . . .
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1. -Managemenfﬁoverview;**‘”'“*V

T "PURPOSE OF CHAPTER ~ -

-~

P i
- .

of high=-level enterprlse eveﬁt N

. ‘model (normative). = - .

e D1agram of hlghrlevel data resource

iy model  (normative)s o
;. Bu51ness objectlves and goals. N

sh- are not dependent
ftware, or = -
kage commltments..'

1.”Descr1be the env1ronmenta1 IRM

L s.initiafives. -

2.~Descrf5é~enterprxse.event support
n1n1t1at1ves (applicatlon areas) . -

1. Descrrptron of organlzatlon“yn'terms._

- Datao

. Resource
g\MOdéi

‘?N

3 am and describe the’ conceptual
, %gel ¥or the eénterprise. "
Outli plan for model ref1nement

‘fEnterprisem
.. -Bvent-
ki Model

e

Efor model reflnement&

e and coilectlon of cost/beneflt
data,for each event. .

.?A;tachmsg;s

e

Lt
e .¥

»1. Descrlptlon of. cdrrent EDP systems
»“gln ‘operation and. development.
2..'Lists of current hardware installed.
aaq The technology forecast for
' "predlctlng impacts on the enterprlse
for the. next 5 years.’
4. Glossary of “terms used.

»s Bibllography and aeferences used._'.

A /

-54~-
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* The enterpr1se:event.mode11 g:focuses cost,~ produc-.'"
t1v1ty 1mprovements, ‘and other- orggniza onal .bene-

, ,¢fits speclfac buslness préctlces\ (1 e€e - the

'Q,~ “@vents) -;__._rw T TR e

ok The event modeling also facil tates organlzational
. development ‘processes to occur in"a neutral: discus--~~
. sion- ‘environment: which” ‘not . tied to ex1st1ng
departments and appllcatlons.,;f L :

;*The-event modellng “also’ fac111tates planned ‘migra-
5tlon,9 "current large, batch Processing systems into
ﬁtermtnal-o:iented on—11ne systems '(where approprl-ifQ

-4

C e askpartof. th “"”mg; ire Plan itself or as
¥ 35;' 'v#€ B gocument dgs?ndlng on the planning and
: Sontiot stvles an '_11c1es of the enter-
4.8 TRM Pancr;zs‘Ap-p;;rcA_BLE AcRoss ALL SIC _PH',A"‘S:_ES ? -
iﬁ!he panel dlscovered that ‘there are a- small group of
pollcles wh1ch are not fundamental to the overall success. of . .
"IRM, but ‘nevertheless apply across all SIC phases..v These.
IRM p011c1es exist in the following areas. . ' ‘
¥ Pro;ecthanagement ' ; »
'*_.Conflguratlon Management ) 1
: R LM
* Metadata Management°€’ s .
* 'Documentatlon Manag%nt \) B
R 'ReV1ew Managemeﬁt e b SR
v”*For each of these policy. areas subsequent .sect{on: h
" or 11st.de11verab1es, applicable--computer-based tool '
cerns about tools, and recommended IRM control pollcig
£ e . o ' R f:‘_
Fulta : f?;laéﬁa T
= °




The management‘901101es and tools for projects ‘should"
be 1ntegrated'w1th the other aspects of IRM".I*-*;;NW”"‘ ,

Dellverables'""”"

. Estlmatlon a1ds

Measiigement.aids = - .

S ) 29 & qlect—eontrol<a1ds . S
B ‘N~¢Schedu11n Aajds—- e T e

s Organ1*“t1§§31 deﬁglopment a1ds

- b' l"T0.0lS: : N

- - N : . P o . ' f" ’ » ; ) . .
SRl Automated pro:ect management and estimating tools
(e;g._PC?O, ‘PAC-II, etc.) Lo A

. Data d1ct10nary system - ‘ . , Lt
’ZSfAConcerns about—Tools- -”'iii L R
N, Progect management ‘data must 1ntegrate into 'entere._
L pr1s§~d1ctlonar§3system. o - -
o ‘3‘{, : '.. . - B L

g. IRM Control Pollc1as,

. IRM requltés ‘an enterprlse pollcy regardxng spec1f1c :
project‘management data and processes. -

4

4.8.2 Configuration Management.

——

‘ Conflguratégn Management * * (CM) applles software ‘en- -
g1neer1ng principles to pinpoint respons1b111t1es for main-
-taining software and hardware baseline inventpries and . all

‘7.,changes tOt e basellne. CM requlreslboth pollcy d1rectlon"

and- 1ntegrated tool support.” e

oot .- ces -
LS . . N v o Lo 7
_a;'Dellverables.'*-»' I T BT AL S

R

. Change control alds“ ’ v AR
Software/hardware baseline 1nventory aids - - .-
. Status accounting which fixes - 1nd1V1dual respdnsi-'.
*bility for actions and states
"+ - Pointer “system to baseline references and documents
‘not- ci#fitained w1th1n the CM system

’

&




R “$SStatus accountzng packages (ANMP)

-
-

‘..« Data dictionary systems . - N,
-+ Source and object 11brary packages (e g. *Librarlan,
',;§;'Panvalet, etc._ ~ L

ﬁ 4.8. 3~Metadata‘Management {~. e

"c. Concerns aboﬁ%§Tools-im;: ;

‘Configuratlon management data must rntegrate vinto.
g~ enterpr1se dictlon ry. s ”tem. . ' :

Q. IRM Control Pollcles- ge

s . =
s

'; Any change -to basellne requlres' passlng through:.'u

. change: control procedurest S

40

- . PR

. :me use of computer data d1ctlonary systems is expected -
to ‘be the main integrating tool of IRM. 'This dictates that -
IRM_9011c1es and procedures be set up:.to manage the -struc-
ture and data content of" the d1ctlonaf 31 e T .

a; Deererables.

g, . .= -

. Data deflnltlons
" - -Process. deflnltlons ,
. EnV1ronment def1n1tzons

-~

b.“Tools-”

- e o ) A

.- Ex1st1ng, first-generatlon,dlctlonary systems (e;g:-'

- ~ * ‘Data Manager, UCCl0, etc. )b 4 oF
Progﬁf‘dusecond-generatlon d1ctlonary systems'.; - a
Iing tools (e g.,PSL/PSA, etc.) ) B T

352. Concer about Tools- m”' , Mﬁf s _ v
. '.ﬁ Automated tools must be fr1endly to‘users.' 55:

'« 'Metadata management must not * disrupt - the on—g01ng
- integration support of the enterpr1$e>dictlonary
. system. ©- &
- Multiple sites/systems must be addtessed.._ £ R
;.‘Securlty of dictlonary systems needs to be strongr _

e

;' _All metadata is. collected'and documented accord1ng
Cto- enterprlse standards.- . _ ,

-
.
¥ 3
TS
. ' .;A
L

d. IRM cOntrol P011 :'.;.;i - _;f; 1.l' ; v! D

.



4 8 4 Documentation Mana ement., e ‘ A
- f: Software and system GOcumentatlon is-a’ cr1t1ca1 aspect’ - "
of maintaining-a viable IRM environment. IRM tools and pol- ..

‘icies: are needed - to- manage the documentatlon creatlon,'*»

ma1ntenance,‘and retr1eval‘processes. B .
) PP ST N . ] - _Y O = ] _. - — . - s T
-0 Deliverables. e E ‘?f“--g_ﬁ:‘ . ~i""~.f.~ PR

) ent and malntenance standards on-llne .(e'g.
_ Fmethodologies, .. examples, etcs)
.hilberd-proces51ng 1nput/ed1t features tog.make™ creatlon-
' and maintenance of documents. easy- ahd. controlled forJ
. all users (authors, -reviewers, and: readers) B
7~ .. Documents. (manuals, spec1f1cat10ns, etc. ) .o
e References to documents not contalned w1th1n the .

A system 1tself A,»-_.. T S D e
i tl . : . y - S e ;)..'. B ‘ _j ' S . :.w‘ M R
£ b." TOoTE S R -
T we s&?ocﬁssors el S
" . . Text-editors ' s T ot

,;; < . Language. converslon a1ds (e g. compllers; intery .
L preters,  etcs) O c <.
:/P - -. Syntax. checkers-for languages USRS E :
% .  :Standards checkers for:; Aguages and documents _
. System analy51s/de51 ‘ e

.%. Graphic, aids ' : e
SR Eléctronlc mall and teleconferenc1ng a1ds-““-‘

c. Concerns about Tools.

Textual data creatlon,

| tlonary systemT : . o F _ )
e Where ‘do.-the language conver31on ?alds ‘and syntaxv
-z~ .checkers belong? a S O
e o\ -Where does conflguratlon management stop and docu-
' _ -mentatlon management beg1n° f'“; R -
H o - e ~ I . o‘ ) ) .
o d IRM Control ?OllCIeS"_'rh - .ﬂﬂ} 2
A. There 1s a basellne spec1f1ca, on of what constl- 4
. .tutes documentatlon (i.e. most~wpproved dellverables.
oo from,eachfSLC phase).f,; R _f‘ T ~ .




P S

'_:4 8 5 Rev1ew:Management.’f~’

S Formal review groups will become the governlng authori-
-ty of IRM -Life Cycle ‘Management. The convenLng, scheduling,
and reporting of ‘the work : of these. review groups require IRM
pollc1es and tools in order to functlon effectlvely..”_.‘wqa.v-,

s ” S

_2.4Dellverables. S - , o | L
‘e« Review .schedules (part1c1pants, t1me, place, agen-
g ~das, etc.) . ‘ " s
e Approval cert1f1catlon of baseline documentation,
. ~ /. software, and hardware - ; &~
‘ ~e. Re¥iew and exception- reports : ' S S
. “GO'/"NO—GO“ dec1szons on” key mllestones R el

C € e

. Audit’ packagesf(operat1onal systems) _ ’ ' o
Verlflcatropw"drvalldatlon a1ds (development sys- "
tems) L& : - S -

' <:} Standards“tompl;ance checkers ,‘ , : 59;' L
. \-—é d 4’ R ’ : - T e

l

- .

oncerns about Tools.

Te Rev1ew management data'must 'integrate into -enter-
prise d1ctlonary system. :

. SIC review. management tools are needed. : :

. Better audit tools are needed  to cover a 'broader:

scope (e.g. privacy, secur1ty, cost, data 1ndepen—

dence, redundancy, converslon, etc. ). . , .

d. IRM Control POllCleS'.,
4 ‘ - * .
" e NO system may change state (1 e. proceediib another
2 J§PLC phase)’ without a-"GO" decision properly docu-
-5f“mented under the Rev1ew Management procedures.

-

4.9 IRM 'PoL'Ic_IEs FOR _s”PEc'IFJ':c' SLC'PHASES o

 The.'same.categories are g1ven b'- .;‘for policies and
tools applicable to specific SIC phases. In-addition, lists
of concerns and exposures for auditing individual’ activitiesz.
within phases are g1ven. ‘The phases descr1bed are: :

"* Requlrements Determlnation Phase - R .

Y

£h

K

']

i+
R




| Database/SYstem Deslgn Phase- %;
| ; 2 Constructlon/T_stlng Phase | ) ?:
———————*——%ntegratton/System—Testing—Phas:V% X _;;'T
f"' : Installatlon/0peratio45 :g;_ ) .%' ¥
--uu:.*. Ma1ntenance Phase -r}a ’j} iffy:'dﬂ.'giff:—f‘
| R "Enhancement and*Termlnatlon‘Phases . f'd" .

4 9 1 Regulrements‘Determlnatlon Phase.

- ThlS phase 1n1t1ates a new SLc project by systemat1ca1-
ly documentlng -and- obta1n1ng approval of- user requlrements
for the<project,__- A & o

a, De11verab1es (Data and 5ystem Regulrements)*-' &

S

. '_ .
. -"_' winte .

,.3 Data/data structures ;é'a - ' ‘ ,

' User-visible.: “function: statements (1nc1ud1ng user .-

L ‘manual and.user-v1s1b1e £Lrror- codes) ' -
. “Env1ronmenta1 statements and constralnts A ;;i

.- Automated- requlrements tools : ) ;
o Graphic entity-relationship d1agram alds -
+ Dataflow.diagram aids : R
A .- Data event/data task model aids
g . Structured analysis aids (e. g., BSP, SADT)
. Organization chart .aids o .
.- Transaction matrlx aads

c¢ Concerns about Tools- . I

e Regulrements data mu%t 1ntegrate V'nto. enterprlse

- - dictionary system. : T
. Better requ1rements tools are needed. L

T e ;.‘F;r.,,t. .‘._',‘.-:_ ot
o . . L . ‘
i . e -



d. IRM Control POllCleS¢. 'u”"

System requlrements w111A be. w1th the
' strategic system architecture plan.~v~ e
.« System requirements will“be "in standard- form.' e
e Ent rpr1se securlty, prlvacy, and retentlon pollcles-«.

‘Veg Audltlng'Concerns and Exgosures.» ) .5xrn R e
l : Prellmlna%_t_o_ any System ‘L:Lfe Cycle- o s
3 Standards are in place and well documented for'
- o« programming structures o L L
- systems: development o "u‘i'i_ ‘ o
‘programming languages s ' o
s '.' cost/beneflt analyslsb o Tl

. . feasibility studies ’
. Organlzatlonal segregatlon of functlons is. sat1sfac-

' _tory. ,
*‘;g, Tra1n1ng 1s planned ag% accompllshed’

2 User V1s1ble Functlons.
P A o R I BN . B, Lo
“ ".MﬁProblem def1n1t1on e e
.« Incomsistency j=/T. . _.; o ot R A
. Standards_adhé€rénce . - >: ' R
T, Procedural'adheren 2 S ConT .
. "Volumes ' 7 N . [
. Clarity -~ - - - N -
. Completeneés' - )
. « . Legitimacy . )
'._:Reasonableness : ’
; ; Incompleteness of\deflnltlon el
.+, Omissions . : A oA
.« 'Extraneous,. o o e T -
"'« - Redundant =~ = L : ' *
.. Inconsistency L . : o '
- . "« Units/value sets e -'m;'
. Sensitivity ' o S
. Responslblllty for data and access retentlon volumes
ST R -.ﬁz; T Lo R
o L u./ - -i;_ df - _;‘..__ - s 't,,.v.,._., ol
N e . - -
o B . «. ) . .. . %
, 75 L




-;Avallability oA ".vj;. ST
- Volumes e e N

v .. .Response: time I R o
' Terminal characterlstlcs SR e T
_Security.” .- U S—

Communications’ chafaéterlstlcs S

[} 0. o.'.i 0 ‘.
|

- Physical- enviromment. - ,. ,
: ,<Personnel (skills) : ﬂ;" A :' : "
c. ) . : . a@ : o . ) v .
4.9.2 Data/System Spe01flcatlon Phase. “,:" 4';= ‘ "5 ?
o Thls phase establlshes the . overall archltecture for the
;'project.. -Subsequent. detailed - ‘design and construction phases
can be”’ accompllshed 1ndependently over t1mep and place, -in
) most cases., ~ _ . ‘ .
CES - .
az De11verables (ggglca 51gn)w»-w~-
[ER Loglcal database/flle deslgn .
"« Logical system design - (1nclud1ng transactlons,
- forms, reports, screens): : @
.j;Interface speciflcatlons (1ntegratlon with other
- systems) . . s .
o X Alternatlves con51dered (fea51b111ty) P R
s (=] .) n - - . i , N
- -naly51s )
;'_ city requirements
pﬁ"ffffv~natabase/file de51gn aids’; 3

. = Screen/report design-aids:i 5;.
-~ ¥ Hardware configuration- a‘_ e
.-« ..Capacity modeling aids’
‘;;. Simulatbrs/applrcation prototyping a1d7

,@;,Concerns about Tools, “7"1%'

De51gn data must 1ntegrate 1nto enterprise dictlon-i

L lTarynsystem. v R o
< Better de81gn tools are needed. *7.- g
§ IRM Control: Policre5°'T,”f "xf B T %
P ‘,k . ) "l‘-r B "‘Y- R . ’ : ) - -
- ;: Data de51gns w1ll support the enterprlse conceptual
."7; _-data model.’ .- - SRk
R De51gn ‘specifications w111. be _1n standard form
' (e.g., dlctlonary).- U L . S



BN | T ) A S
e Forms and reports (1npgtlbu%put) w111 be -controlled
T as part of conflgurata;? manageﬁ&nt.,';s“a'*“ﬂ‘f_-.-'

L}

Interface To Other SYStemS°UTiE'r'l'$ft:

Redundancy o A
- . Compatibility =~ - = % S
..  Security - om0 o 0T S 7
. Privacy . . P L
. Completeness - = Y oS L0
- . Impact of change S IR :;7 '

2. System Desxgn Legltlmacz-of*Transactlons
3. Concegtual Data Structure De31gn°'if",?¢3 . ',"f

. Existence- ’Anf L LT e
e Reflection/adherence 1nﬂloglca1 de51gn '

4. Prelimlnarz COst/Beneflt AnalysiS°

Y
.

e Approval 1evels' . v S S
3 Reasonableness S o B
. Segmentatlon R ATE S VAT ST o )

5. Pha51gg Stratng° *; s |

' Fea31b111ty
Reasonableness , - L
Legality .’ T e R

bt o e .0 "

- Resource ava11ab111ty
;o Training . R : -
% Timeliness ) I - - R

Manageablllty U S L -

;g, COnver91on of Softwar_AData° _ B R

»_Exlstlng and target data ,

- Existing and target software
“-Exlstlng<and target systems - .- .. . . .
- ‘Existing-and target hardware - E

}.s

Je .0, e 8 .
o N A

o~




-

This: phase compl':iz the: detalled de81gn of'both aata-i

base ‘and procegsing modules: necessary'before construction .-

beglns. -‘The: designs must’ not violate the arch1tectﬂ&e la1d
down ~in- the_prev1ous phase. , . _

a“—DetiverabIé (Deti’gjﬁ Spec1f1cat10ns).,_ R AT
'.- Physical database/f11e deS1gn . “H<'ﬂ7 f _q%, ST 3
v{pg. <System specifications (1nclud1ng inputs,p oufputs&bjj
" ¢ networks,  and hardware) - R
'+ 'Test specifications - - - L S e T
. Revised user.documentation fys" ST S
. "Hard" cost/benefit.analysis ' Sl S
. 'Conversion- spec1f1cat10ns ‘ }' T N .
. _Tra1n1ng plan i e R E .
. 3 3 A' J - . . . — .
b. TOOlS‘ S . - 7 : -1 I R L
R N - " -~ R K - . - . 3 :. . ‘ .0
. “Security - software (e g. RACF, ACFZ) Lo L
~~ . File and database optimization packages : e 2
§§?‘ . 'Conversion aids |, : oo o L
e/ - - Test data generators- o ' R ,
~% +e Training aids ;~:‘1 A
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Spec1f1catlon data mUst be .integrated ;into-:enter-' :
"prise d1ct10nary system. ' - \ ~

. -Better spec1f1cat10n tools. are. needed.

Z~d.:IRM ControL'P011C1es.~

;’f:ijata speclfxcatlons must be valldated to show thag
... ¢. . they support 1oglcaLKde51gn.'
.-, .« - System specifications must be valldated to show that

support the logical. sy% design.

N specifications must be idated to . support the.
';idata standardization program, ;nclud1ng sources and
ownership of all. data.-- :
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.}_.Leg:_.timacy' e
.0 Ownership/acceéss: approval |, i &
: .f' Synchrom.zation--distr:.buted data process:.ng "
. ¢ Data dxctlonary system use in opezatlonal“ system

- alls
o e Database adm:.n strad::.on‘ g
‘User tralm.ng ST e e
3. \Data _Communlcat dns, RiSHs: "

Backup/restart/reeovery hand},mg_ :
_ .. .Adequacy of.data c’o’mmuﬂcatlons"- .
RPN Encryptlon requlrements ; RS
e P:otocols Ve PR
e N‘etwo;k_mg conf:.gurat:.on and rey:,gw

b"’if_.

"4,' ‘Flna‘llzed cOst/BenefJ.t Analys_ls %

e ‘Approval .level\s are.*correct and completea. S
e e Reasonableness SRR PP e A
N e ,. Segmehtatlon \- :_, . i R o
f';;':.‘r-é. Securlt :Lvac o ' f o ) |
LT e Access restr:.ct:.ons (J?asswgrd/access matr:.x adm:.nis— ~
RS tration):" s s T

e Error“report:n.ng._ T

.- ‘Sensgitivitylegsls = - s
ERa j.----Penetratlon 2 ting:. sl

e :Data.-s'ecu'r = _t,rateg-y trade-offs‘ e e
el Phys:.cal secur:.ty requlrements . (e,g. - .terminals,
' Extmal regulat:.ons-compl:.ance 5 _".9,-‘,'_ e A
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4 9 4 Constr_%§

' This phase ig'made less labor intensive .
work of the.prefeding planning ‘and .de t
" the: use,of’zn -integrated IRM tool ‘ support ki e?'unit

_;testing‘ in ‘this. phase validates the wggk of 1nd§§§aﬁ51 pro—"g .

Deliverables-. 'vfj_: Lf"‘f? 'f j: - ;.,_. e

S Coding (programs. jOb control statements. maps.
ject code) . TR . -

. Program documentationrr
Test data ‘and results_ﬁ~¥

y.jhv'i' Training materials

?.;p;T.Source;langua ; ators
" 2e’s 'Compilers-and¥inter, re :

Documentation aids G
Pile[ﬂatab ) & ;

L

e

A e o g ¥ 3 .
Construction/testing dataamust be,ﬁgntegrated into
enterprise -dictiona"ry system. o e .g .,,g

._“.-

A .. N

| . TR ﬂ"gbe. f T E

e Programs\will comply'with the*enterprise data'*stan-V'“w{sﬂ

i'=* .dardization project,. including dictionary system—z .

T  generated data definition.sections.y,g.- "‘ ..
_;;_J,. 4Codingh~must beﬂ*: Iidated- “batk, to-- the detailed S

_' specifications V-@'a., ~«-~3hu-1; v e T
e%n diting Concerns and ggpgsures--' - j ':i;?p}gif{'ff NP
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ﬁ;f7;_f} Edherence toéuser éeguggements : -
i p ‘Spec1alqzed audit-&éguitements (e g-=SCARFr tagglngy

LM -

P,

.. Adherence-to standards fbr codxnga

= . Existence of*structured*reviewsfwaikthroughs - ff
S o (Audit. par’flc:.patlon for ‘cri zcal furi’ctions in sbruc.-
' , tured rev1ews/walkthroughs’ < A D
- e Existence and quallty ‘of 1m5 ded documentatlon *ngp_7~
-... %7 . :Data omissions discovered  in:! sogramming ' N
T . Resultrng data d;ctlonary ‘system update/moﬁlflca- Lo
S e - . ¥ions =% .
. h Synchronlzatlon of d:.c:t:.onary‘x to en.vnonment )
L e Security of - libraries: (»source.,load) Swo T
it Resolution ‘of- des:.gma.og:.c ertofs R R EIT AT

h ]

3“ Unlt/Strlng;TestlnB ;1,a;-
:Ekrstence‘ ERERN R P
ConsﬁEuct systems %fSt base.,%:vﬂ

fﬁ‘ L

"x. N -, .,_’,\

S TheéteSting in th1s phase proves that the softwa?is‘and
databage modules’ constxucted 1ndependent1y under an overall_ ﬁ‘
design?-strpcture will operate »together- 13} pseudo-
productlon env;ronment.: ST e _ *_;,.ﬂ_g e
a.'DellverableS° [f[f~"A7;[ﬁ;f;;¢.“ff?ﬂffwu,',- s

R ,.'"Schedul;ng aids. el S A i%&:‘
.. % .J Recovery-and restart procedures.“?'ﬁ'ﬁ-v ST Coe R
i ... mraining accomplished - SN s e
i{j_:jpu.-jCompleted system (baselined) =

"f,;:Tools- - Af;;',,- j‘ R

- . - . . . o

P TR - s

. Recovery and restart aids "ﬁ.’“f' e

.. Backup and restoration aids . .- . e et
. . Training a1ds ."u"f’--:vJ;'V”' 2(/f;; R " A
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oo T Conflguratlonmmanage “ht A e
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. Ce. COncerns about;@ools._?.;" B *

-‘ - -v'-é ’ .

