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FOREWORD 

On February 2, 1982, M r .  L. N. Lushina, D i rec to r  NASA Information 
Systems D i v i s i on  (Code NS-11) issued a c a l l  f o r  papers f o r  an Administra- 
t i v e  Data Base Management Systems (DBMS) Techno1 ogy Conference t o  be 
he ld  i n  May 1982 a t  the J e t  Propulsion Laboratory, Pasadena, Cal i fo rn ia .  
The c a l l  f o r  papers was d i s t r i bu ted  t o  the  members o f  the NASA In tercenter  
Committee f o r  ADP and t o  NASA Headquarters Of f ices having an i n t e r e s t  i n  
the use and development o f  Adminstrative Data Bases. The purpose o f  the 
conference was t o  serve as an open forum f o r  the construct ive exchange o f  
informat ion among NASA technical  personnel who deal w i th  NASA Admi n i  s t r a t i  ve 
DBMS needs. Because t h i s  conference would be the i n i t i a l  meeting o f  NASA's 
Administrat ion Data Base imp1 ementers, the conference was t o  be ca re fu l l y  
evaluated as t o  i t s  b e n e f i t  t o  the par t i c ipan ts  and as t o  whether o r  no t  
fu tu re  conferences on t h i s  subject  should be recommended. 

M r .  James D. Radosevich, NASA Systems Management and Evaluation Branch 
(Code NSD-10) was appointed conference chai rman. The conference arrangements 
a t  JPL were the respons ib i l i t y  o f  Herbert D. Strong, JPL Computing and 
Information Services Of f ice ,  207. Ms. Kathyn Leaman, NASA Resident O f f i ce  
a t  JPL, was i n  charge o f  the conference reg is t ra t ion .  

The conference was he ld  a t  the J e t  Propulsion Laboratory on May 26, 
and 27,1982. Presentations were made by t h i r t een  o f  the f o r t y - f ou r  people 
who attended. I n  add i t ion the attendees had the opportuni ty t o  tou r  the 
JPL Informat ion Processing Center f a c i l i t i e s  and t o  at tend a dinner meeting 
a t  which a presentat ion was made by D r .  Alfonso Cardenas ,Professor, Computer 
Science Department, Univers i ty  o f  Cal i f o r n i  a a t  Los Angel es. D r .  Cardenas 
spoke on the subject  o f  Evolut ion Toward Data Base Information Systems: 
Challenges and Opportunit ies. The general react ion from the NASA attendees 
was t h a t  the conference was worthwhile and provided an opportunity f o r  
them t o  meet w i t h  and share experiences w i t h  other NASA personnel who are 
concerned w i t h  Administrat ive Data Base System issues. 
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DATABASES AS AN INFORMATIOM SERVICE 

D. A. Vincent 
J e t  Propulsion Laboratory 

ABSTRACT 

For database information t o  be valuable t o  a broad range of users,  
i t  i s  essenti  a1 t h a t  access methods be provided t h a t  a re  re la t ive ly  
unstructured and natural t o  information services users who are  in teres ted i n  
the  information contained i n  databases, b u t  who a r e  not wi l l ing to  learn and 
use t rad i t iona l  structured query languages. Unless t h i s  ease of use of 
databases i s considered i n the design and appl ica t ion process, the  potenti a1 
benef i ts  from using database systems may not be realized.  

The re la t ionship  of databases t o  information services ,  and the range of 
information services users and t h e i r  needs fo r  information i s  explored and 
di scussed. 

I .  INTRODUCTION 

Much of the  a t t en t ion  directed t o  the subject  of database management 
systems tends to  focus more on database technology ra ther  than on the  needs 
and concerns of the  range of potential  and present users of such systems. 
Although t h i s  technological focus i s  a necessary par t  of bringing good database 
management systems in to  being, a1 1 of these e f f o r t s  may be fo r  naught i f  the 
human s ide  of database u t i l i z a t i on  i s  neglected. How well Database Management 
System (DBMS) capabi 1 i t i  e s  meet the needs and concerns of the people who 
make up the potential and present user communi ty will determine whether o r  
not a DBMS application i s  successful since i t  i s  the  user need which the 
system must serve. Because of the importance of the  special needs and concerns 
of the user community t o  the success of DBMS applications,  i t  i s  essential  
t h a t  the  nature of these users and t h e i r  needs fo r  information be understood 
by DBMS designers and due consideration given to  these factors  a s  par t  of 
the  database system design. T h i  s viewpoint can appropriately be consi dered 
as  basic requirements f o r  the  design of a database system as  an information 
service. 

11. DATABASES IN AN INFORMATION SERVICES CONTEXT 

Information Services can be defined as  follows: 

Information services cons i s t  of capabi 1 i t i e s  
and support functions which enable and f a c i l i t a t e  
the  preparation, processing, storage,  re t r ieval  
and t rans fe r  of information. 

This broad def ini t ion includes database as  well as  o ther  services 
which can be accessed by users from t h e i r  local o f f i c e  workplace. Figure 1 
i l l u s t r a t e s  the  re la t ionships  of user systems t o  information services.  This 
simp1 e model includes database services from the  information service users 
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v i  ewpoi n t .  Recogni zi ng t h i  s ,  and real i zi ng t h a t  the  user of i nformation 
services i s  not the  typical  s p e c i a l i s t  hired t o  work a t  a terminal, the  DBMS 
designers and implementers must provide methods f o r  access t o  the  data and 
information contained i n  those databases t h a t  are  convenient and natural t o  
the  users normal day-to-day a c t i v i t i e s .  W i t h i n  t h i  s context the database 
services  should provide f o r  one o r  more of the following access and/or output 
capab i l i t i e s :  

1.  Terminal access t o  the database using natural engl i sh 1 anguage 
queries and ins t ruc t ions  concerning t he  subject  area of t he  
database. 

2. Quant i t a t ive  and/or graphic presentat ions of summary information 
derived from the content of the database. 

3.  Prompts and menus which guide the user through the  s teps  needed 
t o  acquire e x p l i c i t  information t o  met h i s  needs, o r  t o  a l l  ow 
the  generation of custom l i s t i n g s  i n  repor t  form. Whenever 
possible t h i  s capabi 1 i ty shoul d be supported by touch sens i t ive  
screens, simp1 i f i ed  pointing devices o r  other a ids  which a1 low 
users without computing skills t o  e a s i l y  acquire information. 

4. Access s t r a t eg i e s  which allow users seeking information t o  
e a s i l y  browse the  f i l e  t o  determine i f  t h e i r  information needs 
can be s a t i s f i ed .  

5 .  Features which allow users t o  recover eas i ly  from e r ro r s  made 
d u r i n g  an access session,  i .e . ,  a high degree of user f a u l t  
to1 erance. 

6. Provisions which allow the  information services user t o  en te r  
parameters and variable data t h a t  enable spec i f i c  user functions 
t o  be performed. This fea tu re  may allow l imited user data 
entry fo r  other information services users depending on the  
appl ica t ion being s a t i s i f i e d  by the  database. 

7.  Tradit ional  modes of terminal o r  batch access t o  the  database 
fo r  use by computing s p e c i a l i s t s  responding t o  information 
services user requests. 

A1 though some of the above described capabi 1 i t i e s  may pose 
imp1 ementation problems, t h e i r  consideration by the database designer i s 
essent ia l  i f  u t i l i z a t i o n  of such systems a re  t o  reach t h e i r  f u l l  potent ia l .  

Database access systems providing some of these extended capab i l i t i e s  
a r e  presently avai lable  i n  the commercial marketplace. 



111. THE INFORMATION SERVICES USER 

The in fo rma t ion  serv ices  user o f  databases can range from top  l e v e l  
managers seeki ng summary and t r e n d  i nformat i  on t h a t  can improve t h e i r  ab i  1  i t y  
t o  make good decis ions on business mat ters t o  the machine operators who perform 
s p e c i f i c  s t r u c t u r e d  tasks  t o  produce r e p e t i t i v e  repo r t s  and documents. The 
requirements f o r  database access o f  t h i s  wide range o f  users can be very 
d i f f e r e n t  indeed. F igu re  2 i l l u s t r a t e s  the  range o f  users vs the  uses f o r  
i n fo rma t ion  der ived from database systems. 

One can r e a d i l y  recognize t h a t  i n fo rma t ion  serv ices users a t  t h e  
upper l e v e l  o f  t he  pyramid whose need f o r  i n fo rma t ion  i s  h igh  w i l l  most 1  i k e l y  
be the  l e a s t  equipped t o  use s t r u c t u r e d  query languages because t h e i r  
i n t e r a c t i o n  w i t h  the  database systems w i l l  tend t o  be sporadic and penet ra te  
many sub jec t  areas. On the  o ther  hand, machine operators and data s p e c i a l i s t s  
near the  lower l e v e l  s  o f  t he  pyramid w i l l  be most 1  i k e l y  t o  i n t e r a c t  f requent ly  
w i t h  a  g iven database and thus develop a  greater  degree o f  s k i l l  i n  us ing  
s t ruc tu red  access languages. 

Speci f i c a l  l y  , c h a r a c t e r i z a t i o n  o f  the  i n fo rma t ion  serv ices user can 
l e a d  us t o  a  b e t t e r  understanding o f  t he  reasons t h a t  access t o  i n fo rma t ion  
contained i n  databases must be prov ided f o r  i n  ways t h a t  accommodate the  day- 
to-day working needs o f  these users. 

1. Managers 

The managerial user  o f  database i n fo rma t ion  i s  most o f t e n  
concerned w i t h  broad areas o f  r e s p o n s i b i l i t y .  H i s  needs fo r  
i n fo rma t ion  w i l l  usua l l y  range from very s p e c i f i c  kerne ls  o f  
i n fo rma t ion  about a  d i s c r e t e  sub jec t  area t o  summary, t r e n d  
and r e l a t i o n a l  i n fo rma t ion  der ived from the  database content.  
I n  general, users a t  t h i s  l e v e l  w i l l  n o t  d i r e c t l y  work a t  a  
terminal  unless the  i n fo rma t ion  they seek i s  e a s i l y  and conv ien t l y  
a v a i l  ab le t o  them w i t h o u t  a  s i g n i f i c a n t  commitment o f  t h e i r  
t ime t o  l e a r n  how t o  use the  system. I n  most cases the i n fo rma t ion  
w i l l  be acqui red f o r  them by profess ional  s  and in te rmed iar ies  
who package the data f o r  t h e i r  use. 

As pro fess iona l  works ta t ions  become more preva len t  and t h e  
managerial user  can e a s i l y  and simply acqui re database i n fo rma t ion  
i n  terms o f  h i  s  day-to-day concerns, d i r e c t  use o f  databases 
by managers can be expected t o  increase. 



Figure 2 ,  Types of Information Services User v s  Uses of 
Information Derived From Data Bases 



2. Supervisors and Administrators 

The supervi sory and admi ni s t r a t i  we users of database information 
can be expected t o  be more focused on a given area of concern 
than managerial users. Their needs can be expected t o  range 
from acqui ri ng spec i f ic  kernel s of i nformation t o  comprehensi ve 
repor ts  about a database subject  area. In some instances t h i s  
type of user may require trend or  graphic information t o  respond 
t o  planning needs o r  f o r  presentation t o  the  manageri a1 1 evel . 
Generally t h i s  user i s  not 1 ikely t o  work d i rec t ly  a t  a terminal 
using s t ructured query languages. However, i f  access t o  the 
database information i s  made easy and in  terms of h i s  day-to- 
day concerns the  1 i kel i hood of h is  d i  rec t ly  accessing the  database 
i s  increased. In most cases t h i s  user wil l  use database 
information provided t o  him by professional s and intermediaries 
who acquire the data outputs which he requests. 

3. Professional s 

The professional user is  probably the  highest level user who 
will be motivated t o  become highly ski1 led i n  using s t ructured 
query 1 anguages t o  acqui re  database i nformation. T h i  s motivation 
often stems from the  f a c t  t h a t  h i s  needs for  information require 
t h a t  he i n t e r ac t  w i t h  the database system t o  perform h i s  assigned 
tasks.  In s p i t e  of t h i s  motivation t o  use structured query 
languages he can benef i t  greatly from an a b i l i t y  t o  access the  
database system i n  terms natural t o  h i s  everyday work concerns, 
and by being able  t o  acquire trend, re la t ional  and graphic 
representations of the  information i n  the database. 

The professional user can be expected t o  have a variable need 
for  database information depending on the tasks which he performs. 
Under these conditions h i s  a b i l i t y  t o  maintain a high degree of 
s k i l l  i n  using s t ructured query languages may be d i f f i c u l t  t o  
mai ntai n a t  a high 1 evel . Accordi ngl y , database access methods 
which a r e  natural to  h i s  everyday working conditions can increase 
h i s  overall  working effectiveness.  

4. Intermediaries 

Intermedi a r i e s  can be admi n i  s t r a t i  ve s t a f f  o r  sec re ta r i  a1 users 
whose function i s  t o  provide support t o  manageri a1 , supervi sory 
and professional workers. In t h i s  ro le  t h e i r  need fo r  information 
from databases i s d ic ta ted by thei  r pri nci pal ' s speci f i c  needs. In 
some cases t h i s  user wil l  repackage information acquired from 
database systems t o  meet a par t i cu la r  request from the pr incipals  
which they support. Their modes of access t o  the  database system 



can be by d i rec t  terminal access, or  through interactions with 
data speci a1 i s t s  and/or machine operators. In some cases 
i ntermedi a r ies  1 earn the requi red query 1 anguages and devel op 
the i nformation summaries requi red by the principals they support. 
As with other users, intermediaries can benefit from access 
methods which are natural to the i r  day-to-day ac t iv i t ies .  

5. Data Specialists 

The data spec ia l i s t  generally uses the database system t o  provide 
services to  other users. In this role,  he i s  usually familiar 
with structured query 1 anguages and w i t h  the detail s of the 
database system structure.  He is  also l ikely to  use the fu l l  
range of capabi l i t ies  of the database system to  provide services 
to  the larger family of users. In some instances the data 
spec ia l i s t  is  involved w i t h  maintaining the system and expanding 
i t s  capabi l i t ies  to  make i t  more useful to the larger family of 
general users. 

6. Machine Operators 

The machine operator user of database systems performs machine 
or terminal operation tasks i n response to specific instructions 
received from other users of the system. The level of knowledge 
of t h i s  type of user i s  primarily tha t  needed to respond to 
requirements levied by information services users or data 
special is ts .  Products tha t  resul t  from the ef for t s  of the 
machine operator are often reports and documents derived from 
the database content, In some instances, the machine operator 
performs data entry tasks and a s s i s t s  data spec ia l i s t  e f fo r t s  
to  improve the capabi l i t ies  of the database system for  the 
community of i nformation services users. 

IV. Conclusions 

As off ice systems capable of interacting w i t h  computers become more 
common to the off ice workplace, the potential number of users of databases 
as an information service will increase. Many of these information 
services users who need database information will not be trained i n  
computing technology and may not be will i ng t o  learn and use traditional 
structured query 1 anguages. Therefore, i t i s essenti a1 tha t  the 
capabi l i t ies  of database systems include access methods which allow 
those information services users to  acquire information i n  ways tha t  
are natural t o  the i r  everyday working concerns. 

Unless th i s  ease of use of databases i s  considered i n  the design and 
appl ications process, the potenti a1 benefits from u s i n g  database systems 
may not be realized. 
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COMPARISON OF SCIENTIFIC AND BIDMINISTRATITIE 
DATA BASE GEMEETT SYSTEMS 

One of t h e  d i f f i c u l t  c h o i c e s  f o r  t h e  a d m i n i s t r a t o r  of a n  
i n f o r m a t i o n  sys tem i s  t h e  s e l e c t i o n  of a  d a t a  b a s e  management 
sys tem t o  s u p p o r t  a  s e t  of a p p l i c a t i o n s ,  S i n c e  it i s  i n  g e n e r a l  
impract ica l  even t o  t e s t  a  v a r i e t y  of DBHS packages, t h e  decis ion  
must be made based on comparison of e s t ab l i shed  requirements, t h e  
o f t e n  confusing and incomplete t echn ica l  information supplied by 
vendors, and experience w i t h  o ther  appl ica t ions .  Although each 
vendor  a t t e m p t s  t o  make a  t r u l y  genera l -purpose  DBMS, eve ry  
a v a i l a b l e  DBMS product i s  a  compromise which supports  some appli-  
ca t ions  b e t t e r  than o thers .  

The r e q u i r e m e n t s  f o r  t h e  d a t a  b a s e  management sys tem t o  
support a  p a r t i c u l a r  app l i ca t ion  depend on t h e  fundamental logi-  
c a l  s t r u c t u r e  of t h e  data. This  paper i d e n t i f i e s  some character-  
i s t i c s  found t o  be d i f f e r e n t  f o r  s c i e n t i f i c  and a d m i n i s t r a t i v e  
d a t a  b a s e s ,  and d e t a i l s  some of t h e  co r respond ing  g e n e r i c  
requirements f o r  t h e  DBMS. 

The requirements discussed here  a r e  e spec ia l ly  s t r ingen t  f o r  
e i t h e r  t h e  s c i e n t i f i c  o r  adminisra t ive  da ta  bases. For some, no 
commercial DBMS i s  f u l l y  s a t i s f a c t o r y ,  and t h e  da ta  base designer 
must invent  a  s u i t a b l e  approach. For o the r s ,  commercial systems 
a r e  a v a i l a b l e  w i t h  e l e g a n t  s o l u t i o n s ,  and a  wrong c h o i c e  would 
mean an expensive work-around t o  provide t h e  missing f e a t u r e s  . 

Securi ty i s  a  ma t t e r  of spec ia l  concern t o  t h e  manager of an 
admin i s t r a t ive  da ta  base. Personal and f i n a n c i a l  da ta  of varying 
d e g r e e  of c o n f i d e n t i a l i t y  must  b e  s t o r e d  and a c c e s s  must  b e  
control led.  I n  an employee record ( f o r  example) c e r t a i n  i tems 
(name, phone number) may be  a v a i l a b l e  t o  a l l ,  w h i l e  s a l a r y  o r  
insusrance da ta  would be r e s t r i c t e d  t o  a  few users. The r i g h t  t o  
update (change) information must be w e n  more c lose ly  cont ro l  led,  
and accidenta l  changes could be  a s  se r ious  a s  malicious updating. 

The r e q u i r e m e n t  o n  t h e  DBMS i s  t h a t  p e r m i s s i o n s  b e  
con t ro l l ed  f o r  s i n g l e  records  and even s i n g l e  i tems i n  a  record. 
And i t  must  be i m p o s s i b l e  t o  c o n s t r u c t  c o n f i d e n t i a l  d a t a  f rom 
open i n f o r m a t i o n  ( such  a s  f i n d i n g  a  s a l a r y  f rom t h e  t o t a l  i n  a  
group of two). Control of permissions f o r  s i n g l e  records and 
i t e m s  i s  p rov ided  by some commercia l  DBMS packages ,  o t h e r  
c o n t r o l s  must be p a r t  of t h e  d a t a  base design. 

I n  con t ras t ,  f o r  s c i e n t i f i c  da ta  systems a simple password 
system i s  o f t e n  adequate, access  i s  cont ro l led  f o r  a  l a r g e  block 
of da ta ,  and s t o l e n  data  i s  a  r a r e  occurrance. 

Automat ic  _Recovery a f t e r  sys tem f a i l u r e  i s  i m p o r t a n t  f o r  
many admin i s t r a t ive  DB MS app l i ca t ions ,  s i n c e  an organiza t ion  may 
be  u n a b l e  t o  f u n c t i o n  w i t h o u t  a c c e s s  t o  t h e  d a t a  base ,  Although 



t h e r e  a r e  important exc'eptions, temporary f a i l u r e  of a  s c i e n t i f i c  
data base can be correc ted  by human intervention.  

The Amount of Data Retrieved by a  s i n g l e  query i s  l i k e l y  t o  
be l a r g e  f o r  a  s c i e n t i f i c  da ta  base. A meteorologist  might w e l l  
reques t  t h e  wind vec to r s  i n  t h e  North At lan t i c  f o r  a  c e r t a i n  day 
and r e c e i v e  hundreds  of v a l u e s  measured by t h e  S e a s a t  s c a t t e r -  
ometer .  A r e q u e s t  f o r  names of  a l l  employees a t  JPL would be  
unususal i n  an admin i s t r a t ive  DBMS, Since t h e  cos t  of r e t r i e v i n g  
s o  much d a t a  ( o r  more)  might  be e x c e s s i v e ,  t h e  DBMS i s  r e q u i r e d  
t o  provide some means of es t imat ing  t h e  cos t  i n  advance. However, 
t h e  u s e r  would p robab ly  a c c e p t  a  d e l a y  of s e v e r a l  m i n u t e s  o r  
longer f o r  t h e  response. 

A t y p i c a l  query  t o  a n  a d m i n i s t r a t i v e  d a t a  b a s e  migh t  w e l l  
r e t r i e v e  a  s i n g l e  r e c o r d ,  such  a s  t h e  c u r r e n t  o b l i g a t i o n  of 
account 356-ABCDE. For t h i s  smal l  amount of data,  t h e  t ime t o  ge t  
a  r e s p o n s e  would be  i m p o r t a n t  t o  t h e  u s e r ,  bu t  t h e  c o s t  
would be small.  

