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Ithe only culrent attempt \4ithin The Managenent systems Office

at Goddard to use a data base managenent software system is

the automated budget systen currently under development which

includes on-tine update and query capabifity and uses the To-

TAL data base managernent package.

A study was nade of this autonated budget system and all as-

pects of the current state of the Theory, IechnoLogy, and ap-

plications of data bases for the purpose of making recotunenda-

tions for Lhe future use of data base management in the data

processing anil management information systems at Goddard'

As a result of this study, a conparative evaluation was na'le

of comrnercially available Packages, a data base systen was de-

signed to provide complete information about the currdnt ' lata

resource and allor,t better control. RecoDmendations were given

for the use of this data base in the design of future apPlica-

t. ions.



I . .  APPROACH

A study r'ras made of the auLomateal budgei- system in order to

deternine how its features might be useful to other aPplica-

tions of the Managenent systems office (Mso) and to exPose

the investigator in dePth Lo an applicaLion which makes use

of a data base nanagement sysLem. The foftowinq strateqies

wefe useal in this study:

1 fnterviews were conducteal with the personnel in-

volved in the design and inplenentation of the budget sys-

tem. These included Bob Boyer, ' fohn Schiavone, Bult Heacock,

Moshe l\barbanel and Ahmed Nadeem. In addition, there were

mgny valuable j 'nfoimal discussions \t ith MSO personnel '

2. Al1 rePorts and documentation pertineni: to the au-

tonated buCaet systen were read. See part D of the Bibli-

ography for a complei:e Lisl: of itens' In particular' the

Project Workbook was valuabl-e for giving a sense of the his-

tory of project and documentation of it current state'

3. comPuter source code and sanple outputs from the

budget systerns were examined. This included the data base

definit ion and several of the major programs '

4. The TOTAI nanual i^/as carefully studied' Next a com-

paiative Study of solne conmerically +vaitable i lata base man-

agen1ent software package \das caxrie'l out' This was done by

reading manuals for various systens an'l by a careful study of

Data Base Management Systems: A Cxitical an'l Conparatlve

Analysis by Perfornance DeveloPment Corporation' From Lhis



study feature natrix was produced which compares four najor

data base management packages. AdditionaL exPerience lit i{:h

these four systems was gained by designing the data base for

the budget system as it would be appropxiate for each of {:he

packages.

! ' ina1ly' a study ltas made of the state of the art of data

base theory and technology by a search and study of the re-

cent l i terature of the subject. rhis included reading sixty-

six articles and eight books on the subject as l isted in the

Bibliography' spqciaL study was nade of the relational and

CODASYL DBTG rnodeLs for data bases and the budgel system was

designed around thej.r sPecifications' This was all un'ler-

taken ltith an eye toltard developrnents which might be of cur-

rent or future use to MSO.
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II. Review of the State of Data Base Managenent

Four data base management systems llrere stualieal in depth.

.These four systems were ToTAI, IMS, ADABAS and system 2OOO.

These appear to be the most popular of the package which are

conmercially avaifable' A feature matrix was constlucted

from the information gained by readiog the Performance De-

velopment Corporation alocull lent and other pertinent inforna-

tion. This feature matrix is given in Appendix A' A brief

sunnary of geoeral impressions of important features of 'Lhese

four systems followE:

Il.4S. This syslem apPears to be diff icult to use both for

the designer and for the application Programner' It com-

pletely lacks data independence. rneaning a change to the

data base almost al-ways necessitates a change to all aP-

plication progralns. In addition, alocumentation is poor and

overhead is significant.

EOTA',. TOTAI, receives very good references fron its users'

It is sit[ple to use, runs fast for update and reorgaDization

anil rdakes good use of disk space' It has good data indepen-

dence properties. It appears somewhat restricLive in the way

the data can be structured and l_acks sone of the feature

found in other systens.

SYSTEM 2OOO.  Ih is  package uses  inver te ' l  f i l es  wh ich  resu f ts

in fast letr ieval bul: slow updates' I t  is by far the easi-
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est' of the four systems Lo use by boLh designer anal program-

ner. It has its own query language which pernits ad hoc

queries to be generated by non-programmer users. DocDmenta-

tion is excellent anal nany extra features are iDcluiled such

as backup and recovery anal report writer.