L3y ) . Testlng and valzdakion da;aipgﬁt ﬁe 1ntegrated into .
L -.{: . enterprlse ag »1onan§,system., 3 T
e . o SRR & = -

—f——%—*d IRMrggggggg'Po 01es-" . SN e

5&he 1ntegrat10n testlng planuand executlon must»
xaccompllshed 1ndeﬁéﬁdently from Unlt tests. :,

Tl N e . -
3¥£? 3g,-Aud1t_sg Concerns and ggggsur ‘~-_ : =
P e e S
- -*. ®ser- 1nvolvement/1ndependent test I PO
7 < Restart/recovery- Eest-~all: Condltlons_i‘"rﬂ‘ IR R
' Stress test/stump the system . " e

s v

Volume test = - . ' R e

%ﬁ “. . Finalization. ofidata conversfbn prans e T
. g .« . Proof and: balancihg: controls,,,d R
EOMON ?5a’iAcceptance test by. user _x:_f,,ﬁ};”iv_{"g- AR
'r- *"  Security violation testing Ll ruTEe e
S ﬁgalldaggon of production job. contrgl“ﬂanguage 'F~:’,
;{§$ R oductd'cn environment creatsion (1 e. 11brary) % N

f_;”zd_“?aralgel testuﬁlans (1f réqulred)

“-vet;fles tgat

Thfg phase 1nstalls;_ ; » .
“, ) eﬂvlronmentm,}y. J

qpﬂbey can opera

.__-m;Post-lnstallation audlt results
L. & Prouble logs. SR T o R R
R ”,_zRunnlng system % : o ? ”‘J”ﬁv;L
e Attempted secuxi%&ﬁbrolatibns documented o

.:'-Productlon.files/da age.; - .
.+ ‘Produection job gﬁﬁtrdi language e >
e Productaon progranrlibrarles IR

)- ‘ .
rste (end ’uSEr 1nterface,- problem
A_track1§94 sched ing, securlty v1olati&ns) R
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;;;{;'v. Restart/recovery‘ilds A S ‘m,ﬁgy
Jhﬁf B kup/ﬂ‘@toratlon a1ds LT S S PRI TR

Concerns~about Tools°
.~c4,

~
N

‘tegrate

nto enterprlseJductlonary sysﬁbm

z.Operati ns data, 1nclud1ng scheduilng, vm@st_ in-"

—L~—dE—IRM—eontro}—P »&es _'k ‘ - — < il
. _§iecu§uty’pollcy w1ll beggudlted and enforced. '_ vQ
'v_~ :.:.Performance data will bé used as-a £eedback mecha-” o

f . nism: for ° tun1ng._ conflguratlon changes,fand long '
s e range capac1t¥ plannlng. :él' ; o u-ff

| _ Aud1t1ng Coﬁcerns and Egposures. f T

’ .'-;l- InsfalIatlon Rev1eW°' o t;?‘”..fn
E i&. Documentaggon of emergency mod1f1cat1ons .L“f 15~f§5-

. ~;,j Program change control o -,& N "7;;_ -

L 2. Post—1nstallatibn-Eud1t (6. months laﬂhr)i : :."'j

P J§i§? g SR

: v.f Verlfy cost sav (operaxloh development).. AT
.»Vérlfy Qhanggg§to ccritical’ modules. A, ra

. .- Insurguauditability. - o e . A

£ .% . Insurg feasibility of. restart/recovery
Ll 7o osite productiods. . '4;'ﬁiﬂ_ P -

P .~ Anfalyze. change: control log-- T B ' @"-.nge.f;,

'_'Examlne-1mplementatlon of user and operatloﬁﬁ tra ‘--'}’
SRR . R -2 -‘»x. . ...;:::‘
4 9 7 Malntenance Phase. ' ' 3- j,i

G BT Tt
;;? . The amount.of effort“requlred to ma1nta1n a system ‘can

..be 31gn1f1cantly reducegd: if preced1ng phases have followedd}
- IRM policies conslstently using a well-lntegrated .set of IRM: .
tools. , Most .of d:he IRM tdols can arlso be used ‘durlng the-;

ma1ntenance phase. AR T ST 4.

o De11verables. - ;“a%g;f;.‘;.”'. o ,7;§ﬁ";;f7
-1444~~1~ Changes~necessary to—meetrbasellne- equirements—--——-"——-
L\agb.‘.. '__. nals. . ::._;; L »,.'" : | B /. | | LT <~
R _ T R - o
o ,_;- Secur1ty packages o ' : ' o a

Conf1guratlon management packages wm e




'u;' Database integrity checkef% ;-f' e iihﬁj?g-g

Lc. Concerns about Tools'ix-Jth. .;h B ,'“rf'f? j'ﬁh'

Maintenance data and changes must 1ntegrate-1nto en-
terprise dictionary system. o S e*i?v -

DT
»

'»d: IRM Control Policres- :

s

. 4 9 8 Enhancement and Termination Phasesl

'ment - (dictionary system) facilities.
-« Separation -.of production'ygnd "ftest %fnv1ronment
through dictionary system fac111t1es S

"e. Auditing Concerns and §§ﬁ§sures--f§"5? ";' '

.o o=t 2

:2.-'Compliance w1th pollcles.pn user '1n1t1ated/approved
-~ .changes - i

S T e Identification of major enhancements T e
.+« HardwaregZsystem software.:. configuratidn'eontrol

- S

?“

The panel considers that the enh néement 3

" of 'restarting the SIC:. cycle at an ‘priate phase' nd

fjhing the .same todls ahd policies as- for;,

TGRS

a

ut:

4 T N . . ' ___\_'_(

-®

‘of ‘data.as.a -trae enterpri resource. - IRM.also emphasizes
_the. useggf ‘data-centered . de§n
earlier qfocess-centered de:

4

n techniques.ginn

L3
&
sn
b

Fundamental IRM pollcies ‘are proposed for a hypothetn-.'

cal organization+~~mhese—polzcres—empha51ze»the need/for'an
integrated set of planning documen . . v

*' Strategic System Architecture Plan
Long Range ;;fogggtion\Plan .

! s - T 33
: ST0- :

L. All oha controlled through configuratiogfmanage-i.;

-l - .,'.' ".'.

-,,‘Performancewmonitoring functionagg;*:' A /,.z:_[f

h&ée~cons1stsf-:

‘deé velopment s’o—fff7

.ﬁ_ An IRM- definition iScproposed that emphasizes ‘the -use

Lo

methodologies<4in gﬁﬂace of :

a
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,fﬂ Guldellnes fof use of dtptionaryxsystem, 1anguages,‘ i
.- database. management systems, and networks.fﬁj T

e . B . - :

Data Standardization"lan i

P

A substantial impact ok ese IRM cies_ on a11
phases of: the . system life cycle of automa d information
, system ‘can be’ expected. This,impact will result ‘not only :
—in—b “cost~effect1veness—tbut;aI‘a’fn systems which

more-sati"actory from an.auditind point of view.™ It®is

~be  expected’that Similggpimpacqs'will e’ found when similavf
principles ar'»appliea -

thHer "areas the-enterprise al'
_ nforma ion, ;esources.
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Gainesville.

“Information ‘Science ‘- at .-the -University -of Florida,
“After -receiving a Ph.D. from the Univer--

sity: of- Machlgan he was -on-the. facul;y of ‘the New York
p' DOniversity ‘Graduate. School ‘of Bus1ness Administration

ﬁi

durlng 1975-79.
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.Of “data- translation -and- restructurlng, modellngva
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' 5.1 mﬁ’“ W

~s'

-_' -,_* Tlu.s panel addressed 1tself to the 1ssues of‘xébrmat:.on
L resource gement as they relate to an understand:.ng of the.
. rs'. imtzon requirements,. techniques. for, representing and
_ integratmg the individual. information models;" and finally the =
“overlap between’ ]:oglcal and. phys:.cal de31gn.‘ In: keep:.ng with the -
theme of this workshop, a constant nemmder was given to the
—hdrscussants—to—exmne— "es—shouid—piay—m—
\.' ass:.stmg the process of logJ.cal database des:.gn. -

B ’l'he overall conclus:.ons reached by ’the panel can’ be summar- &
_ 1zed asﬁolIbws. . o ,

o i)  Dogical dataFase deslgn is a complex act1v:|.ty. Com-
B _puter-ass:.sted methodologies will allow des:.gners to
e .. -cope with this problem more effectively when dealing
: " with the nﬁormatlon resources of-a, large o¥ganization. .:
Use of semanth data models needs to be heav11y stressed
ii) 'Requz.rement analys:.s is an extremely imporgant ; 1n1t1a1
; _ .+ phase of logical database design. Exlstmg»"fools and
S . methodolog:.es have a nun‘nger ‘of desirable features,’ ‘but -
/) - there is no- s:.ngle techn:.que wh:.ch staﬁs out « i -
- 'g" A
111) Exlstlng schma" des:Lgn tecl'ﬁzqnes in t’ihe
N cﬁhsoftware products -Or; pnptot
ex:.,grossly inadequate or ng

rm of com-

seagch tools .

79 <L le at:all for = -
Jistic ’s:.tuat:.o -~ "The "tool” workﬁ sftch'®: concept was C

S . ;' advanc‘ed as'a o r ating- th _se tqols o

L iv) Data dlcuonary systems (DDSq) wil de a lotwto ffer

R #* in the future et e -desppil. -A_—gr o
el .looked. intq t'h S sgighth “management .of *data

LN T . as a whole"a'nd .Concluded PDSsManid BBMSs déserve

LT equal emphas:.s as tools for' -'= oym¥tion resource manage-
meiit. = Andther group identifiedda tist.of desirable .

e * -features For future DDSs to help';p the design of .
o -7 . databases for central:.zed as well ‘asy d:.str:.buted
v-ennronment o

S s - . ’ . W ‘\ e

LTS ) A number ofzrecomendat:.ons wgre mad ° dealy

- 50 X  distributed databases and t&*‘alhe oblems of

R % __'--_.-,.=~comun1catlon, control etc. IR e V T

e B rdér ‘to. set ‘& framework for d:.scuss:.on,,.‘ ' '&mrall e
/ Jhirocess. is des Sibed in'Flgure 5- 1} guae - +2 desc besg g
<o ithe regy -._..,«- analy 1s act;m.ty wh:.ch Jésgpal? .

- ‘




cal - |Realization of the.Schema ina] - .Re;&utciuriﬁg; .

. Design .- [Given.DBMS Enyironment

LY
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' EVALUATION °

 REDESIGN ¢ ] .
‘ L 'RE_GRGANIZATI%I’ SRR
© .- TUNING ST
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4 Figure 51 hows?the.*vit'aﬁaaa-ﬁoae”
" ex1St'1n'8°1ng from a unlverse Of'dls-

:: and'plannlng.. Slngle arrovs - show sequences - of'actlon whlle

' case,,the enteéﬁrlse schema would 1nclud—;=

Eigure 5-2 sh!ws the f1ve phases.of requlrements analysls

double arrows show mapplngsﬁam ng ‘models.

“‘Enterprise*ﬁodeI“COmprlses data expressed in terms or

: obJects, ‘things} activities, events, policies,’ <concepts, etc.,'

~‘which refer to-an overall ente:prlse._ It also 1ncorpp;ates at a

:‘broad level the attributes and relationships among thesé objects.
¥ As .an example, let us consider the unlver51ty as an enterprise

é. and | .suppose. that ‘the ‘dniverse of d1scours"

for--a given Context: .
_“hyslcal facilities,"

Ses, etc. In this -
1 the:above'objects

1nc1udes .the : ‘instructors, the students, ti
1nclud1ng‘bu11d1ngs and equipment, -the cot

plns the ref assoC1atlons. .
-

'fe-gng-¥ a sﬁudent enrolls in a'ﬁi; a5
i L; a course is taught by ZA.’ﬁ'
éﬁgroom' I S

..

. ‘,_'.

3

-ch are speC1a1 classes

.;, latio a‘_bout which .
be-a need to store data 1n theJaatagégg The Enter-a'

B rlse‘Hodel ‘sometimés¥includes the type of proceSS1ng “to which

WJ~.v~‘The éppl1catlon' :
: pture the dynamlcs of--theg enterpr1se-w1de information by devel-

° oping reqiirement spec1f1ca§

. the) case of the above example “of a unlverS1ty, the application
r u1rement ‘models may refer to applications such.as’ regist tlon,

" the.corresponding data is subjected. The Entérprise Model should ‘

contain’ ‘telatively static or invariant data which characterizes

the- enterpr1se in terms of its relevant aspects for a partlcular

:':meet1ng 1nzfooms deslgnitéd as-a lab, etc., 'h f'“

i

W

-

day RN o """',, - S

ﬁirement Hodels shown in Flgure 5 2

ions of individual applicatioms: In

enerat;pn of class- ‘rosters, faculty office. a551gnments,‘cl
,roon‘aSSlgnments, preparat1on ‘of inventories of ®quipment by
buildings, departments or rooms, etc. In a top-down design
_methodology using su®cessive refinements of specificationm, the

: appllcatlons are. descr1bed at- succe551vely detalled levels.

The term Global Informatlon Hodel refers to an,output of the

w_1ntegrat10n proCess whlth 1ntegrates the Enterprlse,ﬂodel with .

j 1 K . BRI . n

R ; ’ BT Ry ’ o ."'_-_ ¥ :SP . R I 2 ..

. , | ‘*.*w | . 94

e



- tics of. evant mformat:.on as *petce:.ved by ‘the entire user
- populat:.on as-a-whole. :In-its idéal form, the global 1nformatlon .
- model idea is rather ‘utopian. Orgam.zat:.ons where user groups'
Place w:.dely varying demands on. the-data and, .in fact, want to -
. see their "own versions” of a: database vhich are not necessarily -.
" compatible?: may haveﬁo settlé for. more than one global mfoma- .

t:mn model. R o ex o T T

. More and more orgamzat:.ons ar "str:i_;buting‘ the :éontrol_of o
" their-data into the hands of lo ) For them, -
C*view mtegrat:.on act:.v:. Cee ‘st at the local Jevel: and

9then .depending on the 'H
may not be -constructed. % ;"
T a global mformauﬂn mode
m‘ s .. R * . . -’.'_
As shown::.n Flgure 5 1,~ the next phase of deszgn starts off
w1th the global z.nformat:.on modet and ends. wrth the real:.zat:.on
- of the. schema in a spec1f1c -DBMS; env:l.romnent isel .
‘the DDE, the.. igtegrity constramts the . pnvacy -and’ seour:. :
rstra:.nta and_the processing. of ‘the.database in that LBMS:. .i‘or L
ﬁsmphc:.ty we . .shall:refer to this phase as” the' schema - d ad
E phase - It 1s o‘bv:.ons ihat the\ﬁllomg o'vexglaps ens&;__

g ihbal-information model may-or ..
s. ot beeﬁ' shown conclus:.vely, that :

o a'9 SD phase overlaps v:.th theprocess of v1ew mﬂegrat:.on )
N whmh is respons:.b].e for: genefatmg th:i global mforma-

(A tlon model.’ :

- it‘x-':.s t‘drff:.cult -to draw we11 defmed boundanes betWeen
phys:.cal and’ log:.cal database,,des1gn and fu;rther be.tween SB and
log:.cal des:.gn or fetween SD% P

Requlrement"Analys:.s/assessment of. nser needs. R
,GROUPI.EADER Weldon., HE}_IBERS:V Curt:.ce, Jefferson, ‘ f_:;.:

'_-"Sect:.on 5 2 sumar:.zes resnlts of the:.r dlspuss:.on. A

-l .




e SR SR e T Ys N TS
_.-:( ] v : . . G , _\_. .- _.'_- B . .-

-~ Group TI: ‘“Informat1on Hodelmg. B T T g
. .7 7 7 GROUP LEAPER:- - Kerscliberg. MEMBERS - Brod1e, Buneman, ;
‘Housel, McLeod, Wiederhold, . . - :

Cal Sect:mn 5 3 sumarlzes the:l.r dlSC’uSSJ:QI!S-, .-" e .':-‘ _ _
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- Computer1zed app11cat1on systems must be 1ntegrated A
major function within an independent busines unit: will
constitute one application system (for example, ‘the person-

~ nel function within a subsidiary company but.not the ' .
materials management funct1on “within one factory)

N The- concept of - Informat1on Resource Management is, st111 N
evolving, and the above characterizations need -to be reviewed °

with this in mind. However; the éssence of IRM is. captured in e
the above points, -Two very critical- 1mp11cat10ns relating to
requirements definition follow. 1mmed1ate1y from the above
character12at1on._ These are: - : :

a) Under Informatlon Resource Management the- requ1rements
definition activities must be undertaken within the context of a
.top-down bus1ne§s p1ann1ng process. which has a broad scope, and
relates information to business objectives. Without such a plan,
" there are no obJectlves for which to manage the information
- resources; IRM is undefined where business plans are absent.. _
- Currently, information is most readily rélated to tactical busi-
ness objectives, although in the future it. should be directed at
strategic ones as well. To the degree that an IRM approach might
fail, it is by far due to.a 1ack of apprec1atuon for this point.

_ "b) Whilesthere are numerous tasks and operat1ons which can .
 and should be distributed in a modern environment, under Informa-.
tion Resource Management the follow1ng aspects of the requirements
phase must be centralized:

Co- Coordination of~requirements activities,

Access to requirements documentation,

Specification of the requirements definition methodology,

Review and, approval of requirements results, and
- AdJ\\lcat1on of d1sputes.

Note that this centrallzat1on is with respect to the scope .
of the IRM approach. Thus, it is possible to apply IRM to less '
.than an entire organization. However, as pointed out above,
there is some minimum scope to which IRM can reasonably be app11ed .
For example, sharing data between two computer programs is not
IRM.

/.

5.2.1' The Activities of the Requirements‘Phase

In order to better understand the role of the requirements’
phase, we need to describe its immediate constituent steps and

-

-
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, characterlze the act1v1t1es whlch precede and follow 1t in an
idealized Informatlon Resource Management, environment. - Figure. 5-2 .
-depicts the activities w1th1n -and 1nterfac1ng w1th requlrements '
-définition. We d1scuss each act1v1ty in turn

\ . -~ -~ -

5.2.1. 1 Construct Long-Rangi BuS1ness Plan

. This act1v1ty, while not_strlctly part of the Requlr ents .
Phase, provides critical inpits to it. .- These inputs defime the
nature of the organlzatlonal mission (the businesses it .is 1n),
the prlorltlzed long-range objectives of the organization, and *

~ how 1nformatlon fits into these obgjectives. . Additionally, it .
identifies any assumptlons and constraints which are important to
the organization's business. For example, we might assume that
the Federal Trade Commission will not relax its consumer- protec-
tion regulations concerning mail order businesses. Thus "the .
business plan pravides “inputs. in the forms of scope, 0bJECt1VES,
assumptions, and constraints to the requirements process. . -

5.2.1.2 Develop Enterprise Requirements Model

. -’ ’ R i . .
.Ihis is the first\task itithe requirements phase. Its pur-
pose is to provide a hlgh level description of the objects,
relationships, and functions within the Enterprise (orgamization).
- This description serves "as. a top-down constraint on more detailed
requirements descriptions. It is usually done at the outset of
IRM adoptlon, working from inputs provided by the business plan-
’ ning activity. Since by its very nature it is concermed with .
aspects very fundamental to the organization, it should be invari- ~~
ant over long periods of time. -However, it may change as the -
result of merging two greas not previously integrated, (the result
of a merger, for instance). - __

The purpose of the Enterprise Requlrements Model is to
provide:

, .
a) The set of named object types of fundamental interest to

the Enterprise.

~

N b) A deflnltlon of each such object type including subtypes
(i.e., the membersh;p criteria for inclusion in the

type) . . N

c) Relatlonshlps (named only when approprlate) of fundamen-
tal interest among the ohgect types. . .

d) Definition of high-level buS1ness finctions and the
‘object types and relationships involved in each.

-
'
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* For example; ACME Hotels might require PERSONS, with subtypes '

M CUSTOMERS and EMPLOYEES, and ROOMS as fundamental objects.of inter=
est. CUSTOMERS may be.involved in.several reiationships'withnROQHs;
including RESERVATION and OCCUPANCY. =The fundamentdl business ° “r-
function of RENTING involves thesg'opjécts-ahd';elationShigé”",“‘

-, s

' The Enterprise model ‘focuses on fundamentalobjects; relation-

L=

ships and functions of global interest.. It is important that it~ - -
ignore details of temporary or local inteérest only: - -It comsists-" ' -

of three activities: rdata collection, specifidation, and analysis. .~

. Methods, tools, and techniques to accomplish‘ﬁhese«acfivigies are’
discussed in the section 5.2.2. ' ce- e S

- . - . roo .
I S R A
R N .

e

'5.2.1.3 Design (Initial) Global Tnformation Model -

S %

The Global Information Model-flows initiallyffrom*théyEﬁté%—;h A f

prise Requirements Model. However, it can be expanded-in;édgp§;~§:;r

!

- . and detail as more detailed requirements evolve from specific™ ool
"application areas. The Global Information Model differs from the T2

_other model in that it is concerned with the representation of
objects and relationships as computerized data (which the Enter-
prise Model is not). Object jdentification schemes, the nature
of the mapping between objects and their identifiers, domain

_integrity constraints and so on are in the purview of the Global
Information Model. Its purposé is to pravide top-down. constraints
on all further activities. : " ’

-

5.2.1.4 Plan Application Area Systems -

This periodic plgnning activity determines the application .
systems to be_implemented within the various application areas <
falling under the scope of the Enterprise. It sets the priority
and sequence of these system development efforts, and is of
interest herd, because it sets off the requirements effort associ-

“ated with eagh area. : ) : '

5.2.1.5 Develop Requirements Models for Apﬁlication Areas .

R This effort consists of the same three activities (data col-
lection, specification,'and analysis) as the Enterprise require-
ments effort, but the objectives are somewhat different. The

purpose of the Application Area requirements model is to provide:

- the set of all named object types of ‘interest to an applica-
" tion area, including derivable ones, consistent with the Entex-
. prise Requirements Model. “ v .

- definitions for these object types (as before), plus theift
computerized representation (consistent with or extending the
Global Information Model), plus an-approximation of the number of
instances of each object type.



r\all°re1atronsh1ps among those obJect txpes of 1nterest to an "

: *faPpllcatlon arez, consistent with the Enterprise. Model, plus the

. nature of the mapplng 1nvolved Gone-to-many, mandatory, etc ) -

| f”* . ormat1on process;ng requirements o£ the app11cat1on area, B

,Q;'1nc1ud1ng such : characterlstacs as output data requirements, ° .
-':Llevels of summarlzatxpn.requlred data and pmocesslng interac-

tlons, proce381ng frequencres°and cycles and the 11ke.j

—
-~

L An appllcat1on aren'is qu1te7broad and nay rnvolve a. fa1r1y
'_complex set, of 1ntegrated systems » Thesé systems mdy be imple- .
~mented-in.a phased'approaqh over-a long time period.. .The interest .

”ﬂ_of'the application: area.requlrements model is to provide ‘data- to

. the logical databaSe design, act1v1ty A logical database design
rﬁ’cqverzng'thé appIicat1on area . is needed to. support the 1ntegrated
. §yst§ms‘¢so be . developed. P . B .

The requirements: formuIat1on~shou1d be both- "bottom-up

‘(from examination of detailed user needs using technlques to be: -
described below) and "top-down" (from constraints imposed by the . .
Enterprise Requirements and Global Information Models). The:
mixture of top-down and bottom-up approaches is critical. The
development of ‘a- complete top-down des1gn for the entire organi-
zation has” proven to be too time consumlng and -difficult -~ man-
agement typically will not invest in such a large undertaking .
with 'a }imited immediate val®e. On the other hand, Informatlon
Resource Management necessarily implies that an enterprise level -
view be developed and used to insure the sharlng and consistency .
of data We are convinced this_taunot emerge as a result of

merglng or "integrating" independently derived lower level
views. Some appllcatlon areas may not even be planned for the - -
next several years yet may be totally involved in specifying data "
requirements. The challenge is to include only the necessary
level 'of detail in the Enterprise and’ Global 1eve1 models

-

5.2.2 State of the art o

-

The requirements phase of -the system development process is
composed of three activities: - requlrements collection, require-
ments specification and requirements analysis. These activities .
are conducted and accomplished by various individuals in the
organization, including system users, analysts and designers-

The characteristics of the individuals involved are a determining
factor in the approach of the requlrements phase and the tech-
niques employed. - . '

There are four major requirements approaches~ top-down,
bottom-up, backward-forward (output driven) and act1V1ty analysls
(process driven). o e . ) o
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- A top-down. approach views.the organization as’a whole apd @ - . .
decomposes it by some predetermined/criteria: This.approach can, . *
" «be used to collect information’and/processing requirements eithetr . -
independently or“simulggnequgly:' T e S
. : s : .o ! x s

. The bottom-up approach of gathering requirepents is based on’
the assumption that modules or programs are the basic elements of
any information processing system. The .information” processidg
system is assumed to -grow i response to'needs usually stated in -
terms of adding new processing requirements.or Programs. This
bottom-ui\analysis is Based solely-gn the dgfinition of the .
exist}ng or known Rroceﬁ%ing;réquir ents. - . - . S L

- . ' The backward-forward approach (output driven) is based on
the inputr-process-output view of an- informatjon system. . This ...~
approach is called backward to forward since it -begins with' the
. identification of outputs. For each rocess, -the data utilized,
. -both from inputs and inte:nal,déta,-arg;idéhtified.-;This‘is
*. usually ‘accomplished in a top-down manner. First, the high-level
_ _output-process-input data -stream is§ determined: ' Then the -output. -
-. 'is.decomposed into its-constituent data items and a backwdrd-fdow -
is determined for fhese items. Subsequently, these .data items
are relatéd to processes and both the processes.and data are ’
related to the process's source of this data requirement. .