Updates a r e  a  common a c t i v i t y  i n  an admin i s t r a t ive  DBMS, and 
m a i n t a i n i n g  c u r r e n c y  i n  t h e  d a t a  b a s e  i s  a  h i g h  p r i o r i t y .  
Delays i n  post ing charges t o  an account make contro l  d i f f i c u l t ,  
and f o r  c e r t a i n  a p p l i c a t i o n s  such  a s  banking can c a u s e  s e r i o u s  
l o s s e s .  A DBMS shou ld  make prompt e n t r y  of u p d a t e s  easy  and 
provide i n t e g r i t y  checks t o  minimize e r r o r .  

The u p d a t e s  i n  a  s c i e n t i f i c  DBMS a r e  r e l a t i v e l y  r a r e ,  and 
the  p r inc ipa l  inves t iga to r  o r  data base admin i s t r a to r  responsib le  
f o r  a  da ta  s e t  might d isa l low updates a l together .  

We u s e  t h e  t e r m  Homonvmns t o  d e s c r i b e  t h e  s i m i l a r  o r  
i d e n t i c a l  words  used t o  d e n o t e  s c i e n t i f i c  concep t s .  The t e r m  
I1 a l t i t u d e "  may mean geometric height  above the  ground, o r  above 
t h e  earth's susr face ,  o r  a l t i t u d e  determined by atmospheric pres- 
s u r e ,  o r  t e m p e r a t u r e ,  o r  d e n s i t y .  ."Temperaturefi' may migh t  mean 
water  o r  a i r  temperature, a i r  temperature may mean a s  measured by 
a  thermometer a t  t h e  earth's su r face  o r  remotely sensed, i f  mea- 
su red  by the rmomete r  d i f f e r e n t  i n s t r u m e n t s  may have d i f f e r e n t  
c a l i b r a t i o n s  o f  l i t t l e  o r  g r e a t  s i g n i f i c a n c e .  Othe r  k i n d s  of 
bomonymns a r i s e  from t h e  u s e  of d i f f e r e n t  u n i t s ,  such a s  
f r a c t i o n a l  days  -hours,  m i n u t e s ,  and seconds ,  o r  l a t i t u d e  i n  
minutes o r  f r ac t ions .  

Such homonyms a r e  common i n  science data  bases, and a  IBMS 
might  s u p p o r t  s u c h  v a r i a t i o n s  i n  t e rmino logy  by "w i l d  cards.": 
"temperature* i s  used by one DBMS t o  s e l e c t  any charac ter  s t r i n g  
c o n t a i n i n g  t h e  word t e m p e r a t u r e .  T h i s  i s  n o t  t o  s u g g e s t  t h a t  
terms a r e  i l l -def ined i n  s c i e n t i f i c  da ta  bases, but r a t h e r  t h a t  
nuances of terminology a r e  common, and t h e  users  r e q u i r e  a  means 
of s e l e c t i n g  da ta  wi th  var ious  s i m i l a r  meaning. 



I n  admin i s t r a t ive  da ta  bases, homonymns r a r e l y  occur, s ince  
the  data base admin i s t r a to r  w i l l  be ca re fu l  t o  avoid any poss ib le  
c o n t u s i o n  i n  meaning. aTheckbook ba lance"  h a s  a w e l l - d e f i n e d  
meaning, and variations would hardly be t o l e r a t e d .  

The exis tence  of Continuous r a t h e r  than Discre te  v a r i a b l e s  
i s  common i n  s c i e n t i f i c  da ta  bases. Of course continuous var ia-  
b l e s  occur i n  admin i s t r a t ive  da ta  bases a s  we l l ,  but it i s  usual 
( f o r  money amounts)  t o  round o f f  t o  whole  c e n t s  o r  whole  thou- 
sands o r  w e n  m i l l i o n s  of dol lars .  Even then,  i n  admin i s t r a t ive  
da ta  bases t h e  kegs used f o r  r e t r i e v a l  a r e  usually d i s c r e t e ,  such 
a s  account number o r  name. 

I n  a s c i e n t i f i c  d a t a  b a s e ,  i t  i s  o f t e n  d e s i r a b l e  t o  u s e  a 
c o n t i n u o u s  v a r i a b l e  a s  a k e y  (e.g, t i m e ) .  T h i s  l e a d s  t o  
u n p r e d i c t a b l e  r e s u l t s  when c e r t a i n  quer i e s  a r e  formulated, e.g. 
'%here time=3633minM i s  not  t h e  same a s  "here time=36:20 min- 
utes". A t  l e a s t  one vendor p lans  t o  include a t ime da ta  type i n  a 
WMS, but a t  present  t h e r e  i s  no simple solut ion.  

S p a t i a l  R e l a t i o n s h i u s  a r e  a n  i m p o r t a n t  p a r t  of s c i e n t i f i c  
da ta  bases, but a r e  not  managed e a s i l y  i n  general-purpose DBMS. 
Concepts  such a s  "adjacent" ,  "overlap",  "nearby ", " p a r t  of ", 
"within" a r e  used t o  def ine  da ta  r e t r i e v a l ,  but a r e  not  supplied 
a s  s t a n d a r d  b u i l t - i n  f u n c t i o n s .  These  c o n c e p t s  a r e  even more 
d i f f i c u l t  t o  implement f o r  t h r e e  dimensions. 

Functional Dependencies between two o r  more i tems i n  a da ta  
b a s e  o c c u r  i n  s c i e n t i f i c  d a t a  b a s e s ,  p a r t i c u l a r l y  f o r  p o s i t i o n  
and time. The most important example i s  t h e  da ta  from s a t e l l i t e s ,  
where  t h e  p o s i t i o n  of t h e  s a t e l l i t e  a t  s u c c e s s i v e  t i m e s  o f  
measurement i s  d e t e r m i n e d  by t h e  l a w s  o f  motion.  I n  p r i n c i p l e ,  
including both pos i t ion  and t ime  i n  t h e  da ta  base i s  redundant, 
however users  commonly s e l e c t  da ta  e i t h e r  by t ime o r  pos i t ion ,  
and no commercial DBMS supports  t h e  transformation.  

A f i n a l  d i f f e r e n c e  between s c i e n t i f i c  and a d m i n i s t r a t i v e  
DBMS is t h e  need f o r  Res t ructur ing  t h e  Data Base. For s c i e n t i f i c  
da ta ,  t h e  log ica l  r e l a t i o n s h i p s  among t h e  da ta  i s  j u s t  what t h e  
s c i e n t i s t  w i s h e s  t o  de te rmine .  The t y p e s  of d a t a  emphasized i n  
d i f f e r e n t  i n v e s t i g a t i o n s  w i l l  be changed, and a t  l e a s t  t h e  
eonceptual view of t h e  da ta  w i l l  change t o  match new understand- 
ings .  A DBMS can  b e  s e l e c t e d  which  f a c i l l i t a t e s  changes  of  
conceptual view o r  even ac tua l  physical  s to rage  s t r u c t u r e .  

Again i n  c o n t r a s t ,  changes  i n  l o g i c a l  r e l a t i o n s h i p s  i n  a n  
a d m i n i s t r a t i v e  d a t a  b a s e  w i l l  b e  a v o i d e d ,  b e c a u s e  t h e  
r e l a t i o n s h i p s  a r e  a m a t t e r  of p o l i c y  d e c i s i o n  r a t h e r  t h a n  
discovery, Thus a SRMS can be chosen which i s  optimized f o r  o t h e r  
f e a t u r e s  than f l e x i b i l i t y  . 



I n  admin i s t r a t ive  da ta  bases, homonymns r a r e l y  occur, s ince  
the  data base admin i s t r a to r  w i l l  be ca re fu l  t o  avoid any poss ib le  
c o n t u s i o n  i n  meaning. sDCheckbook ba lanceD '  h a s  a w e l l - d e f i n e d  
meaning, and v a r l a  t i o e s  would hardly be t o l e r a t e d ,  

The exis tence  of Continuous r a t h e r  than Discre te  v a r i a b l e s  
is  common i n  s c i e n t i f i c  da ta  bases. Of course continuous var ia-  
b l e s  occur i n  admin i s t r a t ive  da ta  bases a s  we l l ,  but it i s  usual 
( f o r  money amounts)  t o  round o f f  t o  whole  c e n t s  o r  whole  thou- 
sands o r  w e n  m i l l i o n s  of dol lars .  Even then,  i n  admin i s t r a t ive  
da ta  bases t h e  beys used f o r  r e t r i e v a l  a r e  usually d i s c r e t e ,  such 
a s  account number o r  name. 

I n  a  s c i e n t i f i c  d a t a  b a s e ,  i t  i s  o f t e n  d e s i r a b l e  t o  u s e  a 
c o n t i n u o u s  v a r i a b l e  a s  a  k e y  (e.g, t i m e ) .  T h i s  l e a d s  t o  
u n p r e d i c t a b l e  r e s u f  t e  when c e r t a i n  quer i e s  a r e  formulated, e.g. 
"where time=3633minm i s  not  t h e  same a s  "here time=36:20 min- 
utes". A t  l e a s t  one vendor p lans  t o  include a t ime data  type i n  a  
DBMS, but  a t  present  t h e r e  i s  no simple solut ion.  

S v a t i a l  R e l a t i o n s h i u s  a r e  a n  i m p o r t a n t  p a r t  of  s c i e n t i f i c  
da ta  bases, but a r e  not  managed e a s i l y  i n  general-purpose DBMS. 
Concepts  such a s  "adjacent",  "overlap"', "nearby", " p a r t  of ", 
''within'' a r e  used t o  def ine  da ta  r e t r i e v a l ,  but a r e  not  supplied 
a s  s t a n d a r d  b u i l t - i n  f u n c t i o n s .  These  c o n c e p t s  a r e  even more 
d i f f  i c u l t  t o  implement f o r  t h r e e  dimensions. 

Functional Dependencies between two o r  more i tems i n  a  da ta  
b a s e  o c c u r  i n  s c i e n t i f i c  d a t a  b a s e s ,  p a r t i c u l a r l y  f o r  p o s i t i o n  
and time. The most important example i s  t h e  da ta  from s a t e l l i t e s ,  
where  t h e  p o s i t i o n  of t h e  s a t e l l i t e  a t  s u c c e s s i v e  t i m e s  o f  
measurement i s  d e t e r m i n e d  by t h e  l a w s  of  mot ion,  I n  p r i n c i p l e ,  
including both pos i t ion  and t ime  i n  t h e  da ta  base i s  redundant, 
however users  commonly s e l e c t  da ta  e i t h e r  by t ime  o r  pos i t ion ,  
and no commercial IBMS supports  t h e  transformation.  

A f i n a l  d i f f e r e n c e  between s c i e n t i f i c  and a d m i n i s t r a t i v e  
DB MS is t h e  need f o r  Restruceurinn t h e  Data Base, For s c i e n t i f i c  
da ta ,  t h e  log ica l  r e l a t ionsh ips  among t h e  da ta  i s  j u s t  what t h e  
s c i e n t i s t  w i s h e s  t o  de te rmine .  The t y p e s  of d a t a  emphasized i n  
d i f f e r e n t  i n v e s t i g a t i o n s  w i l l  be  changed, and a t  l e a s t  t h e  
conceptual view of t h e  da ta  w i l l  change t o  match new understand- 
i n g s .  A DBMS can  b e  s e l e c t e d  which  f a c i l l i t a t e s  changes  of  
conceptual view o r  even ac tua l  physical  s to rage  s t r u c t u r e .  

Again i n  c o n t r a s t ,  changes  i n  l o g i c a l  r e l a t i o n s h i p s  i n  a n  
a d m i n i s t r a t i v e  d a t a  b a s e  w i l l  b e  a v o i d e d ,  b e c a u s e  t h e  
r e l a t i o n s h i p s  a r e  a  m a t t e r  of p o l i c y  d e c i s i o n  r a t h e r  t h a n  
discovery. Thus a Q8MS can be chosen which i s  optimized f o r  o t h e r  
f e a t u r e s  than f l e x i b i l i t y  . 



The Conclusion of t h e s e  comparisons i s  t h a t  s e l e c t i o n  of a 
DlSMS must be based on t h e  requirements f o r  t h e  information sys- 
%em. There i s  no unique d i s t i n c t i o n  between s c i e n t i f i c  and admin- 
i s t r a t i v e  d a t a  b a s e s  o r  DBMS, The d i s t i n c t i o n  comes f rom t h e  
l o g i c a l  s t r u c t u r e  of  t h e  d a t a ,  and u n d e r s t a n d i n g  t h e  d a t a  and 
t h e i r  r e l a t i o n s h i p s  i s  t h e  key t o  def in ing t h e  requirements and 
s e l e c t i n g  an appropr ia te  IR3MS f o r  a given s e t  of a p p l o c a t i o n ~ ~  
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A Data  Base Management System (DBMS) h a s  been  implemented f o r  t h e  

C o m m u n i c a t i o n s  O f f i c e  o f  MSFC t o  c o n t r o l  and  r e p o r t  o n  

Communication Leased  S e r v i c e  C o n t r a c t s  i s s u e d  by  t h i s  o f f i c e ,  

The sys t em u s e r  e x e c u t e s  o n l i n e  programs t o  u p d a t e  f i v e  f i l e s  

r e s i d i n g  on a  UNIVAC 1100/82, t h r o u g h  t h e  fo rms  mode f e a t u r e s  o f  

t h e  T e k t r o n i x  4025 t e r m i n a l  and IMSAI 8080 microcomputer .    his 

u s e r  c a n  s e l e c t  t h e  a p p r o p r i a t e  form t o  t h e  T e k t r o n i x  4 0 2 5  

s c r e e n ,  and e n t e r  new d a t a ,  u p d a t e  e x i s t i n g  d a t a ,  o r  d i s c o n t i n u e  

s e r v i c e ,  S e l e c t i v e  o n l i n e  p r i n t i n g  o f  40 r e p o r t s  is accompl i shed  

by  t h e  sys t em u s e r  t o  s a t i s f y  management, b u d g e t ,  and b i l l  

payment r e p o r t i n g  r e q u i r e m e n t s .  



REQUEST FOR COMPUTER SYSTEM 

I n  t h e  e a r l y  p a r t  o f  1 9 7 8  t h e  MSFC Communica t ions  O f f i c e  

reques ted  t h a t  a computer system be e s t a b l i s h e d  t o  d e v e l o p  a 

method o f  automat ing  t h e i r  recordkeeping p r o c e s s  of  t r a c k i n g  a l l  

Communicat ion  L e a s e d  S e r v i c e  C o n t r a c t s  u n d e r  t h e i r  

r e s p o n s i b i l i t y ,  and t h e  r e q u e s t i n g  and approva l  of  c e r t i f i e d  

funds  from t h e  F i n a n c i a l  Management O f f i c e  (FMO) . A f e a s i b i l i t y  

s t u d y  was conducted ,  and it was de termined t h a t  a computer system 

could  be e s t a b l i s h e d  t o  e l i m i n a t e  most of  t h e i r  manual o p e r a t i o n s  

n e c e s s a r y  t o  t r a c k  Communication Leased S e r v i c e  C o n t r a c t s ,  o b t a i n  

c e r t i f i e d  funds  from FMO, and produce r e p o r t s  from t h e  d a t a  base  

t o  a s s i s t  them i n  t h e i r  d a i l y  a c t i v i t i e s ,  Approval was r e c e i v e d  

from t h e  MSFC Computer S e r v i c e s  O f f i c e  t o  proceed on a computer 

system. The r e s u l t i n g  system is c a l l e d  Commufiications Cost  

Tracking (CCT)  System, 

IMPLEMENTATION PLAN 

P l a n s  were made t o  deve lop  a computer system i n  t h r e e  phases  t o  

f u l f i l l  u s e r  r e q u i r e m e n t s ,  T h e s e  p h a s e s  h a v e  a l l  b e e n  

implemented and a r e  a s  f o l l o w s :  

o Phase I - E s t a b l i s h  t h e  d a t a  base  and produce f i v e  

r e p o r t s .  T h i s  would be accomplished on a ba tch-run 

b a s i s .  

o Phase I A  - Develop t h r e e  i n t e r a c t i v e  o n l i n e  update  

programs and p rov ide  f o r  o n l i n e  p r i n t i n g  o f  r e p o r t s .  

o Phase I1 - G e n e r a t e  an accoun t ing  f i l e  from t h e  updated 

m a s t e r  f i l e ,  automate t h e  b i l l  payment p r o c e s s ,  and 

produce management and budget  r e p o r t s ,  



P h a s e  I c o n s i s t e d  o f  d e v e l o p i n g  an u p d a t e  program u s i n g  t h e  

f ree- form method of  i n p u t  d a t a  p r e p a r a t i o n  by  t h e  sys t em u s e r .  

The upda ted  m a s t e r  f i l e  from t h i s  program was used  by  a  s e p a r a t e  

f u n d i n g  program t o  e x t r a c t  t h o s e  r e c o r d s  which r e q u i r e d  c e r t i f i e d  

f u n d s  t o  be  approved  by t h e  FMO. A r e p o r t  program used t h e s e  

e x t r a c t s  t o  p r i n t  t h e  Communication S e r v i c e  A u t h o r i z a t i o n  (CSA) 

Form (MSFC Form 4 6 1 ) ,  See  F i g u r e  1. Four o t h e r  programs 

produced r e p o r t s  from t h e  upda ted  m a s t e r  f i l e  t o  s a t i s f y  u s e r  

r e p o r t i n g  needs  f o r  t h e i r  d a i l y  a c t i v i t i e s .  T h i s  p h a s e  was 

implemented i n  October  1978 .  

PRASE I A  HARDWARE SEgECTIOM 

P h a s e  I A  c o n s i s t e d  o f  t h e  deve lopment  a c t i v i t i e s  r e q u i r e d  t o  

implement t h r e e  i n t e r a c t i v e  on1 i n e  u p d a t e  program u s i n g  a  forms  

mode u p d a t e  f e a t u r e ,  and t h e  o n l i n e  p r i n t i n g  o f  a l l  r e p o r t s  from 

t h i s  sys tem a t  t h e  u s e r g s  s i t e ,  The i n i t i a l ,  r e s e a r c h  e f f o r t  
r e v e a l e d  t h a t  no s o f t w a r e  was a v a i l a b l e  t o  a i d  i n  our  deve lopment  

a c t i v i t y .  The  i n i t i a l  d e v e l o p m e n t  a c t i v i t y  i n v o l v e d  t h e  

s e l e c t i o n  of  two i d e n t i c a l  s e t s  o f  ha rdware  which would be 

c o m p a t i b l e  f o r  forms mode p r o c e s s i n g  and o n l i n e  p r i n t i n g  o f  

r e p o r t s ,  To accommodate fo rms  mode p r o c e s s i n g ,  t h e  ha rdware  must 

i n c l u d e  a  s m a r t  t e r m i n a l .  A T e k t r o n i x  4 0 2 3  t e r m i n a l  was  

i n i t i a l l y  r ev i ewed ,  b u t  i t  was d e t e r m i n e d  t h a t  t h i s  t e r m i n a l  

would n o t  f u l l y  s a t i s f y  o u r  forms mode r e q u i r e m e n t ,  A ~ e k t r o n i x  

4 0 2 5  t e r m i n a l  (CRT)  w i t h  64K memory was t h e n  reviewed and i t  was 

d e t e r m i n e d  t h a t  t h i s  t e r m i n a l  would s a t i s f y  o u r  forms mode n e e d s ,  

The n e x t  ha rdware  t o  be  s e l e c t e d  was a  microcomputer  t o  i n t e r f a c e  

and h a n d l e  a l l  communicat ion t r a f f i c  between t h e  h o s t  computer  

and t h e  T e k t r o n i x  49125 t e r m i n a l  w i t h  c a p a b i l i t y  t o  s u p p o r t  two 

p r i n t e r s ,  P a r t l y  because  o f  a v a i l a b i l i t y ,  b u t  m o s t l y  because  o f  

c o m p a t i b i l i t y ,  i t  was d e t e r m i n e d  t h a t  t h e  IMSAI 8 0 8 0  

microcomputer  w i t h  a  d u a l  f l o p p y  d i s k  c o u l d  be e f f e c t i v e l y  used  
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t o  hand le  t h i s  i n t e r f a c e ,  The n e x t  hardware i tem t o  be s e l e c t e d  

was a  GE-340 p r i n t e r ,  T h i s  p r i n t e r  was compat ib le  wi th  t h e  

hardware a l r e a d y  s e l e c t e d  and was c a p a b l e  of  p r i n t  speeds  o f  up 

t o  300 l i n e s  per  minu te ,  t h u s  p r o v i d i n g  t h e  p r i n t i n g  speed f o r  

o n l i n e  p r i n t i n g  requ i rements  a t  t h e  u s e r D s  s i t e ,  Two p r i n t e r s  

would be u t i l i z e d ,  one t o  p r i n t  r e p o r t s  on r e g u l a r  computer 

p a p e r ,  and t h e  second t o  p r i n t  t h e  CSA form, T h i s  would a l l o w  

t h e  system u s e r s  t o  f u l f i l l  t h e i r  p r i n t i n g  needs w i t h o u t  changing 

paper  and would a 1  so  p rov ide  in-house backup p r i n t e r  c a p a b i l  i t y .  

The l a s t  hardware item t o  be s e l e c t e d  was a  Tek t ron ix  4631 Hard 

Copy Uni t .  T h i s  provided t h e  system u s e r s  wi th  a  means o f  

d e r i v i n g  ha rd  copy o u t p u t  of  t h e  c o n t e n t s  c u r r e n t l y  c o n t a i n e d  on 

t h e  T e k t r o n i x  4025 s c r e e n .  T h i s  would a l s o  be h e l p f u l  t o  t h e  

system programmers f o r  o b t a i n i n g  ha rd  c o p i e s  of t h e  s c r e e n  f o r  

l a t e r  r e s o l u t i o n  of problem a r e a s ,  

With  t h e  e q u i p m e n t  s e l e c t i o n  now f i n a l i z e d ,  a  9.6K baud 

m u l t i p o i n t  communication 1 i n e  was s e l e c t e d  wi th  two drops .  T h i s  

would p r o v i d e  t h e  system u s e r s  w i t h  t h e  d a t a  a c c e s s  and computer 

turnaround n e c e s s a r y  f o r  r e s p o n s i v e  i n t e r a c t i o n  between t h e i r  

t e r m i n a l s  and t h e  h o s t  UNIVAC 1100 computer.  