ADABAS. ADABAS atso has inverted fi les. It is easy to use,

al-though soriiewhat nore diff icult than systen 2000. It has

built-in alata compression and queries are easy to form- It

has good query ftexibil- ity in that the l ist of requireil re-

cords can be obtained without retrieving the records then-

5e lves .

In an overall evaluation of these systems' the investigator

feels that Systen 20OO is superior because of the ease of use

and overall f lexibil- ity of the systen. ADABAS also raLes

very high. but appears to be slightly less adaptable to sorAe

applications. TOTAI is a good choice when on-line update

lequirements nake the use of an inverted fi le structure im-

prac t ica l .

Two other data base managenent systens not included in this

analysis warrant careful consideration' These are IDMS and

INOUIRE. ]DMS has the advantage of being the most Popufar

inplementation of the CODASYL ).e connenilations ' It also has

a wide range of uti l i t ies to assist the data base a'lminis-

trator anal a gooil report i ' tr iter capabil ity' INOUIRE isuser-

oriented and yeu rated high on efficiency' A full range of



facil i t ies including query lanquage, report fornattj-ng, and

data dictionary are available.

On the theoretical side of data base devetopments, the najor

debate is betvJeen two different moalels for alata base repre-

sentation, The first is the data sLructure-set model- devel-

oped by the CODASYI, Data Base Task GrouP in 1971. It 's basic

features are the existence of two views of the data: the

schena and the subscher0a' The schema is the logical defini-

t ion of the data base while the subschema is the subset of

the schema in the form used by the applications program. The

data consists of recoril types connected by sets which specify

a logical relationship between two record types. The data

nanipulation language is an extension of COBOL.

The purpose of the DBTG proposed was to establish a standard

for data base managenent. However, this has not happened in

the five years following the release of this proposal' Im-

plementations have been narketed by nany najor comPuter ven-

dors. These include DBMS,/10 by Digital Equipment corpora-

t.ion, DMS,/I]OO by UNIVAC, EDMS by xerox, and IDS by Honeywell- '

In addition. IDMS from qull inane CorDoraLion is markete'l for

IBM imblementation. TOTAI, contains many of the basic pro-

per t ies  o f  the  DBTG Proposa l ,  bu t  lacks  the  te r rn ino logy  and

prec ise  organrz  a taon.

Notably absent in Lhe support of the DBTG proposal as a stan-

dard is IBM, who feels that the data nanipulation language as
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too procedural and the structure of the nodel is not Poiter-

fut enough. Instead IBM seems to be pouring its resealch

dollars into the relational nodel f irst proposed by

E.  F .  Codd rn  a  paper  pub l i shed in  1971 '

The principl-e features of the relational model coDsist of a

structure of relations which are sets of n-tuples of data

elenents and a data rnanipulation language baseal on the pred-

icate calculus. Advantages of this nodel are the existence

of nornal- forms which al-low fof, the rnost convenient repre-

sentation of the data, and a data nanipulation language that

is  no t  p rocedura  I .

However, most of the work to date on relational systems has

been done in reseatch labs and universit ies. No widely

maf,keted system iE yet available basecl on this nodel comPlete-

]y. It could be that the state of hardware and software

.developnent is not yet to the point where such a no'lel can

be practically supported. rt nay take a nachine with asso-

ciative menory to Permit such an imPlementation' rn addition'

its organization is so different fron current inplementations

that conversion is a major problem'

There are several current technotogical developnents tthich

can have significant irnpact on the future ' lata base manage-

ment systems. One is the developnent of an extension to the

CODASYL proposal nhich would introduce three levets of schena

instead of t$o. This would make Prograns morie independent of
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changes in the 'data 
base. Associative memories and inproved

lanalon access technofogies can also have a'profound effec!,

on data base systerns. Work is also taking place on data

base hardware and software. Machines such as the Honeyra'e11

H60/64 j.ncluile machine language instruct.ions to perform data

base f,unclions and incorporation of the data base function

wighin the operating systen is beconing a connon practice.