_ Activity analysis (process:driven) is also based on}fhe: \
* . input-process-output model of an information system. The analy-
" sis begins with the identification of processes, both manual and
automated. A precess is synonymous with a system activity. * For
_each process,.the input(s). required to accomplish the process and.
the source of each input are determined. . Additionally, the out-
put(s) produced by the.process and their destination are identified.

y

5.2:2.1 Requiremgﬁis Collectifin AR
. ~ y - S
. Before any‘analyst-fiarts collecting requirements, a-require-
i ments cqllgctioﬁ plan for the system development effort is prepared.
In this plan, the data to collect is determined, the potential
sources for-all data are identified, and a schedule for collection
- is prepared. The inputs to:this activity are overall orgamization >
system plan(s), the underlying {requirements) models and orgamiza-
tional practices. ) ‘ _ ' ! /
The requirements collection activity is allocated an amount .
of resources for its,successful completion. Due to this resource
restriction, all requirement data may not be collected nor all
sources contacted. Trade-off must be made by the’.coordinator of
the. requirements collection activity. The effectiveness of this.
‘activity is dqpendeht on the perspective of the réguirements col-
- lectors (the analysts). The analysts must concentrate on deter-
mining what the ensuing system should do, not how this should be
accomplished. -
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. _§There are four :-major data collection technlques. (1) Rev1ew-
. 1ng documentatlon, (2)-Observing the operating environment, (3).
© o SAdministerifig est10nna1res,'and (4) Interviewing pertinent
individuafls.. Table 5- 1 summarlzes the ~characteristics of these _
four technlques - : . . S -

-~

-5. 2 2. 2 Requlrements Spec1f1cat10n and Analys1s v

~ . Requlnements spec1f1cat10n is the act1v1ty of documentlng
the, requirements in a precise and standard form. _Requirements’
..a naly51s ‘is’ the activity of determining the completeness, comsis-- -
tency, correctnéss and validity of the requirements’ documents.
 The type(s) and ‘method(s) of analys1s is dependent on the method(s)
of spec1f1cat10n .
There are two types of technlques to accompllsh these requlre* N
ments|act1V1t1es. manual and computer-aldedJ

-~

5;222.2.1 Manual TEChnigues ' ) . I

In manual methods, the analyst colllects the data required,
collates, continually organizes and analyses the dhta and then
~produces reports [TRH]. The data is documented in a tomblnatlon
of prose, tables, diagramg, flowcharts and decision tables. The -
basic tools of these methods are often orily penc11, paper and ‘
forms. Usually, the analyst is required to spend’ a large amount
of -time d01ng ‘€lerical tasks : ‘ .

.

There are basically two categories of manual techniques. -
The first category is prose oriented utilizing both natural and
formal language, and charts. Examples of this category are, the
N AUXCO method .[Aux], Accurately Defined System (ADS) promulgated
. ~ by NCR, and Analysis Requirements determination, Design and
development, Implementation and evaluation (ARDI) [Cou, HMT] .
+ The second category is graphically oriented technlques In these
’ echnlques,'requlrements are documented pictorially and prose is
' sparlngly used to augment these diagrams. Examples of the graphi- -
"Cal technlques are Hierarchical Input Process Output (HIPO)
[Jo Etzmn]; Structured Analysis and Design Technique (SADT)
[R,RB,RS]; and Data Flow Diagrams (DFDX [GS]. The characteristics
of these methods are summarized in Table 5-2.

5.2.2.2.2 Computer-aided Technigues

H

There are two categories of computer-aided technigues. 1In
the first type, the computer is used as a mechanism to facilitate °
* the use 'of an existing manual technique. Here the computer is
used in place of the human to accomplish many of the clerical
tasks and some of the analys1s - .

) In the second type, new technlques are designed to make
optimal use of the computer's capabilities. A technique of this
type consists of three basic components:

»
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~  a.) A language for stating requirements which is appro--
: priate for the user and the analyst, and, "at the same -
e time, sufficiently structured for computer processing
and analysis. = = e S I

b.) . A software package which willbstafé,,énalj;é; retrieve
and display the information recorded in the language.

c.) A database for storing the requirements.in a form that

' facilitates analysis' and the preséntation of informa-
tion required by the analyst. - o .
The techniques differ with respect to the syntax and scope of the
structured language and the capabilities-and reports generated by 7 -,
the software. . - : - K o . - N

There are a number of computer-aided requirements techniques; -

\ Computer-Aided Design of Information-Systems (CADIS) developed. at -
Royal Institute of Technology of Stockholm, Sweden[BK]; Computer-
Aided Systems Consteuction and Documentation Environment (CASCADE) -
developed at the University of Brondheim, -Norway[ASS]; Computer- =~ ..
~Aided Design and Evaluation‘Sy%tem (CADES) developed by Interma- .. -
tional Computer Limited[ICL]; Problem Statement Language/ Problem
Statement Analyzer (PSL/PSA) developed by the ISDO Project at
the University of Michigan[ISD1,ISD2]; and IDEF (ICAM Definition
Method) developed for the U.S. Air Force by Softech, Inc. and .

Hughes Aircraft Company[BMRSP]. The charactetistics of these
methods are summarized in Table 5-3. S A

When any organization is considering the move from a manual
to a computer-aided requirements technique,.the costs and bene-~
fits of such a decision must be considered. The costs include.
technique, acquisition, computer’ costs for installation and opera-
tion; personnel, personnel training plus others. The benefits
include higher quality requirements documents, improved user*. ,
involvement, improved coordination of the activities.of the ;.
“Yequirements collection and amalysis process; better—access-to- -
' requirements, and improved system development with reduced time '
».” and costs. 7 - . ’ -

A\ id .
. . o -
, .

; 5.2.3 Future Directions -, S ‘ .

. Rapid progress in the requirements phase of system develop-
ment will depend on the development of precise, generally accepted
terminology and the achievement of general.goals which are rele-
vant throughout requirements analysis.

5.2.3.1 Standard Terminology

The developmént of standard terminology is important in the
entire database field; it is especially so in requirements |

e ‘ ' ’ |
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. analys1s. For example, the terms "requlrements" and "spec1f1ca- R
tions" are sometimes used synonymously, and are:sometimes used to.
: ] descr1be.general and detailed documents, respectively. A . T
/'(\1;‘ frequir ents spec1f1catlon" may mean generality or details or
{;g:ﬁ' somethigg ‘in between: Clearly, such differences in terminology . -
‘ '* . are apt ‘to lead to confusion and errors, or to cause a d1ver51on
of effort from other matters. ’ e

5 2 3 2 General Goals

‘The follow1ng are general goals for the requlrements phase' ;;f,-
- Development of a comprehen51ve'methodology for the - ,f‘
. - collection and analysis of requireménts in ‘the context -
e s of ar methodology for the ‘whole 1nformat10n system
' : : des1gn process. IS e -
e Development of technlques for recognlzlng errors as .
-, soom as poSS1ble. , DI ;
. : . i - Co :
- Development of cent1ves for -ensuring that the plan-’
t n1ng phase is. quately performed St :

i

: : A comprehenS1ve methodology must spec1fy preclsely what
outputs are to be produced “at each step from planning. through - _
maintenance. The methodology must also describe how the qual1ty .
of the plans, requlrements, de51gns, ‘etc. is to be verified and

: maintained. In the requirements phase of the methodology this is
I partlcularly 1mportant becauseof the difficulties in- .communicat=-.
ing with users, the subJect1ve ‘nature of the communlcatlon, and.
: very high cost of any errors, 1ncurred dur1ng.later phases. The_'
.~ - - -methodology shduld be adaptable to a var1ety of enviromments: .~ -
_ simple or complex corporate structures, s1mple or complex 1nforma-
' tion systems, sophlsk1cated or naive users, minor revisions or L
. “ complétely new’ systems, etc. -The. methodology could be’ hlerarchl- '
cally structured, Wlth the-degree of de;azl selected to conform o
. to the enV1roannt. L 7 - e ;[v
S . A product1ve»use of e methodology w1ll also requare that .
N ‘ ‘the various technaques and models be much easier tofqpe.than they’
: A‘ are at present - the systems analyst 'will be.con51der1ng -2 much
Y broader part of the information system 11fe cycle, andAW1ll be
' less able to:master: 1ntr1cate tEchnlcal deta11s.. In‘add1t1on, asv.
d1scussed later, .there . are already many problems in personnel
tra1n1ng.. The 11m1tatlons and ‘assumptions- of - technlques and .
models need to besmore -clearly documented, - terminology: clar1f1ed
‘etc.. It is also, dE51rab1e to develop very -simple technlques and
models. for: direct operatlon by the: user.  Systems. that are menu~-
-driven,- questlon-agd-answer, ‘etcy, mlght be ‘easy “to use and TR
- productive, . and: provide. feedback more quickly and reliably than a "
. systems analyst. TLater paragraphs discuss some of the goals
_ which sheuld be. achaeved to prov1de the techn1ca1 bas1s for such
d’%tems. L e T e " , A .
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" ..w% .+ .Errors tend to be most.costly when they occur early and are.
. ... recognized late.: This is part1cularly important in planning and
o requlrements because errors in these phases: tend to have wide- _ -
. ranging effects in later. phases, and- pbecause errors-are frequently -
‘ unrecognlzed unt11 the time when-system- 1ntegratlon, or testing, .-
‘or even operation and-malntenance occurs.  -The people who would "
recognize such errors - the users and managers -.are s1mply not
involved. dur1ng;de81gn ‘and 1mplementat10n For example,.if the -
- obJects -of interést are incorrectly 1dent1f1ed during the develop-
_________ment f_the_Enterprlse_Requlrements model, ‘then later assignment .
-of data elements, Zonstruction of phys1cal database design, etc.,
P can“do little to sat1sfy«the real requlrements. ‘Current practice,
unfortunately, is.to” devote. a"majority of the .resources to such
-details as data element asslgnment to the detrlment of the more
cr1t1cah ear11er act1v1t1es. R :

‘\)_, . "

L Errors in plann1ng tend to be extremely costly, .since they
affect many, requirements, which in turn affect many. deslgns, pro--
_grams, etc.. However, planning is rarely adequate, either because

its 1mportance is unrecognized, or-because it is a hlgh,V151b111ty -
. cost - W1th no. eaS1ly quantlflable ‘benefit, or because the tools
- -and methodology for. adequate planning are. unknown or- nonexistent.”
- The importance of- an,overall information system design’ methodology ’
must-again be stressed sbecause that’ methodology should provide ™
'+ the def1n1t10n and Justlflcation for the products of the plann1ng
tphase. S _~_.' , , .

" 5.2.3.3 Goa‘ls in’ \Requlrements Collection |

“ . -

. " The follow1ng goals are particular, to the collectlon of _-.

requlrements..- S = L : . ..
_-. ‘Development ‘of methods, for tra1n1ng personnel in -

0 ) requ1rements analysxs.. . .
T Development of technlques Wthh are 1ndependent of the
P .'models used’1n later phases of database deslgn
) S ‘_:-»' Developmen of tools and technlques for reduc1ng namlng
A _— P L prObIMs v ‘- ) : ’:‘, o S \/

e ',Tra1n1ng is part1cularly difficult because personnel must
have not only the technical gkills to understand both computer N\ -
 technology and busihéss practices, but’also the proper Derspec-
" tive to avold'becomlng enmeshed.in unnecessary details, particu-
larly when building; the Enterprlse Requirements and Global Infor-
mation models. . At present, training seems to be pr1mar11y con~
el ‘fined to- unstructured apprenticeship on the job, and is long and .
',”5:' ,frequently fruitless. = A-means.for assessing the potential ability
. -of possible: ‘trainees would be very des1rab1e‘g this might include
—psychologlcal proflles, aptltude tests, and evaluatlon of prev1ous

.} - . o

. . . . .
. -
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~exper1ence. Aptltude and extended experience in programming, for ‘. -
example, may cause problems.for a trainee who has to umlearn™ . . \. "
previous techniques and perspect1ve. Underdeveloped 1nterpersonal .
skills, particularly diplomacy in deallng ‘with non-technlcal S \ _
people may also cause problems for former programmers. Person- = -
-nel with extensive bus1ness experience, on the other hand, may - ;v\~-_
not be receptive to requirements which’ do not conform in the1r AN
 views of how things should be done. In either case, a satisfac-
. tory. methodology is needed to provide guidance, .perspective, and

‘a means for recognizing and correct1ng errors dur1ng the collec-.“p.-7"

tron of requ1rements._~ - : :

I Current collection technlques seem to be quite dependent on ..
models used in later phases of database design. This is under-
standable, because requirements collection often involves the:

.- review of trememdous volumes of data of little relevance - it is

- very tempting to look toward la;er ‘phases, and collect only the o
Xata needed. for/a part1cular model This may cause future prob- - .
lems if the model’is- changed; requlrements collectlon.must begin
again, with attendant increases in project cost and time, and -
deteriorated project .status- -and morale. This again emphas1zes
" the 1mportance of a methodology, part1cularly one which supports-'
a var1ety of models. .

Naming problems may also‘éause costly iterations of require-.
ments collection,. particuarly if the Enterprise Requirements and.
Global Information models have not béen developed satisfactorily.

- Different terminology for the same thing, and the same terminology
for different thirks, should be recognized and resolved as soon -
as possible, preferably vhile requlrements are being collected.
This is a very time consuming process, part1cularly at the level -
of individual data elements; databases with thousands of data
elements are not uncommon. At this detailed level, the Global

' Informat1on ‘model prov1des a very useful - way of categorlzlng data

' elements, so that only a small number must be compared with each

- other; clearly, errors in the Global Information model are very

. 11kely to lead to many more errors’ ‘in ‘the ass1gnment of data .
elements. : v : . : ' :
5.2.3. 4 - Goals in Regpirements'Specification-and.Analysis '

The’ folloW1ng goals are part1cular to the spec1f1cat10n and~
analysis_ of requ1rements~ d

.

R 1 o : . )
- Development of common sense" analyses;v."-'

- Development of" technlques for comparlng the results of -
d1fferent phases. ;;__ , _ e

- .Development of technlques for determ1n1ng fle*;blllty
- or robustness .

1 - Development of a mechanlsm for eas1ly maklng and propa- 3
gating changes._ﬁ' _ . o -

- :’*-92- 1 1 2
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. business pr1nc1ples, etc.,’ and the deduction of consequences of .

L

e "Common sense" analyses are generally not part1cnlarly
soph1st1cated ‘but they are extremely valuable. They may. be..
used, for' example, to.-suggest requirements which the user. has-’ e

wfalled ‘to_express- because they are too obvious to be recognlzed
'consclously ~These .analyses-are learned-through experience-and
-~ are generally not well documented, so they contribute substan-
~tially. to-the Iength, d1ff1culty,-and uncertainty of personnel
'tralnlng Two types of .common sense analyses are particularly

important: heuristics or rules ‘of thumb baséd on human’ factors,

arequlrements ‘The heuristics may" suggest. that_a_user is_asking

- for’ too-much data, or is imposing unnecesarily short response .

»

,

- bec

- there are: ‘non-trivial- ‘mappings wh1ch would apply to a large

© time,.or is ignoring an imiortant segment of- the application. -

y involve matchlng a part1cular 'situation against an

Suegdana§§Zes are heuristils, rather_than reliable.proce ures,
Se
imprecisély defined ideal model. For-example, we know that -

inventory control. involves stock 1tems, levels, pr1ces ‘ware=-- S

houses, purchase orders, etc., which are related in- reasonably .
predictable’ ways . S _ ,

.
-

The requ1rements analyst must be able to deduce reasonable
consequences of requirements,. in order to provide effect1ve feed-. - - |
back to the user. For example, the restriction of each salesper-_s A
son to a single warehouse can.greatly simplify a database, "at the -
expense of making it difficult to change to a future environment
of multiple warehouses. . Without guidance.from the system analyst,
the user would have no reliable way of judging the consequences
of arb1trary,1erroneous, or changeable requ1rements.

. .
. A closely related goal 1s the development of technlques for'
comparing the results of different phases.“For example, the :
Enterprise Requirements Model could be compared with an-applica- .

‘tion area requ1rements model to. ensure that “ther¢ was no confllel.,

This appears to require the. development of" rathex complex p \
pings from one model. to another.. ‘It is by no means obvio t .

s~

number of different organizatioms; it may be' desirable to have . '_;

' organ1§pt1on-dependent var1at10ns of general-mappzngs.; _

Another ‘goal is ‘that of developlngntechnl ues for determln-

. 1ng flexibility or "robus@ness. The long r “ﬁe ‘Business "Plan, -

the Enterprise Requirements Model, and the Global Informatio g e »7¥'_;,i

- Model all help to.make requirements independent ¢f one ano
; and hence more flexible. (Similarly, the logical database design
provides independence for. -programs- and the phys1cal database.) .

_°It would be very desirable to have some objective measure of how
“much flex1b111ty has been achleved .and what are the.causes of a
lack .of flex1b111ty , is goal could.be achleved .it would be -
poss1ble to ‘attain the gen ral :goal of recognizing and correcting
_errors.at a very early stage, before they become the ba51s for a
large~amount of detailed work T Ll

. : : . . . -
, -~ . . . . . - .9
. . . . ° .
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~
, Arflnal goal is the development of a. mechanlsm for easlly '

-making and. -propagating changes. Haklng ‘and propagat1ng changes o

~ within a part1cu1ar model: requlres the development of fairly~

~ complex integrity- ‘constraints on the model representatlon, but
‘would otherwise be reasonably stralghtforward., Haklng -and- prop- .
agating chdanges between models is very dlfflcult, since this
capability requires-the preV1ously mentioned mapp1ngs between -
models, -and probably-a man-machlne d1a1ogue.f

5.2.4 The/Role of. the Data D1ctlonary §ystem in Requlrements

«

. Data dlctlonary systems can play a central role 1n the‘ - ,
‘. requirements phase. As a repository for the information collected
. during-the first-phase of requirements analysis, the DDS can -
" relieve the clerical burden of the collection activity. In the -
spec1f1cat1on phase, the- DDS can serve both,as a tool and as a °
- control mechanism.. Finally, the d1ctlonary ‘can provide' certain
basic types of analyses and also serve as a database to Wthh .
‘more sophistlcated analytlcal tools may be. applled.

A4

- 5.2.4. 1 Collectlon T . ~

. The collectmon task of the requlrements phase, whéther - in’ _
: _support of enterprise modeling or application modeling, is .a N

‘process in which the analyst works with end users.to determine,
and -document the data requirements for the enterprise and/or for .
.the application at hand. Determination of requlrements is ba81-ﬂ .
cally a human activity in which the role of the DDS is one of .a
_passive répository for the documentation of requlrements. Since . .
many individual users and user groups may be involved in this -

" task, the amount of information-gathered 1n1t1ally may be quite -

s volumlnous. Use of the DDS can reduce the burden of compiling

and cross-referencing this information manually. = Further, if 3
proper dictionary entry types, e.g. data elements, reports, = *.-
screens, .etc., are ‘available the use of the DDS can-have a stan- :
dard1zlng effect on the efforts of several analysts, or of one
analyst survey1ng several users. ' . o B

hat

.\\
N -

If the data d1ctlonary systenm is used as.a documentatlon .
tool for documenting.the enterprise model “and existing applica-- - :'
_ t1ons, analysts can use the dictionary database for reference and.-
.- . direction during the collection phase. Data sources can be
- identified for dat® elements or data classes described in the -
dictionary. Existing ‘databas'es which contain required data or T
- applications. which-affect: requlred data can be located. This e, e
- gtore of. information can did the.analyst in. selecting users to <<
. interview or query and- 1n‘1dent1fy1ng systems or. databases which .
-~ may have ‘interfaces -with the new application. - The enterprise
" model contains the data. class ASSETS and deflnes business -
" functions and organizition units interested in assets, the’
requlrements for 1nformat1on on TRANSPORTAIION EQUIPHENT can be

-94~




) ';compared to’ those of other prev1ously defined assets for- complete-
-+ ness and. con81stency. S A : S .

, _ " The’ DDS charaéteristic most neceg ry to support an analyst -« T
- . 'durlng collection-is ease .of use, both for recording newly col~ -~ -
¢ lected data and for accessing- ex1st1ng documentation. The: analyst
o should be ablIe'to: manipulate. d1ctlonary conteats: easxly and =
‘ should be able to evoke query responses ‘and ‘reports . tailored to- = . .
‘one's needs., This means.that the. inquiry/reporting’ capab111ty of . N
+the DDS must be highly select1ve., For example, the analyst :

————ff7——elements—related—to—ASSETS;—not—be—forced;to—ferret:this—informa-———-———
- tion out of larger, more general Teports. T o
. _5 2. 4:2 SpeC1f1catlon ;\Jﬁv‘:ﬂ-\; ﬁTl';‘%:*izsl;"'.;°ﬁ"g' ‘f'ﬂ .“f

. Spec1f1catlon 1nvolves the recordlng of ‘data collected on

- user requirements. and. usually follows aparticular. methodology .

- The constructs and rules of the ‘methodology are désigned to force
.- the ,analyst to~ spec1fy completely- and unamb1guously the . data and

. processes requ1red.x The interim results of spec1f1cat1on are re~ -
viewed with the users and: -suitable mod1f1cat1onssare ‘made when' -

' necessary. Also, the “analyst will subject the requlrements ‘spe~
cifications to one's own analyses-(the ana1y31s phase) and re- -
create the specifications.as a result.  When complete, the speci- ..
;flcatlons should provide a full picture of user requirements and
- should contain enough detall for. loglcal database design:

The.maJor contr1butlon that a data d1ctlonary system can
make to specification is to support the primitives, e.g. object .
types and relationships, of the’ methodology being employed by the o
analyst for speC1f1catlon. For example, if the analyst is using .~ ' .
the E-R-model [Ch] as-a specification'tool, the DDS should be
capable of supporting objects such as entities, attributes, and
relationships. In addition to enabling the analyst .to record.
characteristics of interest about these primitives, the DDS
+ - should also be able to exercise control over the capture of this
. information. For example, if 'NAME' and-'KEY' are two important

. attributes of object 'ENTITY', then the DDS: .should reject any .

instance of an,ENTITY in whlch thesé attrlbutes are not spec1f1ed.f ‘

Slnce the output of speC1f1catlon 1s to be rev1ewed with
users, the dictionary system should support forms of output
suitable for this task. A.varlety of output modes ;. e.g. graphlcs,
.prose, tables, ett., should be available for the analyst to
select the. form most approprlate to his/her users.

jat are of interest " durlng speC1f1ca-
'ntrols on names of objects and rela-.
daricies and inconsistencies.. Gon-

logy itself, are .also desirable.

_ Addltlonal feat t

'+ tion are controls. . Ba

'« tionships, can identif

*. - trols; specific to the )

- . - . . e -
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~ For example, 1ﬁ\Structured Analysls (SA) [Ga] each dataflow must
-  have ‘a source process and a destimation. process. The,DDS should
' check anqkenforce this requlrement."

L.

.~75 2.4. 3 Analysls Lt ;1'j ;’_’:,.-.. .%,;7 ’y_« vaio_” |

" iIn requlrements analysls the analyst cr1t1cally reviews - the..;
. speC1f1catlon of requirements in order to reduce" redundancy ‘and "
- ..ensure consistency. . In addltlon,he/she may wish to examine the . :

- interfaces ‘between existing requ1rements/systems and the newly"

- must be ralsed and resol“d.‘ R
While certain types of analysls tasks can'be carrled out in-
. a programmed fashion most of the amalysis is a human mentad . -
- «. . activity.  Thus, the data dictionary system can’ serve ‘best" as’ an
© aid to the analyst rather than as a substitute-for. the analyst.'
The aid required is primarily data access .and reports: As a ‘.
" minimum the DDS must be capable of generating cross-reference o
reports on the objects defined in the. _dictionary. "It must also
. be-able to generate where-used reports for any specific object -
" 'defined. -Further, it must be able to generate ‘traces of ‘the
effects of change. For example, suppose the element used,to . .
identify an EMPLOYEE is changed: from EMPLOYEE NAME to EHPLOYEE L
"NUMBER. - What is the 1mpact on other entities, reports, imput =
screens, etc.-of such a change? Finally, the analyst must be
. .abke to specify selection criteria goverming reports. requested
from the dictYonary system. It should be possible to: qualify .

spec1f1ed_data_needs Questlons_of_semantlcs_and_completeness_n;;;;_____

requests by object .type. (e.g., all entities); by values: of‘attrl-.---'."

. butes, (e.g., all 'weekly" reports) and by very spec1f1c obJect
‘identifiers,’ (e g., data 1tem = 'EHPLOYEE NAHE ') R )

, - One type of baS1c analysls that does lend 1tse1f to. pro-"--';
grammed application: and thus becomes a candldate for ‘inclusion as
a DDS facility is. . completeness checknng.~ A1l definitions can be»
checked to ensure that required attribiites ‘are indeed ‘recorded -

and all referénces to other object definitions can be ver1f1ed...-
Further, any standards of consistency rules posltloned by the
spec1f1catlon methodology can be checked and ver1f1ed. -

5:2.4.4 The Development of the Enterprlse Hodel

" ‘The development of the Enterprlse Hbdel’anOIVIng the same
phases as appllcatlon requirements analysis, places additional
.demands on data dictionary system support - due to the nature of -

the information represented in the model’ -and . the. -way in which- it {t__;ju.

is 1ntended to.be used.- Agaln, the DDS must support ‘a variety of
constructs, é.g: business processes, organlzatlonal units, ‘etc.