PHASE IA SOFTWARE DEVELOPMENT 

The s o f t w a r e  development n e c e s s a r y  t o  c r e a t e  and d r i v e  t h e  

i n t e r a c t i v e  o n l i n e  forms mode upda te  programs and t o  p rov ide  f o r  

o n l i n e  p r i n t i n g  of  r e p o r t s  s t a r t e d  i n  September of 1978, T h i s  

c o n s i s t e d  of t h r e e  d i s t i n c t  p a r t s :  development o f  an I n t e r a c t i v e  

Communication Module ( I C M )  t o  e s t a b l i s h  an o p e r a t i n g  system f o r  

t h e  IMSAI 8080; development of  forms mode forms f o r  t h e  o n l i n e  

upda te  p r o c e s s ;  and development of  COBOL programs f o r  t h e  o n l i n e  

forms mode update  and o n l i n e  p r i n t  programs, The f i r s t  i tem was 

t h e  development of  ICM f o r  t h e  i n t e r f a c e  o p e r a t i o n  of  t h e  IMSAI 

8080. T h i s  was n e c e s s a r y  f o r  two r e a s o n s ,  F i r s t  t h e  IMSAI 8080, 

had t o  c o n f i g u r e  t h e  communication t r a f f i c  t o  and from t h e  h o s t  



computer  t o  t h e  T e k t r o n i x  4025 t e r m i n a l  e m u l a t i n g  UNIVAC 200 

p r o t o c o l ,  S e c o n d l y ,  t h e  IMSAI 8080 would be  r e q u i r e d  t o  d e c i p h e r  

and i n t e r c e p t  s p e c i a l  communicat ion messages  from t h e  COBOL 

p rog rams  on t h e  h o s t  compu te r ,  T h i s  would a l l o w  f o r  t h e  

f o l l o w i n g  : 

o Form c o u l d  be drawn on t h e  T e k t r o n i x  4025 s c r e e n ,  

o P rope r  s p a c i n g  f o r  p r i n t e d  r e p o r t s  would be d e t e r m i n e d .  

o Boot ing  and r e b o o t i n g  o f  t h i s  o p e r a t i n g  sys tem on t h e  

-1MSAI 8088 t o  c o n n e c t  e a c h  t e r m i n a l  t o  t h e  h o s t  computer  

would be e s t a b l i s h e d ,  

o Rou t ing  and p r o c e s s i n g  o f  s p e c i f i c  communicat ion t r a f f i c  

t o  t h e  p r o p e r  hardware  d e v i c e  (CRT,  p r i n t e r ,  o r  d i s k )  

would be accompl i s h e d ,  

The second  i t e m  was t h e  a c t u a l  deve lopment  o f  t h e  fo rms  which 

would  be r e q u i r e d  f o r  o n l i n e  u p d a t i n g ,  T h r e e  f o r m s  w e r e  

n e c e s s a r y  b e c a u s e  t h r e e  d i f f e r e n t  f i l e s  would be i n v o l v e d ,  The 

f i r s t  form ( s e e  F i g u r e  2 )  was deve loped  t o  u p d a t e  t h e  m a s t e r  

f i l e ,  T h i s  form r e q u i r e d  t h e  a b i l i t y  o f  t h e  T e k t r o n i x  4025  

t e r m i n a l  t o  s c r o l l  t h e  form up o r  down on t h e  s c r e e n ,  T h i s  was 

n e c e s s a r y  because  t h e  s i z e  o f  t h i s  form was l a r g e r  t h a n  t h e  

s c r e e n  s i z e  o f  t h e  T e k t r o n i x  4025, The second form (see F i g u r e  

3 )  was deve loped  t o  u p d a t e  t h e  Vendor Addres s  f i l e  and r e q u i r e d  

no s c r o l l i n g  on t h e  T e k t r o n i x  4025 s c r e e n .  The t h i r d  form ( see  

F i g u r e  4 )  was deve loped  t o  u p d a t e  t h e  Uniform S e r v i c e  Order  Code 

(USOC) f i l e  and r e q u i r e d  no s c r o l l i n g  on t h e  T e k t r o n i x  4025 

s c r e e n .  
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A f t e r  t h e s e  t h r e e  forms were d e v e l o p e d ,  t h e y  were w r i t t e n  o n t o  a  

f l o p p y  d i s k  on t h e  IMSAI 8080, T h i s  would a l l o w  f o r  t h e  

a c c e s s i n g  and drawing o f  t h e s e  forms  from t h e  f l o p p y  d i s k  o n t o  

t h e  T e k t r o n i x  4025  s c r e e n ,  b a s e d  on t h e  u p d a t i n g  r e q u i r e m e n t s  o f  

t h e  sys t em u s e r .  

The t h i r d  i t e m  was t h e  deve lopment  o f  t h e  COBOL p rog rams  and  one  

FORTRAN program r e q u i r e d  f o r  t h e  o n l i n e  u p d a t i n g  o f  t h e  above  

t h r e e  f i l e s ,  and t h e  o n l i n e  p r i n t i n g  o f  r e p o r t s ,  Each f i l e  t o  b e  

upda ted  r e q u i r e d  a s e p a r a t e  program d u e  t o  MSFC r e q u i r e m e n t s  

r e s t r i c t i n g  p rog rams  used  i n  t e r m i n a l  p r o c e s s i n g  t o  a  maximum o f  

45K memory on t h e  h o s t  compu te r ,  

I n c o r p o r a t e d  i n t o  e a c h  o f  t h e  t h r e e  u p d a t e  programs were a l l  

a p p l i c a b l e  T e k t r o n i x  4825  commands r e q u i r e d  f o r  f o r m s  mode 

u p d a t i n g .  These  commands were used  by t h e  T e k t r o n i x  4 0 2 5  t o  

e s t a b l i s h :  a  work a r e a  f o r  t h e  forms;  a  m o n i t o r  a r e a  f o r  

communicat ion w i t h  t h e  system u s e r ;  t h e  commands r e q u i r e d  f o r  

forms mode p r o c e s s i n g ;  and t h e  p o s i t i o n i n g  o f  t h e  c u r s o r  i n  t h e  

form-  The a p p l i c a b l e  form was drawn on t h e  s c r e e n  by p a s s i n g  t h e  

form number t o  t h e  IMSAI 8080 from e a c h  u p d a t e  program b e i n g  

e x e c u t e d  by  t h e  sys tem u s e r ,  The IMSAI 8880 would r e c o g n i z e  t h i s  

communicat ion t r a f f i c  a s  a command f o r  drawing t h e  form on t h e  

T e k t r o n i x  4025  s c r e e n ,  C o n t r o l  would t h e n  be p a s s e d  t o  a  FORTRAN 

program r e s i d i n g  on d i s k  i n  t h e  IMSAI 8080 d i s k  u n i t .  T h i s  

program would draw t h e  form and  t h e n  t u r n  c o n t r o l  back t o  t h e  

COBOL u p d a t e  program be ing  e x e c u t e d ,  

A f t e r  t h e  d e s i r e d  d a t a  h a s  been  e n t e r e d  i n t o  t h e  form by t h e  

sys t em u s e r ,  COBOL cod ing  i n  each  u p d a t e  program a l l o w s  f o r  a  

f u l l - s c r e e n  t r a n s m i s s i o n  o f  t h e  d a t a  c o n t a i n e d  i n  t h e  form back 

t o  t h e  h o s t  computer  f o r  p r o c e s s i n g ,  e d i t i n g ,  and u p d a t i n g  o f  t h e  

f i l e s ,  A f t e r  e d i t i n g  is c o m p l e t e d ,  t h e  d a t a  is t r a n s m i t t e d  from 



t h e  h o s t  c o m p u t e r  back t o  t h e  T e k t r o n i x  4025 s c r e e n  f o r  

v e r i f i c a t i o n  o r  c o r r e c t i o n  of  d a t a  p r i o r  t o  w r i t i n g  t h e  d a t a  t o  

t h e  f i l e  on t h e  h o s t  computer ,  T h i s  a l l o w s  f o r  c o r r e c t i o n  o f  

e r r o n e o u s  d a t a  by t h e  system u s e r .  

The e x i s t i n g  r e p o r t  g e n e r a t o r s  were modi f i ed  and a l l  subsequen t  

programs were p r e p a r e d  t o  a c c e p t  s p e c i a l  form-feed and v e r t i c a l  

t a b  c h a r a c t e r s  from t h e  r e p o r t  program being execu ted .  These 

c h a r a c t e r s  would be i n t e r c e p t e d  by t h e  IMSAI 8080, and would be 

passed  d i r e c t l y  t o  t h e  GE-340 p r i n t e r .  I n  t h i s  way, it  was 

p o s s i b l e  t o  s k i p  t o  new pages o r  t o  s p e c i a l  v e r t i c a l  t a b s  

p o s i t i o n e d  i n  i m p l i c i t  l i n e s  w i t h i n  a  r e p o r t .  T h i s  made i t  

p o s s i b l e  t o  p r i n t  r e p o r t s  o n l i n e  on t h e  GE-340 p r i n t e r  a t  t h e  

system u s e r ' s  s i t e ,  

A s p e c i a l  u s e r  FORTRAN program was w r i t t e n  t o  work i n  c o n j u n c t i o n  

with ICM. T h i s  program e s t a b l i s h e d  t h e  f u n c t i o n  keys on t h e  

T e k t r o n i x  4025 t o  p r o v i d e  f o r  f u l l - s c r e e n  t r a n s m i s s i o n ,  t o  a l l o w  

p o s i t i o n i n g  of  t h e  c u r s o r  t o  l i n e s  w i t h i n  a  form, t o  p r o v i d e  

S i t e - ID c o d e s ,  and t o  produce ha rd  copy o u t p u t  of t h e  s c r e e n .  

These keys a r e  used by t h e  system u s e r  t o  p rov ide  f o r  t h e  above 

f u n c t i o n s  by m e r e l y  d e p r e s s i n g  a  key. 

PHASE IA IMPLEMENTATION 

A l l  o f  t h e  s o f t w a r e  f o r  t h e  system had been w r i t t e n ,  compiled,  

and was ready f o r  system t e s t i n g .  The f i r s t  i tem t o  be 

accomplished was t h e  c r e a t i o n  o f  index s e q u e n t i a l  f i l e s  f o r  t h e  

t h r e e  f i l e s  used by t h i s  sys tem,  A smal l  COBOL program was 

w r i t t e n  t o  accompl ish  t h i s  t a s k ,  Index s e q u e n t i a l  f i l e s  were 

s e l e c t e d  because t h e y  could  be read  randomly by t h e  t h r e e  o n l i n e  

upda te  programs, o r  read  s e q u e n t i a l l y  by t h e  r e p o r t  programs i n  

t h i s  system. 



The n e x t  i tem was t o  o b t a i n  ICM i n  a  r e l o c a t a b l e  fo rmat ,  T h i s  

r e l o c a t a b l e  was l i n k e d  wi th  t h e  r e l o c a t a b l e  from t h e  u s e r  FORTRAN 

program us ing s t a n d a r d  IMSAI p rocedures ,  T h i s  provided f o r  t h e  

l o a d i n g  of an IMSAI 80801 o p e r q t i n g  system f o r  each of  t h e  two 

s i t e s  invo lved ,  System t e s t i n g  was s t a r t e d ,  u t i l i z i n g  forms mode 

u p d a t i n g ,  f u l l - s c r e e n  t r a n s m i s s i o n  of  d a t a  from t h e  form t o  t h e  

h o s t  computer and t h e  o n l i n e  p r i n t i n g  of  r e p o r t s .  Because o f  t h e  

complex i ty  of t h e s e  i t e m s ,  sys tems  t e s t i n g  r e q u i r e d  a p p r o x i m a t e l y  

3 months t o  comple te ly  check o u t  t h e  10  programs c o n t a i n e d  i n  t h e  

s y s t e m ,  D u r i n g  t h i s  s y s t e m  t e s t  p e r i o d ,  t h e  s y s t e m  u s e r  

p a r t i c i p a t e d  a c t i v e l y  t o  o b t a i n  t h e  n e c e s s a r y  t r a i n i n g  r e q u i r e d  

t o  run t h i s  system. Also ,  t h e  system use r  was f a m i l i a r  w i t h  t h e  

d a t a  c o n t a i n e d  i n  t h e  t h r e e  f i l e s  o f  t h i s  system, t h u s  making i t  

much e a s i e r  t o  v a l i d a t e  t e s t  r e s u l t s  from system t e s t i n g .  

P a r a l l e l  r u n s  were made on t h e  o n l i n e  and batch-run sys tems f o r  

a p p r o x i m a t e l y  1 month, T h i s  was done t o  e n s u r e  system i n t e g r i t y .  

A f t e r  t h e s e  p a r a l l e l  r u n s  were  c o m p l e t e d ,  t h e  s y s t e m  u s e r  

approved t h e  o n l i n e  sys tem,  and s t a r t e d  e x c l u s i v e  use  of  t h e  

o n l i n e  updat ing  and r e p o r t i n g  system. Phase I A  was implemented 

i n  March 1979, 

PHASE 11-SYSTEM ENH-CEMEMTS 

Through t h e  normal d a i l y  upda t ing  and r e p o r t i n g  p r o c e s s ,  t h e  

system u s e r  r e q u e s t e d  t h a t  system changes  be implemented f o r  e a s e  

o f  o p e r a t i o n ,  T h i s  inc luded  us ing  s t a n d a r d  d a t e s  and t h e  system 

changes which would l e t  t h e  computer accompl ish  t h e  r o u t i n e  t a s k s  

o f  s p e c i f i c  upda t ing  t a s k s  o r i g i n a l l y  p laced  on t h e  system use r .  

These changes were implemented, and many o t h e r  changes  have s i n c e  

been implemented t o  make t h e  system more user- f r i e n d l y .  



Development work was now begun t o  c o n s t r u c t  and upda te  an  

accoun t ing  f i l e  from t h e  l a t e s t  master  f i l e ,  The accoun t ing  f i l e  

would be a  h i s t o r i c a l  f i l e  of  a l l  a c t i v i t y  t h a t  occur red  d u r i n g  

each  f i s c a l  y e a r ,  and would be u t i l i z e d  f o r  t h e  p r e p a r a t i o n  of  

b i l l  payment and o t h e r  budge t  r e p o r t i n g  needs .  

A new forms mode form ( s e e  F i g u r e  5 )  was p repared  i n  c o n j u n c t i o n  

wi th  a  new o n l i n e  update  program. T h i s  would a l l o w  t h e  sys tem 

u s e r  t o  manipu la te  t h e  b i l l  payment s w i t c h e s  t o  s a t i s f y  c u r r e n t  

b i l l  payment c r i t e r i a ,  I n  t h i s  manner, s e l e c t i v e  b i l l  payment by  

each c a r r i e r  involved cou ld  t a k e  p l a c e ,  Also ,  a d j u s t m e n t s  t o  

monthly b i l l s  cou ld  be e a s i l y  p rocessed  by t h e  system u s e r .  

Once t h e  accoun t ing  f i l e  was implemented, system work commenced 

on o t h e r  enhancements,  The f i r s t  enhancement implemented was t h e  

development of  an automated b i l l  payment program, T h i s  program 

is used t o  pay t h e  s p e c i f i c  monthly b i l l s  f o r  each c a r r i e r  

invo lved ,  and produce r e p o r t s  t o  be used by t h e  FMO t o  make t h e  

a c t u a l  payment o f  t h e s e  b i l l s .  These b i l l  payment r e p o r t s  have 

r e p l a c e d  t h e  MSFC Form 1575 p r e v i o u s l y  p repared  on a manual b a s i s  

by t h e  Communications O f f i c e ,  and a r e  used by t h e  FMO f o r  payment 

o f  monthly b i l l s ,  

A second enhancement was implemented t o  p rov ide  t h e  Commun ica-  

t i o n s  O f f i c e  wi th  t h e  a b i l i t y  t o  p r o c e s s  d a t a  f o r  a l l  NASA 

C e n t e r s  l o c a t e d  th roughou t  t h e  United S t a t e s ,  The c u r r e n t  mas te r  

f i l e  now c o n t a i n s  d a t a  on t h e s e  r e c o r d s ,  and CSA forms a r e  

produced f o r  t h e  c a r r i e r  and f o r  t h e  funding o f  t h e s e  i t ems ,  

A t h i r d  enhancement  implemented  was t h e  c o n v e r s i o n  o f  t h e  

Communications Order System from a b a t c h  p r o c e s s  t o  an o n l i n e  

updat ing  and r e p o r t i n g  p rocess .  A new form ( s e e  F i g u r e  8 )  was 

p repared  f o r  t h i s  updat ing  f u n c t i o n ,  T h i s  system m a i n t a i n s  an 

i n v e n t o r y  on communication s u p p l i e s  and equipment and is used i n  

t h e  p r e p a r a t i o n  o f  budget  r e p o r t s  f o r  t h e  Communications O f f i c e .  
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A f o u r t h  enhancement implemented was t h e  m o d i f i c a t i o n  t o  t h e  

automated b i l l  payment programs t o  p r o v i d e  f o r  t h e  c o n s o l i d a t i o n  

of monthly b i l l s  from one accoun t  p e r  page t o  up t o  36 a c c o u n t s  

by  accoun t  number, on m u l t i p l e  pages  where n e c e s s a r y ,  f o r  each 

c a r r i e r  involved.  T h i s  g r e a t l y  reduced t h e  amount of  p r i n t e d  

o u t p u t  going t o  t h e  FMO o n  a  monthly b a s i s ,  and provided t h e  FMO 

with a  more o r d e r l y  and e f f i c i e n t  means of  paying t h e s e  monthly 

b i l l s .  Also ,  a  p r e - e d i t  program was implemented t o  p r o v i d e  t h e  

system u s e r s  wi th  t h e  a b i l i t y  t o  v e r i f y  b i l l s  t o  be s e n t  t o  t h e  

FMO p r i o r  t o  t h e  a c t u a l  payment, Another change implemented i n t o  

t h e s e  programs ensured t h e  year- to-date  amount o f  p a i d  b i l l s  d i d  

n o t  exceed t h e  t o t a l  amount funded f o r  t h e  f i s c a l  yea r .  T h i s  

e l i m i n a t e d  making c o r r e c t i o n s  t o  b i l l s  a l r e a d y  processed  f o r  

payment by t h e  system u s e r ,  and p reven ted  e r roneous  b i l l  payment 

d a t a  from going t o  t h e  FMO f o r  payment, 

A f i f t h  enhancement was t h e  implementa t ion  of  approx imate ly  35 

a d d i t i o n a l  r e p o r t  g e n e r a t o r s  t o  a s s i s t  t h e  system u s e r  i n  s u p p o r t  

o f  d a i l y  o p e r a t i o n s ,  and t h e  Communications O f f i c e  i n  budget  

p r e p a r a t i o n ,  Any o r  a l l  of  t h e s e  r e p o r t s  can be produced from t h e  

c u r r e n t  master  f i l e  by t h e  system use r  on an as-needed b a s i s ,  

The budget  r e p o r t s  can be produced from e i t h e r  t h e  c u r r e n t  m a s t e r  

f i l e  o r  t h e  c u r r e n t  accoun t ing  f i l e ,  

BCAMMED FUTURE SYSTEM EMHWMCEMENTS 

Some of  t h e  planned enhancements f o r  t h e  f u t u r e  a r e :  

o Genera t ion  of  a d d i t i o n a l  budget  r e p o r t s .  

o P r e p a r a t i o n  of  t h e  Program Opera t ion  P l a n  (POP) budget  

f o r  t h e  Communications Off i c e .  

o P r o v i s i o n  of  g r a p h i c s  c a p a b i l i t y  f o r  s p e c i a l  r e p o r t i n g ,  

o  P r o v i s i o n  f o r  hard copy o u t p u t  of  g r a p h i c s  a t  t h e  u s e r  

s i t e .  
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Planned f u t u r e  enhancements a r e  n o t  l i m i t e d  t o  t h e  above i t ems .  

However, t h e s e  a r e  o n l y  t h o s e  major i t e m s  which have been 

r e q u e s t e d  by  t h e  system u s e r ,  

S i n c e  t h e  i n c e p t i o n  o f  t h i s  sys tem,  it has  a lways  been t h e  i n t e n t  

t o  p rov ide  t h e  system u s e r s  wi th  a  means of  accompl ishing t h e i r  

t a s k s  i n  t h e  most e f f i c i e n t  manner, w i t h  t h e  l e a s t  amount of 

manual i n t e r v e n t i o n .  The system now i n  o p e r a t i o n  p r o v i d e s  t h e  

system u s e r s  w i t h  a  means of  s a v i n g  many l a b o r  hours  over  t h e  o l d  

manual method, The number of  r e c o r d s  c o n t a i n e d  i n  t h e  c u r r e n t  

mas te r  f i l e  have a lmost  t r i p l e d  s i n c e  t h e  o r i g i n a l  master  f i l e  

was e s t a b l i s h e d  i n  1978,  P r o c e s s i n g  t h e s e  e x t r a  r e c o r d s  would 

have r e q u i r e d  a d d i t i o n a l  man-hours under t h e  o l d  manual system. 