The above developments ai-so point to the possibility of, pro-

cessors devotetl to data base nanagernent which conrnuniqate

wigh general purpose central processors. A final develop-

nent area is that of brldge processols whlch allorl '  prograns

using one data base managenent systen to nake use of one

with an inproved technology by providing a bridge between

the two,
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Value of the Automated
Future Applications

As previously mentioned, one important aspect of the investi-

gation beinq reported was a review of the automated budget

systen to determine which features of that systen night be

appropriate to future appfications in MSO. The software

basls for the autornated budget systen could be useful rn

future $/ork. In fact, one such possible application is

suggested in Part IV of this report. The applications part

of t lre budget systen, howeverf appears to provide l itt le of

value to future applications for the reasons to be outl ined

be low.

The software conbination of CIPS, INTERCOMM, and TOTA!

conutitutes a very useful package for on-line data base

applications provided those appticat.ions are welL suited to

the structures of rOTAL anil are carefully planned and implenented.

Ihis package shoutd certainly be given careful consideration fot

future 6ystems.

On the other hand, the appl-ication portion of the budget system

provides nore ot a model- of rl 'hat to avoid than a pattern to be

copied or a founalation for future work. The major weakness in

the design of the systen is that the data base tnanagenent

package did not f it the application. This could have been

renedied j-n one or both of tno vays. f irst, a more conpatible

lhe
for
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data base management systern corrla have been chosen anil

second. the budget system could have been modified to rnake

better use of the soft\rare,

Ih the investigirtor's exetcise of designing the budget data

base fo r  each o f  the  major  packages.  i t  was  qu i te  d i f f i cu l t

to adap! the natural struct\rre of the data to the rOTAL data

base structure. The budget systen data j.s very hierarchical,

and therefore. hierarqhi.cal type packages such as System 2000

and IMS make design much more natural. A large number of

fi les in the system exist only to overcome the structural

l imitations of TOTAL.

This is not to say that TOrAI, is an inferior package. For

appropriate applications it. is definitely the best choice.

An example is the very successfuL Mission Support Requirements

System (MISURS) of the Mission and Data Operations Directorate

at Goddard. That system, under the direction of Bob Hohl,

is weLl designed to take full advantage of the capabil it ies

of TOTAL.

In additj.on, the budget application itself could have been

redesigned to take fu1ler advantage of the capabil it ies of

TOTAL. Instead, the manual process was implemented directly

rfith no improvernents incorpoxated ! 'hich night be nade possible

by  the  so f tware .

For example, one of the major advantages of alata base manage-

nent technology is the elimination of redundancy in data.

But the budget systen, because of its design, is extremely
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realunalant' !n t-he storage of data, with the same 'lata store'l at

each level of the hierarchy with a new leve1 of sunnary ' Thls

redundancy, of course, replesents a trade_off \ ' ' i th retrieval

tine, but the cost in update, storage, and conplexity is gxeat

compared to the attendant benefits'

Backup and recovery was largely neglected in the original

impLementation due to schedule constraints' Because of this'

the final Product wil l not be as wefl Protected by backup and

recovery features because these should be implemented as an

integlal part of the system and not as an a'ld-on' Ihis

facil i ty is a key one on any on-line system an'l any weakness

j-nvites tragedy. It should have been given higher priority

in the deslgn and imPlenentatlon'

Anotl er basic flaw in the design of the systen that nakes it

unsuitable as a modeL, is that j-ts design does not conveniently

neet the userst needs. It is awkward for the user to carry out

s o m e o f h i s c o f i u n o n t r a n s a c t i o n s , t h e l e i s n o c o n v e n i e n t f a c i l i t y

to examine al-l detail i tetns in the system' an'l there is no way

to satisfy ail hoc queraes on-line' or even in a time-responsive

nannex in batch. Alt of the titerature indicates that the first

priority in the design of any ' lata base sysLem should be the

convenience anil needs of the user' The budget systen has not

done this.