. Since, dur1ng the development of the Enterprise Model, deflnltlons
'will change and evolve,- the DDS'must, be. able to record -and ‘accom="

~ . . . . N~

Sty

~ ) . . . A

”modate such evolutlon. Relationshlps ‘among - organlzatlonal un1ts jglﬁh;nﬂ



(users) bus1ness act1v1t1es and the data classes and subqlasses IR
-of interest ‘to- the enterprlse must dlso.be captzz d. anally, e
the analyst must be ‘able .to generate reports regardlng th1s R
1nformat10n in user-frlendly formats R o

LT e e

, To support both enterprlse and appl1catzon modellng, the L
d1ct1onary system must be'able. to record 1nformat10n on objects: ..
' = .at.several levéls of abstraction. For example, one.must be able
" ‘to represent the data class EMPLOYEE, the _subclass’ SECRETARY, and -
‘the record: type EMPLOYEE. ‘RECORD. Further, ‘the DDS~ mﬁst,be able
‘to documens the differences between'these’ obJects ‘at different :

“Ievels as well-as the mapping(s) necessary to go Irom’ one‘Ievel “

to another. Finally, the ability to. check.for -consistency between =«
levels as well as on within levels would be most desirable. For f" :
example, if the above mamed EMPLOYEE RECORD is defined as a part - o
‘of the Secretarial Skills Inventory Appllcat1on, are the attributes B
represented there1n those of EHPLOYEE or of the subclass SECRETARY’ "-“

)

5 2: 4 5 Summary

T

The features requ1red of a data dlctlonary system to support o
'the activities of requlrements analysls can be summarized under .-
- three categorles. ‘definition, access (reporting); and control ..
" (see Table 5-4).. TUnfortunately most data dictionmary systems. have
‘been developed Wlth support for DBMS data definitions ‘as’ the ™
‘primary objective. Currently none provide the full. range “of - R
.flexibility and analytic capability=necessary forfthe requlrements‘:*
analysls task. Existing packages include, at. best, some reporting. '
features, lrmlted support for non-standard objéct deflnltlons,
4,' and some bas1c controls such as check1ng for dupllcate object - - o
£ mames. - Ut - Lo oo T ,,n-«:,l”a)ff A
Further research and development is. requlred on more flex1- 2
' ble and’ extensive definitional dapabilities, on user-oriented
. modes of -output. (such as. graphlcs), and on more extensive, per-. -
.haps user-specified, “controls. ‘These" 1mprovements would. make ‘the
data dictionary system a valuable part of ex1st1ng and future
‘ requlrements analysls methodologles.zpl--;u J_,/,_ -

.- e o . - -
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5.3 INFORMATION MODELING' © _ '° _ f )
e s - X

—————

5 3 1 Introduction fﬁ e o ﬂ.:.../..'; A ‘h7’T -

The working group on information‘modeling Within this panelx-ﬂ
add essed three maJor issues._ S RIS .

*  The’ Information Hodeling Process.v:The group identified.

... ‘... ' the basic processes’ ‘involved in information modeling:

ST . - user. application_modeling, view integration, and:pro- ..
R cess specification.: This led to an analysis: of desir--

abIe—features—for_an—information:modei:::Seyerai_iniur______

. . mation models may be considered as candidates for - . :

' - ‘information-modeling (e.g. [SS], [Ch], [SSW], [CoZ],

e T .[NS], [SLO]’ [HH]-]’ [EW], [F]’ [HWY]a [H-K]’ ISh]

. have also included several references in Section 5-6

. that’ give an exhaustive list of works related to these -

: models. e o S T

L The Database Workbench Concept. The concept of a
- - database .workbench was proposed as-an enviromment to..
' support the database design process.." ‘The' data dic-"
_tiomary syst“““compbnent—of—the;workhench_is_sggn as ay, .
- repository of metadata about .the database being. dEEI‘?Rr‘“h—
- .- .. The uses of’ metadata-in the workbench are discussed
R ziand several workbench tools are proposed Sl

MR

,z-.‘._'

sy R ;.Database Communication. A grow1ng concern is the ‘com="
.7 ' munication among. heterogemeous databases. The organi®
.. zational and technological factdrs: influenCing the dis-
~.<tribution of the data resourceare. examined.. Two . 7O
3approaches to- database’ system communication. are pre-
sented.. The first is based on data. restructuring’ and
' ”,conversion, and the second proposes a- federation of ,
databases. : -‘-,. B S : ﬁ”:

.a -
S

5. 3.2 The Information Model agﬁProcess E'-h;, P

..

Thé/information modeling process takes -as input the enter- < ¢ .
prisé’requirements spéCification._ The. goal of ‘information model-

‘ing is to obtain an. integrated formal, implementation-indepen- RS
‘dent specification (the information schema) of application-speci- :.;i_

- fic enterprise information. R :yev”,m_

/.,.

SYe The steps-of the database deSign process are summarized in-
Table 5-5.> Steps 4 through 7 correspond to information modeling
G ) »—" .:3‘ - : ‘
' The speCification is- integrated in that it. is the product of
the view integration TQCESS. wherein tHe requirqnents of func- - L
- tionmal o organizational units ‘are teconCiled and 1ntegrated into" NP
the global information schema The speCification is formal in®
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_ that the-structural and operatlonal semantlcs of ‘the’ 1nformat10n .
; model are preclse and well understood Therlnformatlon model -,gLf;;}],fﬁ
‘should represent enterprlse concepts, structures, operatlons, -and © ,
. constraints-. - Lastly,.ghe information model is implementation-: . TR
- . inde endentxln that mappings’ should,begprov1ded-to ‘map’ ‘the 1nfor- _
" matiom schema into 3 database schema supported. by a data model as®
______1mplementedron_a_paxtlcular database managementtsystem (e.g., the. )
. .relational-model {Col,Co2] as:implementé d rn ‘System. R -[A}; -INGRES
'; - [SWKH], the CODASYL medel -as. 1mplemente o IDMS. [Ca) orvSEED'r“ e
- [62],, ox the h1erarch1calfmode1 as 1mplem ,ted on IMS LIBH] or’ o
System 2000 [HRI]) T G Tl e s

5 3 2 1. Des1rab1e\Features of anrlnformatron Model

N L; Flrst ‘and foremost, an 1nformat1on model should prov1de '2° ..vi4 |
-collection of semantic constructs to’aid: ‘the_ database .administra- . g

" ".tor ingmodeling-the. database-speclflc portlon of  the enterprlse Lo T
) }'Vmodel that results from the requlrements analyS1s phase.‘ o L

] S By semant1c constructs we mean the structures, operatlons
* *  and constraints available to specify the semantics ‘of the:enter- -
" prise as it relates to the database. schema ‘that ‘will. support - userl'
ﬁ'appllcatlonsa A m1n1ma1 requlrement is’ ‘that the information
"model’ support the notlons of aggregatlon and generailzatlon [SS,
. ms].. Further, the model “should have a .sound mathematical founda-
- tiom’ as-well a8 a‘collection of. "orthogonal" concepts, that is, N
... the modeling constructs’ should. be free “of ‘oyerlap so that a real-"_:,z.,g
~ world concept w111 have a, natural and unlque representatlon inn -
_ ;the model. ~ngn R S A, ,}, PR -
e Most ex1st1ng models support the notlons of data type ' :;,;
4“7"f(doma1ns), entity sets, associations, properties. ‘of both entities -
° ‘‘and associations): .and subtyplng (generallzat1on) Some models S
include the notion of time. with ‘the event.concept Some'may o R
,'1nclude ‘time at the*enterprlse level _where-events and ‘procedures
. [T)-are spec1f1ed,- These~events aﬁd procedures‘hap to trlggers’

o and transactlons at the 1nformat10n model level. _ _

Cg

A
RGN
RASR

a - T
Srnce the role of the 1nformat19n model is: to represent use& S
app11cat10ns -and’ 1ntegrate them 1ntoga,globa1 conceptual ‘schema, = . .

the model “should provide view 1ntegrat10n»mechan1sms\ ‘Moreover,

“to- effectlvely ‘map the- Lnformation.model to. logical and physical

database structures, the spEclflcatlon of process1ng requlrements :
4»15/essent1a1 BothWV1ew lntegratlon and process spec1f1catlon
2? will be d1scussed shor ly.A o LAl L uvv_ v e

S
/v

ST F1na11y, the 1nformat10n modei should be 1mp1ementat10n o
L, 1ndependent in that its concepts address ithe modellng~of the.

© " Yreal world¥ rather than being dirécted toward.the loglcal or -
physical structures -of. a target database management system.__,, -
' Therefore,. mapprngs “to user views (external Schemas), logical - :
structures, and phys1ca1 structures should be ptOV1ded.. B o




5. 3 2. 1. 1 Vlew InteLatlon B

b Database de31gn is an’ extremely complex taskq, Thus,: 1t 1s~¢,"7i
N essent1a1 that ‘the problem'be—subd1v1ded into manageable arts to.
vv‘reduce complex1ty ‘and -fa¢ititate staged imple sually, ,j'
.such’ a partitioning is. performed by appllcatiggéar as (e.g., e
accountlng*~market1nc finance,- etc.). “This givesfrise to the’
-ﬁ_not1on of "local v1ews.;_LThl view integration p;ocess cons;sts T
of comb1n1ng vlocal views into .a consistent global view. (conceptual:"“”

- schema)’. " Combining “these local-views involves resolving mame =~ .~ ‘- -
conflicts- (synonyms and ‘homonyms) ; removing redundant . relation-" .. ...
ships, combining- ent1t1es, Tand” 1dent1fy1ng and resolv1ng 1nsert1on;

' ':deletlon, and modlflcatron anomalles ' T
D . . . '\’ o : RN .
Data models based ‘on- mathemat1ca1 functlons.are we11 sulted e
for .view integration. . This is because a11 data are represented R
v tin their most elementary'form ‘and -are-not- b1ased ‘toward a:parti-
" cular design. - Also, the view- 1ntegrat1on process is: conceptually
simple in ‘that:it involves the combining of. subgraphs accord1ng -
- to a set of formal rules and heur1st1cs. . . , .

R In the Conceptual Data Hodel (CDM) ([HWY], [YWH]), the
-notlon of "compatible sets" and "underlying value sets". is useful
for view.integration. Two sets -are said to be’ "compat1b1e“ if
- they have the same under1y1ng value set. .For example, the sets _
. CLERKS and .SECRETARIES are compatible because they have, the. same
. value set, EMPLOYEE-NO. .The underlying value set may not be ..
declared exp11c1t1ybas a ‘set’in a schema, but an underlying . value”j.
 set™name is defined for each defined set.  The concept of compat- -
. ible sets permits" nodes (sets) in different views. to be e1ther T
merged or "connected" via 1dent1ca1 ‘value. functlons ’ Lene T

V1ew 1ntegratlon must be con51deftd"an 1nteract1ve process.
.. . Sometimes the designer must be~prompted for additional informa--

- tion: ' For example, def1n1ng an identical value.function between
.“ CLERKS and SECRETARIES. only'makes sense - -if some employees can .

. serve both as clerk: and secretary Operators must be prov1ded to.-
. allow. the designer to _merge- -nodes ; removeqredundant functions, '
" and. 1nput add1t1ona1 assertlons. of course, .the data- dictionary .
" system is required to store the 1nformatlon ‘and.-keep- track of all -

-fideslgn declslons. o ‘~' _ _..' ., S T
'j5.3.2.1.2. Process Regnzrement Spec1f1cat1on Support -
Processlng 1nformatlon°1s needed in- the deS1gn process to. v,;;e'f;

. .ensure-correctness and efficiency of the design. _Approaches that:;
are based -solely on semantic- structure information are unable to - ™

' estimate the“processlng requirements of a design. Conversely, -~ -.
- however, designs based. strictly on: processlng conslderat1ons tend .
“to be flexible. - Modeling -of: processes in the context of a. well I
. ;-formed semantzc model is nseful for' SRS S S o -

&o




'?”ifﬁj,—,* Determlﬂ&ng 1ncon31stenc1es in. the Integrzty asseftlons
© 2 isr(di.e.y update operatlons are found to violate the
T 1ntegr1ty rulesvstated rn the 1nformatlon modela

"1 * .'Determ1n1ng relat1ve access frequencles along functlon- -
al paths. This" 1n£ormatlon is useful to the physlcal
des;gnephase. ——

.k Identlfylng def1c1enc1es in the semantlc model. ,leen _{ ;e;ﬁ
' " a large humber of. .entity types;, there ‘are a .vast. number
.of potential nonfunctional: re1at1onsh1ps (e,g., to
: 'many, .n-ary’ relatlonshlps) -and- subtypes (or. generaize
", 70 . tions) that could be defined. ‘The exercise: of modellng
S the key -processes “aids in 1dent1fy1ng additional schema:’
: , fj;constructs ‘that are needed "and". exlst1ng relatlonshlps '-}-~
e .. in the modeI that are’ nonessentlal STl T T
o S RS R B R o
S %k -,ProV1d1ng formal spec1f1catlon.for detalled appllcatlon o
na}%f._g:development. After: the design: has‘ S ' =
e **E_.process spec1f1catlonaserves as. a spec1f1cat1
;.s‘."_vappllcatlon softwareidevelopers o :

VL

For any process modellng language toiBe>use£ul in:; database
des1gn, 1t is .essential that it provide conmstriicts: that obv1ate
- . irrelevant details (with respect: to. logical ase.. deslgn). e “f o
o Furthermore,-varylng degrees of proceduralltgq hould be.. allowed , p,_” B
1 - to accommodate different levels of modeling (e} hlgh-level
.. ... specification:of. process1ng 1ntent, ‘versus procedural nav1gatlon
RPN through the-sthema) : fa N s R

'"2}5 /3.3, Tbols for Database De31gn ;~"_W_’1¢.A34 S
- ~ . l"v . ..'»‘, _,.,;;; . R

L Once an organlzatlon dec1deS‘that data is a. resource to be ~‘f'if<g

‘managed ‘and:adopts databise management system teéhnology, it is’ 5

. faced with the problem of effeqtlvely managlgg ‘thedatabase. sys- :

©.7 tem life cycle. --The life cycle. [TF] can be divided into-two o
phases: . 1) application development - consistlng of'requlrements .

- analysis and speclflcatzom, l6gical 'design:and physical design,".
and 2) database operation conS1st1ng ‘of - 1mplementatlon, opera- ?~j{“ ;
tlon, tunlng, and adaptat1on ST - R .

IR

. In the ‘above sectlom ‘we: d13cussed models to. deal w1th the = - -
specification of -the information ‘and" processlng relevant to an - h" .
. .organization. A database Workbench environment is- ‘needed” to LT
‘specify, des1gn, -develop, test, and tune database-intensive’
- - applications. The workbench should be viewed asia colfbctlon of
* © _ independent yetrcommunlcatlng tools. ™ Each,tool should be. des1gned D
for a specific part of the“life cycle,and should ‘have the- capab11r~' Lo
. _ ity of communlcatlng with ‘other ‘tools. -This- communlcatlonAls L e
.7 important 'in supporting the: mapplngs.between the levels-of -the - -%
.database des;gn process dep1cted in Flgure 5-1 The workbench R




='would rely on'a data d1ctlonary system for 1nter-tool ‘communica- - i . .
. tion.  Information common to all tools would be stored in-the -
 'dictionary and.could be used by ‘the tools as’ well -as by the data- ,

.. Tbase des1gners. _ - _ v _ o

: In the follow:.ng sectlons we present a: survey of : ezu\stmg
_tools,_dz.scuss_the_role_of_the data ‘dictionary. system in . the A
. workbench environment, -and focus” ‘on the role of metadata data
ab‘out data - 1n the data d1ctlonary system. T s :

S. 3 3 1 A Survey of Database Des1gn Tools
In thls sect1on we con51der some ex1st1ng tools and’ some‘
tools under .development that have appeared in the literature.
~ All of them address. log1cal.database des1gnr/:Some also address T
phys1cal database des1gn. , . -+:_7_,‘ , T
A, Katz. and Wong. In [KW K] a method is: preSented for both »ws"';
log1cal ‘and. physlcal database design.” :Logical-design .uses a ] S
design model that is similar to the Ent1ty/Relatlonsh1p model ’
IChl .The" semantic objects-of the des1gn model are entity sets
- and their properties; associations, relationships, properties of
) relatlonshlps and value sets. _These semantic. constructs: are LA
formally mapped into a-design schema that is a graph. where each o
.node -represents an entlty set or a value set, and each .arc repre--ﬂ o
.'sents a functlon . ‘L - . R I S :

e

'\: -

. Cy ‘ B .
e Integnty constrau.nts ‘are 1ntroduced by ass1gn1ng propertles
" to functions,"e.g., total, parta.al 1-to-1, ‘and onto, as is: done
.- in the ctional Hodel.. The design schema functions represént
loglcal ‘access paths referred to as access map;ings, that can be :

: used to nav1gate among obJects. T S ] .-_‘, N SR

[

. An access: schema that represents thp acce‘ss pa’ths to be sup- '
ported by the. storage structures of . a. DBMS ‘is obtained. from the
_ déslgn schema. The -access schema sérves . as mput to; the phys:.cal
_."'f design: process.~ .The approach is-to ‘obtain-an. 1mplementatlon-' :
‘oriented phys1cal design’ that is :mdependent ‘of. the target DBMS -
© structures. ‘A separate mapping prov1des thé translat:.on to o N ‘
DBHS-speclflc storage structures. S a_.. N LEL k - -

Spl

.t r-

B -The phys1cal des1gn process uses the algebra1c stuctu.re IR
-associated with the-access schema ‘to produce an. "1mplementatlon '__. SRR
oriented" storage structare - des1gn Let -f: A —>B dénote-a fumc~" ' : -

: 7. tion'in the access. schema. »The f‘unctlon may’ have'. one of four - SRS
© .- aceess propertles* -(1)-evaluated.-. for éach a-in- Ay f(a) canbe - '"_ - ; o
:-found without a_ iomple‘te -scan of Bj- 2(2) ‘indexed. = for b:in"B,," the G
. - inverse of by £ (b): Can’ “be. fovftr,d w:.thout a. complete &can of A, e

' (3): clustered - elements~of £ ('B) are’ phys:r.cally "close" to oue ;

- another,.and (&) welxl:placed bgth g mt&‘and f(a) -in B-are ..’
: ,-1phys1cally close so-that the'cost:of " access:Lng both is less tha‘ﬁ
. the cost of access:.ng ‘them '1nd1V1dually AT

coral o T




The method assumes that all functlons in the access. schema -
are at least evaluated. ' It takes- advantage of -the total - ordering -
~ of the other propertles ‘to determine _the- "optlmal" storage ‘stroc-
" ture strategy. A crucial: dnput “to; the algorithm is- the @ccess f,\
vt - frequency -of- the access mappings. They are rank-ordered from’:
- highest to lowest. The approach is to label the ares of: the : -
. -access schema with either "W*, "C", or "I" (for well_placed
o .. clustered, or indexed, respectlvely) such that the: labeling is - . -
'~ maximal, subject to. the constraint that the'. labellng be. confllct- L
' free Four labe11ng constralnts lead to conflicts: ‘cluster, "7 - m
: placement, path, and implied. .These conflicts: are resolved by :
the replication of schema objects, and the degree -of" repllcatlon.i
- is controlled by the designer or database adm1n1strator. ‘Katz-
_ ~[K] couches’ the labe11ng problem 4s an’ integer- programmlng_probleml o
' that is d1ff1cu1t to solve. A suboptlmal solution is also pro-. .
;" vided. The mapplngs to relatlonal and CODASYL physlcal schemas
are dlscussed ) ~;3 : - o

..
.

;,_. o .
: . -

B; Gerr1tsen, Gamblno, and Germano o . fi:g.ﬁlr*

. The material summarlzed in - thlS sectlon is presented 1n Gl »«.f'
GG, GGG] -Gerritsen [G1] describes an environment to aid in the” .. -
: deslgn -of CODASYL databases. It con51sts of several 1ndependent i

yet 1nterrelated tools~ e L e T

~ - ol T

(1) DESIGNER takes as 1nput a formaluspeC1f1cat10n of
1nfo;mat10n requirements .expressed-as querles ina. . .
L h1erarch1cal.1anguage and produces-an 1ntegrated Data« o
T Structure dlagram for the app11cat10n-o ‘ented views.

(@) DBD-DSS [GG] is-a deciseon support sy em for physlcal
. '" .databdse deslgn.- The diagraps of DES GNER and access -
: e * . path frequencles are 1np ts. o*DBD-DS .. Other inputs
Lo . “to the model are access cost, storage ‘cost, execution: -
o Icost, and parameters related to the DBMS and the hard- =

: waré .configuration. -DBD-DSS produces an- 1n1t1a1 feasi> -

ble solution for.the constrained gptimization model -

. .that represénts the design decisions and comstraints. -

\ -~ The -deésigner can: vary,deslgn parameters to 1mprove the

) solutlon. T L . u, h~ R e .

o (3) Dynamlc Restructurlng is a tool that allows the restruc-

' turing of the ‘database schema without bringing :the .

" ‘database off-lrne.- Restructurlng is done'by marklng A

_ o . both programs and. data w1th ﬁer51on or. generatlon te
B ',T“numbers. S ~$,n; Lo

S Gerr1tsen suggests the 1ntegrat10n of the tools so that out-’
; put of DESIGNER becomés input to” DBD-DSS ;. and- that output of ’

DBD-DSS: becomes input to the File Deflnltlon Processor of the >

;. ] DBMS- SEED [G2]. Also, the access path frequencles should be-'

PR

A S N 4 o,
B D CEA . T . . L




supplicd automatically to DBD-DSS. Detailed access-frequency-
" calculation algorithms are.discussed in [GGG]. - Finally, the

_§3—7¥he—pé;aﬁasé%ﬂesignggéteh3'. 

' optimization model im DBD-DSS might be extended to-include deci-

sions related to.indexing, data redundancy, set redundancy, area -
-allocationy .ordering’ of sets, and 'media assigument.-. - . .

. The design_éﬁsfeﬁ'ﬁSes~a'Céhceptuéi.Déta'deéiﬂ(CDu)-[YWH]:;-”: :

that-'is based on functions between entity sets, and. a procedural .

language- (TASL) to-describe processing on’-CDM-models. -The system = .

- accepts a CDM specification consisting of several local views and

: their processing : C o
more global models. These are tlien-used to génerate a schema " "o

requirements, and integrates them to form one or

- 4

- compatible with the restrictions of a data model supported by a

DRMS. .~ ¢ .-

The'sjstém being iﬁpleﬁentedhconsiSts.qﬁ,fdur3ﬁQdu1és5 the

' first two of which compile CDM and TASL, respectively; .into e
_internal-formats for system manipulation. . The next médule inte= -
grates the.local views into-a single global view, the conceptual

schema. It also acts as-a dictionary for the‘cbndéitual}schema;«f-uvu”
The fourth module'genmerates a schema by combining nodes inté

.. records. -These last two modules are interactlve;:ahd“funCtioh:ag

3[5,could'_et¢rmine’the'Sttucqpt¢>qf7the'entty'pointé;gﬁgg;SEéqﬁdfﬁ
" ., could combine nodes-to form records, and a third could then dea

~ assistants -to the designer. -

Sl
P2RES T

._H-;ffFThegﬁng£:gbaI'offthé fburth?médﬁle i§ tO'generate‘ATQCKém5<' °

'fhé design“to be "backed up" to some preceding point in the -
" design and re-done. It also permits the evalua
. tive conceptual schemas. = - - . EEETE P

R

_‘The integration module contains several features to assist A
in the design process.:. Heuristics are used to limit the fpnmc- - :

- .

. tions that the-designer must éxamine to those apt to be redundant.

It can retain multiple, relited conceptual models.. This allows’

tion of alterma-.. .

L]

. . U ) e

. .'fvi;hﬁ?kgbdfﬁgrfoxmancé" in several stages through:a high-level,

multiple-stage evaluation procesé;'vFor{example;zthg;fi:stqs;agg;fgff"

. “4ith some form of record -placement. The reéﬁltévgfégaéh:Stage_'".

""" could be-evaluated by using (possibly) different .co

'“ﬂ.regtlyﬁbging researched. : - .

- iD.__ gwsqn' for'Syétem R « A ':.J'T"‘"'- r : '

The StrQéture'of_tbese,stages‘aqduthgiricost;fﬁnctiOns:iSﬂcpr L

'l'..,

-
it

KL A

The relational défébéée'ma;agémént'éyétem.SYéiém;ﬁ_Easfﬁaﬁiﬁ

' wdys “of executing a, SQL [Cham] statement. . There may.be many - .

-

o

physical dtcess paths to each relation (imcluding:scanning the .~ -
entire relatiqny-andfguxiliary acé§$staths;.sﬁc§g§§},' égg;);f{ L
‘and the optimizer“choosesvthgvgﬁyaéegyvfor‘atcessiug relations’ "N

L et




Wthh _appedrs best.. DBDSGN. is a: physical database design tool ., .. .
. under development at IBM Resea by Finkelstein,: Schkolnlck -and

T1berlo [ScT] which selects acctess structures that perform well -

for a. g1ven -set of SQL statements. - It combines . optlmlzer-supplled
' evalua jons ‘to decide 1) how each: relation should be ordered (or NG
-left ordered), and 2) which columns-should be 1ndexed.r Its ’

1.

:_1nput~1nclude' the. database schema | (HPQCIfled in the system - 1; .

atalogs), the queries "and their frequencies, ; statistics about:
e database relations (which may come . from the catalogs),
storage space 11m1t, and the nnmber of solutlons des1red.

. . DBDSGN runs as an. app11catlon program for System~R. It
. - extracts.the cost for executing statements with each,plausible
access path d1rectly from the System R optlmlzer. By .using the . -
. optimizer's cost estlmtes as g basis. for a tool, two’ immediate . T
~ advantages are obtained. First,-the tool becomes independent of = .
any optimizer 1mprovemehts° an. analyt1ca1 model for the cost of LT
. performing a given statement, based on the: purrent knowledge of A
~ the strategy used’by the optmizer wouldABEcome invalid’if the.
_ optimizer computations were aXtered. - Second;igg,can guarantee
- that any proposed solution is-one that the-optihizer uses to its .
full advantage. 1In fact, ‘the estimates that DBDSGN -makes will ~ -
cortespond exactly to: those made by System R when querles are.. .
comp11ed.~,' o : . R _ IR
.. DBDSGN works-as follows._ It anaIyzes the bas1c structure of_y N
‘the 1nput queries. From this analysis, -it finds out which atomlc; C
. costs ‘it needs, corresponding.to a small _number of - conf1guratlons*'
of indexes. " The cost:.of any other conflguratlon tan be derived °
from these atomic costs. A colimn.elimination heur;stlc allows o
" them to ‘dismiss: certa1n.1nd -candidates from further conslderatlon. -
" A controlled search on th€ space of realq ble subsets: of. .columns R
- is: performed 1ead1ng to the d1scovery of a set of good solutlons.~;_tf{;

’ $he goal of thls pro;ect is to deV1se and \\lement a pro- - :
. totype Integrated Database Design Aid (IDDA) [Hl], which allows . -
non-database ‘experts to.directly develop, use,. and- mﬂﬁhtaln data- a,f,f,_
-bases. The IDDA includes facilitfes for: (1). ‘'specifying and -l
' organizing-databases:;-and :the . operatlons ‘that " will- be.app11ed to :3“
: - them ‘(logical ‘design)y: -(2) describing- performance requlrements “”=
‘"¢ -and- establishing the mapplng (transformation):to.a phy51tal =
J.mplementlon, (3)" thie: mt.ere.onnectlon _(federa:tlon) -of* databases.n )
. As such; the IDDA can serve'3s. an’ >environment’ for. developlng, LT
usrng, and maintaining’ personal and offlce databases, as well as E
"*ilarge-scale database systems : L Tl AL :

»'jf! One approach to - obtalnlng an executable lmplementatron for a.
“database with a given® conceptual schema would Jbe to: employ a: f'_,. L
- transformat1ona1 technlqye w1th a spec1f1c klnd of transformatlon ST .