The c u r r e n t  o n l i n e  system workload is being processed  wi th  l e s s  

manual e f f o r t  than  when t h e  system was implemented i n  1978, 

Some of t h e  major  l a b o r  s a v i n g s  f e a t u r e s  of  t h i s  sys tem a r e :  

o Computer programs now e s t a b l i s h  a  new F i s c a l  Year master  

f i l e  from t h e  p rev ious  F i s c a l  Y e a r s s  mas te r  f i l e ,  

o  User r e q u e s t e d  changes t o  t h e  Accounting Code f o r  t h e  

new F i s c a l  Year mas te r  f i l e  a r e  e a s i l y  p rocessed ,  

o S p e c i a l  funding r u n s  a r e  made f o r  r e q u e s t i n g  s p e c i f i c  

funds  t o  be c e r t i f i e d  by t h e  FMO, 

o Use o f  t h e  CSA Form e l i m i n a t e s  t h e  need of  a  MSFC Form 

4 0 4  t o  be manual ly  p repared  by t h e  Communications O f f i c e  

on Communication Leased S e r v i c e  C o n t r a c t s  f o r  r e q u e s t i n g  

c e r t i f i c a t i o n  of  f u n d s ,  



o The Conso l ida ted  B i l l  Payment Report  s a v e s  t i m e  and 

l a b o r  h o u r s  f o r  both  t h e  Communications O f f i c e  and t h e  

FMO, 

o Budget r e p o r t s  c u r r e n t l y  being produced s a v e s  l a b o r  

h o u r s  d u r i n g  b u d g e t  p r e p a r a t i o n  a c t i v i t i e s  by  t h e  

Communications O f f i c e .  



DOCU-TEXT - A Tool Before  t h e  Data D i c t i o n a r y  

PRESENTED TO THE 

NASA ADMINISTRATIVE DATABASE MANAGEMENT 
SYSTEMS TECHNOLOGY CONFERENCE 

JET PROPULSION LABORATORY 
PASADENA, CALIFORNIA 

MAY 26-27, 1982 

Barbara Carter 
Jet P r o p u l s i o n  Laboratory  
FTS - 792-3851 



I, WHAT IS DOCU-TEXT? 

DOCU-TEXT is a proprietary software package developed by 

Diversified Software Systems, Inc. This product aids in the 

production of documentation for a data processing organization 

and can be installed and operated only on IBM computers. In 

organizing information that ultimately will reside in a data 

dictionary, MCU-TEXT has proven a useful documentation tool in 

extracting information from existing production jobs, procedure 

libraries, system catalogs, control data sets and related files, 

DOCU-TEXT reads these files to derive data that is useful at 

the system level. The ouput of DOCU-TEXT is a series of user 

selectable reports. These reports can reflect the interactions 

within a single job stream, a complete system, or all the sytems 

in an installation. Any single report, or group of reports, can 

be generated in an independent documentation pass, 

11. WHAT ARE WE AIMING FOR? 

Information on existing systems is being collected that, 

because of volume and desired access to information, will 

necessitate the use of a data dictionary, In addition, the query 

power of a data dictionary is desirable for both forward and 

backward tracking of information. 

Figure 1 depicts the decomposition of information and the 

types of relationships we are interested in documenting and 

maintaining. The term "System" as it is used in this paper 
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r e f e r s  t o  an e n t i t y  (or  e n t i t i e s )  t h a t  is thought of as a s i n g l e  

f u n c t i o n ,  An e x a m p l e  o f  a  s y s t e m  i s  P a y r o l l ;  o r  Check 

Genera t ion ,  which i s  a s u b - s e t  of P a y r o l l ,  Each of  t h e s e  a r e  

considered systems; systems may be f u r t h e r  decomposed i n t o  o t h e r  

systems, Systems contain job streams, 

A j o b  s t r e a m ( s )  i s  i n i t i a t e d  by o p e r a t i o n s  t o  c o n t r o l  t h e  

p r o c e s s i n g  o f  a  p a r t i c u l a r  sys tem(s ) .  A job  s t r e a m  be longs  t o  

one  t o p  l e v e l  system, A t y p i c a l  j o b  s t r e a m  c o n s i s t s  of  a  "Job 

Cardn and one or  more c a l l s  t o  catalogued procedures, 

Catalogued procedures cons i s t  of  Job Control Language (JCL) 

t h a t  i d e n t i f i e s  the  programs and data  s t r u c t u r e s  t o  be used i n  a  

p a r t i c u l a r  job stream and a l s o  the  order  i n  which the  processing 

t a k e s  place.  Cata logued p r o c e d u r e s  may be used by one  o r  more 

job streams, 

Programs c o n s i s t  of a c t u a l  s o u r c e  code, Programs ( l o a d  

modules) may be used  by one o r  more c a t a l o g u e d  p rocedures ,  b u t  

they a r e  members of  a  s i n g l e  top l e v e l  system, Programs contain 

one o r  more da ta  s t ruc tu res ,  

Data s t r u c t u r e s  a r e  used i n  catalogued procedures a s  w e l l  a s  

by i n d i v i d u a l  programs, I n  most  i n s t a n c e s ,  t h e  d a t @  s t r u c t u r e  

( f i l e )  used by t h e  program and t h e  c a t a l o g u e d  p rocedure  a r e  t h e  

same, However the  s i t u a t i o n  might exist where a program which is 

r u n  weekly  u s e s  one d a t a  s t r u c t u r e  ( f i l e )  and t h e n  t h e  same 

program is run monthly us ing  a d i f f e r e n t  da ta  s t r u c t u r e  ( f i l e ) ,  

Data s t r u c t u r e s  may be decomposed i n t o  da ta  elements, 



A u s e r  of DOCU-TEXT must i d e n t i f y  which "Systemw he wishes 

t o  analyze, He does t h i s  by iden t i fy ing  which job streams a r e  t o  

be included i n  t h e  analys is ,  

A job  s t r e a m ( s )  is t h e  b a s i c  i n p u t  t o  DOCU-TEXT. I t  i s  t h e  

standard, unmodified execution card  deck(s) o r  d i sk  f i l e ( s )  used 

by opera t ions  f o r  r egu la r  production. U p  t o  10,000 separa te  job 

s t reams can be grouped together  and documented a s  a system, 

Figure 2 shows the  o v e r a l l  DOCU-TEXT system, 



l?mJFE2 
m mm SYSTEM 



DOCU-TEXT is able to automatically generate lists that, 

prior to the installation of this package, had to be tediously 

compiled manually, One example of this might be a list of all 

the programs for the Payroll System; of, on a grand scale, a list 

of all data sets used in all the Financial Systems, 

DOCU-TEXT does not analyze data structures down to the data 

element level. It also does not analyze individual source code 

satements for data structures. The data structures referenced 

by DOCU-TEXT are file names associated with catalogued procedures 

and not record layouts used by individual programs. It does, 

however, produce a number of reports, some of which are concise 

and some which provide greater detail for analyzing job streams, 

catalogued procedures, programs and data structures. 

IV. DOCU-TEXT REPORTS 

The following reports are available for use by the data 

processing organization: 

o Table of Contents 

o General Index 

o Expanded JCL Listing 

o Quick Job Analysis 

o Data Set Analysis 

o Systems Flow Char 

TABLE OF CONTENTS REPORT 

Figure 3 shows a sample of the Table of Contents report. 





The Table of Contents r epo r t  is  s i m i l a r  t o  t h e  Table of Contents 

f o r  a r egu la r  r e f e rence  manual, Each r epor t  is t r e a t e d  a s  a 

s epa ra t e  chapter ,  The l i n e  e n t r i e s  con ta in  the  e n t i t y  name and 

t h e  exact  page number where t h e  e n t i t y  can be found. Besides 

providing a ready re ference  f o r  t he  content  of each r epor t ,  i t  

can present  t he  components of an  e n t i r e  system i n  l e s s  than a 

page @ 

GENERAL INDEX REPORT 

Figure 4 shows a sample of t h e  General Index repor t .  The 

General Index r epor t  conta ins  a so r t ed  l i s t  of every job name, 

catalogued procedure name, program name and f i l e  name i n  the  

system being documented. This index can have many uses.  For 

example, i f  you needed t o  know whether a p a r t i c u l a r  program o r  

f i l e  was used i n  a system, you could r e fe rence  t h e  General Index 

r e p o r t  f o r  t h a t  system. Another use might be t o  v e r i f y  adherence 

t o  naming conventions. Each s e c t i o n  i s  so r t ed  a l p h a b e t i c a l l y  and 

conta ins  t h e  page numbers i n  each of t he  r e p o r t s  where t h e  named 

e n t i t y  can be found. 

EXPANDED JCL LISTING 

Figure 5 shows a sample Expanded JCL L i s t ing .  The Expanded 

JCL L i s t i n g  conta ins  t he  product ion JCL, procedure l i b r a r y  

members and s o r t / u t i l i t y  c o n t r o l  cards.  Lines r equ i r ing  symbolic 

replacement a r e  l i s t e d  f i r s t  i n  unmodified form followed wi th  t h e  

modified form. Satements used as ove r r ides  a r e  l i s t e d .  Lines 
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r equ i r ing  ove r r ide  replacement a r e  l i s t e d  f i r s t  i n  unmodified 

form followed by t h e  over r ide  s tatement .  s o r t / u t i l i t y  c o n t o l  

ca rds  a r e  l i s t e d .  

QUICK J O B  ANALYSIS 

Figure 6 shows a sample of t h e  Quick ~ o b  Analysis  repor t .  

The Quick Job Analysis  r e p o r t  provides an  e d i t e d  l i s t  of each 

job, catalogued procedure, program and f i l e  i n  a system. The 

major f e a t u r e  of t h i s  r e p o r t  is i ts  concise format. Many s t e p s  

can appear on a s i n g l e  page and each f i l e  r equ i r e s  a t  most one 

l i n e .  

DATA SET ANALYSIS 

Figure 7 shows a sample of t h e  Data Se t  Analysis  r epo r t .  

The Data Se t  Analysis  r e p o r t  shows where a p a r t i c u l a r  f i l e  is  

used. This r e p o r t  is  organized a l p h a b e t i c a l l y  by f i l e  name. 

Temporary f i l e s ,  such a s  SORTWK, can  be e l imina ted  from t h i s  

r epo r t .  F i l e s  can s p e c i f i c a l l y  be se l ec t ed .  

SYSTEMS FLOW CHARTS 

Figure 8 shows a sample of System Flow Chart. The System 

Flow Chart p i c t o r i a l l y  shows each s t e p  i n  a system. The 

c h a r a c t e r i s t i c s  of each f i l e  a r e  shown. The s t e p  information 

shown is  t h a t  i n  e f f e c t  when the  s t e p  is  a c t u a l l y  executed 
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FIGURE 6 
QUICK JOB 
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FIGURE f! 
SYSTEM FLOW CHARTS 



V, SUMMARY 

WCU-TEXT is a useful tool in organizing and supplying 

certain system information that is necessary to establish a data 

dictionary. If a tool such as this were not available, many 

hours would be lost in manually trying to capture the information. 
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SECTION 2 

WHAT IS CIS? 

The CIS is an integrated information system intended to tie the 
corporation together as a functioning entity. In addition to being a major 
upgraded automated data processing system, the CIS is a management philosophy 
which recognizes data as a valuable corporate resource and which distinguishes 
between data and selected data, or information, It further recognizes that 
different users need different kinds of information. As the CIS evolves, it 
will offer its users not just after-the-fact data, but timely information in 
a format that is meaningful and useful to the particular user, so that the 
information can be applied in planning, controlling, and decision making by 
all levels of management. In effect, CIS will help the Corporation itself 
to function as a total, integrated system by typing together administrative 
activities through information exchange. 

The CIS supports the operational, tactical control, and strategic 
planning functions of the Corporation. Operational functions are the 
day-to-day processing necessary to support the Corporation's work, such as 
Purchasing, Payroll, etc. Tactical control involves the effective deployment 
and utilization of resources against tasks, as performed by project leaders 
and department heads in budget management and staff planning. Strategic 
planning implies the selection of objectives and the necessary policies and 
resources. This executive decision-making could, for example, include work 
program selection or other hypothesis testing. 

Achieving the goals of the CIS requires more than reprogramming of 
the automated portion of the system. It includes: 

o improving discipline and procedures for manual processes; 

o improving coordination among the various parties involved; 

o educating the users of the system; 

o creating a mechanism to communicate new requirements; and resolve 
operational problems; 

o improving communication between corporate headquarters and remote 
operat ions and sites ; 

o providing timely and direct access to relevant information; 

o reducing development lead time for new and changing requirements; 

o improving the quality of reports; 

o reducing the quantity of reports; 

o providing an adequate level of responsibility reporting. 

Effective responsibility reporting recognizes that the level of 
detail of the information required varies with the level of the manager, 
For example, the project leader needs detailed expenditure data for the 
day-to-day operations of his project, Senior management, on the other hand, 
need summary and trend data to coordinate their broader area of responsibility. 



SECTION 3 

HOW B I G  A PROJECT? 

Building a n  i n t e g r a t e d  informat ion  system ac ros s  f u n c t i o n a l  boundaries 
i s  a mammoth undertaking. Figure 1 o u t l i n e s  t h e  f u n c t i o n a l  scope of t he  
p r o j e c t .  Within t h i s  scope, 28 f u n c t i o n a l  subsystems have been defined.  
Development i s  scheduled t o  l a s t  f i v e  years .  

Seven m i l l i o n  (1981) d o l l a r s  have been budgeted f o r  development of the  
CIS. This budget i s  wi th in  the  accepted t h r e e  t o  f o u r  percent  of g ros s  s a l e s  
most commercial ope ra t ions  spend on d a t a  processing support.  Approximately 
25 s t a f f  personnel  w i l l  be involved,  
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SECTION 4 

WHY IS IT BEING DEVELOPED? 

CIS PREDECESSOR 

The predecessor of our CIS, the  Budget and Accounting (B&A) System, evolved 
over more than twenty years.  Automated support was provided t o  various 
accounting a c t i v i t i e s  as the  computer resource migrated from NCR posting 
machines t o  our current  IBM 3031 cen t ra l  processor with associated peripherals .  
A major e f f o r t  t o  in tegrate  these automated accounting a c t i v i t i e s  across 
functional  boundaries was undertaken about twelve years ago. However, t ha t  
e f f o r t  focused on deta i led accounting operations and l i n e  management on the  
premise t h a t  col lect ing clean, bas ic  data  and maintaining i t s  i n t eg r i t y  was of 
uppermost importance. Upper level  management and c l i e n t  report ing requirements 
were not f u l l y  recognized a t  t he  time. 

The current  generation of applications which comprise t he  B&A System may be 
characterized as follows: 

o i t s  processing mode i s  mostly batch; 

o its software is application-specific and developed i n  
response t o  a par t i cu la r  request; 

o f i l e s  a re  primarily spec i f ic  t o  the  applications but ,  
when possible,  a re  shared o r  referenced; 

o t he  members of i t s  data base a r e  usually sequential ;  

o processing occurs a t  d i sc re te  in te rva l s ,  as  does the  
reporting; 

o specia l  customized reports  a r e  produced upon request. 

CHANGING REQUIREMENTS 

Since t he  o r ig ina l  system design, th ree  major changes have taken place. 
F i r s t ,  changes i n  t he  charac te r i s t i cs  of t he  DoD work have resul ted i n  new 
reporting requirements. Second, corporate growth has included s ign i f ican t  
support t o  c l i en t s  outside t he  DoD community, tending towards smaller contracts 
of shor ter  duration which impose d i f f e r en t  controls and management 
respons ib i l i t i e s .  Final ly ,  the re  has been a subs tan t ia l  growth i n  our 
Washington Center operations, resu l t ing  i n  t he  geographic separation of a 
s ign i f ican t  port ion of corporate a c t i v i t i e s  from corporate o f f ices  i n  Bedford. 



PROBLEM IDENTIFICATION 

These changes put a s t r a i n  i n  the  information system. In response t o  pleas 
from project  leaders and managers fo r  more relevant information on a timely 
bas i s ,  t h e  Corporate Treasurer chartered the  Corporate Information System 
Requirements and Design (R & D) Team t o  examine the  information system i n  order 
t o  : 

o Define ex i s t ing  problems; 

o Establ ish  requirements; 

o Prepare a preliminary system redesign speci f ica t ion,  
assuming one was needed. 

To f u l f i l l  i t s  char te r ,  t h e  team conducted extensive interviews with a l l  
levels  of f inanc ia l  and administrat ive management, with operating divis ion 
senior management, and with representa t ive  groups of technical  d ivis ion 
management. The team s tudied t h e  work of previous committees and MITRE'S 
Information Services Group, Znd, i n  addit ion,  investigated commercially 
avai lable  business information systems. 

The team' s f indings were published i n  an in te rna l  document intended fo r  
top-level  management. Their descr ip t ion of def ic iencies  included po l ic ies  and 
procedures as well  as automated support.  In addit ion t o  new requirements, t he  
team iden t i f i ed  fundamental problems, growth re la ted  problems and management 
support problems permeating the  system s t ruc tu re .  

A s  an adjunct t o  t h e i r  e f f o r t s ,  t h e  team i n i t i a t e d  a study of software 
a l t e rna t ives  conducted by MITRE ' s Information Services Group (ISG) . Their 
study indicated t h a t  t he  automated port ion of the  B&A System was based on 
outdated f i l e  access techniques due t o  the  unava i lab i l i ty  of e f fec t ive  f i l e  
management software a t  t he  time of i ts  design and development. Using 
conventional f i l e  software had bred several  problems: 

o embedded record layouts i n  t he  applicat ion programs; 

o shared f i l e s ;  

o sca t t e red  data ;  

o redundant data .  

Programming resources were devoted primari ly t o  t h e  maintenance of current  
applicat ions and, as a r e s u l t ,  were not always avai lable  t o  implement 
applicat ions requiring subs tan t ia l  design and programming e f f o r t .  Some areas 



had either no support or inadequate support. History files were either 
unavailable or too cumbersome to be useful, making historical profiles and 
trend analyses difficult to compile. Ad hoc queries and new reporting 
requirements were sometimes difficult to implement because of unintegrated 
tables and files and uncoordinated use of data element values. 

An enhancement to one application program which created a change in any 
file record format or an expansion in fields, could force modification to all 
programs which accesed the file,'whether or not they used the affected fields. 
The team stated bluntly that the B&A System was fragile and inflexible, 
difficult and cumbersome to modify, and caused delays in satisfying special 
information requests. 

RECOMMENDATIONS 

Taking into account MITRE'S dynamic environment, the ISG team stated that 
any improvement to the automated portion of the system should strive towards an 
independance -- of data and application programs. It should improve the ability 
to meet special information requests, reduce new development lead time and 
integrate- databases. To accomplish these goals, they strongly recommended the 
utilization of a state of the art Data Base Management System (DBMS). 

The CIS Requirements and Design Team recommended replacing the B&A System 
with a more flexible, user-oriented Corporate Information System built around a 
commercial DBMS. A corporate decision was made to endorse the CIS project. 

The R&D team then identified and prepared information requirements for all 
levels of management through a series of formatted report mockups which served 
as a coordination and communication media. In this form, the requirements were 
also used to identify data elements needed in computer files and by manual 
procedures to complete successful system design, implementation and use. 



SECTION 5 

HOW IS IT BEING DEVELOPED? 

EVOLUTIONARY APPROACH 

An evolutionary approach has been chosen to build the new system since 
this effort will extend over several years. The implementation of any 
portion of the CIS cannot negatively affect the level of financial processing 
support that users currently receive. Components of the existing Budget and 
Accounting system may be modified to support or interface to new subsystems 
but must continue to operate as usual until phased out by new CIS components. 
A transitional approach for the implementation of each CIS subsystem is 
defined which includes parallel operation of the new subsystem with the old 
manual or automated process. User demonstrations and training for the new 
system are provided before parallel operation or user test. Implementing 
one CIS subsystem at a time allows end users to verify the new capability 
and adjust to new procedures. 

The evolutionary approach to CIS design and implementation also allows 
improved application development productivity. Small, readily-implemented 
subsystems have been defined to assure tighter control for CIS project 
management efforts and to improve individual task productivity. CIS 
development personnel are able to apply experience gained on early 
applications to later, more demanding subsystems. With the use of a phased 
development process, concurrent development activities allow more effective 
utilization of the development resources. Staff requirements during each 
subsystem's life cycle vary but can be overlapped so that tasks are ready 
for people at the same time people are ready to perform the tasks. 

CIS PROJECT STRUCTURE 

The overall CIS project structure is shown in Exhibit I. The CIS project 
reports to corporate management, providing corporate-level involvement 
and control. There are Bedford and Washington Center components to each 
subproject. 

The System Engineering (SE) role is to assure that CIS development 
continues in accordance with corporate objectives. System Engineering is 
responsible for continuing definition of user requirements and their 
prioritization, for coordination of change control procedures, and for 
review of functional requirements and specifications. System Engineering 
acts as the primary user interface and coordinates user training, 
documentation, and acceptance testing. 



EXHIBIT 1 

CIS PROJECT GROUP RESPONSIBILITIES 

SYSTEM ENGINEERING 
Primary User Contact 
Requirements Identification and Prioritization 
Configuration Control 

DATA SYSTEMS INTEGRATION 
Data Analysis and Data Base Design 
Data Administration 
Data Base Software 

DESIGN 
Functional Requirements Analysis 
Functional Subsystem Design 

DEVELOPMENT 
Technical Subsystem Design 
Application Construct ion and Integration 

MAINTENANCE 
Subsystem Test 
Production Support 
Configuration Detail 



Data Systems Integration (DSI) accomplishes most of the tasks associated 
with data base administration and is responsible for designing and implementing 
the CIS data base. This includes determining data requirements with Design, 
selecting a subsystem data conversion strategy with Development, performing the 
physical data base design and initial data load for the subsystem, and managing 
and administering the data on a day-to-day basis. Data Systems Integration is 
also responsible for data base software support. 