T h e e x p a n s i o n o f a d a t a b a s e s y s t e m t o i n c l u d e n e w a p p l i c a t i o n s

can only be alone effectively \rhen the oraginaf system was
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designed wiLh extensi'on taken into consideration. In other

words, nodular inplementation of a data base systen is

feasible only when the total system is visualized for the

init ial design. The budget system was not designed from this

y e !  r P s u  L r  v  E  ,

In addition, a sampling of Lhe programs making up the

application system shows those Programs to be poorly

constructed for future nodification. This is the result of

redundant code and ulleven and sometines inconplete alocunentation.

A final reservation concetning i:he design of the system l-s

with respect to the on-line update capabil i"ty. This seems to

be a feature which adds nuch overhead to the systen ln terns

of security, r:ecovery, and data integrity. The investigator

questions \"thether the benefits from this fedttre justify these

coscs .

In sumnary, because the budget sysLem aloes not f it software

to application welL, is not sufficiently user-oriented, ' loes

not provide adequate recovery capabil ity, and was not

designed to accornnoalate extensions. it is not recommende'l

as a basis for future develoPnent.
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VI. Imnediate Recornnendation for the
Application of Data Base lvlanagement

Although the use of a data base manageroent system has greatly

benefitt.ed nany computer centers, there appears to be more

inslances where the result of its use was tragic. The Lesson

to be learned from both of these types of experiences is that

any lnove to data base managenent systens must be done on tne

basis of careful study and pLanning as to the alata manage-

ment needs of the organization.

There are many costs associated with the implenentation of

such systens, and these costs nust be weighed carefully

against the xesuLt.ing benefits. These costs inqlude the need

for t ighter security, the need for additional hardware, high

conversion cost, and personnel_ to inplement and maintain the

systen. ! 'or this reason, i€ is recorinended that before MSO

nakes any costly nove in the direction of a data base manage-

ment system. that a careful inventory be rnade of the current.

data resource in order to establish which benefits might be

nost l ikely lo accxue fron the use of data base technology.

The suggested vehicl,e for this analysis is a data resource

data base system which wil l be described below.

The data resource alata base (DRDB) systen would be a data

base nanagement system rnaking use of the CIPSr INTERCOMM,

TOTA-L software combination. It would consist of data

related to the systems, progratns, records, f i les, t lans-
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acttons, reports, and data elements used in Mso processing.

DRDB would have on-1ine query and batch report capabil it ies

ard would be regularly updated to reflect the current state

of the data resource. A suggested design of such a system is
given in Appendix B of this reporE.

A DRDB would accomplish three significant objectives. Frrst,

it would provide the infornation about the data resources

which is necessary fox making prudent decisions about the

use of a alata managenent system. Second, it would provide

MSO some experience with the use of the CfpS, INrERCOr.4M,

IOTAL software to allolv a complete evaluation of its capa_

biLities, Third, a DRDB would provide many facil i t ies for

the roanagenent of the total data resouxce. and could make

the use of a data base nanagement systen unnecessary.

Sone such facil i t ies would be the reiluction of

unplanned redundancy and inconsj.stency in the use of data,

reduction in t. ine and cost for the development of new

sys tems and mod i f i ca t ion  o f  o ld  ones .  and es tab l i shment  o f

s tana la rds  and secur i ty  po l i c ies .

This system could be designed with relatively l i ttfe expense

and effort because the software package is already up and

running anai jthe data elenent f i le, the largest f i le of the

data base, is currently unaler construction by the Data t4anage_

ment and Quality Control group of MSO. These efforts rrould

folm the foundation for the DRDB.



, r v - 3

Once the DRDB systen was opelational, a comPrehensive data

base aalministration function coulal be insti tuted \" i thin

I" lSo which would establish standards anal controls, keep the

DRDB up to date, and be a central information resource for

the  da ta  bases .
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V. General Suggestions fora Futule Use
of Data Base }lanaqenent Svstens

As stated earlier, it is necessary that before any data base

managernent system is inplemented a careful study be nade of

the needs that it could satj-sfy. In this way realistic cost,/

benefit f igures can be obtained. such a study nouLd include

infortnation obtained from the DRDB described in Part fV of

this report. This information rlrould specify the current use

of data and determine areas where data sharing might be

beneficial. AIso a survey of future user needs and alesires

should be nade with sare taken to separate the needs fron the

desireg. The results of such a study shouLd indicate whether

or not the organizal:ion should proceed in the area of data

base nanagement systens.