4 Cel
“v~-sgstem, and a part cular ‘set. of transformatzons for-a gIven 5 S
. | semantic database. odel. “Whe transformat1on?system would accept ...
a semantic’ schema and associated performance est1mates/requ1re-~a-!a-n

»:ments, and generate as output-a physlcal ‘implementation for the @ -,
' data structures and operations defined in the schema. A trams- = |
' formation system of this type is interactive, ca111ng on a s .
——————————desrgner—to—ass1st—an—the—stepw1se_process_of_reflnlng the ~ . .
. schema S0 - that 1t eventually becomes executable. - ST e T
F. The Database Des1gner s Wbrkbench 'v'-jl 1'i;k L ;'_- -

¥ r * O A e # .

It is a graph1cs-or1ented dec1s1on support system for ‘data-
'base d s1gn,’prov1d1ng designers with a‘ convenient env1ronment '
<« v .o« for dﬁgatlng database ?bs1gns and exper1ment1ng with dlfferent
S des1gn strategles [FT] _ e

“An 1ntegrated framework is postulated permlttlng faC11e ;
i ut1112at1on of database design technlques and tools. Its phllos-'~
ophy is to employ several small design tools, rather than medlumf”
i . .. - or large- sized tools. Thi s Tends flexiblllty to tool use and
ot 7 Y¢ombination, and withvéach tool performlng one well-deflned
_ subtask,. overlapplng of, function is’ eléénnated in add1t1on, ol
. database designers. are able. to des1gn, exPerlment.ﬂlth, and. use: _
« "  fHew tools of their own. The Database Designer's- Workbench encour-
- - ages this by,relieving the des1gners “of some of the details "
. involved in developing user 1nterfaces, input/output of des1gn
‘2 ‘parameters,+and, storage spec1f1cat10ns. The graphic interface
allows :the. designers to see the: various designs they are con- . .
= s1der1ng for their database.ghﬂoughzzt the eritire désign’ process.» B
~ Since designs are .easily modified: g ph;cally, designers'are . .-~
-~encouraged to- produce -and ‘consider more candidate- ‘designs.:'Also, . - .
. when the design group is. progressing. from one: .design phase to the .
. next.and is. faced with a iet ofMPOSS1b1e.des1gns to-ehoose from, B
the system's graphlcal nature can,s1gn1f1cantly aid in the N
heur1st1cs of selectlon. j ) o W;hu.- raﬁfff’aezlvéwffﬁlf'

The Database Deslgner s Workbench 1s be1ng developed by the_;hb-m
Database Systems- Research, Group . at._the Unlvers1ty of Michigan. "%’
.under contdact.frdm the Uhlted States A;r Forte., Presently, the .
L ‘user's mantal and the. des1gn spec1ficat10ns are belng completed. = - -
-~. . Future goals include having a ‘minimal protiotype running on MULTICS; -
. a.more extensive and powerful version will be: 1mp}emeﬂ1ed “Jater..
Approaches to- loglcal des1gn for the DBTG model have been” developed
and 1mp1emented previously in some Ph. D._d1ssertat10ns at the -

Un1vers1ty of H1ch1gan [HI, IPT] “4n».'f“#?-

1_5 3;3T2' The Role of the Data D1ct1onary~Syst¥m 1n‘the-Database,;_“_ )
Workbench . L e _ ,~: R j

- The group viewed the data~d1ct1onary system'as playlng an-
© active. and tentral role 1n the: datdbase workbench archltecture




vVConceptually, it is the repos1tory of the 1nformatlon needed by
- the workbench tools. "Moreover-it is the- mechanlsm by which tools :

‘communicate with one another. ' Thus the DDS has’ as;jone of:its w“--.i['".y

;5-ﬁC0mP0nents a meta-database about the database belng deslgned._- IR
' : P‘l!‘ pX i o
We env1slon ‘an -expanded.. roletfor the data d1ct1onary,system '-v;f?;3

- “as compared-with’ commercially. available" products.i In addition to .

- 'providing lexicons of data item def1n1t10n, data- typlng, and . - ,
.. 'synonyms,’ the d1ctlonary system. concept' shonld be extended to o,
‘_prov1de the. foIlow1ng~serV1ces°" 'ff,..,._,_. S ;"' N

ST e : A
: - -

T -_f*;f:: eslgg Tog. = To effectlvely document the. decaslons made',:: -

s . .. .at the varlous .design stages, the\dlct1onary system - '
- -“'”f{must ‘have ‘a logging facility.: “This ‘feature -would -

" 'record theé various,options considered:and- state the o c

reasons for partlcular dec1slons. '~ﬁ.f."-,__.n-- IR S

. » . B - . .
. ~.l4 R e

" LR .-_-

_For example, user processlng requrrements ‘on’ an ent1ty

set might dictate 'a subtype partitioning of ‘that set:. o
This fact should be recorded and be available for . .. ... i .
,“future referenre should proces51ng requlrements change.1 S

". Design’ Audit Tra1l.y The complexity of‘database de51gu Iy
. leads- to" the decomposltlon of the design process,into y’--‘ﬁfrﬁ

5. .”manageable phases, e.g:, requirements analysls, enter-

.. prise.modeling;“information modeling and’ view integra- -

‘tion, loglcal and phy51cq1 structure®design, and per--*'

e . formance tuning.:. The. -phases ‘are linked, however;: by RS
o the mappings that transform objects, opératlons and , - ., "
,ﬁconstralnts from one phase to the next LT

At e

- The . d1ctlonaryrsystem should proV1de an aud1t trall
.. that’records thé mapplngs used together with. relevant
. +"::parameter values. Thls 1nformatlon could”be used to
. characterize "WOrkload" from Tevel to6 level.' -Sen= . -,.
L. »3s1tIV1ty analyses could be performed to. determ;ne the ,'
0+ Semsitivity of a. des;gn to the’ parameters ava;lable to

K" .:n.; _'the deslgner. e e T i

Tt udltEtrall feature also allows hlgh-level user
L ‘c'-;v1ew tobe related to.the appllcatlonrprocesses that -
o_"‘fﬂ.ﬁmanlpulate ‘database. obJectsb -Inverse mappings‘dre also ]
ol - important, namely, given a database obJect, what pro-
.1 - _cesses:act.on it, from which:usér view(s), and with:

what: frequency. - ‘Information -of this type-is ‘crucial,, | - -ab
: " for view integration and fo dete i g;accesshpaths*ﬁ;;;ﬁi\
et frequenC1es. ' ( . e :

jnlff, * y}Inter-tool Communlcatlon. Workbench-t ols must be able ;}';:?
v © to commun1Cate-W1th one; another. ' B




T 'made available: to. othe tools such as a, form system for.

- consistency. check:l.ng ‘of “input’ datay® apphcat:.on. develop-
ment : a1ds which en; ure ‘the ssemantic: mtegnty ‘of user’... -
\ query optm:.zers that use-access
tc. S :

: controlled upda :
path frequencles, .

.-;'*'C:-f_,-. ' Hetadata Hanagement. The ,featnres; ment:.oned above show

) _1nformatlon upon 1t oo A :._,. B s e S o

| 5:3.313.1 - e USes of Metadata - TR o

that the prime: function of our‘data“‘d;ct:ronary—system——

e o is the management of ‘metadata. .. The importance of th1s
T e .funct:.on is. ﬁddressed in. the next sect:.on.-._‘ TR ,

5 3 3 3 The Role«ch Hetadata 1n the Data D:.ct:.onary System

o~ b . . !
- te . R

R One of the world‘s greatest database adm.nstrators recog- o T

nized long ago.the- importance of metadata: "Knowledge is of two k

kinds. - We. know subiect ourselves Or we hiow where e’ canJ-f:.nd
3 a

T

The advantages of hav:.ng metadata aCCessJ.ble to the user are e

- almost :self-evident. .. In the first:place, in.an énvironment -

_ ,'._contamlng ‘several- J.ndependent and” accesslble databases, a. user -

may’ simply. want to know in which’ database or file a-given lex:.cal
descriptor is’ meam.ngf‘ul; : S:.nce the mternal descnptors dre..

.+ often ‘coded- or highly- ab‘b.r ated, -and since ‘the user may ini~ - - -
et &

't1ally._usera ‘term ‘différent ‘from: ‘that:used in defm:.ng the data-

:5:; f_'__base, some kind of lex:.cal t’ranslat:.on w111 be. needed Textual R
comments -are also 1mportant‘-_ LT e e L. E

.n

' "; Hetadata should also descr:.be structural relatlonshlps and )

" should~make them apparent to,the user. A query issued in a-

hlgh-level query language based -on 3 miscorteption:-of structural \".

. relationships can often produce misleading results. Although. ‘ -

attemptsfare*often :made,. especlally by "mtell:.gent" query. sys=- -
tems, .to represent the database in: 3 wayithat: ‘the user sees’ 1t,
the extent to wh:l.ch a database schema may be transformed o -suit
the. user's view is limited, s:.mply because the underly:.ng Mgorld-. L

-+ model", of. the: des:.gner and :.mplementor may - d1ffer. For' example,

a relatzonsh:.p may be one-many in-the database wh:Lle the user- . P
- thinks that it is’ ‘one=one; ‘there: may: -benio- dlréct rela‘t:r:onshlp

) between two ent:.txes when the user th:Lnks there is ome..

,‘_.

w L Ly :
H .?_f

At a lower 1evel data formats, repsort formats and the SR

'--charactenstlcs of:, system interfaces, ‘shouldalso-be. cons:.dered
" .as ‘metadata and wﬂl be; ‘useful for those who' w1sh ‘o effect data -




A = R

Tk

,‘_‘ . B o . '

Fmally, mEtadata may also.be lo1ted by other~programs Lo e
gh-level query systems and naturalex%anguage ‘systems:both eXplo:Lt( .
'- metadata ‘for navigational purposes within a "database. It is '
‘psuilly the“case-that this- metadata must -be: manually constructed\"
for these systems;jsimply because it is not-held. in ‘areleant.”
structural form e1ther w:.th:m the database or' asm adJnnct to =
_'it. T T T R N : . -

.*l

r

Poes

5 3 3 3 z Querylng Hetadata

» Many mteract:.ve query systems allow for some' form Qf.-quefy R
of metadata as well ‘as"of- data. = For ease ‘'of use-it i'd S’suable :
that the. query ‘language. for - metadata resemble the: regular .QUErY .-
language. "However, for this.tq be’ successful +some representatlon
"-of the metadata must be. found ‘within' the-data model:itself: - toy
_was felt that the- ex1st1n_g commonly used . data. models (relatlonal

. ‘network, 'etc.) are mot rich- enough to permit this -and ‘that: a ‘more +
soph1st1cated "semantic" model is required before metadat& may be i
_concisely, embedded m.thm the database 1tself. v

. The complex1ty of metadata depends ot the purpose “for- wh1ch
it is. used. - For help'in fomulatmg quenes, _a relat:.yely s:unpl’b
' model is usually-sufficient that informs. the’ ‘useT of ‘the- ternu.n- -
_ ology of the database, some informal descnpt:..on of - the QSOII‘E&I?‘ZF A
--and some- more -formal . descr:.ptlon of ‘the: relat:.onsh:l.ps wlfth:r.n' th N
database (functlonal _many-many,. etc. ) - For: the»purposes of -
update and understandmg “integrity. constramts sometlunéf much‘

more soph:.st:.cated (and as. yet, poorly understood)»; is; regmred.__.'- e

Lz m,,;,& : = :
A - An analogy with? programmmg envuonments 1s appropnate R
i ,..-here._‘ The: sup,port,,systems for conven;t:.onal complled grogrammmg IR
".languages. seldom provide any’ higher: level’ ‘descriptiea.of’ the ..
" program, .data. types,” subprograms, ‘etc., .than thé:p self
¢ . Occasionally program ibraries are built up,’ and___ ;
.'__',.--modular:.ty is enforced. Howeverf - these prOgrammulg ‘a: 3 .
. generally held off-liné in" the accompanying documentation: The
N -better interactive systems prov:.de some- method -by- means " of whith’
the ‘programmer ‘may ask: quest1ons about h1s env:u:onment
the names.‘of var1ables, what subrout:.nes are ava11ab1e »-and: .
- om’. Examples are to be found in.the: programmmg env:.ronments f

all ‘the more- popular 1n‘teract1ve languages.. The. same“w:lll..snre

prove true._for databases.'-~ n-l:.ne access to. metadata Jwill:

the use of metadata. -Should it be poss:.ble- to operate uponv o B
metadata in order- to update it or. ‘to.produce new-metadata? Some
useful techniques may be. conven:.ently described as: operat1ons hom-

. metadata, .e g., the generat:.on of' a ‘user - v:.ew. - Accompany:.ng th1s .

(IO

T .
-7 —
=7 -




‘jmapplng there mnst be an assocrated_transformat1on of database,,
. access pr1m1t1ves.*’If user-views.are to be’ constructed by operat-g
- ﬁ{‘1ng upon‘metadata, ‘the: pr1m1t1ve operators should be well-definéd,’

_~*'“and some kind of calculus or aIgebra should be” avallable for '4;'3-
T Tmetadata operat1ons.~,*_, ;; - SR

Toes s 'fr".--‘,‘

. ~

;'The operators needed to construct useér: V1ews are those that,

'“———fhiose”—Informatton-from‘the—database;-Hore—comp11cated-{M
-less“well-understood) are operators:tha :add-informat¥on: .

;_ ,a}e ‘a"pumber of'techn;ques “that woul also*benefrt-from‘be1pg ~¥J}x,*-ﬁ +
formally presented.as operat1ons ‘on metadata. "They 1nc1ude ’;*13 e

.. constructing ."superviews" -[BM]: a: ‘view: that .integrates. ‘data-im o b

f‘ ; severaI‘1ndependent databases; the related problem of merging . ST

f_f databaseS°;and ‘the ‘problem of dynamltally extending, the schema of -
© ‘an ex1st1ng database to include new data. - Thesé are all. problemséij“
" that will requlre extens1ve research in- database semant1cs for L

QA:i ’the1r resolut1on. v ‘; 1;6 ' - T

5 3. 3. 4 Des1rab1e Workbench Tools L | i

';jJ The group discussed uhat tools the workbench should have and;“

S came up w1th the folloW1ng 11st.»¢ Co , e
_; ﬁ ,r" Ex1st1ng 1nformat1on*models provrde semant1c constructs,_T wiﬂ;; ”i
‘ operatlons, ‘and 1ntr1ns1c 'constraints”required to model both user“_‘ 5

-i and globa1~1nformat10n schemas. Although.none of these nodels is
Lo machlne-lmplemented at this tlme, we ‘expect 'to see several opera-, .
~%&T' tronal;xn the*next féw -years.: Needles to say, the. 1nformat10n.n'ﬁ_7 E
*  model’ prov1des metadata tq.-the data digtonary system,. and is. T
therefore of utmost importance to ‘the vorkbench .coficept.. . The. .= .-’
model should have mechanisms to support both view 1ntegrat10n and L2V

process spéc1f1cat1on. TN e .
'.’5",. . "’_'"'\ e ! ‘_.:A‘-' : BT A S .- L
B H_amles Togls ° *.. R I R o
N Support tools are needed for the var1ous mapp1ngs in- the _'~b~-,*~ .

S des1gnhprocess, _enterprlse model (the result of requlrements o
fgf analysls) to- 1nformat1on model, ~1nformat10n model to access path Lt
schema and 1n£ormat10n model to: loglcal and phyS1caI ‘Schemas.... -

iﬂiib;”f Constra1nt Subsystemm flifﬂqw@f,p fihﬁp”fr:-i;.iLf:;{ .
The constralnts defrned in the’ Integrated Conceptual Database.

- model can be- 1mp1emented in. four ways--_-f

Some constrarnts .are supported by the database 1mp1emen-'}"5ﬁ45
tat1on structure (i.e., ownersh%p constra1nts are en-'?f et
forced by 1mp1ementatlon h;?rarchres i G




:, The: rema1n1ng_constra1nts may.bex tored as: assertlons,ss.
[ for 1nterpretatlon at guery proceSslng time [SK] g

: ~ TR
_".., SR

Assert1ons:may be automat1cally bound into access pro-
..cedures "during: compilation: -phases that- bind: -external .

._‘..A._

MId

“schemas to the- 1nternal representatlon. - ~Some expérl_
' ments on»automatlc constralnt procedure generatlon have

:'QXJ.StS - 3.

. If no assert:.on Subsystem s ava1lable then the con=. -
stramts should be: mcluded in, procedu.ral 1nterfaces
‘ thatare- 1mpL.1C1tIy or exp11c1tly mvoked by pTgrams
usmg tﬁe database.

7 N .'-- £ e . . 4

D. Quer! thmlzatlon (andf Cooperatlon)

N wledge stored 1n the conceptual model canxbe profltably RS
“used in the processing'of ‘queries: . “For: examp'lee. , Ihe~mode1 S
‘should. document all. énforced 1:N connections between' relat1ons so o
" that the best: join method can be chosen: The ‘model must ‘also- - ~ - =
" document alternate paths; to: the result, -so that’ the: best- access o

paths among log1cally equlvalent paths can be determlned- -

E Apphcatlon Program Development A1ds n

B i The knowledge emUE)d1ed~ in the’ schema can,? even w1thout auto- I
~'‘mation, -reduce. the-effort substantially. during- the: deslgn and S LT
planm.ng ‘phase for data acqu131t1on for application programs. ' . =
Furthermore, if the- constralnts _can’ be. used to automat1cally gen-
"erate modules which. check range, mamtam ‘the propert:.es‘ of rela-" -
‘tionships,. update" der1ved data, etc., then. coding effort is re- = -
duced._ ‘But -more. 1mportant1y the re11ab111ty of the database ando L
the relevance of 1ts contents w:.ll be greatly enhanced‘ ST ~_~,:'!-' Cw

- L

5 3 '4 Database System Comunlcatlon— FE -

‘)— o

AR R R e

‘f# . 'In th1s section we desl with the problems assoc1ated wlth
heterogeneous database system conmuna.catlon,~ The need for such
' commcatmn [may ‘arise: for two reasonS"; CE T e

LW e , .
_ , i e M
.. RS Ca

Ley

(1) user reqy:.rements for' ownersh:.ps and - control of mformat1on» R e
- may ‘dictate a: a: "distribution” ‘of the_ information" model,.ra d1ffer— o L
~ent "data m el” ,for:each-application’ area, ‘and poss1b1y the use e

“of d1fferent DBHS d hardware conf1gurat10ns, and

.\ s

(

- (2) the systems ;nag have been develdped mdependently, are - -
operatmnal and: must ‘be linked together because of‘ the overall RS
enterpnse :Lnformat:.on needs: - -3 T e Pk _ R N

P IR i

ta

("’

et




L
0y

»'.',.'_When.;éiterpnses move :Lnto database-ora.ente
“apparent. conflict: arises.. ‘The ‘¢entralized: ‘collection.. f‘“mforma
“ 7 -tion*implied by the: dat{abase‘teé’hnology is’ often seen
.. . :property:of-the: enterprise.: :This', :
. orgaﬁzat:.onal prmc:l.ples “of” delegat:,on of - respons1b111.ty aﬁd

authonty. ‘We -associate’ ownersh:.p ‘of* 1nformato.on with’ power and

not:.on is./ onﬂlct. w1th

- sibility. to ome of its: members, then that member:: should have the

~ the ability to act but eXcessive
and may - sometmes fail to. real:Lze
t:Lon or 1ead to itsimis se.,;.;._ g

..

Hent:e we expect that most eaterpnses w111 choose to d'ecen~ L
“tralize: the database" logleally. Often,, but “not nec’essar:.ly, e
phygcal d1str:|.butlon~ will; fouow. Hanagement of corpozate.’ ~
finances. prov1des a s:unrle. s:.ngle corporate account O mult:L-

ple d1v1slona1 accounts ‘may- prov1

mdrvrdual ‘Mmanagers; :have “their own budgets and plans for- revenue
and ‘éxpense. Ihese‘budgets and “plans, can: ‘be: compared to ‘the

Latie g

centralmg.;t::on I
the fuIIr;potenta.al of 1nforma~

ide ‘the storage: pfreredity: but

appl:.cat:.on. schemas obtained: from the" mdlvzdual psérs. “If: the
- ‘enterprise management delegates operat:.onal au‘thonty and.’ respon—

_=correspond1ng data authonty and

Data ownersh:n.p :|.s the term used to ,descr:.be a: user 8 rela- -~

respons 1b111ty. :

‘ 't1onsh:|.p to the data’ for which’ respons1b111ty ‘has been’ assumed

., and: author:Lty has been. ‘granted.. ‘If, for ‘example a“bank branch
manager is: respons:.ble for ‘the bankf s customers :m ‘the"local

_area, then’ maintenance ‘of the cus

--..‘

tomer 1ists, 'their ~addresses, .

' “and the linkage.-to various. acconnts is the’ respons:n.blhty of thls
' manager. ’ Ther:.ntegrated schema may “impose some constraints; for

v,
R4

T

., but the ‘schema must also suppo‘rt

such as the ehitry of a mew customer. . “The mtegrated chema . -y .
prov:.des ‘the crucial. ‘information needed-to’ coordinate the _acta.v:L- WEENES
ownersh:.p, is noted'm ‘the”infor- .
mation model. "All data described must; eJ.ther be owned or.be ..

. genexatable from. other data through the 7isé of ‘some- compntatlonal -

‘ties of the local ~schemas. oData

. .procedure. These proceduresxare

model S ‘y___v,‘,.. 2 S __,,

- 3 oL ',~

.! RN

At tmes the read frequency

-

" sys’tem may be so LI:u.glrc thats performance d:

data“be ‘stored at. the” read sites’

kept um.quely remote, or be rephcated If-the dath ‘is repl:.- -." e

: :,-_"-f‘instance a customer with: a non-zero balance may not: ‘be- deleted

all act:.on,s that are;. author:Lzed N

-

attached to the :.nformat:.on .

at othe
The: datd iay: then- elthe.r be

“cated -onésite ‘remains +the prmary copy- site and Yis; 1denta.f1ed as,.