The Design effort includes responsibility for maintaining the overall CIS 
design framework and for converting requirements into detailed subsystem 
designs. Design is responsible for evaluating the impact of new user 
requirements on the CIS as well as on existing development schedules and 
resources. For each subsystem, Design defines the functional requirements and 
functional design by analyzing and redefining as necessary existing manual and 
automated support. 

Development is responsible for the detailed technical design and 
construction of subsystems, for definition of test criteria for system testing, 
and for transition to operational use. Development also provides technical 
support for user training and procedures. 

Maintenance is responsible for the production support for CIS applications. 
As part of the subsystem development process, Maintenance personnel perform 
subsystem testing and support user testing and parallel operations. Upon 
satisfactory completion of these steps and delivery of documentation, 
Maintenance accepts the subsystem into production and coordinates transfer of 
processing responsibility to the Computer Center Operations Staff as necessary. 

PROJECT CONTROLS 

In order to keep the project under control and to be able to track 
progress, management controls have been built into the CIS development 
approach. 

Change Management 

To most effectively and efficiently develop and implement the CIS within 
planned schedules, all available development resources must be utilized to the 
fullest capacity. To accomplish this, change control standards and procedures 
have been defined which monitor and evaluate user requests for system change. 
Users requesting changes to the CIS must quantify and document the benefit of 
the change. Procedures have been established to review each user request to 
determine if that request is: 

o A new CIS development effort which will require rescheduling 
and reprioritization of the development schedule; 

o A modification/enhancement to.a production mode CIS 
subsystem; 



o A modification/enhancement to a current application which 
would impact planned CIS subsystems; or 

o A non-CIS related application. 

An impact statement is prepared by System Engineering and Maintenance in 
order to process the request and formally respond to the user. If a commitment 
is made to satisfy the request it is scheduled through the development process 
or implemented by Maintenance, depending on the nature of the request. 

Milestone Tracking 

To ensure the deveiopment and implementation of all subsystems on time and 
within budget, the CIS project leader requires information in a consolidated 
fashion in order to monitor the progress of each individual subsystem as well 
as the progress of the CIS in total. To support this requirement, a milestone 
schedule has been prepared which: 

o Identifies each subsystem; 

o Specifies planned milestone dates for each subsystem; 

o Specifies personnel assignments and responsibilities. 

Major milestone activity dates are completed prior to the start of each 
subsystem by the individuals who have been assigned responsibility for each 
area of Design, Development, and Data Systems Integration. From the start of 
the subsystem, the individual with responsibility for a given milestone must 
issue any revisions to previously submitted dates on a biweekly basis. 
Similarly, as each milestone is met, the responsible individual must supply the 
actual date to the project leader. 

A milestone chart is maintained for every CIS subsystem scheduled for 
development. These charts allow the project leader to maintain a current 
knowledge of the status of all CIS subsystems which have been scheduled and to 
recognize and take action on potential problems. 

Reviews and Approvals 

Several levels of management reviews and checkpoints, as well as direction, 
participation, and decision-making by the users is provided. The user 
interacts with the development process at established milestones to review 
requirements and specifications during the definition and design phases of 
subsystem development. Close user involvement is necessary as subsystem design 
may require modifications to current operating policies, practices and 
procedures, as well as certain managerial responsibilities before 
implementation. An active user role is necessary to define and document new 
procedures and practices. 



CIS p r o j e c t  personnel review each subsystem during each phase of i ts  
development. Document reviews i n  combination with subsystem review meetings 
a r e  employed t o  coordinate comments and discussion items from various p ro jec t  
groups. Approval by t h e  cognizant CIS pro jec t  representa t ive  indica tes  t h a t  
a l l  problems and c o n f l i c t s  have been resolved.  

General p ro jec t  reviews a r e  performed a t  pe r iod ic  i n t e r v a l s  by CIS 
management. A formal 12-month schedule is  maintained which shows scheduled 
elapsed time f o r  major design, da ta  base, and development e f f o r t s  by subsystem 
Progress agains t  t h e  plan i s  maintained and summarized a t  i n t e r v a l s  f o r  
corporate and d iv i s ion  managers. 

DEVELOPMENT CYCLE 

For development scheduling purposes, the  CIS i s  defined i n  terms of 
implementable subsystems. Implementable subsystems a r e  r e l a t i v e l y  uniform i n  
s i z e  t o  allow each subsystem t o  be performed wi th in  a manageable time span, 
such as  s i x  months from funct ional  s p e c i f i c a t i o n  t o  de l ivery .  

The general  approach t o  def in ing an implementable subsystem s t a r t s  with a 
na tu ra l  funct ional  a rea  o r  a cut  across more than one function.  The scope is  
then re f ined  by considerat ion of t h e  in te r faces  with t h e  current  opera t ional  
system and t h e  interdependencies between t h e  newly defined subsystems with 
regard t o  da ta ,  software, and user  procedures. Whenever it becomes apparent 
t h a t  the  development process f o r  a subsystem w i l l  requi re  s i g n i f i c a n t l y  longer 
than s i x  months, the  subsystem i s  redefined i n t o  phases such t h a t  products can 
be del ivered  a t  t h e  end of each phase. 

The CIS is  being developed through a t r a d i t i o n a l  process which takes each 
subsystem from i n i t i a l  requirements analys is  through production s t a t u s .  For 
each phase t h e r e  a r e  well-defined ob jec t ives ,  major t a sks ,  products,  approvals,  
and completion c r i t e r i a .  Each s t age  has review points  and provides a plan f o r  
t h e  next s t e p .  Controls and standard reviews a r e  b u i l t  i n t o  the  process t o  
provide i n t e r n a l  and external  v e r i f i c a t i o n  of t h e  subsystem design and 
development. The process i t s e l f  is  monitored and adjusted through experience 
i n  order  t o  increase  f u t u r e  ef fec t iveness .  

Implementable subsystems a r e  defined based on t h e  current  d e f i n i t i o n  of 
o v e r a l l  system requirements. Each is  developed according t o  i t s  own 
es tabl i shed schedule, and managed by means of a s tandardized phased approach. 

Task I n i t i a l i z a t i o n  

The f i r s t  s t age  i n  t h e  d e f i n i t i o n  of a new subsystem is  the  i n i t i a l  
requirements determination. System Engineering, based on input from use r s ,  i s  
responsible f o r  def in ing and documenting t h e  CIS use r  information needs. 
System Engineering: 

o Defines and l i m i t s  t he  objec t ives  and scope of t h e  
requirements. 



o Specifies which user area functions are to be included or 
excluded . 

o Describes overall information requirements. 

o Performs an initial cost/benefit analysis based on estimated 
impact on user and development resources. 

o Prioritizes this task and, if necessary, reschedules the 
implementation of subsystems, based on user needs or 
development requirements. 

o Defines certification criteria for this subsystem. 

The task initialization document formalizes the information requirements 
and communicates between the user and development areas the objectives and 
scope of the subsystem. The scope of the subsystem is established by 
determining what functions of the user area are to be included in (and excluded 
from) the development effort. Overall information requirements are described 
for those functions contained within the boundaries of the subsystem. 

Design and Development personnel support the creation of the Task 
Initialization document by evaluating the requirements in terms of necessary 
resources (personnel, data, hardware, and software configuration, etc.). 
System Engineering and Design define a tentative schedule based on 
prioritization and resource impact. Upon completion of the Task Initialization 
document and its approval by the users and the CIS team, the new task is 
included into the development schedule. 

Functional Requirements Analysis 

The functional requirements definition stage is scheduled following the 
acceptance of the Task Initialization document. Design personnel detail what 
the user requires based on an analysis of the subsystem. The subsystem 
designer : 

o Defines the functions to be addressed by the subsystem in 
user terminology, including relationships between functions 
and interfaces with other user areas. 

o Defines detailed information requirements, including volume 
and frequency, for each function. 

o Analyzes and states performance objectives, including 
accuracy, validation, timing and flexibility, as well as 
audit and control requirements. 

o Provides a more detailed cost/benefit analysis, as well as 
milestone dates and timing requirements. 



The functional requirements document defines in the user's terminology the 
business functions to be addressed by the subsystem. Detailed information 
requirements are set forth for each business function. The relationships 
between functions within the user area and their interfaces with other user 
areas are also defined. Key milestone dates, critical dates and necessary 
implementation requirements such as user training, manual/form preparation, 
subsystem conversion procedures and user testing and acceptance procedures are 
also included in this document. 

Functional Design Specification 

The functional design specification activity follows the approval of the 
Functional Requirements. This activity is the initial step in the design of a 
subsystem. The functional design specifications defines how the subsystem will 
meet the user requirements. Design personnel: 

o Define each system input and output, including its purpose 
and usage, source, major data elements, proposed format and 
special considerations, such as privacy/security 
requirements. 

o Define data requirements for both the manual and automated 
portions of the subsystem, and detail the subsystem data 
analysis performed by Data Systems Integration. Data 
analysis will define logical data groupings and 
relationships based on data requirements and functional 
specifications, and ownership (control and updating) for 
each data element. This activity will form the basis for 
the subsequent data base design. 

The functional design specification document describes the subsystem as it 
will appear to the user: the external design of the subsystem. It 
demonstrates how the subsystem will meet the requirements of the user area by 
delineating functional information flows throughout the subsystem and 
interfaces with other subsystems. Detailed transaction and report formats are 
described as part of the information flow. A copy of each input form and 
output report is included in the document. Data requirements, manual and 
automated, are defined in this document also. Each data input and output to 
the subsystem is defined by describing its purpose, usage, source, and 
characteristics. 

Review and approval of the Functional Design Specifications document is 
required by the user as well as by CIS project personnel. In addition, the 
Corporation's Internal Auditor reviews the specifications for auditability. 



Technical Subsystem Design 

The technical subsystem design stage follows approval of the functional 
design specification document. This activity defines the internal design of 
the automated portion of the subsystem. The Development group: 

o Defines, in technical terms, the subsystem objectives, flow, 
and specifications for each automated component. 

o Specifies processing functions, inputs and outputs, 
controls, and performance characteristics. 

o Specifies subsystem building blocks: compiler languages, 
querylreport language components, other support required. 

o DeEines the logical data base structure for this subsystem. 
Logical and physical data base design is performed by Data 
Systems Integration during this phase and is incorporated 
into the global data model. 

o Defines the data migration approach or bridging technique 
developed with Data Systems Integration to accomplish 
conversion of old system conventional file data to the data 
base, and how new data will be assimilated into the system. 

The technical subsystem design document defines the subsystem's internal 
design to technical personnel in terms of independent subsystem components and 
interactions between components. At this point, each component of the 
subsystem is decomposed into groups of computer program modules which will 
achieve the function(s) of the component. Data requirements are stated here 
as the automated inputs and outputs that are necessary for each program. 
Included in this document is a data conversion plan that describes how the 
subsystem will extract data from existing subsystems and maintain that data in 
parallel with existing subsystems during the development process. 

The review and approval of the Technical Subsystem Design document 
concludes the design phase of the development process and allows actual 
construction to begin. 

Program Specification 

After approval of the Technical Subsystem Design, the construction phase 
of the development process begins with the creation of Program Specification 
documents. The purpose is to document the program design step prior to 



construction. The processing logic requirements of the program together with 
the description of the partitioning of the program into modules is provided 
for later use by Development and Maintenance personnel. A code inspection 
procedure has been defined whereby adherence to the program specifications can 
be validated and modules inspected for possible errors as well as violation of 
programming standards. 

The program specifications document identifies each module of each 
program to be developed within the subsystem. Each program is described in 
terms of its processing requirements and its relationships to other programs. 
All data inputs and outputs for each program are defined in this document. 

Coding and Integration 

This stage continues the construction phase and consists of the 
development and integration of automated subsystem components into a final 
product ready for subsystem test. A Development Team consisting of 
approximately three to six members, including the team leader: 

o Builds the subsystem and performs component testing. 

o Implements any necessary data migration mechanisms through 
modifications to old system components. 

The Development Team is responsible for adherence to development standards 
and guidelines. Enforcement of standards occurs during the Technical Subsystem 
Design and Program Specification reviews, the Code Inspection, and the review 
by Maintenance and System Engineering personnel during Subsystem and User Test. 

User Procedures and Manuals 

System Engineering gnd Design are responsible for the development and 
publication of user procedures in coordination with the development of the 
various subsystems. Development supports the documentation of the automated 
portions of the subsystems. Users participate with CIS personnel in the 
preparation of procedural manuals. CIS personnel: 

o Review user requirements for CIS procedural manuals. 

o Review proposed user procedural manuals with proposed 
training tools to ensure consistency. 



o Obtain user approval of proposed manual structure and 
content (by broad topics). Indicate planned milestone dates 
for the development and production of user procedural 
manuals. Issue draft of documentation for review and 
approval. 

o Publish manuals. 

o Develop and publish additions/revisions/deletions on an 
on-going basis. 

The User Procedures document serves as a policy and procedure manual. It 
provides an overview of subsystem functions and a detailed reference to 
subsystem procedures. Interactive procedures are described for subsystems 
having "on- line" components. 

User Training 

Training requirements are defined for each CIS subsystem. System 
Engineering and Design are responsible for the development of training tools 
and training seminars. Development supplies automated and technical support 
where possible. Training tools and programs are developed under the following 
guidelines: 

o Training tools for one CIS subsystem are developed in 
consideration of other related CIS subsystems. Where 
particular subsystems share similar training needs, a 
training package may be designed to satisfy more than one 
subsystem's training requirements. 

o Training tools are designed for the benefit of new personnel 
as well as for personnel involved in conversion from current 
procedures to new CIS procedures. 

o Various approaches to training techniques are investigated. 
Alternative approaches include written and pictorial 
guides/manuals, terminal-based automated training sessions, 
or audio/visual programs. 

o Training sessions are designed in conjunction with the 
training tools being produced. 



Subsystem Test 

A controlled test is performed by Maintenance on the automated portion of 
the subsystem and compared to either manual procedures or previously automated 
systems. Test procedures to be followed for all newly developed subsystems 
are : 

o A test file and sample transactions are developed; all error 
conditions included in transaction data and control reports 
are reconciled. 

o Control procedures are implemented to include auditable 
controls over input for volume and amount fields maintained 
by the user, an audit trail of input processing actions 
maintained by the program, and reconciliation of manual or 
automated controls for each run. 

o Reports must reflect disposition of all transactions. For 
accounting processes control totals are reported. 

o Test results are documented and verified by Internal Audit. 

Maintenance and Computer Center Operations acceptance of the subsystem 
depends upon delivery of production documentation, processing manuals, and 
user manuals together with placing programs into a production library and 
turning over programs to Maintenance, and job streams, tapes, etc., to 
Operat ions. 

The Subsystem Test Plan document defines the subsystem functions to be 
tested and describes the tests to be performed. Milestones and schedules for 
testing are detailed in this document along with the resource requirements 
needed to accomplish testing. The impact on personnel, software, and 
equipment resources is addressed here. A demonstration plan is included in 
this document as a meanscby which the subsystem can be proven acceptable for 
maintenance purposes. 

Post-implementation Support 

The post-implementation phase encompasses review and evaluation of the 
effectiveness of the subsystem, how closely the subsystem has met the original 
design specifications, and the definition of any enhancements or modifications 
which should be made to make the system perform more efficiently. Maintenance 
to CIS subsystems is applied only after authorization, and is performed in a 
manner consistent with the development of the subsystem, i.e., programming 
standards are observed. 



SECTION 6 

WHAT IS THE DATABASE ENVIRONMENT? 

SOFTWARE TOOLS 

A database environment i s  c rea t ed  when your d a t a  is  easy  t o  r e l a t e  and 
manipulate;  when d a t a  r e l a t i o n s h i p s  a r e  ea sy  t o  e s t a b l i s h  and recognize; when 
access  t o  d a t a  i s  convenient.  To f a c i l i t a t e  the  development of such a n  
environment, c e r t a i n  software t o o l s  have been acquired.  These too l s  inc lude  a  
da t a  base management s y s  tem (DBMS), a  d a t a  d i c t i o n a r y ,  a  d a t a  comrnunica t i o n s  
( t e l ep roces s ing )  monitor,  and a  very-high-level language which inc ludes  screen  
fo rma t t ing l r epor t  wr i t i ng  c a p a b i l i t i e s .  

Data Base Management Sys tem 

The h e a r t  of our  database environment i s  provided by o u r  DBMS. Due t o  i t s  
s i m p l i c i t y  of des ign ,  s o l i d  performance, and ease  of use ,  MITRE has procured 
the ADABAS da ta  base management system from Software AG. ADABAS u t i l i z e s  an 
inve r t ed  l i s t  s t r u c t u r e  t o  provide access  t o  the  d a t a  based on element value. 
There a r e  no pa ths  o r  po in t e r s  t o  fo l low thus providing f l e x i b i l i t y  i n  
e s t a b l i s h i n g  da t a  r e l a t i o n s h i p s .  

The d a t a  and the access  l is ts  a r e  s to red  sepa ra t e ly .  This  approach al lows 
f o r  a n a l y s i s  of d a t a  va lues  without  eve r  access ing  the da t a .  Histograms of 
values and number of occurrences a r e  ea sy  t o  perform and f a c i l i t a t e  a n a l y s i s  
and da t a  cleaning.  

ADABAS can handle a  v a r i e t y  of processing modes ( sequen t i a l  acces s ,  keyed 
access ,  e t c . ) .  It can handle comprehensive databases.  I t ' s  easy  t o  e n l a r g e  
o r  modify e x i s t i n g  f i l e s  o r  t o  add f i l e s .  changes t o  one f i l e  do no t  e f f e c t  
any o t h e r  f i l e  i n  the  database.  Very l i t t l e  database reorganiza t ion  is  
required.  

ADABAS i s  p a r t i c u l a r l y  e f f e c t i v e  i n  suppor t ing  an  environment of dynamic 
growth and w i l l  accommodate a  gradual  phase-in of changing corpora te  d a t a  with 
i t s  f l e x i b l e  f i l e  s t r u c t u r e .  The ADABAS package a l s o  inc ludes  the  NATURAL 
programming and query language, backup and recovery software,  s e c u r i t y  
f a c i l i t i e s ,  a  d a t a  d i c t i o n a r y ,  i n t e r f a c e s  t o  s e v e r a l  t r a n s a c t i o n  processors ,  
and a  multi-use c a p a b i l i t y .  



Data Dic t ionarv  

A da t a  d i c t i o n a r y  i s  a  r epos i to ry  of information which desc r ibes  an 
o rgan iza t ion ' s  systems, procedures,  programs, da t a ,  and i n t e r r e l a t i o n s h i p s .  A 
comprehensive d i c t i o n a r y  serves  a s  a  source  of documentation f o r  u s e r  
procedures a s  we l l  a s  f o r  automated systems, and a s s i s t s  i n  da t a  base design 
and change con t ro l .  CIS implementation u t i l i z e s  the ADABAS d a t a  d i c t i o n a r y  
which i s  i n t e g r a t e d  wi th  and dependent upon ADABAS. 

The ADABAS d a t a  d i c t i o n a r y  provides good support  f o r  DBMS func t ions  such 
a s  d a t a  d e f i n i t i o n ,  loading ,  d e s c r i p t i v e  query names, and userview genera t ion ,  
bu t  has minimal support  f o r  desc r ib ing  and i n t e r r e l a t i n g  non-ADABAS d a t a  such 
a s  d e s c r i p t i o n s  of u s e r  o rgan iza t ions ,  procedures,  terms, manual r epo r t s ,  and 
necessary  changes and ex tens ions  t o  t he  c u r r e n t  da t a  d i c t i o n a r y  c a p a b i l i t i e s  
t o  improve i t s  a b i l i t y  t o  de f ine ,  l o c a t e ,  access ,  v a l i d a t e ,  and c o n t r o l  t h e  
da t a  resource.  

NATURAL P rogramming/Que r y Language 

NATURAL i s  a high-level  programming language and an i n t e g r a l  p a r t  of the  
o v e r a l l  ADABAS DBMS. I t  has ex tens ive  screen  format t ing  and r e p o r t  w r i t i n g  
f a c i l i t i e s  and provides ea sy  access  t o  t he  database.  An e n t i r e  sc reen  can be 
formatted wi th  a  s i n g l e  coded s tatement .  NATURAL handles a l l  access  c a l l s  to 
the database au toma t i ca l ly  without  d i r e c t  programmer in t e rven t ion .  

NATURAL i s  a c t u a l l y  a  combination programming and query language. 
Information can be d isp layed  a t  a  terminal  wi th  a  s i n g l e  command o r  complex 
Boolean searches  and i t e r a t i v e  processing loops can be performed. Syntax 
r u l e s  and e r r o r  messages, however, a r e  confusing t o  novice users .  Therefore,  
on ly  preformatted que r i e s  have been implemented i n  the CIS t o  da t e .  

T e l e ~ r o c e s s i n g  Monitor 

The mult i -user  f e a t u r e  of ADABAS handles  da t a  base access  between 
competing u s e r s  bu t  does n o t  so lve  the  problem of t r a n s a c t i o n  f i l e  access  by 
mul t ip l e  te rmina ls  f o r  widespread d a t a  en t ry .  A f t e r  i n v e s t i g a t i n g  s e v e r a l  
t e l ep roces s ing  monitors ,  we a r e  c u r r e n t l y  running bench-mark t e s t s  on 
COMPLETE, a  TP monitor,  marketed by Software AG, designed t o  run e f f i c i e n t l y  
wi th  NATURAL. 