If the need appears gxeat enough to warrant the use of a data

base managemenl systero, the data base administrator should

head a study tean to determine which softlrare is nost appro-

priate for the task. It is important to realize that the best

choice is dependent on the applications for which the system

is intended. There are many gooal resources to assiet in making

this choice. The best is a reqent publication, selection and

Acquisit ion of Data Base Management Systens, a report of the

CODASYL systens contnittee. This report is available fron ACM.

Of particular inLerest is chapter 6 which suggests some

quantitative techniques for evaluation.
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Although TOTAL is already available at MSO and nay very well

be the best choice on the marke{:, it could also tuln out t 'o

be a very costly choice if i t is not well matched t'o the

pro jec ts  to  wh ich  i t  w i l l  be  app l ied .  There fore ,  a  fu l l  range

of possibte alternatives shoutd be investigated-

Once a decision has been rnade to go with a data base manage-

nent systen. t 'here are two different approaches commonly

recommenileal in the l iterature. One is the radical" approach

which recommends that a ful-I-scale conmittnenL be rdade by

nanagenent to convert all existing systems to i lata base manage-

nent, This approach is based on the phllosoPhy that onl^y

suqh a complete conversion can take full advantage of the

system. fhe second aPproach is the cautious approach which

recornrnends that the inplenentation decision be made one system

at a time, This approach comes from the idea that it is better

to buiLd on earlier success by stalt ing sr0alf, so that failures

are less l ikely to occur and if they do, they are less l-ikely

to be tragedies.

It appears obvious that if a decision is nade to procee'l with

data base management in MSO, the cautious approach should be

useal. In order to do this, a first project shoul' l  be chosen

f rom the  ear l ie r  compi led  l i s t  o f  Poss ib le  p ro jec ts '  Th is

project should be 1ow profiLe and low risk. rn addition, care

should be taken to keep exPectati.ons from being too high' As

experience is gained on projects such as this and success
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builds the confidence of the user connunity. more ambitious

projects could be attenpted.

One author has naale the point that d.ata base management systerns

are Like roses. the rose is widely recognizeal as one of the

most beautiful of garden flowers. And yet the rose is not

found in every garden. The rea€on for this is that the rose

requires consiAerably more care than other flolvers and the

gardenex who wishes to grow roses must be prepared to devote

the tine and resources necessary. Likewise. the data base

nanagement system can be a tremendous asset to an organization,

but lt wilt only be so if that organization has the tine and

resources to make it b1oon. This the crucial input to any

data base decis ion.
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APPENDIX A

A Feature Matrix for the
of Data Base trlanagement

Rated on a Scale of I

I}1S

conparison
Systens
to  10

SYSTE}1
TOTAL 2OOO ADABAS

I n . + i  M : n i  n , r ' l  ^ + i  ^ h

1.1 Data entry, upalate anal delete
1 .2  Pr ivacy ,  secur i ty  and recovery
1  1  n ' + r  i  h + a ^ T i  + r r

1.4 Format nodi f ication
- L  . 5  t  l l e  c o n v e r t t o a _ L a ! y
1.6 Redundanc!4' and consoLidation

1.8  Data  man ipu la t ion  per fo rmance
^ 1 1 6 r r r  ^ . n . h i l i + i 6 q

2.1 Hose and eflJcedded languages
2.2  Spec j f i ca t ion  o f  parameters
2 .3  con junc t ions  and d is  junc t ions
2.4  Degrees  o f  genera l i t y
2 .5  l . leur is  t i c  searches
, 4  c L i  1 l  l a r r 6 l  r 6 d , r i 1 6 , - 1

Applications Programming
3.1 ProbLerd orientation
3,2  App l ica t ion  f lex ib i l i t y
3.3 Program/data independence
3.4  spec i f i ca t ion  o f  man ipu la t ions

e n d  r ^ e t r i  F v a  l  . ) n r r a f i o n s
3.5  cons t ruc t ion  o f  log ica l  f i l -e