“such> If updates have to :occur at ‘ore -than one 'site, then-more

~ complicated mechanisms are reguired.: The notion. of a true-copy
* token -[M]- wh1ch 1dent1f1es .the pr:.mary versi: ~may -be* ‘used. to 7

update pr1v11ege nes:.des and :|.sz

e +control such” databases. -:The true-copy token res:Ldes where. ‘the

moved as needed Before 14: is T A

Tt e
S ;




~--

'.r

true-copy-token may: be onﬁdemand or on Sbhed&leuzftt
.-scheduled movement of a- pr1mary~copy i% ‘seen .in.the'bramnch:
where local- accounts are maintained in the.daytlme,- L

nology‘was questlonable when 1t was-found that>expan31on of -
” existing functions, or 1ntegratlon of d1st1nctrapp11catlons has
- ‘cost greater than expected, often greater ‘than -the co "of. the
. or1g1nal applications. The use.Jf :database technolo looked‘
.-upon-as a remedy to data.. processzng ills - does- not. guarantee the
' ‘required growth flexibility. [GAO] . Many database systems .even - s
have a hard time living up ‘to tﬁelr existing’ spec1ficat1ons, ,u{jﬂ;:
~ since- they are typically- based on software of the late s1xt1es- ) R
_ear1y sevent1es. _ - _ _ S T R

o

: : Dlstrlbutlon may 1nvolve dlst1nct computers, but 1nc1udes
. also ‘distinct databases on a: s1ng1e machine. The logical’ prob-
. lems are the‘“same;. -although lower Communication bandwidth to -
remote machlnes can make’ poor s1tuat10ns truly 1ntolerab1e.'
L In order to plan appropr1ate1y for a log1ca1 1ntegratlon of : .
d1verse app11catlons and databases a substantial modeling effort s L
.~ may be ‘required. Models, using consistent and formalizable ~ °~ =~ -
'i,notlons have to be established: and-verified for’ all: s1gn1f1cant K
‘fﬁlex1st1ng tasks, ‘using -actual documentation .or programmer knowl-. ¢
. edge. 1gh-1eve1 sketch, with unverified assumptions about
. actual*operat1ng processes, can-only ‘be misleading.. In add1t10n,
V‘models may be constructed for new 1ntended app11catzons._;;wj-

at . . Y

.
<
-

NN
[N

[4

T An Jmportant result of the 1ntegratlon process "is* the knowl
.. . edge that is collected*about the ‘data resources of 'the, enter- .
. prise.- Even if a database is mot 1mplementedgas a result: of: th1s

effort, the model prov1des managers, system analysts, and program- _
mers with information about ex1§tence ownersh;p,-sdope,,and Ls
‘constraints of the data. If=a-continuing maint%nanceggffortjis
+ made, then thé timeliness’ and quallty of;the ex1st1ng?data_ma
_a1so be documented.. , .o ; “, '

- Qperatlons 1ntegratlon w111 be more d1ff1cu1t. Only a few
_systems today. manage distributéd data. - While algorithms for man‘
'agement of replicated data are well understood: M) they-do not -
_appear :in; generallzed systems ‘In ‘many cases explicit- br1dgeslgj_
may have to be built by programmlng -staff .to ‘share data among;?
"distinct users. These.brldges may be spec1f1c, oftenvmov1ng
-,f'£11es created for that purpose between systems ‘As aIternatlv
~we '‘see: 1) automatlc query’ processing’ throughout the d1§tributedf
gdatabase (most methods discussed assume a . ;:global schemai; 29%

. access through d1str1buted transactlons, and 3) sharing ofafi:

by copyang between nodes.v o

S

i .
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.0+ ..Thé design of distributed transactions-is critical’ for good ™
..~ rresponse and consistency. ® Knownguery types -are:decomposed ipto. v .-

/. - compoment transaction sections,:éeath transaction section Is
placed with the database it meeds,:some sections'invoke and: " . "
- correlat_e;infor’matibh' from the other Sectioms: Cargful: planming .+

N an_ minimize problems of interference [BSR]."If consistent models: "

sare available in-Stored form on:the pa rticipating:databases,: them
» 'rex:ilot;er.qu_e_rzf.es;_;s:an' be phrased in terms. of thgse_';gi;éfies -and “in a ®
truly distribited-fashion. el

B T N

: - AU BT e S
"~ .The Validity-of Distribution -

% -'Many existing non-sharéd data’are unirtgntionally distr
; - buted. The:fact that existing datébaSe§;:wgreﬁd:‘iﬁtr_fhp;edﬁindic

_* in most cases that- the communicatio; . bandwidth requirements were”

" indeed limited. * Incrementalintegratiom is hence quite feasible. & .*
For instance, much. of the dataineeded: for the operation of a -
‘warehouse is- used-only locally... Information.about shipments does .
not need to flgv mich faster than the shipments, do. A small

- percentage of queries result in out-of-stock conditions and'- g

© . should be rapidly distributed over. adjoining modes. Management .

. information for, periodic distribution is best summarized locally,: -’
N using. globallysestablished procedures, andqcan be transmitted’at: -’

: ilow priority.:.
oL ‘Increased-automation of’ operations, such as seen.in modern -

~.“-a » warehouses, ‘requires powerful-and reliable local: processing - - B
A" ... ~capabilities.. ‘Local’ systems may have multiple workstatidns. The
.. demands. on’ availability, control, :an bandwidth make -local. stor-.
- ‘dge essential. -Many of these distributed systems. will be rela- *
".‘tively.small;  This will reduce. some of._;__tfliéj,compléxity ‘now. needed .
-1 .in database management systems designed to deal with extremely ;
J I “farge filés. -Even though distributed systems will provide less.
. 4 . .~sharing “of.somputing power and: less aggregate. hardware ‘utiliza- -
“iv.-. tiom, ‘thereds a positive compensating: factor due to ‘the smallez. .
. scale -&j@ bperations. . In numerical terms for operatioms om.data-""
'+ ‘bases thatineed sortisg™in some foxm, the nlog-n:performance:
-~ _bound is less for.m distributed: systems holding n entities each.
s %% (m(n Tog:in)) Jthaq_*for"a.-central'sy:e'.t;e;n of equal siz'é"-((mn)t log - .y

S @)

. When systems become small they ‘may need to depend to a -
.greater extent on remote facilities-for maintenance, logging, and

- . . .

' recovery. Issues of communication failure and processor failure
need detailed analysis. If‘data is replicated: on foreign nodes, . -:.
‘then some backup can be provided erm‘tﬁbsg'nodés".; P

- -~
. ..
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5 3 4. 3. The DataARestructurlng and Convers1on ALprAAEhfto;+’=r;i;lfi,
. Database~Commun1catlon ' - ST

d1str1but1on of databases - and database managemenf'funct1on across

R mu1t1ple, tightly. coupled nodes 4in:a* communlcatlons ‘network.. All -
:@'}'z nodes’ understand ‘a;common : ‘schema and a homog _ us;set,of:com-;;';ﬁ't-
B mands as well as the;r related protocols. SRR e

-~

B In the real1st1c future, however, d1strﬁbuted data, process-33='-7
- -U_,n‘.lng w1ll ‘be: requlred amohg loosely .coupled .nodes that will. commu-;Jjj
e n1cate asynchronously._ Furthermore, d1fferent nodes may use.d1f-= L
S ferent DBMSs.” To operate effectlvely in such .an.enviromment, . . -

S three 1mportant facf11t1es are requ1red.: a) a data d1ct1onary Lo

: IBH's data extractlon, process1ng,‘L digggtructurxng,system'.r:;f
(XPRS):[IBHJ] is one example of a genmeral dafa tramslation facil< =~
city., XPRS:. ;mplements the’ DEFINE data definition language, and;, -

CONVERT data restructurlng language.. Using data. t;anslatlon
: techn;ques, users -can -extract- data from.a source_database .and.map .
it to-a target database. .. The store and. forwardefac1l1ty transm_' -
ports not only the data, but- also: the data translation program
(e.g., DEFINE and CONVERT, respect1vely) that together provide a.
"data translation schema" of the data. The data d1ctlonary@play§
~ -the important role of relatlng the data. translat1on schema. to the
‘54 database schema for the-given source ‘and- target-database manage=- " -
" . ment systems. In effecg§ the data translation and data. diction- - -
ary fac111t1es ‘can . serve as a,"br1dge" between heterogeneous ) :
DBHS's. .o . : - : ; : S

-
S

There are many scenqglos for d1str1but1ng the data mapp1ng~
process.. For example, files could be extracted from the source-
database, restructured in the sodrce system"hnd then 'sent ‘to the
target system._ Alternatlvely, 'if:the data. translatlon system -
res1ded in the target system, .the unstructured source: data could.

. be sent»(along ‘with- their def1n1tlons) to the target system'?or
s restructurlng andnansertlon 1nto the target database.v_ " -

5 3 4.4 The Federated Approach to Database Commun1cat1on ”iﬁ_'igl

One-of the md%t s1gn1f1cant trends and 1mportant challenges

- of the next decade in the area of computerlzed database systems"

is an effect1ve supportfof decentrallzed collectlons of data.. -

- Recent work on distributed databases has- fpcused on: techniques to-

store and access data.at various nodes in ‘@ computer ‘network, as
: if that data were part of a- s1ngle log1cal database; these. efforts :

therefore concern_the physical d1str1butlon of data. S1gn1f1- fif

-cantly, logical decentral1zatlon is- an ‘equally important concern, '

and the current approaches to log1cal database decentrallzatlon

-
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s

\a e dequate.; In response.to the needs«descr;b

“;termed fedenated database ‘systems. ;. The:goal of:'the. federated

'ffederat1on,notlon can\be applred,recurslvely ).~ Thefederal:
“* controller is-a. database system’ functional module that supports

base -gystem’ (software) architecture-has: beenxdeyeloped

] """ is:the log1ca1 decentrallzatlon\and B f

A federated‘database conszsts of a number of"logzcal compon—’ff‘
ents,‘each having “its jown user-level~structural spec1f1catlon e
(component schema):—The Components’ jon-are—
“related but 1ndependent and they‘may or may ‘not be disjoint.. AN
Typ1cally, a component corresponds to ‘a’ collectlon of -data needed
by a partlcular user or appllcatlon, ‘or a*collectlonwof tlosely
related appllcat1ons The components in a: federat1on'are tied
‘together by. ome ‘or more federal schemas: that descr”’“‘the data
-that ‘'is to”be’ shared\\y”the varmousvfederatzon ‘components

communication and translat1on of data’ among;the components of a:
federat1on, based on. the federal schema(s) S : RS

At present, a database federatlon tool 1s be1ng~des1gned ;y
[MH], and a prototype will be xmplemented. ‘This prototype tool -
will provide - facilities to log1cally\1nterconnect “database - schemas .
(component schemas); the tool will 1nteractcw1th a designer and '-

. accept:a set of«séhemas that -are to be merged 1nto a.federatlon._

.development aid described-above is,in establishing: controlled

* of data, and the construction of complex program modules from
. simple modules. That 1s data and program components can be o

'.,.a,. S

An 1mportant use of the prototype federated database system ;”““

sharing among existing databases. To accomplish this, a- semantlc’ﬁ'7
.schema-is defined for each component database, ‘and- the tool is y
then used to define .a._federal schema based on ‘these component
schemas. . A prototype’ ‘federal controller, an. 1ntegral‘part of the o
development aid, will automatically support ‘data’ communlcatlon ' e
~and translatlon among the components, y1a;the federal schema

AR s,

Ihe 1ast step 1n<log1cally connectrng the component data-“-
_bases is to develop a mapping from the actual database’ structure” s
of each component to its correspondlng ‘semantic schema, this can~ -
either be done on a case~by~case basls, or mapplngs ‘to‘generic:
classes of general-purpose database’ systems can- be»developed _ ‘
(e.g., to a relat1ona1 database management system, to CODASYL- R
DBTG, etc ). ST » .; N ',_ vt ‘

The federat1on concept has ‘a much w1der appl1cab111ty than S
merely a method ‘of supporting log1cal database decentralization: .
'the technique of federat1ng information is-a. form: of - absﬁﬁactlon .
that'can be used for structurlng both data “and- programs. “When
-used as;an abstraction technique, federation- fac1l1tates the con- = -
struction of complex collections of data from s1mple collectlons




“;?"“ . ;""' o o .’“~ \. '!,'.".,:\::'_ v

comb:.ned 3.nto “a. federat:.on.. Horeover, the- technrque of feder- e
:-ation-abstraction’ can be: appl:.ed recurs:.vely to form h:.erarchles I
and “other complexes of data and programs Pt R S

5 4 IRIERFACE OF I.OGICAL AND PHYSICAI: DATABASE’DESIGN g
7 1 - . .
3 In the follbwmg sect:.ons, relat:.onsh:.ps between log1cal and
physical database design are. identified. - 'Some: res,ults of logical -
———des}gn,,—whrclr—mﬂuence—physmal—desxgn—deczs:;oas —are—reﬁewed%
* and “the-impact of phys:.cal des:.gn decls:.ons on log:.cal database N
des:.gn 1s exammed':" ; , L e R

5 4 1. Results of 41cal Database Des:r.gn

" Phys:.cal database design is based*on some of the results of
’ log:.cal database’ design. Such‘ results: prov1de information abont
: entities and their. attributes, relat10nsh1ps Bétween ent1t1es,
and descr:.pt:.ons of operat:.ons that are to be performed ¢
. L :

e - For example, 1nformat10n about enta.t:.es may mclude.-
R occurrence~v01ume,.. ; '(:::_"'e growth rate '"*'5-. SSRE
_ * " keys (identifiers) =’ - B
e ‘*_ pr1vacy and secur1ty constra:l.nts R R
For attr:.butes of ent:LtJ.es. R . U
* -'storage reqw.rements, s .
.y integrity, privacy, .and secur:.ty constramts Coae RS
3 * _number of dJ.stJ.nct.4 values, volume growth rate ‘
i For. relat:.onsh:.ps between ent1t1es. s L
% _ ouner, member entities e - tr RN S
e number of member . records per ownef record volume o
g g growth rate B : B
For operat:.ons on ent1t1es and relat:.onsh:.ps. - .
ke type of operat:.on (retr:.eval msert:.on, delet:.on, '
! etc.)” :
* frequency of operat:.on, frequency growth rate
... ¥ " operation select:.on cr1ter1a 5. output attributes (if «:
e _applicable) ..
U ~% " “vojume of records affected by‘operatlon, volume«';growth

These l:.sts are further expanded and are d1scussed :m more deta:.l
Coin the sect:.ons on physxcal databases.
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_ /.. In ptinciple,. logical design is -accomplished without .regard’
. to performance, while ‘physical design alternatives are’transpar-:
“ “ent to users. In.practice, however, transparency ‘of physical-"-
¢ .dedign decisions is not always possible as' the following sections
Coghiow. o TR Lt Ty e T e e

i
ine,

- P

R o :‘vr, St ‘..'f.:." - -.~ :". s o~ - e : " . _ o
' 5.4.2 -Overlap :of Logical and Physical Design - 7
" -are not:independent-processes. - To indicate their .overlap, con= ..~
© -gider e-simplified database design process:of ‘Figure:5-1 which . ...

T e

... consists f four phases. Logical design is identified with'the .
~ first three phases; physical ‘design: js identified with the'last .
“ gwo! The overlap, occurs ‘dugi 'the.phase of .Schema Design (8D, '+ i
: "n_g'e_'em..'S‘ection.':_S.l_) ."' L c T TR e e v

¥
. O . . s : i
. vr TR

. specific data model:

L

"%

- r_‘_"._l”hé_j_déta:'bés'.e ‘schema in 't identifies.com- _ . -
" ponents, of a database using the available:schema constructs in "* K

e e

-"_“that model. .- Typically these gonstructs.are record types and
- relationships among record types. ™ The mext phase. of:realization ™ "
‘of a schenia supplies implementation details to the schema so .

~r .

" outlined. Such details inclnde specifyingentry points or CALC" ¥

records, file structures to be'used, and whether or not paremt = - -
pointers should be used 4n relationship impleientations. . The
 selection of specific methods:of implementation is based-on an . * ;
analysis of logical. access paths.. Buring the-final-phase of =~
database design the sqhi:hié-_:spéciﬁgatibn'is vsed together with . ° -
the knowledge of.the tramsactions against;the schema to perform a
“schema evaluation. .An -assessment of ‘database performance: is donel . "

to arrive at a.proper assignment -of physical alternatives. ¥ 7 . =

- ) “

. & Database design'is aniterative process. " Refinements to'a’‘ .
schema are madey for example, by altering impleméntation details' =
and reevaluating the schema. Those schemas’ whose performance is °

.. judged:acceptable are candidates for actual i‘mp,lem_e'ntation.v_.zl'hi's;-‘.-_f:_ .
.- refining process, is indicated by the arc at the bottom in Fig- =~ -
ure 5-1.'The loop formed is often identified with physical ' ...
-databa-se; optimization. S S e g

v ' Because commercial DBMS schemas are so .closely relatéd: to; . :-°

“.. physical database implementationm,:changing ‘certdin ‘Tecord typg.or " -

" % relationship implementations causes ‘schema designs:to be altered.

* “In Figure 5-1 the dotted arc from Schema Evaluation :to. DBMS gL

| Schema and to Global Information Model indicates restructuring

" ‘which may sometimes be attributed to the overlap of logical and
physical design.  Examplés of this overfap are presented in the
following section. ° ST e e R
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uimplementlng files and. llnkages between £11es, not* all fundamenéva
tal methods are,supported.- By altering schemaﬂdeslgns, such

e supported..
ﬁi", involves’ the'part1tlon1ng of a record,type by attributes to- form
: two or mpne‘subrecord types.-‘Record partltlonlng may,be used ‘for.
_ performance reas6ns (e. 8 separatlng hlghly'referenced ‘attri- |
- rbutes from those ‘that are rarely referenced) Jor, forfsecurlty R
B reasons: (e ;; separatlng confldentlal ‘information. from;puhllc i
' 1nformatlon - Record ‘partitioning is achleved in commerc1a1 SY
- ‘DBMSs _by. de£1n1ng ‘each subrecord type and 1nterconnect1ng them by
- 1:1 relationships. in a. schema Tigure 5-3. shows. the partltlonlng T
of an.employee- record type 1nto primary: and secondary ‘subreéord C
types._ Note’ that in" addltlon to*the alteratmons .of va schema,‘3
app11catlon,programmers must supply: routines - that are neCEssaryl
- to support operat1ons on partltloned records . ,

.v;;_. -
3

<

: b EN . .n-"
AR E -’ -

Another example .concerns 1S partltlonlng (1 e.,:the par-? -
t1tlon1ng of a“file into, two or more subfiles).. Like record
partltlonlng, £11e part1t10n1ng is used. for performance reasons
(e.g., separatlng highly” reEerenced records from those that:are ~_~
infrequently referenced) or for, securlty*reasons (e. 8s° separat-
“ :1ng confidential records from pub11c records). +File partltlonlng-
> . is achieved by’deflnlng record type for each subf11e ina - %
‘#! ‘schema’ (Flg -4) 2 3 . ‘. .

g,

_'E

H

Coe

A Some DBHSs :do not support secondary indices. - In such cases, .7
"t an index for an’attribute can be implemented by a record type, ..
where each’ record of the type ‘contains: .a d1st1nct valué that'is
.assumed by that attrlbute.f Each:record .is then linked to those ~ '
":data records that: possess that attribute value.. Flgure 5-5 'shows
‘an inversion of ‘the: ‘Department attribute of an Employee record’
.type which is based on this construction. 1In a similar manner .
addltlonal record types, which serve as:jindices -to other "index" -
‘record types, can,be .used to construct multilevel indices. Thus, .
'schéma outlines are aitered each t1me an 1ndex s created or e
removed. : ‘ o T

e
3

Occaslonally, DBHSs ‘cannot handle large or'var1able length
'data records.. To c1rcumvent this problem, ‘data records are.
expressed as a sequence ‘of fixed length records.: The f1rst
record of a sequence is the main record and:the remalnlng are -
trailer records. The, maln.records def1ne 2 main record type -and
the trailer. repords define a tra11er record. type®* The records of
..@- sequence, are;assoclated ‘by havipg. the main record :be the owner "
record and-the tralfer records as member records of a-relatlon--*-
sh1p occurrence @Flg. 5 6). B o TEC e e .
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Figure 5-7. An Example of Rediindant Relatiopships




, A,f1nal example Concerns the 1mp1ementatlon of relatlon-'s'; -
'=fsh1ps. Relationshlps ‘may; beﬁlmplemented by~ structures, such as' L
.. pointer arrays and ring lists; or: ‘by. procedures;. such as joint T e
* ;:operations. . Using both. methods allows ‘almost all- ‘useful relatlon-'“-”
. . ships to’be. defxned in_ a,schema»out11ne. Only thos_~reIatlon-
* ships. that are of- pr:mary rmportance to database processing need -
be 1mp1emented’by stxuctures,\thoSe ‘that .are not.currently 1mpor- :
tant couldsbe - 1mp1emented by: procedures., -Unfortunately, most .
DBMSs, support only structural’ 1mp1ementatlons and consequently,
,-';¢a1teratlons to schemas may~occur.h';-L» g S e e

: _”"u; Cons1der the case of Flgure 5 7. where the re1at10nsh1p L
% between record types A and-C is, redundant. .That is, A-C.can be "’
.+ deduced from “the ‘A-B and B-C’ relatlonshlps. " For; performance o
E reasons, ArC m;ght be 1mp1emented if "database proces31ng 1nvolves ;
. . records of ‘type A.and C, but not-B. ‘In commercial: systems, -if -
A-C is 1mp1emented then A-C is' present. in the schema.- If 1t is’
~‘mot 1mp1emented ~then it is’ absent from the schema: ﬁj T .
.-~ The overlap of . loglcal and,thS1ca1 database des1gn is dugk
- £ pprlmarlly to the absence in .commercial DBMSs of: some: fundamental
"methods' of thS1ca1 database implementation. If such fundamental
alternatives (e.g. record or file partitioning) are: .available,
the design process-can be greatly- allev1ated.-Another reason. is.
;. -.-that :most DDLs ‘used by the DBMSs to define. schemas - contain ‘logi=
7. cal as well as physical constructs. Until DBMS DDLs are develqp
ed allowing a clear separation among the two types of. deslgn
decisions, the logical/physical design overlap is’ ‘likely :to . i
continue.  Future DBMSs?should strive to- ‘achieve! the ideal - of :
".a110w1ngkthe desxgner a clear choice among phys1ca1 design al= ru}ﬁxj
ternatives. whlch must be explicitly recorded and subJect to. B

_mod1f1catron-£or tunlng purposes. . .7 - R el T

.'5 5 THE ROLE OF DATA DICTIONARY SYSTEMS IN MANAGEMENT OF DATA

pes.

5.5.1 Introductlon‘ ‘u_ " . f;j. a 5,,€$ L {;;;;;j;
‘e R L . . ".’.' ‘:
Th;s sectlon is a result ‘of the d1scuss1ons held by Group IV
whlch took a broader v1ewpolnt>W1th respect to’ the management. of
data and database design in a global organizational framevork.
“They concentrated on the role data d1ctlonary systeﬂsﬁshould play

to fac111tate data management. §f~ S o » .

- Data is p1ay1ng an. 1ncreas1ngly S1gn1f1cant role as our
ability-to technically exploit it is expanding through the-.use of
~ computers and related’ technologles.- This role w111 1ncrease-even
more:because of the growmng dependence of organlzatlons “and
": managers-on 1nformatlon 'systems for performing - day-to-day operar. e
.. tioms. Today s managers are not -only willing to usé the.com- o
”Jgputer, but expect to use it, and will be in a pos1oaon to inS1st

N .:

- upon access to. data to a1d them 1n the1r JObS. N P




-

B A prudéht person would expect th;s demand and prepare for _f;fg
.. ¢ iti.Preparation requires increased ‘emphasis: on: data with.the - iﬂ“?,
_ftni__management Qf_datasbecomlng_a v1ta1 mission... - In ordeér ‘to prepare

-----

“for the amticipated rapid’ growth in.DP,, and for the increased use ~
" of data by end users, the.time “has’ arr1ved ‘to address.areas -
; concernlng overall management o£ data (in- addltlon to- the technrcal
ﬁsupport of the DBMS 1tse1f) ;'-' ,g~_.q- - b

L

) "+In,.the. past manyﬁorganrzatlons brought Ln E;DBHS and then -
* . “focused”on thé tools;:standards, etc., needed’ t5'make the DBMS -~
o~ work: This frequeptly'resulted in: . 1) the. data_dl'tlonary Do AT
Ll system belng considered subordinate; to. the: DBHS, 2} the gan1
.. - .tioms losing sight of: the obJectlve 4 bringing in the DBHS and
i+ "3) the DBMS being used as an extensaon to f11e management systems

access methods.- » j- , ® A . &;- S

s What should have happened’ The focus should have been - (and -
. still should be) on the« esult to be accompllshed with a-DBMS;" A
. 5. that is, improved profr, ilor reduced expenses).: -MThis may SN
T result. from improved efficiencies ‘or from better. decisions. through
improved or more timely infoimation."[Go] These, in ‘turn, may be
* . accomplished by 1mprov1ng data usability bykmmnaging data as.a - .
“  resource. Under this approach, emphasis ig’ pIaced on theé“tools - .
necessary to manage the data:. the DBMS and the ;Data chtlonary.,_f“'
System. The DDS is no: longer subordinate to. the‘DBHS The DDS . - =

”can and. should be enhanced to prOV1de for management of data.:yh "g;

F1rst what is meant‘by managlng data as a resou:::ce‘7 In
: generdl it means increasing data usab111ty through plannlng, I
. . organizing, directing; and. controllrng the data. - -Data: management Py

should make available :a communlty of data to a communlty‘of E
 users, ‘dcross organizations; ‘across functions, and dcross loca
' “tions for people at all.levels to a1d them.ln,performlng,thelr
..respectlve Jobs. T ?a: e .,5; = I

,.v' . M ’ i R

'h- © pata has the’ same characterlstlcs of cost, value, and scar-w' c
"vClty as‘the more: famlllar material, fimancial, and human Iresources ..
LN] Data is the raw mater1a1 from whléh rnformatlon ;s der1ved.,"
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Smilar to-. other résources, data must also' be managed. As :|.nd1- o
‘. cated-by Bakke[Bak], act1v:1t'z§es necessary to manage resources din.
general (mcludm 3 data)‘are“- : _ . .

o
>

SN S UNDERSTAND Nthe resource’ < know thoroughly 11'—& nature

£ . and charactenst:.cs mcludmg its” potent:.al 1imita- e
T 2 t1ons, compos1t1on, sources, and flows :

L 2 HAINTAIN and conserve the resource - acqu:.re “mamtam, S
e ‘and’ conserve quant:.ty ~and qualrw ofé_ the resource- T
e needed by_the organ:.zat;on..‘__v - RS

'p EXPI.OIT and employ the resource - develop :and,exploz.t'.', N
* “Tthe potent1al of the reséurce by s ‘effective-and = = e %
_ efficient® eppl1cat1on to the- act:r.v:l.t1es of the organ:.-

zat1on. L T LT ;

)

INTEGRATE the resource - effect:.vely mtegrate its use

_with the use of other’ Tesources to. eff:.c:.ently bnng
about*a de31red result. C e ,

5 5 2 Approach o ’ G e
- The group approache'd the problem of determ:.nlng the ro1e of
o -the data dictionary system by examining several specific areas of
axsage that may require: DDS support. , These ‘areas :mcluded database
deS1gn’, distributed.data, business’ systems’ planm.ng, decision -
: support systems, office automat:.on, auditing, database adm:.n:.s- S
- trat1on, manual data handllng, and the managent of the metadata. R

~

_ The follow:mg sect1on contalns a synthesm of the 1deas .
brought -up by examining the separate. usage .areas,. ‘but-.the* repprt '
is not bounded by considering only’ trad1t1ona1 database app11ca- ;
tions. -Rather, the role of the data d:|.ct1onary system is .. ' -
approached by establishing what the DBS is and what it should be. o
The group's primary . focus was on computerized'.data: process:mg S
systems, so_little was done to .explicitly include. ‘non-automated -
idatal” however, ‘the group attempted to ‘avoid ‘recommendations” that
exp11c1tly, or by :|.mpl1cat1on, excluded non-automated data. R

.
3

' 5 5 3 ----- Sumnary of the Recommendat1ons
Though d1verse appl:.cat:.ons vere. cons1dered, 1t was dec1ded [T
" - that' it is poss:v.ble and desirable to ‘have. a- single usage-< inde- . B
pendent data d1ct1onary system to support ‘the information manage-

' ment ' env1ronment. The: group views a DDS to be a central compdnent IR
of informationm management. _‘Witheregard to ‘the . ‘ovérall management .= =
of an.- organ:.zat:.on s 1nformat1on, neither the DDS nor ‘the DBMS -

‘ should be considered subordlnate. Rathet"," the DBMS ‘and ‘the DDS
~ should be regarded as allied tools’ which are. v:Ltal and nrtually

. :Lnseparable in accompl1sh1ng the comon ob;edt:.ve of managmg the
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L mformatlon ‘resource. ' Furthe ore, the key 1ssue is; no‘t svh:.cl;
'i'{u_-. ‘one prov:mdes ,speclfx:.c t1ons Instead, the Pkey issue is. the
--"+ * functionality,that needs,'to be prov:.ded ccollectively: -by; the DBHS
... . and the’ DPS.” -:Such funct:l.onal:.ty is-not,"provided: by~ current. ..
:systems, but 1is v:|.ta1 to* manage data and make ite reafly usable.