DATA BASE ADMINISTRATION 

Data Systems In tegra t ion  has primary r e s p o n s i b i l i t y  f o r  maintaining t h e  
physical  da ta  base and support ing a l l  activities r e l a t e d  t o  t h e  CIS d a t a  base. 
A c t i v i t i e s  a r e  underway t o  def ine  and implement t o o l s  f o r  da ta  d ic t ionary  
maintenance, d i sk  space management, and ADABAS performance monitoring, a s  wel l  
a s  da ta  base support procedures and c a p a b i l i t i e s .  

Database Support Tools 

On-line and batch processing f a c i l i t i e s  a r e  used t o  maintain t h e  d a t a  
d ic t ionary .  Future enhancements include upgrading the  d ic t ionary ' s  repor t ing  
fea tures  t o  r e f l e c t  MITRE-defined information. The i n t e r n a l  d ic t ionary  format 
has been expanded t o  s a t i s f y  MITRE convent ional - f i le  information requirements. 

Software which provides information on da ta  base d i sk  space usage by f i l e  
has been developed. A f i l e  mapping program provides a concise summary of t h e  
pos i t ion  and s i z e  of ADABAS f i l e s  and ava i l ab le  f r e e  space. This type of 
information f a c i l i t a t e s  t h e  scheduling of da ta  base maintenance. 

Software has been developed which provides summary s t a t i s t i c s  of t h e  
ADABAS log repor t  t o  a i d  i n  monitoring da ta  base performance. The log repor t  
contains a record of each processed ADABAS command; the  summary s t a t i s t i c s  
program condenses t h i s  information i n t o  a convenient, manageable format f o r  
ana lys i s .  

Data Inventory 

An extension of t h e  da ta  d ic t ionary  concept i s  t h a t  of a Data Resource 
Catalog. Such a ca ta log  contains descr ip t ions  of t h e  da ta  resources of t h e  
corporat ion and provides processing t o o l s  t o  update and repor t  on these  
descr ip t ions .  Since MITPE already has a considerable amount of automated da ta  
and computer programs, a ca ta log  of t h i s  information is e s s e n t i a l  f o r  t h e  
i d e n t i f i c a t i o n  of important i n t e r r e l a t i o n s h i p s  which w i l l  a f f e c t  the  
development of t h e  CIS da ta  base and associa ted  subsystems. 

The t a s k  of c rea t ing  and maintaining t h i s  ca ta log  i s  known as t h e  Data 
Inventory. I t  involves expanding t h e  da ta  d ic t ionary  t o  encompass job 
streams, t ransact ions ,  program modules, source l i b r a r y  members, e t c .  Five 
major sources of information r e l a t i n g  t o  t h e  current  system a r e  being 
processed f o r  input  i n t o  t h e  catalog:  t h e  ac tua l  cont ro l  language used i n  
production, the  source l i b r a r i e s ,  t h e  production modules, a repor t  and 
frequency f i l e ,  and a manual element d i rec to ry .  Inconsistencies a r e  being 
resolved and repor t  programs a r e  cu r ren t ly  being generated t o  a i d  i n  da ta  base 
design . 



To ensure data base recoverability, restart/recovery requirements are 
identified and planned for during subsystem design. This planning should 
ensure that the major causes of failure are anticipated, evaluated and 
resolved as part of the basic system design process. 

Restart and recovery procedures fashioned after those recommended by 
Software AG for the data base have been implemented. To provide general 
recovery, the data base is saved periodically (currently weekly). 

Data Privacy/Security and Access Controls 

Having corporation-sensitive data on-line in a database requires an 
upgrade of procedures to prevent unauthorized access and/or update of this 
data. Several levels of access controls have been implemented. The maximum 
data protection facilities of the operating system are used in conjunction 
with the data base protection available in ADABAS. Use of all data on the 
data base is controlled via passwords. Any user, whether through an on-line 
query language or an application program, is required to identify himself with 
a valid password. Issuing and modifying passwords is currently the 
responsibility of Data Systems Integration. Each password allows access or 
update to only a selected portion of the data base. 

The privacy/security mechanisms for any data on the data base is defined 
by Design and Data Systems Integration based on subsystem requirements 
originally defined by System Engineering. Minimum protection is maintained at 
the file level; field protection and record protection (by value) is 
implemented when necessary. Because of the processing overhead involved in 
these higher level protection measures, justification is rigorous. For 
extremely sensitive files, encryption of data can be accommodated if the 
performance trade-off is acceptable. 

ADABAS automatically checks the access and update authority of a user's 
password. Any unauthorized attempt to open a file is noted on the ADABAS log 
and the user is locked-out of the data base. All violations are closely 
monitored by Data Systems Integration to ensure that a valid level of data 
protection is maintained. Should data compromise be suspected, CIS management 
and System Engineering are notified. 

Password mechanisms have been developed which dynamically identify users 
and provide valid passwords at execution time. Such procedures allow 
passwords to be modified at frequent intervals with minimal impact on the 
programming staff and data base users. The frequency of password modification 
is at the discretion of Data Systems Integration. 



Independent t e s t  and production data  bases a r e  provided t o  support 
concurrent development t e s t i n g  and production operat ion without c o n f l i c t s  o r  
r i s k  of temporary loss  of d a t a  base a v a i l a b i l i t y .  The t e s t  da ta  base is 
comprised of a scaled-down version of t h e  production d a t a  base together  with 
any new d a t a  not ye t  i n  production s t a t u s .  The t a r g e t  s i z e  of t h e  t e s t  da ta  
base is  10% of t h e  production da.ta base s i z e .  

The Development group plans and coordinates subsystem t e s t i n g  with Data 
Systems In tegra t ion .  The scope of each subsystem determines t h e  p re - t e s t ing  
prepara t ion ,  which may include unloading a s i n g l e  f i l e ,  saving an e n t i r e  da ta  
base, o r  implementing t e s t  logging f a c i l i t i e s .  

DATA BASE INTEGRITY 

The CIS da ta  base i s  a corporate resource shared by many areas of the  
Corporation and administered c e n t r a l l y  by Data Systems In tegra t ion .  Standards 
have been es tabl i shed t o  cont ro l  the  d e f i n i t i o n  of t h e  da ta  and its 
documentation, t h e  view of t h e  da ta  base t h a t  each p a r t i c u l a r  user  accesses,  
and the  manner of t h a t  access.  

Data Element Def in i t ion  and Values 

To achieve consistency i n  naming conventions, each unique da ta  element 
has a unique name and d e f i n i t i o n .  I f  t h e  same da ta  element occurs i n  many 
log ica l  f i l e s ,  it w i l l  always have t h e  same name and be re fe r red  t o  i n  host  
language programs by t h a t  s i n g l e  name. Synonyms a r e  used only ex te rna l ly  t o  
a i d  use r s .  To ensure t h a t  a l l  appl ica t ion  programs use standard names, t h e  
s t r u c t u r e s  i n t o  which da$a is read from the  da ta  base is s to red  by Data 
Systems In tegra t ion  i n  a c e n t r a l  l i b r a r y .  

Userviews and Data Access 

Access by appl ica t ion  programs t o  da ta  i n  t h e  CIS da ta  base is contro l led  
through t h e  use of "userviews". A userview i s  a powerful concept c e n t r a l  t o  
t h e  da ta  base approach which provides a log ica l  view of t h e  da ta ,  based on 
program requirements alone. ADABAS allows spec i f i ed  da ta  elements t o  be 
ext rac ted  from one o r  more physical  f i l e s ,  t ransparent  t o  t h e  appl ica t ion  
program. Monitoring and con t ro l l ing  access i s  necessary t o  improve da ta  f i l e  
independence, ease  f u t u r e  subsystem maintenance and enhancements, and provide 
an inventory of da ta  element access/update by program. 



ADABAS provides userviews via the data dictionary and its conventional 
language macro interface (ADAMINT) data access modules. Standard userviews 
are created for ad hoc applications and queries, and simplify the access to 
data by users since knowledge of the physical structure of the data base is 
not needed. ADAMINT modules also provide a mechanism by which a user is 
given direct access to a subset of a data file even when access to the entire 
file is not authorized 

Data Base Checkpoints 

The ADABAS protection log is required during all production ADABAS 
sessions, This log contains the before and after images of all updated 
information in the data base. Application programs, by means of checkpointing, 
establish reference points in the log. If a hardware or software failure 
occurs during data base updating, Data Systems Integration is able to 
restore the data base to any previous checkpoint. 

All batch update programs are required to be restartable from checkpoints. 
It is the responsibility of Development to ensure that information necessary 
to achieve this restart (internal subtotals, positioning in the input file, 
ability to overwrite portions of any output file, etc.) and the technique 
for accomplishing the restart are designed into the application program. 
When multiple batch jobs will be updating the same subset of data base 
files, synchronous checkpoints are mandatory. To reduce data base recovery 
complexities, simultaneous on-line and batch updating is prevented through 
the use of standard operating system facilities. 

On-line update programs identify the end of a logical transaction by 
issuing an end transaction (ET) call to ADABAS. Should a hardware or software 
failure result in the unscheduled termination of ADABAS, any incomplete logical 
transactions are automatically removed from the data base when ADABAS again 
becomes active. This automatic back-out processing insures that the integrity 
of the data base is maintained. 

SECTION 7 

WHAT IS OUR STATUS? 

Four CIS subsystems have been completed and are servicing the corporation 
today. Four more are scheduled for completion by the end of our fiscal 
year on 31 July 1982. 

Development costs to date have been high due to initial procurement 
expenses and mandatory familiarization time for project members to acquaint 
themselves with the new database environment and their new roles. Having 
anticipated this phenomena, the CIS project remains on schedule and within 
its established budget. 



SECTION 8 

WHAT IS THE FUTURE? 

IMMEDIATE PLANS 

Immediate plans provide f o r  the  design and implementation of se lected 
subsystems i n  an orderly fashion as we move towards our goal of building the  
28 iden t i f i ed  subsystems by t he  end of f i s c a l  year 1986. Our plans remain 
f l ex ib le ,  however, as corporate requirements and p r i o r i t i e s  a r e  subject  t o  
change. 

One of t he  payoffs of a DBMS supported information system, i s  t h a t  each 
subsystem adds and draws data  from one integrated database. I n i t i a l  
development cos ts  a r e  high as service  and control  f i l e s  a r e  es tabl ished.  Once 
they a r e  i n  place,  subsequent development e f fo r t s  bui ld  on what i s  already 
available.  Along with t he  exper t ise  gained by our s t a f f  from ear ly  
implementations, we an t ic ipa te  subsequent development e f f o r t s  t o  be eas ie r  and 
l ess  expens ive  . 

Adapting t he  Process 

Following t r a d i t i o n a l  development and documentation procedures has proven 
t o  be a time consuming process. To speed the  approach, we a r e  current ly  
invest igat ing t he  e f f ec t  of combining some of t he  planning documents (e.g.  
Functional Requirements and Functional Design) i n to  one. The use of prototype 
subsystems as a means of communicating ideas t o  the  users is  s t a r t i n g  t o  be 
explored as wel l .  This approach could quickly provide t he  framework of a 
system t o  t he  user and make it ea s i e r  f o r  him t o  envision how h i s  subsystem 
w i l l  u l t imate ly  operate.  

LONG RANGE PLANS 

Longer range plans address such matters as the  impact of extensive CIS 
development and implementation on t he  Bedford Computer Center, t he  
feas ib i l i ty /des ign  of d i s t r i bu t i ng  CIS processing across mainframes and 
minicomputers, and the  interconnection o r  overlap of MITRE'S word processing 
a c t i v i t i e s  with t he  CIS. The modular, evolutionary approach t o  building the  
CIS w i l l  allow adaptation t o  s t a te -o f - the -a r t  technology i n  these  areas .  The 
CIS w i l l  not include "pioneering" development but w i l l  be f l ex ib l e  so  t h a t  
d i s t r ibu ted  processing can be accomplished as hardware and system software 
suppl iers  produce t he  necessary capab i l i t i e s  fo r  multi-machine, inter-process 
communication. 



DATABASE W H I N E S  

PRESENTED TO THE 

NASA ADMINISTRATIVE DATABASE MANAGEMENT 
SYSTEMS TECHNOLOGY CONFERENCE 

J E T  PROPULSION LABORATORY 
PASADENA, CALIFORNIA 

MAY 26-27, 1982 

M. L. S t i e f e l  
The MITRE C o r p o r a t i o n  



1. INTRODUCTION 

Over most of i t s  th i r ty-year  h i s t o r y ,  the  d a t a  processing community has 
had a  s t r o n g  i n t e r e s t  i n  techniques t h a t  would make computers e a s i e r  t o  use i n  
an  ever-widening c i r c l e  of a p p l i c a t i o n s .  Much of t h i s  i n t e r e s t  has focused on 
the employment of da tabase  management system (DBMS) a s  a  t oo l  t h a t  would al low 
use r s  t o  manipulate and r e t r i e v e  d a t a  wi thout  wi r ing  programs f o r  each new 
s i t u a t i o n ,  and t h a t  would al low programmers t o  devote t h e i r  ene rg i e s  to  
opt imizing the performance and func t iona l  c a p a b i l i t y  of the DBMS. 

The not ions  were given a  s u b s t a n t i a l  boost  i n  1970 wi th  Codd's seminal 
paper ( 1 )  in t roducing  the  concept of a  r e l a t i o n a l  DBMS t h a t  would a l low u s e r s  
t o  access  da t a  i n  t h e i r  own terms, without  r e f e rence  to  t he  phys ica l  l o c a t i o n  
of the d a t a  on a  s p e c i f i c  mass s t o r a g e  device. 

Unfortunately,  i t  quick ly  became apparent  t h a t ,  when a  r e l a t i o n a l  sys  tem 
was implemented, i t  was woeful ly slow, because of the  r e l a t i v e l y  l a r g e  number 
of time-consuming d i s k  accesses  needed to  s a t i s f y  a l l  b u t  t he  most t r i v i a l  
r e t r i e v a l  t a sks  ( i  .e . ,  those r equ i r ing  acces s  t o  only  a  s i n g l e  record o r  t o  a  
very small  f i l e ) .  

Since 1970, of course,  s u b s t a n t i a l  progress  has been made i n  mass s to rage  
technology, y i e ld ing  devices  wi th  h igh  c a p a c i t i e s  and h igh  d a t a  t r a n s f e r  
r a t e s .  A t  the  same time, computer technology has advanced; processors  a r e  now 
f a s t  enough t o  handle r e l a t i o n a l  a lgor i thms,  and main memory i s  now l a r g e  
enough t o  hold r e l a t i o n a l  DBMS programs without  over lays  and wi thout  the  need 
t o  page t o  and from v i r t u a l  s torage .  

Despi te  these  advances, the h o s t  computer remains a  bot t leneck  i n  many 
DBMS a p p l i c a t i o n s  where t r a n s a c t i o n  t r a f f i c  i s  s i g n i f i c a n t  and where the  
t r ansac t ions  a r e  f a i r l y  complex. The problem becomes e s p e c i a l l y  severe  when 
two o r  more hos t  computers a t tempt  t o  sha re  a  common database; i n  such 
in s t ances ,  a  bui ldup i n  t r a n s a c t i o n  cues can occur  i n  the  computer c o n t r o l l i n g  
the database,  and response time f o r  t h e  use r s  can be adverse ly  a f f e c t e d .  

I n  l i g h t  of these  l i n g e r i n g  d i f f i c u l t i e s ,  r e sea rche r s  and des igners  have 
turned t h e i r  a t t e n t i o n  t o  an  a r c h i t e c t u r e  i n  which a  s p e c i a l l y  designed 
computer, c a l l e d  a  database machine (DBM), handles  the DBMS on behalf  of a  
h o s t ,  i n  much the  same manner t h a t  a  front-end processor  handles  mundane 
communication chores  f o r  a  hos t .  

I n  t h i s  paper we desc r ibe  the func t ions  and performance c h a r a c t e r i s t i c s  
of DBMS, inc luding  machines c u r r e n t l y  being s tud ied  i n  research  l a b o r a t o r i e s  
and those c u r r e n t l y  o f f e red  on a  commercial bas i s .  F i n a l l y ,  we d i s c u s s  the  
c o s t l b e n e f i t  cons idera t ions  t h a t  must be recognized i n  s e l e c t i n g  a  DBM, and we 
explore t he  f u t u r e  out look f o r  da tabase  machines. 



2, DBM FUICTIONAL DESCRIPTION 

Figure 1 contrasts the configuration of a system containing a 
DBM with the configuration of a conventional data processing system. 
A DBM may be regarded as a computer (typically a minicomputer) that 
is specially configured to maintain a DBMS, particularly a 
relational DBMS, working in stand-alone fashion or in conjunction 
with one or more host computers. As a back-end processor, the DBM 
accepts commands from any host to update existing entries in the 
database, to add entries, to delete entries, or to retrieve data 
that satisfies user-specified criteria. As a stand-alone processor, 
the DBM accepts commands directly from user terminals and returns 
requested data to the user terminals. 

In each case, a method is provided for translating user 
requests, stated in a high-level, non-procedural language, into 
specific low-level commands for access to specific records. 

a. In a batch environment, when a host is being used, the user 
request is compiled; the compiler provides the translation 
between the user language and the DBM commands, using host- 
resident software that is furnished with the DBM. The DBM 
responds to the commands when the compiled batch program is 
executed and returns the requested data to the batch program 
for further processing. 

b. In an on-line environment, an on-line interpreter provides 
the translation service. The interpreter may reside in the 
host or in the DBM. The DBM returns the requested data 
through the interpreter to the user. As above, the 
interpreter is part of the DBM package. 

As we have noted, the primary purpose of the DBM is to reduce 
the load on the host and thereby improve system throughput. The DBM 
may also incorporate special hardware that facilitates the searching 
of a relational database file -- i.e., a sequential file in which 
the records are not necessarily sorted in any specific sequence - 
at high speed, In particular, the DBM may incorporate a so-called 
associative memory, in which the data to be manipulated is 
identified by its contents, rather than by its location. 
Furthermore, the hardware may include mechanisms that permit the 
searching of many tracks in parallel. 

This function is illustrated in Figure 2. A conventional 
sequential search, in Figure 2a, is contrasted with a parallel 
search, in Figure 2b. In Figure 2b, all tracks of a disk are 
searched at once, and the time needed to retrieve a specific record 
or group of records is reduced accordingly. In conjunction with the 
parallel search capability, the associative memory is coupled to a 
parallel set of processors that compare the contents of each record 
in the database with the selection criteria established in the user- 
supplied commands. 





FIGURE 2 

Comparison of Read Capabilities 
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In some systems, a semiconductor cache memory is interposed 
between the disk and the comparator processors; the cache is 
searched before the disk is accessed, If the cache is large enough 
-- typically, one to two megabytes -- then many transactions can be 
accomplished without reference to disk, considerably reducing the 
response time. 

From this description, it becomes evident that the DBM can be 
an effective tool in applications where the transaction load is 
heavy, and where the transactions typically require retrieval of 
several records from a fairly large file. It is equally evident 
that the DBM is not cost-effective in every application; any 
decision to consider addition of a DBM to an existing system must 
weigh the benefits to be derived against the cost of adding the DBM. 



3, CURRENT DATABASE MACHINES 

ICL introduced the first commercially available DBM, called the 
Content Addressable File Store, in 1977, but the device did not gain 
widespread attention. Today, two U.S, companies offer commercial 
DBM products: Britton-Lee, of Los Gatos, California, and Intel 
Corporation, o$ Austin, Texas. In addition, a fair amount of DBM 
research is being conducted in in the U.S, and other countries. 

3,l Britton-Lee 

The Britton-Lee machine, called the Intelligent Database 
Machine, or IDM (Figure 3), was first introduced in 1980, The IDM 
Series now comprises four models, costing $60,000 to $150,000, that 
interface with various hosts. 

The IDM incorporates interfaces to host processors or to 
intelligent terminals (2). The architecture includes up to four 
serial 110 processors, each connecting up to eight asynchronous 
lines, with each line running at up to 19,200 baud, In addition, up 
to four parallel 110 processors may be included, each operating at 
250K bytes per second. 

The standard database processor holds up to 3 megabytes of main 
memory. The optional database accelerator, with a 100-nanosecond 
instruction time, can search a 2-kilobyte disk page while it is 
being transferred into memory, and in most cases can complete 
processing of a page by the time the page has been completely read 
in. The database accelerator works with only one page at a time; 
the IDM does not support parallel disk searches. 

The system also provides up to four disk controllers, each 
controlling up to four user-furnished SMD Control Data Corporation 
9760- compatible drives. The system disk storage capacity is 32 
gigabytes. 

The IDM runs a relational database management system 
incorporating an integrated data dictionary that is used to define 
the structure of the DBMS. The DBMS holds up to 50 databases, each 
containing up to 32,000 separate relations (files). Each relation 
can hold up to two billion tuples (records). Each tuple can contain 
up to 250 attributes (fields) with a maximum combined length of 
2,000 bytes. 

Functions of the DBMS include transaction management, optional 
logging of database changes, indexing of data for fast access and 
update, crash recovery, protection against unauthorized users, and 
data definition and manipulation facilities. 