3.6 Data base description nethoals
?  t  c L i 1 l  l 6 i r 6 1  r a d r r i , a d

3,8  Per fo rnance in  nan ipu la t ion
and retrieval

Phys ica l  f i l es
4 .1  Record  typesr  f lex ib i l i t y

- h / i  6 v + a n a i  h i  I  i  + \ t

4.2  Record  d is t r ibu t ion  in  the
data  base

4.3  Index i rg  methods
4 .4 .  Phys ica l  f i l e  o rgan iza t ion
4.5  c rea t ing  the  log ica l  record
4.6 Dat.a space nanagement

6
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8
9
9
7
B

4
6
I
5
1'1

4
7
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6
6
7

B
7
6't
8

I
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9'l

3

B

B
8
I
9
I

6
7
I
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6
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6
4
B

3
2
I
I

7
5
3

5
5

5
I
)

7

8
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5
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4
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7
8
6

5
4
1
I
3
3
5
3

6
3
5
8
4
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3
5
A

I
3
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5. Comnunications
5,1  t  ine  d l i vers
5 .2  Transac t ion  or ien ta t ron
5,3 Messages anal corunands

IMS
SYSTEM

TOTAL 2OOO ADABAS

I

7
7
6

4
8
I
4
t-

8
7

7

6
4
3
I
7
7
5

7
7

8

b

7
6
8
7
5

3

3
7
4
3

NO
INFORM-
ATION
AVAITABLE5. 4 Single thread/nulti-thread

5.5  App l icaE ion  proqran in te r face
5.6  D is t r ibu t ion  con Lro is
5 ,7  Secur i tv
5 .8  Recover |  and res tarL

6 .  Sys tem Ins ta l la t ion
6, I  ! ' i l e  d is t r ibu t ion  cont ro t
6 .2  Data  base load inq
6,3  'Sy6tem genera t io ;
6.4 Controt software interfaces
5.5  Sys tem ver i f i ca t ion
6.6  Conf igurac ion  requ i rementE
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APPENDIX B

Suggested Design for a Data Resource  Data  Base

The fol1oning is
used in the data :.:::::3T:.j";.11..;:g:;:..u rorAl data base

'Rep..r -

Reports genereted by the DRDB night include:
sunmary leports on i lata elemeit usale----
All  manner of cross-reference reports- . lH: i9,1: : : : i :+of-efement.s conr i in ins thc keyv,ord
arpii.rr. ti. 

- 
ii 

" 
[i"i]"o r arr dara e.rements

s y'1' ''^ :t}

Rc.."\

i n



SuqgesteC Contents of

RXCORD DATA FILE

Record  s i ze
Security infornation
F i l e  I D
Record descript.ion

f i les in the DRDB system:

['ILE DATA FILE
FTIE ID=--
F i le  Loca t i on
Organi zation
Secur i t y
f i le Descript ion

TMNSACTTON DATA FILE

BEPORT PROGRAM-PATRS
Report
Progtan

I D
I D

PROGRAM DATA FILE
Frog'ram-i5--
Descr ip t ion
SysLem ID
Language
Frequency
TyPe

PROGRAM I,IN(AGE PAIRS
ua l l rng  p rog ram ID
Cal1ed Prograro ID

9SiGRAM-RECORD PAIRS
Progran ID
Record ID of Record

Used

Transac t ion  ID
Source

ELEMENT DERIVATION
PAIRS

l i remen !  de r rved  ID
Source eleftent ID

ELEMENT DATA
Elenent fD
F i Ie  ID
Elenent descript ion
Data type and si ze
Sou!ce
Security
Edit. rules

Txansac t ion  Descr ip t ion

TRANSACTION-
ELEMENT PAIRS
Transaction ID
Alenent ID

TRANSACTION-
PROGRAM PAIRS
fransaction ID

REPORT DATA FILE
Report. ID
Frequency
Description
Destination

REPOR'I-BLEMENT PAIRS
Report ID
Elenent. ID

system rD
Description