P
. T

, 'Ihere are many types oF" data abou g tabases that may res:.de T
-e1t’her in the ‘data. d1ct10nary or in a database controlled by, the =
~‘database manager. - Regardless. of its: locat:.on, :data. about. data- <
s bases must be locatable through the DDS, and. the d1cta.onary
: 1 ‘othes .inetadata

ot A maJor* group dec1s1on concern1ng the 1mportance :of - data
semantics led the .group to include data semantics.in’ ‘the data’ -

_ d:LctJ.onary system ‘Descriptions of the semant:.cs_.of an- orgam.za-f. '

+ - ‘tion's data are to exist in a form that is: meam.ngful to a user '
and a: form that 1s. usable bya the database manager ‘as’ well.

v A Informatlon ~Resource H"anagent Data - LT
o B.. Descriptive AdministratiomData. -~ = . .. "
C Processmg Adm:uustratlon Data Tt e

v ." II., Semant:.c Data in “the D1ctlonary i L

.'-"*'

III. Processmg Data 1n the D1ct1onary

. ‘;_}'{;..' The. advocated data d1ctlonary syst&conta:.ns current DDS
capablllt:.es as a subset, but it is ‘general enough to support
wt fufure .database systems where; for. example, data’- semantlcs are

'corporated ,a.nto the database or: the d:.ctlonary. .

,

s

5"" Defm:r.ng mformatlon management as | a. spec131 1nstance of

- resource ‘management, which requires understanding, mamtenance, e
explo:.tatlon and integration of - the resource, delimits- the role -

of . the" d:|.ctz.onary systenm ‘as being a primary and fundamental o
mponent of the overall.data management function; and, does nmot . '
_ onstra:.n ‘or categor:.ze the data management act1v1t1es snpported'

1 grate reposa.tory that prov1des datav necessary for o
maniging data 'where data management mcludes the plannmg, s




ThnglS in-contrast to.the more trad1t10na1 Y;ew‘of.the data

dlctuonary system-as: a data: management.tool that 1s separate from
- (and- subs1d1ary to)~the; database management.system - Being an -~
B 1ntegra1 part of the :database management env1roﬂment implies that
——the-BBS—ISfthe:”bootstrap”—database—around1ﬂnnﬂr1ﬂjrother*data-——————

'f*bases can hg organlzed. LB Qp__. s
o The remalnder of th1s report concentrates ‘on expla1n1nggthe :
"areas of funct1ona11ty" ‘of. the: metadataa The functionality' -
‘d1scussed below'is mot put forth as a complete definition, but 1s '
<-suggested as a good start1ng p01nt for further 1nvest1gat1on. O
e
__i5 5. 3 1. Administrat1ve Data in - the D1ct1onary 'i_A {;” a ‘f :
In the data d1ct1onary, adm1n1strat1ve data is. data for the
proper management of resoujycés. The resources are e1ther in-the
-.env1ronment .or the resources ‘are descrrptlons of administrat1ve .

- data or processes on‘adm1n1strat1ve data which are ‘the’ dlctlonary s .
\‘oWn data. These{three groups of data are out11ned below: . g
Sy S iy
QQC ﬁInformatlonfResource Management Data- e

: .f 1.[' Basic item. descr1pt1on .ﬁv'j"” ”';-'¥'«' I
2. " Names,;’ including synonyms, homonyms, and ;sav L
: : "_ related names .~ SR
” 3. Regulator(s), source(s), and s1nk(s) of the ERETA
. . Kl ltem .\ : - : - “. -, .
- 4., Business needs Ceet 'k L ’E ’f
,{ 5. User . needs L R P T
. 6.: TUsage and- frequEncy descr1pt1ons RS
7. .Security comstraints - UYL L e
: 8. Synchronlzatlon data . :t‘ T :
1 9. - Integrity.data-. - .- " N N
: 10.‘ "Recovery and resynchron12at1on data I SR
. 11:_ Aud1t tra11 R SR, ,."i”v.
B. Descr1pt1ve.Adm1n1stratron Data fffu'a. T
L 1-;. Ed1t1ng and Presentat1on formats , L ’
- : :j;2. Encryptlon and report: generatlon needs R
' T g3; ' Geograph1c locat1on B S
o ' Cove ST SR
C. Process1ng Admlnlstrat1on Dataﬂf B C R LI
o Teoe ST -
R ‘Secur1ty o 2 oo o B
5‘2 Integr1ty O o IR R
‘_.,\ - 3..‘ l‘ v‘, (. I . & ) g
ST me e I e R > i 3
B ) . g [ L . AT T e s T



";The followlng paragraphs exp1a1n the above components..‘
- '”:'7 Informatlon Resource Hanagement data conta1ns rnformatlon ,
_“‘necessary to manage not only the data but’ also ‘the data. manage-'~
.. ment %gent for, the data and the user of the data. . ‘The. data ’ _
,manAgement agent may be an automatedYDBHS or-an individual suéE '_'J'
‘as a“clerk or-secretary. Incelther case “the - Informatlon Resource
- ‘Management -data provides a gIobal ‘context within whlch the user_”ff;
or:data management agent, can.ﬂnderstand .the” data ‘item.. The - .-
. Descr1pt1ve Admlnlstrhtlon and Processing Admlnlstratlon data’ are "

. the data dictionary's own description of what ‘it contains:, these ,v-'
—-——~two~sectlons—descrrbe—and—abstradt the—descrlptxon—and%proce851ng
.. data contained e1sewhere.1q the” dictionary :(the: description and .
=" .processing. facets of the d1ct10nary system are descr1bed11n the :

- mext. two sectlons) I . RN ”.aﬁgyﬁ-f

= ., ' - : ," -

The follo g 1s a br1efaexp1anatlon of each p1ece of.admln-'
1strat1ve dataeln the data d1ctlonary. o 2 ,0‘_,_Adv.‘
A 1 The bas1c item descr1ptlon is.a natural language explana-T
".tion of- what the item is, and its relevance:to:various .. - .
f-applicatlons . users and functlons of the enterprlse.. ‘g _37*"
_:A.Z':The nadEs are those by‘whlch the rtem is known, -as. well as
any name by whlch the“’tem should?not be known.

4 PR . .
" l'«r o

.A/."3_ ..The regulators, ‘sourc s, and s:nnks of the data 1tem mcl%

- the person, division, system, etc. thit regulates ‘the da
~° item; the $ources. from which the. data item is°6r can be R
' ??:recelved “and’ the sxnks to whlch,the data 1tem is or. can be ;“;b
T'GIIECteda"a‘ : - . ¥ i

‘

’..,

- A.4- The buslnéss needs documenm __z~the data was orlg1na11y fQAf.:
" created and the purposes'that it- currently serves’ w1th1n the' o
.enterprlse. o oL e S Tt
. A.S' The. user needs 1nc1ude user 1mposed constra1nts necessarg.
o for the data ‘to be useful. Examples include the: data 1tem
MR being absolutely current or hav1ng ‘been stable for at least
~ -a month, etc.n _ ; A T - CET
A.6r.The us;ge and frequency descr1pt10ns proV1de 1nformatlon e
such as: "item must be processed da11y , 'use only after run

f*xyz 1s complete", Etc~ ;'.'*~ e

T Al
T d

‘. -A.7 _The secur1ty ‘constraints prov1de,a ratlonale for the secur1ty
;;necessary for the item. An example would be. explalnlng how :
. federal law requires that this data item be access1b1e to a.  °
R certa1n c1ass of'user, but not to another. R

Ly

e .=120- i (0T
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A.8 ‘l’he Jnchronlzat:.on data mcludes the current synchron:.za-
7 tion status of-data‘as well as. strateg:l.es for maintaining
synchromzatlon._. An example»wou'ld be a strategy of . applymg
= " "updates to an item ‘that.comeifrom d1fferent sources-in-a-
.particular; order .as’ well ‘as: md:.cators that the item is"
. currently at a’ ce,rtain stage in the. sequenqe def:.ned by the
strategy~~ 1~"., C A SN e )

¥ J.l‘he‘recoverpand4esynchron12at1on-data-spec:.f:.es-howmuch-—-—
= and when to_ back’ up;::contains .procedures’ for _activating
# back=up’ and subsequent resynchronlzatz.on and deta11s the
_ grannlara. of recovery. S . S

‘-

TR - 2 The ed1t1ng and )resentatlon formats of the d1ctlonary< _ t

A system s- own data will vary by user, ‘and- may be,\sbgnzlfz.- . B

- - cantly. d1fferent from each other._, In addition,“acti ive, . "
on-line. controi data mist be roperly formatted’ for the data .

_bemg controlled._. e e

. S - Cre
+ .-

~- }32 The encrypt:.on and report generat:.on needs are spec:.al L
\ . :  ‘processing requirements. . E.g., the DDS data must.be - .°
transported through tbe network m an enchPf-ed format. e -

_ The geograph:.c locatJ.on. of the DDS refers to the phys:l.cal
: locat;.on of _the ~metadata. o S ,

2 The gr:.,tz data charactenzes the ga:ocedures requ:.red to"

. agsure - integrity - for a d1ct1onary itemr and to 1nd1cate how

M;_',‘the procednres are mvoked Sl . "

: ‘ -Items A 8 through A.11 are descr1pt1ons whose prmary mpor- ,

‘. 'tance perta:.ns to .the run-tme .administration of the data item, .
whereas items A. 1-A.7 are of primary importance.in ‘administering

the use of data in database design: - A.8-A.11 are considered to ..

be "act1ve" in the sense that they are on-11ne, used . cont:.nually, e
‘and: potent:.ally subJect ‘to :frequent update. - Descr1pt1ons in B

~ and C ‘pertain to d1ctlonary data itself, whereas descnpt:.ons in

A perta:.n to data m the env:.ronment., s R o

~




.5 5 3 2 Semantzc Data in thE‘chtzona;g _Ji;ri*ﬂj"ff;fj-:i7:_f J -

The data d1ctlonary system should contaln ‘or point. to the
‘ semantlcs of ah-enterprise's data, 1nc1ud1ng the enterpr1se, : .
- organlzatlonal and data structure models" appropr1ate to’ support- .
" ing an enterprise's database.applications. . It .should be,the sole .
source of data definitions for all .systems in the’ env1ronment. a0,
é%contrast,to most of the administrative aspects ‘of the: DDS, the
. Semantic data is intended: to”éxISt in a form that gan be- used RSO
d1rect1y by data- process1ng app11catxons ‘and -also be meaningful . ..
_ to “the user.. Therefore, the dictionary- becomes -the 11nk to-z-*

o connect,users and app11catlons processes—to

’-,,.h

Data seen as’ characterrstlc of the semantlc section of the_b h
. data: d1ct1onary are out11ned below. . '

"f'&-.-

A. ' Scheina _
B. “-Subschema(s)
C. ' Storage schema
D.: DBA:schema ,
E.” -Location in storage '
F.. Entlty/attr1bute/re1atlonsh1p model (or reébrdlltem/set,
-f}“ etc ) : o - : : :

'/4.

e

.A.: The schema is a. descr1ptlon of. the database ‘as V1ewed by 1ts .
.4 [ users and -as processed by andatabase manager (software)

- . T4
- e
i : .. S

':ﬁQ_'JThe subschemas are- compat1b1e app11catlon V1ews of a database.u.;ﬁi

';lfCﬂ,thhe stor;ge schema maps database data 1nto a format to be :
st stored ‘on.a memory dev:ce.n - _ L

7.&D;,ﬂ_The DBA schema is the database manager s own v1ew of the ';f -
.3data under 1ts stewardshlp. e -

E.Td.The locatlon in storage’ prov1des a descr1ptlon of the .‘5
-.,d1str1butlon of data 1tems... '

The entzty/attrlbute/relatlonshlp model documents the enter- o
- prisé view'of data. The view may be stated in terms of o

' . ‘entities, attributes ‘and. relatlons, records, 1tems -and sets,
base relatlons or any other appropr1ate group of" concepts.

Host of these d1ctlonary items are tradltlonally viewed as a -.

. [ ‘part of a database management system; but-the group foresees a- ETE
ﬁ t1ghter interface between a  Data D1ctlonary System and a DBMS. o
‘Whether a schéma resides in the’ ‘dictionary or in-a database under*_e.
the control of a DBMS is an 1mp1ementat10n strategy ‘that is ; =
immaterial to the task of the -group. However:, the DDS must
jow" where'the ‘semantic information resides. In addltlon to
g g schemas ava11ab1e to. users and DBHSs, the DDS must

py.

o "...~: R ' : - . L = .
, . IR . s 3 . B ST



assocxate a schema with its users, app11cat10ns and adm1n1stra-

" tive. procedure So, regardless of implementation,- the DDS and- the:

"database'management system must be fully -and functlonally

© 5.5, 3 3 Process;ng Data in the DDS v_;;?,ﬂ,,

1ntegrated ' . R o

The Data D1ct10nary System’s descr1pt10n of data should

" include the rocesses that can act on the:data. ‘The most s1gnif-v'

 icant_departure of the group from the traditional view of a DDS

is that the DDS contalus.processlng 1nformatlon. 1”‘,.

The process1ng 1nformat1on_under the ausplces of the d1ctlon- e

r'ary system can range from the re1at1ve1y mundane: such as "use :

~.;the stored ﬂata") 'y

A " ‘tional eyents that may ‘occur: dur1ng the executlon of - a nor= s -
S0 mal pr0cessin8 sequence. _*“":~-;;« T TR

this hashing: a1gor1thm" ‘to data semantlcs .as represented by

data ‘item, then summarize it’ and present the min, max, and average,:’
but 1f‘a processing program 1s request1ng this 1tem, glve 1t a11

-d ctionary system rnclude.

Loe
At.-. . . . S
. P -

TA. ﬂRegulredalnputs
B. ' Required-outputs
c. Processing sequence-
“D:. Alternative processes o
E*" Act1vatlon cr1ter1a for.- processlng

““A.. ‘The' requlred 1nputs are the data 1tems Wthh are needed for

a process to beg1n : o _ . R

'B.;: The requ1red outputs are the data 1tems whlch are produced N
‘as a result of -a process. o ‘g_ g Sl .

_\',,. - R

A .tflThe process1ng sequence~11sts the appropr1ate order in wh1ch
o jsto apply the’ processes. 4..; T T :

The alternatlve processes prov1de a condltlonally structured
1list of. applicable processing to be used in case- of -excep-

E. The act1vat10n cr1ter1a are exceptlonal events whlch acti-
. vate various processes: these:are similar to the "on -
.(condltlon)" constructs in languages -1ike PL/I . L

5 5 4 D1c£10nary §ystem Implementatlon g.-.;.';g~i ;~ l.',;;,i"f..>
_ : P L

. The group d1d not d1rect1y address d1ctlona§y's stem 1mp1e-
“mentation. issues other than to state that functlonallty, not

.'y"....-._ . o . i .';-

- - e e . P

4
i . N
re, ERPE Tt e
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g 1mplementat1on, was 1mportant An- conS1der1ng'the role of ‘the DDS:
. For example, the DDS processing. section could explicitly -contain
_-programs, or S1mply contain’ references to programs that are
stored élsewhere: : e1ther way, the programs are a: funct1onal part
of the DBS. - . ¢ - R

555 Conclu31on

. Group v approached the def1n1tlon of the role of a data
d1ct1onary system by first. establ1sh1ng what the d1ct1onary ° v
‘system -is. - The previous-sections outline this group's: determlna-'

———tron—of—the—DDS—as—an—1ntegral—and~descr1ptron-conta1n1ng-part—of
- the  database environment. As-: -the role-of the DDS-is. .insepar-- .
able from the role of the datalfise manager. That role is best - - -

summarized as the planning, control d1rect1on, and organlzat1on

" of the 1nformat10n resource. o
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6.1 : INTRODUCTION

v

. mdependent of the data model used as the DBMS basr& RS

g (e.g‘., DDL source generaty query language mterpretatlon, etc.)
b o To.dwcnbe the u: of the DDS m physmal desxgn the-:commlttee

Database desngn is accomphshed in. two dxstmct actmhes: ,log1cal

) deslgn and physxcal “design. In’ sxmphst:c terms, logical des;gn is'accomplished : "

without - regard ' to , performance,’ ~while physieal’ ‘design  alternatives are.
“transparent to'a user.. Pragmatlcally, such alternatives are rarely transparent

- since. they are generally. reflected in. the™s schema and’ impact the choice of

. DML (at least-as seen by the pnogrammer). The consxderatlons ot a DDS are

The Physrcal De&gn Workmg Commlttee addressed phzstcal mues only‘

. in the context of:the Data Dictionary System°(DDS). currently ‘available: (or
-+ ;projected) DDS's ‘are incapable of. sgstematxcauy organizing ¢ data for all of the.--

uses deecnbed below. This’ sectxon “does not indicate all of the uses of a DDS

:,_L'i- User Requu'ements response\ - ;
- frequency-of use; transactlons, growth, pnvacy requu'ements,
avarlabmty, loglcaideszgn, etc. S S

‘e

rhys1cal Des:gn dlstnbutlon, mappmg, vahdatlon (e-g’-, o
a _' ' ‘'simulation, analysis) prototyping,. deslg'n 11 recovery/restart,
o encodmg, encryptlon, archlvmg, etc. .

,‘-.., @

..~

e Implementatlon de51gn confu'matxon, streas testmg, data
S vahdatlon, load etc. EOARR _ . .

B Operat-lons - performance momtonng, mamtammg mtegrlty,
housekeepmg, etc. o o - _ N

. - : Evolutmn - apphcatlon ennchment, reevaluatlon, usage stnfts,
R mlgratlon, m@ctm, reorgamzmg, ete. _f_-.;.‘-,a‘ L

- End—g'ame - termmatlon, sh1ft to a' statlc entlty. e

: These six- phases are not mutually exclxswe m tlme and may reoccur
throughoutthe hfe of adatabase. PRRERTR : S i




n

For purposes of referenc%{ four central concepts are defmed: - r L
A e gl i e

]
-a:?
1

.;--. EMe

B _ysncalﬁatabase Dw@ T coo e
: B ST s s
- Physrcal database deslgnis‘me“procew“ofxpeclfymg-md—mmn —

} stored data end. 'ﬁaiabase procedures." The primary goal of this process xs
pert‘ormance effxcxency thhm given constramts. Inputs to process are: _
e e jAnticipated database usage A o - “_ _ "*

‘ . ;"“Avallable 1mplementat1on techmques S A Ea

a8 Hardware and software charactenstus el B

R ' ‘Physxcal charactenstxcs of the data

Declslons in the deSIgn ‘process mclude N aﬁ e
o ® ) .
e Storage mapping R
. Access path‘seiectlon - R % I e S
- P La S ~>’ o .
.. Clusterug/partxtxonmg of data T .

. Encodmg/compressxon/encryptxon of data

Concurrency o S . B A R 3

: Re_start/recoverj; :

dwhlch constitute -the _ 1ilformatxon “environm

mples of ‘such ‘entities are:- "da files, reeords,
SOLtW. ‘users, reporters, transactxons, unty profiles, Jocatxons,

f _-'; bséhema, ete. In addmon, a DDS contaifis; data relatlﬂye to.the form -
Ceﬁent of datg, Some key aspects ofa DDSfarez c AN

Its con ts mclude data about data (metadata).m-_ ' _'" |
:‘i‘ /,.A.‘v- ,_‘t ) ~ . .'v} K3
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Ex Restructunng is any change m" the loglcﬁ deSIgn of the database. L
amples.=

‘h’ g
R

.’** . A changmg from a one-to-many to a many-to-many relatxonsmp. _..,:- -

‘-Av .

v .;. : AddlD&OLdéfé‘tmg_adataJtem.v - ‘ R o
e Reordermg data 1temsawlthma record type. c # TR
- Changing access privileges. . - RIS SN

B

data. THis sho invisible to end-users or apphcatlon prograénmers, excepta \
v1a performance. _,Examples: % 1 T R

AP K :
e Reo_lr;gamzatlbn is any change in the phys1ca1 orgamzatxomof the stoxid

BRI

'

T . ,ZChangmg £rom hashmg to mdexmg
e e Ellmmhtlg overflows man lSAM fﬂe. R A

L ° el o, Movmg to a new physxcal dev;ce.
\,.:/ .' ’*ﬁ:

. Note that ‘chan%e due ‘to log'lcal des1gn will usually result in physmal i
’i’.changes, whlle phy51ca1 changes may or may not mult m~log1ca1 changes. S

6.2 REQUIREMENTS METADATA REQUIRED IN DDS T

The DDS" for & - “new database is’ m1t1a11y 'created durmg “the -
_requu-ements defmltlgq, phase using the logncal design componenfs +{Entities,.
*" Elements,. and Relationships) as its basic. input data. *During the life eyecle of.
-~ the database, data about the logical: elements and their physmal counterparts
...+ will ‘be systematlcally captured and organized.within the . DDS. -During;. thiis,’vg;g
Lo, initial phase, -data is collected from. external sources (i.e., .not fro;_n database 7~
.- -operations). - -Su¢h" “selrees. include * user design specifications, deslgne., 3
e assumptlons, statlstlcal 1ﬁferences from exlstmg systems/files, etc. o R

f.}"‘ .

S Durmg thxs phase of des:gn, the. emphasw is- on how data will be"used, . &

.\how much data exist (or will exist), performance requn‘ements, and operatlonal S

_environment. . It is 1mportant to note that the data about data which'are to be -

- E collected are .the same as those requested in the non-DDS envmonment. The -
= . distinction involves recogmtton of the need to systematlcaﬂy orgamze the

; data in both hum&n and machme readable forms. _
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: Durmg the generatxon of ‘the logxcal de31gn (an mput to phys1c31*' .
desxg'n), metadata is captured. about=the .four' basic database componentsj_ '
entltles, "elements, relatlonshlps and - subschemas - (user - rcelved ‘virtual -
e rec “The DDS must be .capable of representing: ata’ about . these -
/components in human and machme useable forms. The met?ta neede ares »'

~ y o
Nt

- Loglca}Data Entity * S
N Occurrence-volume S TF ‘*J R
/s - Growth rate addition:, Frequency/Cycle o 0N -
' Growth ratée. deletion: Frequency/ R S
. .. - Size{total of element sizes - can be'generated) S
. Accgssapnul es (esg., read add, delete) L : N
. el .1_; %;.;;'\& '.1--.:' . o
eM Ly
: 0 hours) : ..
p nse. neqmred)'
g., how long to. keep) busm&ss and external
:Grmat(s) by freQUency (may relate to operatxon) E ’*»':"Ti S
A tlty(s) descnbetgby,element . R
Integrity rules (e.g:, valyes: 500—5000) A S

o /~% Privacy:requirements (related to users). . ‘ T
o ETEN Num)ber .of: ﬁstmct valuw (size of dOmam) and growth rate (e.g., -
- Lo ~. ) 15&0 . . R , . .
S , - Modification’and selectlon operanon(s) ' — B ¢ e . s
" . Aceess privileges (e.g., read; modify) S S
.. Description of identifying characteristic of element S Ty
.7 (e.g., identifier/non-identifier) ' S
_+ . Availability require mentsYconstraining requn'ement) U
- Constraint (busmess and external) SN e T

q-q..;""_‘_“ "'?_‘.g' . : i L -._",_'-_-l,_

LoglcaIDataRelationshlp » e 4

o o 'ﬁ-Owner S : S g

- _<Member(s) "t T T eem :

L LE - .Average'size of set/member type a. L e

"+ . ... Maximum size of set/member type’ S - '

- Minimum size of set/memberty

Median size of set/member t§p é, SR ;

... . .:  Frequency distribiition type/cot!nt oL T

- "7 Growth rate/member type . B e

A e ‘Addlt:orr .new entities = - _i_ o L - '
‘ ’Deletlon' ‘entities ' R o

MOdlflc n of set occurrenee memberstup \ I s




ml Operatlon Agamst Vu'tual Record

: Type‘(e.g., accass, addition, deletxon, modification)-

. .->.21) non-key, - 2) key, 3) relatlonshxp key el
' Frequency per cyele - - ] o ‘:.'"
— noeeesmg—modeie.g.,batclror mteracttve\ : i Y

" Response constraint (e.g:, time) with priority—may. vary wmth user
‘Sub-schema: entity and elements (attributes)

Access type (e.g., sequentjal; serial; random; relatxonshlp(s) -

- with sequerice ~— mth elements for sequence, no prlme-k%f

o _elements) . = AT
& " Purpose (e.g., to m standard cost- to generate bank
» : Number of virtual records expected m response : e

 Notes - 1) All termsareusedgenencally e ' e
: —---2)-  -Only factors which may be needed for physmal =
- database design ‘included ' -

3) _Some factors..willmot affect physxcal dagase deslgn

o "+ with all DBMS'S - By -

) P ~ 4) " Not gll factors. are developed to- the same level of -

, T detail (e.g., privacy is not detailed, logical operatlon < i_-"'-"
~ ‘needs more development and checkmgaof-: deas)’ ... .