According to the vendor, when the database accelerator is used, 
nominal throughput is 8 transactions per second for,the IDM 200 and 
30 transactions per second for the IDM 500. 
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Britton-Lee does not provide the host-resident software that 
supports the IDM interface; instead, it remains for the host machine 
vendor, or the original equipment manufacturer (OEM) who is 
packaging the IDM in a larger system, to write the interface 
software. Britton-Lee provides a specification of the IDM command 
set to the OEM; Britton-Lee also provides specifications for parsing 
statements in a high-level, host-resident query language, called 
IDL, into IDM commands. 

The OEM then creates a turnkey system for the end user, 
containing the complete set of IDM-resident and host-resident 
software. 

3.2 Intel 

The Intel iDBP, introduced in 1982, consists of an 8086-based 
microcomputer, with 128K to 1M bytes of memory, that controls 
Winchester or SMD-compatible disk drives and tape drives (31, Like 
the IDM, the iDBP searches only one disk track at a time. Host 
interfaces are implemented via serial, parallel, and Ethernet links, 
making the iDBP suitable for local area network applications, 

Intel has not yet announced a price structure for iDBP, but its 
prices are likely to be comparable to those of the IDM Series, 
including the cost of DBMS software. 

iDBP software provides the "kernelQ' of a file management system 
or DBMS. For a relational DBMS, iDBP furnishes the relational 
operators -- join, select, and project. For databases with 
hierarchical or network architecture, iDBP provides the tools to 
implement the database structure, set types, and relationships. 

Software functions include: data definition, selection, 
retrieval, update, and deletion; access and concurrency control; 
transaction logging, recovery, and restart; file and database backup 
and recovery; and an integrated data dictionary, 

Intel, like Britton-Lee, does not furnish host-resident 
interface software for iDBP; the system integrator provides this 
software for the end user. 

Throughput figures for the iDBP have not yet been released. 

3.3 Research Activities 

Many U.S. universities have been conducting DBM research. An 
early product was the CASSM system from the University of Florida 
(4). Other universities have since made significant contributions, 
including Ohio State University, with its DBC machine ( 5 ) ;  MIT, with 
its Infoplex system, a DBM based on complexes of multiple 
microprocessors (6); the University of Wisconsin, with its DIaECT 
multiprocessor system (7) ; and the University of California at 
Berkeley, with MUFFIN, a distributed DBM (8). 



Computer vendors, notably Sperry-Univac, have also been active 
in DBM research, Sperry recently reported on the results of its DBM 
architecture studies (91 ,  Sperry favors the DBC architecture 
devised at Ohio State, because DBC can support the older network- 
structured database management systems as well the relational ones; 
this feature clearly addresses the  vendor"^ concern for existing 
customers that already have a DBm in place and are not willing to 
convert to a relational structure in order to add a DBM, 

Several other U.S. commercial organizations have shown evidence 
of DBM developments, notably Memorex, Bell Telephone Laboratories, 
and Honeywell, IBM has thus far maintained a relatively low profile 
in the field, but may also offer a DBM after the market becomes 
better developed, Speculation has persisted in the industry that 
the next generation of IBM computers will be composed of special- 
purpose processors: one to handle communications, another for number 
manipulation, and still another for database maintenance and 
retrieval, 

Elsewhere in the world, DBM studies have been reported in 
Canada, Turkey, Germany, and Japan. The Japanese activity is of 
particular interest because it may be the precursor of DBM product 
announcements that will emanate from that country in the next few 
years. 



4, COST-BENEFIT CONSIDERATIONS 

The DBM may be suited to any application that lends itself to a 
DBMS. Within USA, appropriate DBM applications may be found in 
many administrative and scientific tasks. The question then becomes 
whether the DBM is suited to a specific purpose in a specific 
environment. The answer depends upon the relative procurement and 
life cycle costs of systems that incorporate DBMS and those that do 
not. 

The proper time to consider the selection of a DBM is when the 
architecture of a new information system is being designed or 
studied, or when a change to a new host is being contemplated for an 
existing system. 

In designing a new system -- say, one that replaces an existing 
manual operation -- the system architect is presumably free to 
choose the best hardware and software for the job, without the 
constraints imposed by investments in existing systems. If a DBMS- 
oriented approach is contemplated, inclusion of a DBM may permit the 
procurement of a smaller host machine than would be selected 
otherwise. The total procurement cost could be reduced if the 
increase in cost due to the DBM is more than offset by savings in 
the cost of the host. The life cycle cost of ownership may 
increase, on the other hand, due to the added cost of maintaining 
the DBM hardware. (Presumably, the cost of owning the DBMS software 
would be approximately the same whether the software resided on a 
host or on a DBM. ) 

A somewhat different situation pertains when an existing system 
is being upgraded. In this case, the DBM may be added to an 
existing system as an alternative to replacing the host with a 
larger machine. Here, software conversion costs must be computed, 
along with the cost of any additional DBM-compatible hardware that 
may be needed. For example, we noted in Sections 3.1 and 3.2 above 
that the IDM and iDBP systems work with SMD disks; if the existing 
system uses other types of disks, then it may be necessary to 
replace them, at a cost that could far exceed the cost of the DBM 
hardware. 

Software conversion may entail restructuring of the existing 
database and changes in data format. In addition, the user may need 
to write special interface software that permits an existing query 
language to be used with the DBM commands. 

The feasibility of using a DBM -- whether in a new system or a 
replacement -- also depends on the expected performance gain that 
the DBM affords. If the measured or predicted query transaction 
load in the system constitutes 50% or more of the system workload, 
then a DBM can be effective (10); otherwise, the performance gain 
realized with the DBM may not be enough to justify its cost. 



5 ,  FUTURE PROSPECTS 

In the next few years, the stand-alone mode will became 
increasingly important, as the DBM becomes integrated with local 
area networks. Each user will have an intelligent terminal, make 
the appropriate queries to the DBM, and process the returned 
information in a dedicated manner. Each terminal will rapidly 
acquire the power of a mainframe, as the trend toward more and more 
computing power in smaller and smaller packages continues, 

Meanwhile, off-the-shelf DBMS will offer very large cache 
memories and parallel associative processors for very high speed 
disk searches, which will further increase the throughput of the 
DBM, 

The DBM promises to become the vehicle researchers have sought 
since 1970 that will make relational database management systems 
cost-effective elements in large-scale information systems. 
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Background (Spring 1980) 

In s t i t u t i ona l  data  processing support w a s  provided by two pre-third generation 
computer systems, a Honeywell 635 and an IBM 360, both computer systems u t i l i z ed  
operating systems which had not been s ign i f ican t ly  upgraded in nine years (s ince  
1971). The decision w a s  made to replace those two aged computer systems with an IBM 
4341 and to upgrade the  peripheral  equipment. The IBM 360's operating system, MFT, 
w a s  upgraded to 06/VS1; MFT did not support the new peripherals. While considering 
the impact of t h i s  upgrade, a study w a s  commissioned to determine i f  the Remte F i l e  
Inquiry (RFI) system would handle the  future  requirements of the user comnunity. RFI 
is a loca l ly  wr i t t en  and loca l ly  maintained on-line query/update package. 

An RFI User Survey Team w a s  forred, consist ing of NASA and Contractor data processing 
personnel. The scope of the  study w a s ,  v i a  interviews and panel discussions, to 
determine the  current  and fu ture  on-line requirements of the  user m u n i t y .  
Additional consideration w a s  given to the  types of data s t ructur ing the users 
required. 

The survey indicated the  features  of greatest benef i t  were: sort, subtota ls ,  totals, 
record se lect ion,  storage of quer ies ,  global  updating a& the a b i l i t y  to page break. 

The major def ic iencies  were: one leve l  of hierarchy, excessive response t i m e ,  
software unre l iab i l i ty ,  d i f f i c u l t  to add, de l e t e  and rmdify records, camplicated 
error messages and the  lack of a b i l i t y  to perform in t e r f i e ld  comparisons. 

Missing features  users required were: formatted screens, i n t e r f i e ld  comparison, 
i n t e r f i e l d  arithmetic, multiple f i l e  access, secur i ty  and data  in tegr i ty .  

The survey team concluded the  on-line data processing requirements a t  Kennedy Space 
Center w e r e  as varied and dynamic as the user organizations themselves. The 
co l lec t ive  requirements span the  f u l l  range of DBMS capab i l i t i e s ;  the re  are those 
users requiring batch update with on-line inquiry, arvl there are users requiring 
on-line update and inquiry qproaching the real-time. 

The survey team recommended Kennedy Space Center m v e  forward to state-of-the-art 
software, a Data Base Management System which is thoroughly tes ted and easy to 
implement and use. This DBMS, a t  a minimum, must provide the  users w i t h  all the 
funct ional i ty  they enjoyed with t h e  RFI system and provide al l  the  addi t ional  
c apab i l i t i e s  required. 

Preliminary Study ( F a l l  1980) 

Acting upon t he  recanmendation of the RFI s tudy team; a comparative analysis  of DBWs 
f o r  IBM computer systems w a s  begun. A l a s ,  there are l i t e r a l l y  dozens! Therefore, 
t he  f i r s t  phase of the  preliminary study w a s  to reduce the  number of candidate DBWs 
to a manageable quanti ty.  This w a s  accomplished by establishing a set of mandatory 
requirements a candidate DBMS must possess to receive fu r ther  consideration. These 
mandatory requirements were: 

o Must be IBM 4341 hardware and operating system (OS/VSl) compatible. 

o Must provide on-line query/update, data  dict ionary and TP monitor c apab i l i t i e s  
or at  a m i n i m ,  provide in terface  to o ther  cmmercial ly available packages. 



o Must provide data security to record level. 

o Must provide data integrity. 

o Must support data independence. 

o DBMS must be stable and proven, meaning the features evaluated must have keen 
generally available f o r  - not less than one year. 

o Must provide host language interface, a t  a minimum, COBOL. 

o Must possess general industry acceptance, that  is, installed and supported a t  
over two hundred installations. 

o Must support mlti-user/multi-thread environments. 

The resul t  of the f i r s t  phase of the preliminary study w a s  the f ive DBMSs satisfying 
the basic data processing objectives of the KSC user comnunity. These packages and 
respective vendors were (alphabetically): 

ADABAS - Software AG of North America 
IDMS - Cullinane Database Systems 
IMS - IBM Corporation 
SYSTEM 2000 - I n t e l  Systems Corporation 
TOTAL - Cincom Systems, Incorporated 

Phase two of the preliminary study was intended to narrow the f ie ld  of competition to 
those DBMSs which most probably sa t i s fy  a l l  of KSC's requirements. A se t  of 
preliminary evaluation c r i t e r i a  w a s  established. The f ive candidate DBMSs were 
evaluated ard rated based on these c r i t e r i a .  A s  these c r i t e r i a  are general to a l l  
Data B a s e  Management System users, a method of weighting w a s  devised based on KSC's 
specific needs (a by-product of the RFI study). These evaluation c r i t e r i a  were: 

On-Line Query/vpaate 

A good on-line query/update capabili ty must be provided. Such a capbility is to be a 
very high-level, English-like language allowing end-users the ab i l i ty  to W e  simple 
and complex inquiries and updates with very l i t t le  prograrinning know-how. The 
backbone of strong user-responsive data processing systems is a strong user-fr iedly 
query processor; s u d ~  capability requires the following characteristics: 

o Basic relational and boolean logic operators must be functional, a l lowiq  f o r  
complex record select ion. 

o Capability to easi ly store and retr ieve regularly used queries. 

o Ability to scan records based on a pa r t i a l  key must be provided. A par t ia l  key 
is defined as any fragment of the whole key (i.e,, a s tr ing of characters 
s tar t ing  with any character position i n  the key). 

o Query output mst be able to be sorted in  any sequence specified with 
capability to specify page breaks and subtotals on the sor t  key. Also, grand 
t o t a l s  mst be provided on request. 



o Record updating must be f lex ib le  enough f o r  global updating as w e l l  as 
one-record-at-a-time updating. G l o b a l  updating r e f e r s  to modifying al l  records 
meeting a specified criteria. 

o Capability to e a s i l y  format input screens f o r  use i n  entering update 
transactions.  

o Capability to e d i t  input data or decode output data; i n  shor t ,  " table  
processing". 

o The query/update language mst be able to access the f u l l  data  s t ruc ture  
capabi l i ty  of t h e  DBMS. 

o Fields in the sam record must be able  to be compared with each other. 

o Fields i n  the same record must be able  to ke processed with each other using 
a l l  the ari thmetical  functions available to the query/update p roes so r .  The 
r e su l t  of the  inter-f ie ld  calculations must be available f o r  reporting and 
s to r ing  for l a t e r  processing. 

o Query output can optionally be directed to high-speed p r in t e r  or other  
terminals. 

o Security and in t eg r i t y  provisions must be the  sam as f o r  the  DBMS i t s e l f ,  

2. Security 

Refers to the addit ional secur i ty  capabi l i t i es  beyond those offered by the operating 
system and f i l e  management system. The DBMS must protect  the data base from 
unauthorized access and update of data  a t  the  f i e l d  level  (called " f ie ld  
sens i t iv i ty" ) .  

3.  In tegr i ty  

F a c i l i t i e s  must be provided to insure the i n t eg r i t y  of the data and protect it from 
CPU or p r a t i n g  system malfunction, direct-access hardware f a i l u r e ,  application 
program error or other system d isas te r .  Evaluated is the success of t h e  DBMS to 
pro tec t  the in tegr i ty  of the da ta  with l i t t le  or no human intervention. The D M  
must provide f o r  a d  monitor concurrent updating. 

4. Data Structures 

The DBMS must support the three dominant data  s t ruc tures  - network, h ierarchical  and 
recursive. A network s t ruc ture  implies records can be re la ted i n  a many-to-many 
relationship;  a hierarchical  s t ruc ture  implies a one-to-many record relat ionship.  A 
recursive s t ruc ture  represents a re la t ionship where one record has a r e l a t i on  to one 
or more records of its same type. Secondary key r e f e r s  to the a b i l i t y  to randomly 
access a record by other  than the  primary key. KSC requires recursive network 
s t ruc ture  and secondary key capabi l i t i es .  



5, Ease of Data Model Chanae 

Refers to the a b i l i t y  of the DBMS to a l l o w  changes to the data  model a f t e r  the da ta  
model has been established. Evaluated is the ease with which f i e ld s ,  records and 
re la t ionships  can be added to and/or remved f r m  the data model, 

6. Ease of U s e  f o r  Data Base Administrator 

Refers to the c o q l e x i t y  involved i n  defining the data s t ructure ,  da t a  re la t ionships  
and data formats, to the  DBMS. This is cornonly called t h e  Data Definit ion Language 
(DDL). The DDL should ideal ly  k English-like or a t  l e a s t  COBOGlike. 

7. Ease of U s e  f o r  Procrrammer 

Refers to the d i f f i cu l ty  involved fo r  programmers to access the da ta  needed to met 
t h e i r  requirements. This is m m n l y  cal led the Data Manipulation Language (IIYL), 
The DML should be English-like or a non-procedural language, idea l ly  the m syntax 
as the query/update language. 

Data Dictionary 

The Data Dictionary (DD) is the hub of t h e  DBMS. Integrated and non-integrated DD 
a l i k e  must provide these basic character is t ics :  

o Provide a mrmnon centralized col lect ion of data element descriptions ( i e e e r  
name, s ize ,  where used, crwner, charac te r i s t i cs ,  description,  etc.). 

o F i le  and record re la t ionships  are  maintained by DD. 

o Provide DBA w i t h  various reports  to manage data resources. 

o Have batch and on-line maintenance capabi l i t i es .  

9, Documentation 

Rates the vendor-supplied documentation a t  introductory and technical levels  in  t h e  
areas  of organization, completeness, readabi l i ty ,  indexing and cross-referencing. 

10. Adaptability 

Refers to the a b i l i t y  of the DBMS to support a broad range of applications. 

11. Random Processing 

Many of KSC'c on-line queries are d i r e c t l y  to a spec i f ic  record (v i a  key). 
Therefore, t he  DBMS is evaluated on its a b i l i t y  to quickly (minimum I/O) and 
e f f i c i en t ly  (minimum CPU usage) access a record randomly. 

12. Report Writer 

Evaluates the a b i l i t y  of the DBMS to support the def in i t ion  of sophisticated report 
formats, including multiple break-points, subtotals,  t o t a l s ,  cross-totals, footings 
and surrunaries . Higher ra t ing  afforded those DBMSs providing f o r  multiple reports  f o r  
a s ingle  data base pass. 



13. Vendor 

Refers to two vendor-related topics  

o Vendor c r e d i b i l i t y  as demnstra ted by f inancia l  posi t ion and recent growth 
patterns.  

o Vendor support - DBMSs requiring very l i t t le support are rated highest  by t h e i r  
users  ; however, features  l i k e  "hot-lines " (24-hours-a-day ) , local 
representatives,  newsletters and user groups are important. 

14. Training 

Refers to the  amount of t ra in ing  required by Data B a s e  Analysts and Programers t o  
f u l l y  u t i l i z e  the  D M ;  and the  ava i l ab i l i t y  of the  training.  

The r e s u l t s  of the preliminary study, summarized i n  Appendix A, were the  two DBNSs 
best sa t i s fy ing  the  preliminary evaluation criteria. They were ADABAS and IDMS, The 
decision was made to include TOTAL i n  the  f i n a l  evaluation txlcause TOlXL w a s  
ins ta l l ed  a t  KSC. TOTAL was used by a KSC tenant;  who has s ince  acquired h i s  own IBM 
4300 and l e f t  the  center. 

Final  Evaluation (December 1980) 

A four  person DBMS Study Team was  appointed and k g a n  the mprehens ive  
f i n a l  evaluation process of the  three remaining DBMSs. The Study Team refined t he  
preliminary evaluation criteria f o r  use as the f i n a l  evaluation criteria, The 
refinements were; to el iminate  Adaptability and Training a d  to add the f o l l o w i q  s i x  
criteria: 

o Physical Storage Management 

.The DBMS w i l l  be evaluated based on the  following criteria: 

- Buffer s t ra tegy - Methodology employed to handle the memry-resident buffers. 

- The methodology employed to m i n t a i n  the f r ee  space generated by record 
dele t ion/mdif icat ion.  

- The methodology employed to handle overflow of data recods. 

o Progr-ta Independence 

Refers to the ability of a data  base to change while programs remain unchanged. This 
s h a l l  be accomplished without recompilation of host language prqrams  so long as the  
program do not access deleted or added data  f i e l d s  or relat ionships.  

o Time-Sharing Subsystem 

To f a c i l i t a t e  system development and md i f i ca t i on ,  a tirne-sharing subsystem capable 
of performing the  following functions is required: 



- Text entry  and edi t ing 

- InterEace with f i l e  mnagemnt system 

- R m t e  job processing 

- Interact ive  programing 

o H o s t  Language Interface 

The DBMS must k capable of interfacing with COBOL, Assembler Programming Language 
and FORTRAN. 

o Utilities 

The u t i l i t y  programs a r e  to permit e f f i c i en t  loading and subsequent maintenance of 
t he  data base. Functions include: 

- F i l e  loading, unloading and delet ion 

- Addition of physical storage space f o r  the data base 

- Save and restore of f i l e s  

- Data base s t a t u s  reporting 

- Restructuring 

o Staff  

Refers to personnel required to support the successful operation of a DBMS. Included 
a re  the requirements for:  

A, Systems Programners 

B. Data Base Analysts 

The Study Team assigned a weighting fac tor  to each c r i t e r i on  to demonstrate its 
importance to the spec i f ic  requirements of Kennedy Space Center. A total of one 
hundred points  was divided m n g  the eighteen criteria based on the r e l a t i ve  
i q o r t a n c e  ( t o  KSC) of the c r i t e r i on  i n  re la t ion  to the other  criteria. Appendix B 
provides a list of the f i n a l  evaluation c r i t e r i a  a d  associated weighting factors.  

Each vendor w a s  asked to make a technical  presentation of its DBMS products. During 
these informal presentations team mnbers interrogated the vendors on the methods 
enployed by t h e i r  DBllSs to meet KSC's c r i t e r i a .  Team members requested and received 
d e t a i l  technical  documentation on a l l  aspects of the vendor's products. After the 
vendor presentations w e r e  completed, t he  DBMS Study Team met da i ly  f o r  "round-table" 
discussion and assignment of tasks. Each c r i t e r i on  was f u l l y  investigated f o r  each 
DBMS, usually by two or more team members. Users of the candidate DBMSs were 
contacted to ver i fy  the vendors' statements and to solicit the users'  experiences 
with the  DBMS, 



The study concluded the  best data  base mnagement system available i n  the software 
marketplace f o r  Kennedy Space Center's i n s t i t u t i ona l  data  processing user comnunity 
needs was  ADABAS. ADABAS is par t icu la r ly  strong i n  the areas of On-Line 
Query/Update, Data Structures,  Security, In tegr i ty ,  Physical Storage Management and 
Ease of U s e .  

Procurement ( A p r i l  1981 ) 

An open procurement procedure was followed by advertising KSC's DBMS requirements and 
intentions in t h e  Commerce Business Daily and conducting a benchmark. 

ADAE3AS Evaluation (Fa l l  1981) 

Kennedy Space Center's Cmputer Support Division leased t h e  Software AG products f o r  
three  mn ths  so a thorough evaluation could conclusively determine whether or not the 
ADABAS software products performed as documented. 

The ADABAS Evaluation appraised, (1) all  features  of ADABAS in  terms of  KSC's minimum 
requirements and (2) as mny addit ional features  as feasible.  

The ADABAS Evaluation Team concluded the products performed as documented and the 
products a re  w e l l  suited to sa t i s fy  the data processing needs of the  Kennedy Space 
Center In s t i t u t i ona l  Computer Users for the  next decade. 