¢ LT
R . g kY = S e,

- 5 ) . . oL Lo . 3 S
. . .

. 63 - PHYSICAL DATABASE DESIGN PHASE . ,, =

- There are&merous declslons and actxons reqtu.red to arrxve at%x
.physical database ‘dBsign which will efficiently support a logical ‘database . .
-design. The basic objective of physical database: design 1is physieal grouping ‘?--;
and placement of data which -efficiently supports .specified and projected dita: o

- Storage and retrieval -while observing established ' requifements’ and~ &
constraints. ‘It should be noted that there ally several possible physxcal N
- database des;g'ns whlch can satlsfy the, samy loglc ] database design. .

.+ _ Three major; subphases of the physic ¢ t&ibése design process are

“jdentified below. The development s et with the decisions and
actions leading to a specific design. The alloc on - subphase -addresses the’
~ ~ distribution and.placement of records. within the available: ston;agf space. . The
.- validation: subphase. is concerned with. speclfymg or ac’cem?phs‘ﬁng érocedures -
_leading toward validation of the _physical database; Le.%oes the de51gn satlsfy P
the requu'ements and observe the constramts.a SN P e
_ . : & S -
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62%.1 Desxgn Develogment

;“ . .4 . - LT '~"I» S s . : ,.
76.3. l.l Dlstnbuted Vs. Non-dlstrlbuted. Affects desxg'n at hxghest level

- since, In a distributed system, all- the physlcal aspects ‘of 'a database’ are””
ﬂ:gpresented at each node:of the network. Data needed.for distributed desxgn

_include the same data as needed. for non-distributed:database deg‘n and,

addmon, mclude external requn'ements for data dlstnbutlon: R

- -_ ' number of godes in the network _ BE :'i _::}.;:_ | '
” :;. . data descrlptlon at each node S _
%L sizeof database (record occurrences) at each node ‘_‘_._ L

"accessmg data smultaneously. These . 1$ues arise dile o pOSSl ‘le""“
_.befween users who: ‘ate: ‘attempting to update or modify the same:
~ physieal database - d@xgn eve;, the concurrency issue may lead™

partitioning and data:I6ck-bu %0 .avoid contextual conflict. | Metadata
to support analysis and dec1s10n makmg here are: : _

: ? . - user versus data usage _' ' e
e i mode of use (update vs. retneval only) " # + V '

RS frequerfcy of use

" .6.3.103 ‘Storage/Acc'ess Methods. _This are#deals with the selection of bas1c .
‘methods for. organizing, storingand retrieving df data. . Dal Y’organizations o

include sequential, d1rect, indexed and linked. . Many varistions of these

“techmques exist and are in common usage. ‘The type of data nemto support B
v deCISIOI'lS in selectmg storage/access methods mclude: '

_ 6.3.1.3.1 Storage freguency and type.

=l : ’ : C e

. msert/update

. sequencmg requlrements (e.g., by. keY value, mthm Set) o - ,

. [
S e

6.3.1.3.2 . Retrieval frequen cy and type. -

. retneval of records ina s)eclfled sequence £

. ) ;retrleval allXpart of a set C " &
e | ERCIRN .
. boolean operatlons ' |
e i : 1 68 g ]



' strucfure.

1-’ 6.3.1.4 Selected Des:gn Lumts. Thls area~deals mth the estabhshment of N
- igelf-imposed” design limits,.such as maximum numbers of record instances, a -

.. stipulated maximum degree ol structured complemty*pomtersxzes,-manW
field smes, key 81zes, etc. Tﬁe type of meta-d t 'needed for thlS area would :

. iy P,

i-'-‘- : -targerdatabaséentmgoegur

ot frequency and numbers of transactlons or accesses by records orf
oo ,dataclases _ _ O )

St '_estlmated ﬁxmber of umque key values. ?f'
L e tile ratio-of database entj teé}ef‘“ed l‘elatmnsmps | Cere - ’. -

L. estimated storage requlrements by database record type or data e 4,

-~ c . ~._,','.;-.,

Yo )

o 6.3.1 5 Hardware/Software Constramts. .There y be numerous constramts '

. imposed to reform the design of a physical database Yy the computer hardwﬁ,

" and supporting system level software. The most obvious hardware constrain

-include Direct Access Storage Device (DASD) type  and number, as well as
numbers.of channels. These constraints serve. to_bound the:extent to which
data allocation can be accomplished across differént DASD. for efficiency of &
_ access purposes. The most significant. software constraints are those related
to the DBMS used to implément the' design. " Examples of software constraints’
that -can- -impact physical database desgn include ,pdge or block size range,'
maximu 0%umbers of record occurrences in a- file or data- class, maximum

. numbers record types, maximum number of relationships between record f
- types of data classes. The types of metadata needed would mclude: o

: e catalog of hardware constramts B ?'.'"lf. S ,§
- \} P catalogofsoftw-are constramts o s - "’7

.3.1:6 Ex ’on Factors. Thxs ‘area addrelses the problem of arnvmg at a

3 ata esign_whose_realization is ‘capable of gracefully expanding -
accommodate more data of the same or.a different type.- This impaéts the .
“decisions on file loading, par.tltlonmg,,clustenng, and access methods. Data .
i%eded to support J{isions-on expansrolyfactors mclude: ' - v

' _1dent1f1catlon of data types, data occurrences and data mappm§
: h are subject to expansibn o




& %5.3.1:7.° Physi®al  Record -'Size: - “Thls -aref:
~=determining the size of the physical record whict £
unit of storage and retrieval _to/from secondaty stor: ,
..may-be imposed by the database system. o(_;tﬁé:secondary storage.

of. ‘Large
physxcal records (blocks)‘may restrict .the number concurrently available: in::
main- storage wh11e reducmg the need to transfer blocks. :['he physxcal record
m . [P .- by P . = ce

o :.,{;‘~ efflclency of the secondary storage system =
.-.5.3.1 8 Partltlomng., Segmentmg a record type into two or more: subrecord o
- types 1s record partitioning. Partitioning a file of Tecords into two.or more =+ -
subfiles ‘is file partitioning. Record and file partitioning may ocecur- for -
perfarmance or prlvacy/secunty reasons. JInput to a partltlon decmon process
_may mclude. - . o A

. Att.ry{ute and subfile reference freqaencles e

e 'Attnbute length and subfile sites . L 3 IECE

s

- e Attnbute and subfxle pnvacy/secunty cohstramts
6.“3.1 9 Clustermg..v Intra file clustenng mvolves the selectlon of a key on i
which records of a file are to be sequenced. Interfile clustering involves )
placing records of one file (e.g., member records) physically close or adjacent ;- -
to records ‘of another file (e.g., owner. reco Input“to the clustermg
decision process iss . - 45; < - r& .

&.

.-_ _Operatlons on smgle—q‘flles and J!:he frequencaes of th%

BS o - operations; operatlons on, mterﬁle lmkages and the frequenc'alés"‘r~
of these operatmns; . sl L
o ‘ T o LlSt of keys théyt are candldates for mtra file clustermg. o
il . . A A’ i .
6.3.1 10 M.appmg' j IR ' ' .

a
‘o

6. 3.1.1 0.1 Defmmon of Mapp ._A~ speclflcatlon of how objects and

- _operations at:one level of abstractlon correspond to objects and operations at
another level ‘of abstraction. Examples of levels are: user level (external °
schema), logical level (conceptual schema), and physical level (internal: '
.schema). ‘Examples .of objects are entities, relationships, attributes, pages, oo
and pomters. Examples of operatlons are "find owner“ and "follow pomter. LA

Top-down database design mvolves de51gnmg loglcal obJects and then
- mapping them into p] ical objgets based upon performance cntena, etc. The )

'.DDS should documen emnppi‘:g o o | e

gt




", cal-database design’by. changing the logical-physical mapping. .-,

e DT et et

'6.3.1.10.2. Definition of Physical Data Inde The ability ° to

[ )

ndence:

* ‘change the physical .database design. while preserving the original logi-

6.3.1.11. Recovery and Restart. This area concerns the physical.ddtabase

design issues relative to insuring that the database, either‘in'ﬁﬁble:br ’

_ in part, can be recovered and restarted within the required time- frame.:

VE
i

' cess mdy include: = . .
. size 6f'eachffi1é.: o :

- Physical~ database level design —activities that can be—influenced-by—4

. . e W N

" recovery/restart éonsideqations‘intlude data':pgrtitioning and - planned

data redundancy. Recovery and restart requireménts are established for .
data classes with respect to users: The basic question to. be .answered
is, "How long can a user afford to.be without data support?" The answer
establishes the maximum time frame within which "recovery ~and .pestart -

must be accomplished. Metadata needed to. support physical design deci-
sions related to recovery and restart inelude:” . - . 7
e aeors o L . ' . . ’
ST s

. maximum €3me’that a data class can be unavailable':

. . identification of data classes that constitute minimm working,
©  sets of data classes, siich’ that all-data cladsses of the set mus
be available for effective processing to take place . . .o

6.3.2  Physical Alloeation - f . .o TR

_6.3.2.1""§g§2e Constraint. Information on the availdﬁie.sqbréze‘space is =

‘ ‘necessary to support decisions on the allocation and distribution of the -

data class occurrences across the available DASD. This information is

constantly - changinf as' the available DASD capacity changes due to allo-

cation and deallocation actions. Metad ggﬁhee%Sd-hprg include: = . -

: ) - ’ T £ = ~ T \‘,'.-' :z.- :.' . ‘: -. :"

. . .number.of data-classés (sets) that can be defined for each DASD'
unit - o ' oo o

.. ayailable space for data storage for each DASD unit = ' :

8 3. . . . . o, _ . - ‘. .
'6.3.2.2 Space Allocation. This involves the assignment of files to

storage media and the allocation of storage space for. these fileds ‘A ..
-goal: of space &llocation is to achieve an efficient and balanced utili--"
zation of available storage devicess Input to the spacé ‘allocatio .pro-ﬂ\

S

file -

P . T
L . N +

'gfbuﬁg bgge of-each

T ‘access: frequencies of each file: 7.~ .7 ;
-« storage capagity of each devicglﬁ o =
\‘T &J‘ ; ;
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-6.3.3 Predxctlve Vahdatlon. - I - : S
~ Analytic models, simulation models, and prototype databases are tools that are :
‘'used as design aids. ‘Each has its. strengths and. weaknesses, - Predictive - .-
" -validation involves the use of these tools to conflrm thatthe speclflc des:gn_ .
_constramts have been satlsfled. - e s o

-

"6.3.3.1 Analytlc Models. Analytlc models are - efflclent deslgn tools.
thonﬁhat’ estimate performance indications are defined and ¢an, in most_*—
circumstances, be evaluated efflclently. -Analytic models have been developed
.'to simplify decisions concerning partitioning, clustering, -physical record size,
- and concurrency, among others. The greatest limitation of analytlc models is.
- -that many problems are too complex -to.-be addreosed using analytlc .
 r techniques. In such cases, srmulatlon and prototypmg may be used. Input to -
~ Aanalytic models may include:- R N

) \ CmE T i Log‘ncal data agucture and 1ts descrlptwe characterlstlcs (e.g., ‘

- . ... .number of i3S of a particular type
L ”*" : ’I‘ransactlons that are to be processed and transactlon frequency »
' - Slmulatlon isa powerful tool for vahdatmg physrcal demgns. It can be &

used to access global -feasibility (i.e., will the 1mplemented design meet- the B
procesmg‘ and storage requlrements) Typically, simulation is uged-to. predict =~
“~the behavior of* complex systems. . Simulation expenments re- eslgned to

f demonstrate the performance of database systems under various condltlons of )

;. =processing load,” logical and-physical®data organizations and database size. ...

Data needed to support the sxmulatlon of a phy51ca1 desxgn mclude: ' o

e e .ffh 'loglcal datastructure : R _;. ‘
- . }»r.J ._ i N
e the physrcal data orgamzatlon '

transactlons'to be processed R

-

. 7 ' the DBMS software

S
-k

LW

placement of data on secondaty storage : iR )

Q - . - .

© 6.3.3. 2 Prototype Ajproach. This area deals w!'th the deslgn and
specifl?atlon of a prototype, based method. for validating ‘that a: ‘physieal
database " design satisfies the  established refuirements and observes the
stlpulated constraints. A prototype based validation process. is one that
] includes database . load, database maintenance and database .use (basrcally,

- . applications software)gsoftware as well as a representatlve database. The °
objecfive of the use of the software with respect to the prototype database is.
.to demonstrate that all requn'ed data types and relationships are created and

" .useable for generatmg the needed mformatlon. _

) %

"
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o~

*wwig“?he prototype database does not have to be equivalent to the ex-z' ‘
“pected " live. ‘data ~ with respect to quantity or volume of ‘data. - It: does e
have to be logically equivalent to“the live’ database.‘ This -means’ that

each .unique data value and combination of logical conditions should be P
represented. The metadata needed to support this area include.. o

<

~

;,1ogical data_ structures defining logical entities and reIation-fm-’*

‘o

1 ships 4 - o e

‘e entity keys used for identificationvreference and' cross refer-
ence ' . . r~”45“ ) p ) ) : R LT

. ..¢response requirements by data class?andfoperationilﬁff*;Z
‘...report requirements :

e transactions that must be processable

e . o

. access control privacy, and security requirements .

6.4 IMPLEMENTATION e e _Ta :

his is the phase where the user loads the database that - has been
log lly and phySically designed--in other. words, the "moment of -
) truth. ) . ) Y ) . - S .

. 6.4. 1 Conversion Plan ‘ S Lo
"Whether converting from manual records, standard files, or another DBMS,
it is essential to have worked out a conversion plan for- the data in ad-
vance (see Data Base Directions. The Conversion Problem, - NBS& Special

" Publication 500-35'7 B - e _ e
16 4. 2 Data Dictionary System Assistance L o -. t
Whether an active or passive DDS is in use, the DDS should-~reflect in-
fo jon about the new database design, and possibly, the’ older~design
R now, the DDS can provide a road map for implementation. In the

future, as ‘Ronald G.. Ross  asks in Data Dictionaries and - Data

. Administration: Concepts and Practices for Data Resource Management

(AMACOM, .1981; excerpks printed in Computerworld, Vol. XIV, No. 38, Sep-

. tember 17, 1980, pp.«{3 47), why shouldn®t it .be ‘possible to use an ac-

- tive DDS system direéglx for assistance in the automatic installation of
_the database. P o - . o e

. % s : . 3
6.4. 3 Prototypigg - T R B
- Just as, the physical design of the database ¢an: be ‘tested - and modified
during the ‘design- phase, so can the initial implementation itself ‘be a -
prototype. There are many examples of ~interactive .decision support sys-
‘tems  and . "user friendly" database management systems, usuaily for
ailér-scale databases, where efficient performance is not as important
a. consideration as fast implementation. -In these instances, the proto-
, type may turn out: tqmbe a satisfactory final solution. NN '

-152-, - -
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”7'.. data struc‘ture"ind?eases or the, sheer physzcal size of a

‘Ieads to-a: comp&sphysieakarrangement, 'something more ~
n '»: necessary For: example, a test database, representing a:
partial. load . database, mlght be‘ estabhshed and tested before a -

o el
PO ..

g i v L. . L . I S ' .o
actory performance of a. prototype, a test database or'a. eomplete
A database in- 8 production system environment  is. _hecessary to. validate ‘the > ..
: physical design of the database." ‘Despite the: claims of" vendors, the hopes of "
. in-house technicians and the results of today's analytical or simulation models, -
/it is not until final implementation ‘that users know . they have succeeded. - -
Unfortunately, except for quickly mstalled prototypes, itis usuallywery costly .
“and time-consuming to get to the- lmplementatlon phase. It can be disastrous -
to get this far only to find that one must go through a major redesign to obtain
adequate response times ‘or avoid installing 20 additional .disk drives-beyond - .
the 10 -estimated! Often, by  this time there "are waiting apphcatlon"'
development teams and'users who w1ll be extremely unhappy at further delay. _

6.4.6 Data Vahdat:on ’ : S
“The process of - loadmg a database may turn up 51gmf1cant dlscrepancles from'

- information gathéred during the :Requirements phase. It -can :be most
embarrassing to éiscover at-the last minute that there are, in fact, twice as
many vendors ‘as_planhed-or duplicate names or codes ‘or simply" that«the old -
data is "dirty™or full of -obsolete codes. Again, good systems anaysis work
during the Requu'ement phase and Physical Design phase ‘can_help ‘minimize _
‘diserepancies. : Additionally, in today's data processing env1ronments, users ..
may find it w&'thwhxle ‘to.make statistical or-editing runs against the data.. .:
prior to. convérsion (or even prior to- Physical Design), using tools such as =
general purpose .file management ' utilities. Since some of today's DDS's
“already provide for limited statistics and data: item edltmg crltena, it would
" seem possible in the future to .establish and use such infofmation in a better

. organized, more aut‘omatlc way with the DDSs during -the Requu'ements and-
Physical Design phases,, Also,’ if the future state of the art someday allows-us .

- to achieve automatic’“lcading- “of - the database - using’ the DDS, we. mlght

'reasonably expect "editmg‘dbg'cmrent with loadmg. o

z . K .
AP o u¥ ..{ :

6.4.7 StressTesting - iLEoG - :
When a new database has begwic?ade, but befpre it has been fully turned ovef
* to ‘operations, it may be & \usab $oronduct a stress: test—especially where .
‘on-line response times are: tical or for a complex or very large database.
“For this, the deSIgner/im ementor ' should pre-plan with end-users and
' operations a high volume test of transagitions or‘concurrent terminals' access -
_".of the database. The idea is-to flush but inherent performance problems and .

take correctlve action before gomg "hve.“ -




"';"WTnle The. data-and physxcal d :
final confirmation of successful d peft Aot

* ‘the database has’ been ’.'.operdat-lon ' {iproductlon envn'onment for an.
‘- appropriate. lergth of, timé.- ‘Performe 1essures should: be pre-established::.
- with users' and operatlons' pnor agreement 'so-that later’ onr in’the- Operatlom

.- phase, the “monitoring activity  will ‘have ‘something. to -compare against.
—-Estabhsh4he_measune&before_gomg_mve_to_aymd_thepzoblem_of_a_momng_,

~‘target" as users become ‘more ‘familiar with performance characteristies ‘and. -
. capabilities. in the future, it would be desirable to have a new generatmn PDS -
- with the" capabihty .of carrying both expected performance ‘measures-and

. .monitored performance results, so that exceptlon reports could be du'ected to

: .tl}e DBA for mthlgatlon and correctwe actlon. S TR S

6.5 OPERAqnans e »,~T,faé-gvt,"

o T.hlS phase of ‘the database hfecyclg 15°the pemod of operatlonal use in -
meeting the needs of the enterprisé. -If the database‘lswccessful, this will be-
by far the longest phase. During this phase the physmal characteristics of the .
database and the way it is used (i.e., the user's view.of virtual. records) will -
‘continuously and gradually change. ', This.implies the need to continuously °

s monitor performance-and- its physical at,tnbutes, to systematlcally .collect and -

- jattnbutw. )

_Orgamze these data; and to‘selectively adjust the physical database desxgn., -
Note' tha¥ysuch -changes in physical characteristics -are not. .uniform: across

eitherlogical or physical subsets of the database The panel recognized the
. DDS as the loglcal mechamsm for orgamzmg these measurements of . physmal,-

',.‘ ‘ .

" "6 5.1 Gammgg:erﬁ'mmce Data o . " .‘ '

- T Who mvokes the gatherang" (DBA, automatlc)

e When mvoke the gathenng" (alway : etlmes)- e

. Wﬁ*at gather, and how" . =
fo “_ -.».'.. - : - e
T Compare actual characterlstlcs of data ,and usage w1th Phase I
T, wtlmates. ' G T R
e Granulanty of measurement. SR A
) -‘fﬁ What 1s overhead of gathermg" Le ;;_-:%4.
6 5.2 Ag’gregatmg Performance Data ’
e How? o B oL w _ L L ._k
. 'I’ime'granularjty.. | e o S 'l"‘ “.‘_‘._'
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6.5.3 Reportmg?erformance Data S
: DR

Who mvokesthe reportmg" (DBA, automatlc) N S

SR '_ Howoftenreport" RO

,.’ .  How: present" (machme-readable and human-readable)
" . v'fWhohasaccecstodata" g S |
6 5.4 Analymng Performance Data . - .. "‘:IV'J-}_ ‘ . - ' '§ -
T L, What m'easures of performance" '_ ".1-.,_5_-__-- S
. Compare mth desxred/predlcted performance. R
g Database performance vs. whole system performance. i ~ " o
‘ o N - How determme what caused a glven aspect of performance" | .
B 65.5 Performmg Mamtenance ‘ 7 v SEN -_:,.;‘_ o
| Who invokes the mamtenance" (DBA, automatxc) _. N )
. _'_'Invoke undér what clrcumstances" (perlodlc (e.g., ISAM), upon .
. demand (eg., VSAM) ) - L -

e .How perform" (mcremental (e.g., VSAM), offlme unload(reload
- -_-or copy (e.g., ISAM), offline in-place (e.g., an, lDMS utlhty),
- concurrently with. arch toplc) ). . P

T TR T A
B Note: pMost o'f th!s applies also to one-sﬁot reorgamzatlon -
(de'finitional changes in evolutlon phase) N S

- P o~
. - . - A

. 6.5.6_DDS Usage. R |
The DDS is the vehlcle for doeumentlng th% answers to ‘some of these

questlons .o _ , P o
. . ¢ - . N ‘: . . : \.\‘I' ~
T Document. Desired perfqrmance from Phase I S T
s - Predicted performance from PhaseII:- - - - :
o &« ~ Actual performance from this phase =~
Lo s " Estimated characteristics of data and usagé from Phase,l
L o E Actual ch”aractenstlcs of data a:nd usage from th1s phase. - o
U686 EVOLUTION o ‘ .. .‘ _ ‘ | T ‘ ‘ | S ’_ .‘ IR ‘ 'f;." -

& ’ Vu'tually any reqmrement in Phase I can change. Thls may geqmre [
. logicafs reaeSIgn (restructunng) or it may require Just physxcal redeagn
= (reorgamzatlon)' A ‘ N R

a__i

*
L}
WM
wn
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Poor performance may requife .phs al redesxgn.

through the cycle of re-implem tation haps) and new operatlon. Thls

esign. . -

EAE - - Rt

dxscussmn focuses upon physical#

leferent types of evolutxon, in . drfferent clrcumstances, have
. different degrees of dlffxculty Physical data independence eases the problems
‘of reorganization, since users and applications-afe .unaffected- (except via

s

il

performaace changes). Without physical data independence, reorganization to :

improve performance can affect applications, thus requu-mg potentially costly
modification.  This modlflcatlon can range from recompuatlon to

reprogrammmg. _ . _ R REIECE

v As an. example of evolutlon, suppose that in an energy shortage, a-

" company decides that it must access personnel records by home zip code for '

the purpose of forming car pools. To accomplish tlus efficiently,. the DBA
decides to create a new secondary index. Dependmg upon the DBMS, the
difficulty of doing this ranges from (1) adding a new. table to (2) recompxlmg
, exlstmg tables and re-loadmg the database. o , .

‘&s another example, addmg a new appllcatlon or changmg the
frequency of execution of an exlstmg apphcatlon may” result in.a new

: perf ormance bottleneck, wgnch then requires reorgamzatlon.

6.6.1 Defuutlon of 'Pwo ’I‘ypes of Reorgamzatlon .

. 6.6.1. l One Shot Reorgamzatlon. Change defuutmn of data, not performed
" .repeatedly (at least not for a database whose characteristics are. stable)
.,Examples: Change from mdexmg to hashlng- move to a new dev1ce. _

' ‘,sMamtenance. Change ]llSt occurrences, not definitions. Performed
™ ly (periodieally or -upon demand).. Examples ehmmate overflow in
A VSAM spht’ compact to recover space. ' e

6.7 - ENDGAME _{SQ

.»'

ashlfted (partially or in total) to a distinctly different mechanism _(a- file~or-
another*database).” This is a conversion similar to'the ongmatmg conyersion’

and as such it is necessary to estabhsh correspondence between the old d the' . .

. hew- data forms.

- An. analogous cdhversmn process- . will normally be uutxated at .the
~ outset of .the operational' phase;. speclflcally, data archival.. The- dlstmctlon
‘between these two types of conversmn is subtle - totaht,y :versus selectivity. *
In those rare instances when data'is rio longer captured the end-game arcluving
: .of data is, m fact, a total conversmn. . .

S : e e e
3 . e
. v . -

At some pomt in. the life of a database,, operatlons w111 eventually be
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