APPENDIX B 

FINAL EVALUWIOM CRITERIA 

Criterion 

On-Line Ql~ery/Update 

Data Structures 

Security 

In tegr i ty  

Physical Storage Management 

Ease of Data Model Change 

Ease of  U s e  f o r  Programer 

Data Dictionary 

Ease of U s e  f o r  DBA 

Program/Data Independence 

Time-Sharing Subsystem 

Documentat ion 

Vendor 
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Figure 1 was extracted from Datamation in 1980, and I ran across it 

again recently in a sales brochure in RAMIS. 

As you know the cost of programming services has more than doubled, 

and the price of a byte of memory today is less than the maintenance 

cost of that byte five years ago. In 1975, it cost $65,000 to rent 

IMB of ampex memory. In February, we bought 4MB of IBM memory for 

$56,000 for our 4341. 

When I first programmed, we had to desk check because we only got 

one shot a day. Now with all the software products available, 

like ABEND-AID and CAPEX, on-line compiles and testing, it takes all 

the fun out of programming. 

I think every organization goes through the same growing pains and 

problems that we went through, and we can all find ourselves somewhere 

in Figure 2. 

Around 1966 we are beginning to do Centerwide applications, not 

just Payroll and Accounting. 

The IBM 300140 was installed in December 1970. This was our hardest 

conversion, AUTOCODER or COBOL programs. Anyone remember ACCCP? 

In the early 70's we were strictly a COBOL shop - quick turnaround 
on new applications or reports was weeks not days. As you all know, 

that was not received very well. 



Figure 1 

SYSTEMS DEVELOPMENT 

MAN 

MACHINE 



GODDARD SPACE FLIGHT CENTER 
MANAGEMENT OPERATIONS DIRECTORATE 

MANAGEMENT SYSTEMS OFFICE 

CHRONOLOGICAL DEVELOPMENT OF THE 
ADMINISTRATIVE INFORMATION PROCESSING 
FUNCTION AT GODDARD SPACE FLIGHT CENTER 

1960 - ADMINISTRATIVE INFORMATION PROCESSING FUNCTION ESTABLISHED AS BUSINESS DATA 
BRANCH OF FINANCIAL MANAGEMENT DI'VTSION, TABULATING EQUIPMENT AND PUNCH 
CARDS USED 

1962 - IBM 1401 COMPUTER OBTAINED TO SUPPLEMENT TABULATING EQUIPMENT 

1965 - IBM 1410 COMWTER ADDED TO ALLOW NORE ADMINISTRATIVE FUNCTIONS TO BE 
PROCESSED 

1973 - IBM 360140 COMPUTER REPLACES IBM 1410 

1974 - IBM 360140 UPGRADE TO 384K 

1975 - IBM 360150 REPLACES 360140, COMPUTER CAPACITY GREATLY INCREASED, PROCESSING 
SEVERAL APPLICATIONS CONCURRENTLY POSSIBLE 

1976 - COMMUNICATIONS HARDWARE OBTAINED TO PERMIT ONLINE ACCESS TO COMPUTER, 
INITIALLY USED PRIMARILY FOR SYSTEMS DEVELOPMENT ACTIVITIES 

1978 - NEW SOFTWARE (RAMIS) OBTAINED TO PERMIT ONLINE AD HOC INQUIRIES BY USER COMMUNITY 
1978 - DEVELOPMENT OF FIRST MAJOR ONLINE SYSTEM STARTS (SMALL PURCHASES TRACKING) 
1979 - IBM 360165 REPLACES 360150 TO PERMIT FASTER ONLINE PROCESSING AND TO 

INCREASE TOTAL CAPACITY 

1980 - NEW PERSONNEL SYSTEM INSTALLED TO REDUCE COSTS AND IMPROVE SERVICE 

1981 - IBM 4341 11 REPLACES IBM 360/65 



In  1973, we purchased IRS ( Inqu i ry  and Reporting System) from Sigma 

Data, and we could now produce one time ad-hoc ba tch  r e p o r t s  i n  a 

t imely f a sh ion ,  and we a r e  s t i l l  running those same one-time-only 

r e p o r t s  . 

A s  i n  F igure  1, t h e r e  seemed t o  be a void being f i l l e d  cons t an t ly  

by f r i e n d l y  languages - more computer generated s tatements  and 

a s s i s t a n c e ,  RAMIS claims t o  reduce t h e  requi red  i n s t r u c t i o n s  by 

40: 1 over  COBOL. 

I n  August of 1977, we put  t oge the r  a s tudy  (Figure 3) on the  need 

f o r  an on-line Inqui ry  System. We developed the  fol lowing 

requirements  Matrix and RAMIS, INQUIRE, and EASYTRIEVE q u a l i f i e d  f o r  

f u r t h e r  s tudy.  (Figure 4) INQUIRE dec l ined  t o  i n s t a l l  t h e i r  

system f o r  a f r e e  t r ia l  and, lack ing  record  a r i t h m e t i c ,  were 

e l imina ted  from f u r t h e r  cons idera t ion .  

We chose RAMIS because of i t s  English-l ike language, i t s  f l e x i b i l i t y  

( i t  w i l l  treat non-RAMIS f i l e s ,  e i t h e r  ISAM,USAM, TOTAL, o r  QSAM wi th  t h e  same 

nonprocedural language) ,  and i t s  growth p o t e n t i a l ,  

RAMIS was a complete Data Base Management System. We f e l t  t h a t  

records  management was i t s  weakest p o i n t ,  but then i n  those days 

EASYTRIEVE d i d n ' t  have i t s  own c a p a b i l i t y  - s o  I guess you can say  

i t  was another  p l u s  f o r  RAMIS. 



NEED FOR INQUIRY SYSTEM 

o CHANGE IN DATA STRUCTURES 

o CHANGE IN REPORTING REQUIREMENTS 

o REDUCTION IN STAFF LEVELS 

o DIFFERENT VIEWS OF RELATED DATA 

o USER REPORTING 

o REDUCE DEVELOPMENT TIME 

o REDUCE MAINTENANCE COSTS 



FIGURE 4 

A T T R I B U T E S  

A 

A S I - S T  7 9 . 0  1111 0 1  1 0 0 0  1 0 1  1.110 111 11 
X X 

DS  R 5 2 . 6  1 1 1 0  0 0  1111 111 1 1 1 0  111 11 
X 

E A S Y T R I E V E  2 0 . 0  1111 0 1  1 1 1 0  1 1 0  1111 111 11 
X X X 

G P S  0  0 1 0 0  0 1  1 0 0 0  1 1 0  1 0 0 0  1 0 0  
>. 

11 

M l  S U R S  1 0 0 0  0 1  1111 0 1 1  0 0 0 0  111 11 
X X 

MRCS 2 2 . 0  1111 0 0  1 0 0 0  1 0 1  1111 111 11 
X 

QUERYS 1 7 . 0  1111 0 0  1 0 0 1  111 1 1 1 0  111 11 

RAM1 S 3 8 . 5  1111 11 1111 111 1111 111 11 
X X X X X X 

R F I  1 0 0 0  0 0  1 0 0 0  0 1 1  0 0 1 0  1 0 0  0  1 
X X 

SOCRATES 2 0 . 0  1111 0 1  1 0 0 0  1 0 0  1 1 1 0  1 0 0  11 

M I N I M U M R E Q U I R E M E N T S  5 0 . 0  ? I 1 1  l ?  I ? ? ?  111 ? 1 1 ?  l l ?  11 

? N O N - E S S E N T I A L  REQUIREMENTS 

X DOES NOT Q U A L I F Y  I N  CATEGORY 

C O S T S  WERE BASED UPON DATAPRO F I G U R E S ,  WHERE A P P L I C A B L E  

PRODUCT R A T I N G  MATRIX 



Whether i t  was s k i l l  o r  j u s t  good f o r t u n e ,  we have always been 

very  pleased wi th  our s e l e c t i o n .  

Mathematica has  been a  very f r i e n d l y  company and responsive t o  

u se r  sugges t ions .  Their  enhancements t o  t h e  product and 

announcements of new companion products  keep pace wi th  our 

l e a r n i n g  curve,  But t h e  most impressive f e a t u r e  of RAMIS i s  

t h e  devot ion of i t s  u s e r s .  I ' v e  found very  few people d i s -  

s a t i s f i e d  wi th  t h e  product.  A survey i n  a  r e c e n t  Datamation 

suppor ts  our f e e l i n g s ,  I n  t h i s  survey, i t  was ranked number 

one. 

Our f i r s t  a p p l i c a t i o n  t o  be developed using 'RAMIS was our  

r educ t ion  i n  f o r c e  i n  1978. We were "requested" t o  have 

personnel  and '%IF'' information a v a i l a b l e  f o r  on-line inqui ry .  

A t  t h i s  p o i n t  we were very  low on t h e  l ea rn ing  curve and 

"panic" was t h e  word of t h e  day. 

Fo r tuna te ly ,  W I S  was use r  f r i e n d l y  and fo rg iv ing  and we were 

a b l e  t o  s a t i s f y  some very  i n t e r e s t i n g  i n q u i r i e s  wi th  RAMIS 

nonprocedural language. 

Sumary  r e p o r t s  of impacts by o rgan iza t ion  and s k i l l s  a f f e c t e d  

could b e  developed i n  a few s ta tements .  For example, s e e  

F igures  5 and 6 .  



FIGURE 5 

TABLE 

FILE PE-ACT IVE 

COUNT ENTRIES AS " AND ROW-TOTAL AND COLUMN-TOTAL 

ACROSS DIR 

BY SKI 

I F  DUTY EQ D 

END 



FIGURE 6 

RP0808: NUMBER OF RECORDS I N  TABLE= 3736 LINES= 
Page 1 

DIR 
000 100 200 300 400 500 600 700 800 900 

SKI TOTAL ............................................................................... 
1 2 0 147 0 0 0 0 0 0 0 149 
2 0 3 1 6  0 3 3 0 1 1 4 3 1  
3 122 0 85 2 1  3 1 6  54 236 33 4 1  611 
5 28 65 182 1 0  44 2 7 3 0 4 5 5 3 52 536 
6 1 6  60 327 5 90 2 0 2 1  29 103 39 710 
7 77 8 2 0 79 194 153  212 398 208 348 1697 
9 2 0 0 0 0 0 0 0 0 0 2 

TOTAL 
247 136 777 115 334 219 317 7 09 398 484 3736 



After the RIF was completed we still had an interested user in our 
Personnel Department, so we soon had the requirement to teach the 
reporting capability to Personnel Specialists. This soon extended 
to training and locator systems and to the development of a skills 
inventory we call Human Resources Inventory System. 

We now have systems -- or at least the ability to report -- as an 
on-line inquiry from an interesting number of systems across all 
areas, 

For example, we have access to information in the following systems: 

* Capital assets 
* Disposal of Property 
* Accounting 

* Budget 
* Travel 
* Status 

* Manpower 
* Plans 

* Available 



* Procurement 

* Pro jec t  Management 

* Reports Dis t r ibu t ion  

* Supplies 

* Personnel 

* Training 



RAMIS i s  a  gene ra l  purpose DBMS wi th  appeal  t o  both t e c h n i c a l  and non- 

t e c h n i c a l  u s e r s ,  E f f i c i e n t  h i e r a r c h i e s  can be  developed providing d a t a  

independence, m u l t i p l e  views of t h e  d a t a ,  and complex networks. A l l  

t h e  power of t h e  nonprocedural language can then b e  used by nontechnica l  

people l i k e  bus ines s  s p e c i a l i s t s  f o r  r epo r t ing  o r  ad-hoc que r i e s .  

To g i v e  you an i d e a  of t h e  power and f l e x i b i l i t y  of t h e  system I would 

l i k e  t o  show you a few examples, us ing  Figures  7-11. 

F i r s t  is  a system I developed t h a t  s t a r t s  wi th  c r e a t i n g  a  d a t a  s e t  from 

t h e  volume t a b l e  of con ten t s  of our  d i s k  packs and matching t h e  d a t a  

s e t  names t o  t h e  system ca t a log ,  



FIGURE 7 

MODEL FOR RAMIS FILE : : DBA 
PRODUCED ON 05/17/82 AT 8.44.22 

LEVEL FACTOR 

......................... 1 D 0 ......................... 
: 1 VOL-SER ......................... ......................... 

v ......................... 0 e........................ 

: 2 DSN 
: 3DSN 
: 4 TSOID 
: 5SYSTEM-ID 
: 6 FREQ 
: 7 DSORG 
: 8 RECFM 
: 9ALLOC 
: 1 0  EXT 
: 11 SECURE 
: 1 2  LAST-USED 
: 1 3  USE-COUNT 
: 1 4  CRT-DATE 
: 1 5  LRECL 
: 16 BLKSIZE 
: 17  PDSA 
: 18 PDSU 
: 19 TYPE 
: 20 TASK-NO 
: 2 1  TRACKA 
: 22 TRACKU ......................... ......................... 

FORMAT SYNONYM ------ ------ 

DSN 
DSNS 
TSO 
S I D  
F 
W 
RF 
AL 
EXT 
SEC 
LU 
UC 
CD 
LR 
BLK 
PA 
PU 
TYPE 
TN 
TA 
TU 



FIGURE 8 

MODEL FOR RAMIS FILE :: DBA 
PRODUCED ON 05/17/82  AT 8.44.22 

LEVEL FACTOR FORMAT SYNONYM ----- ------ ------ ------ ......................... ......................... 1 D 0 
: 1 VOL-SER A 6 V S ......................... 
. 0 . . . . . . . . . . . . . . . . . . . . . . .  

v ......................... ......................... 
: 2 DSN 
: 3DSN 
: 4 TSOID 
: 5 SYSTEM-ID 
: 6 FREQ 
: 7 DSORG 
: 8RECFM 
: 9 ALLOC 
: 1 0  EXT 
: 11 SECURE 
: 1 2  LAST-USED 
: 1 3  USE-COUNT 
: 1 4  CRT-DATE 
: 1 5  LRECL 
: 1 6  BLKSIZE 
: 1 7  PDSA 
: 18 PDSU 
: 1 9  TYPE 
: 20 TASK-NO 
: 2 1  TRACKA 
: 22 TRACKU ......................... ......................... 

ASSOCIATED FILE I S  
TSOIDS ......................... ......................... 

: 2 3  FIRST-NAME 
: 24 M I  
: 25 LAST NAME 
: 26 GROUP 
: 27 ORG 
: 28 DIR 
: 29 APPLICATION 
: 30  SPACE ................. q....... ......................... 

DSN 
DSNS 
TSO 
S I D  
F 
DO 
RF 
AL 
EXT 
SEC 
LU 
UC 
CD 
LR 
BLK 
PA 
PU 
TYPE 
TN 
TA 
TU 

FIN 
M I  
LN 
GRP 
ORG 
DIR 
APP 
S P 



FIGURE 9 

MODEL FOR RAMIS FILE :: DBA 
PRODUCED ON 0 5 / 1 7 / 8 2  AT 8 .44.22 

LEVEL FACTOR ----- ------ ......................... ......................... 1 D 0 
: 1 VOL-SER ......................... ......................... 

v ......................... ......................... 2 S 0 
: 2 DSN 
: 3 DSN 
: 4 TSOID 
: 5 SYSTEM-ID 
: 6 FREQ 
: 7 DSORG 
: 8 RECFM 
: 9 ALLOC 
: 1 0  EXT 
: 11 SECURE 
: 1 2  LAST-USED 
: 1 3  USE-COUNT 
: 1 4  CRT-DATE 
: 1 5  LRECL 
: 1 6  BLKSIZE 
: 1 7  PDSA 
: 1 8  PDSU 
: 1 9  TYPE 
: 2 0  TASK-NO 
: 2 1  TRACKA 
: 22 TRACKU ......................... ......................... 
ASSOCIATED FLLE I S  

TSOIDS ......................... ......................... 
: 2 3  FIRST-NAME 
: 2 4  M I  
: 2 5  LAST NAME 
: 26 GROUP 
: 2 7  ORG 
: 2 8  DIR 
: 2 9  APPLICATION 
: 3 0  SPACE ......................... ......................... 
ASSOCIATED FILE I S  
SY STEM-ID ......................... ......................... 
: 3 1  SYS-NO 
: 3 2  MAINT-NO 
: 3 3  SYS-NAME 
: 3 4  USER 
: 3 5  ANALYST 

FORMAT SYNONYM ------- ------ 

DSN 
DSNS 
TSO 
SID 
F 
DO 
RF 
AL 
EXT 
SEC 
LU 
UC 
CD 
LR 
BLK 
PA 
PU 
TYPE 
TN 
TA 
TU 

FIN 
M I  
LN 
GRP 
ORG 
D I R  
APP 
S P  

SNO 
MN 
SN 
U 
AN 



FIGURE 10 

MODEL FOR RAMIS FILE :: DBA 
PRODUCED ON 0 5 / 1 7 / 8 2  AT 8 .44.22 

LEVEL FACTOR FORMAT SYNONYM ----- ------ ------- ------- 
......................... 1 D 0 ......................... 
: 1 VOL-SER A 6 VS ......................... ......................... 

; ......................... ......................... 2 S 0 
: 2 DSN A 3 2  DSN 
: 3 D S N  A 1 3  DSNS 
: 4 TSOID A 5 TSO 
: 5SYSTEM-ID A 2 S ID 
: 6 FREQ A 1 F 
: 7 DSORG A 2 DO 
: 8 RECFM A 2 RF 
: 9 ALLOC A 3 AL 
: 1 0  EXT A 2 EXT 
: 11 SECURE A 1 SEC 
: 1 2  LAST-USED A 5 LU 
: 13 USE-COUNT A 5 UC 
: 1 4  CRT-DATE A 5 CD 
: 1 5  LRECL A 4 LR 
: 1 6  BLKSIZE A 5 BLK 
: 1 7  PDSA A 2 PA 
: 18 PDSU A 2 PU 
: 1 9  TYPE A 1 TYPE 
: 2 0  TASK-NO I 6  TN 
: 2 1  TRACKA I 6  TA 
: 2 2  TRACKU 1 6  TU 
......................... 

ASSOCIATED FILE I S  
TSOIDS ......................... ......................... 

: 2 3  FIRST-NAME 
: 2 4  M I  
: 2 5  LAST NAME 
: 2 6  GROUP 
: 2 7  ORG 
: 2 8  DIR 
: 2 9  APPLICATION 
: 3 0  SPACE ......................... ......................... 
ASSOCIATED FILE I S  
SY STEM-ID ......................... ......................... 
: 3 1  SYS-NO 
: 3 2  MAINT-NO 
: 3 3  SYS-NAME 
: 3 4  USER 
: 3 5  ANALYST 

: 3 9  TASK TITLE 1 
: 4 0  TASK TITLE 2 
: 4 1  TASK TYPE 
: 4 2  TASK COMPLEX 
: 4 3  PRIORITY 
: 4 4  TASK ORIGIN 
: 4 5  MSO ANALYST 
: 4 6  CTR EST DATE 
: 4 7  CTR EST HRS 
: 4 8  PROG ASSIGN 
: 4 9  ACT DATE 
: 5 0  ACT PROG HRS 
: 51 EVAL TOTAL 
: 5 2  APPROV DATE 
: 5 3  RECEIVED 

FIN 
M I  
LN 
GRP 
ORG 
DIR 
APP 
S P  

TITLE 1 
TITLE 2 
TP 
COMPLEX 
PRTY 
ORIGIN 
ANAL 
CECO 
APHR 
PROGA 
APHR 
APHR 
ET 
APD 
RECE IV 



FIGURE 1 1  
MODEL FOR RAMIS FILE :: DBA 
PRODUCED ON 0 5 / 1 7 / 8 2  AT 8.44.22 

LEVEL FACTOR FORMAT ----- ------ ------- ......................... 1 D 0 ......................... 
: 1 VOL-SER ......................... ......................... 

i ......................... 2 S 0 ......................... 
: 2 DSN 
: 3 D S N  
: 4 TSOID 
: 5 SYSTEM-ID 
: 6 FREQ 
: 7 DSORG 
: 8 RECFM 
: 9 ALLOC 
: 1 0  EXT 
: 11 SECURE 
: 1 2  LAST-USED 
: 1 3  USE-COUNT 
: 1 4  CRT-DATE 
: 1 5  LRECL 
: 1 6  BLKSIZE 
: 1 7  PDSA 
: 18 PDSU 
: 1 9  TYPE 
: 2 0  TASK-NO 
: 2 1  TRACKA 
: 22  TRACKU ......................... ......................... 
ASSOCIATED FILE I S  

TSOIDS ......................... ......................... 
: 2 3  FIRST-NAME 
: 24  M I  
: 2 5  LAST NAME 
: 26  GROUP 
: 27  ORG 
: 2 8  DIR 
: 2 9  APPLICATION 
: 3 0  SPACE ......................... ......................... 

SYNONYM ------- 

DSN 
DSNS 
TSO 
S ID 
F 
DO 
RF 
AL 
EXT 
S EC 
LU 
UC 
CD 
LR 
BLK 
PA 
PU 
TYPE 
TN 
TA 
TU 

FIN 
M I  
LN 
GRP 
ORG 
DIR 
APP 
S P  

ASSOCIATED FILE I S  
SYSTEM-ID ......................... ......................... 
: 3 1  SYS-NO 
: 3 2  MAINT-NO 
: 3 3  SYS-NAME 
: 3 4  USER 

ANALYST 
: 3 9  TASK TITLE 1 
: 4 0  TASK TITLE 2 
: 4 1  TASK TYPE 
: 4 2  TASK COMPLEX 
: 4 3  PRIORITY 
: 4 4  TASK ORIGIN 
: 4 5  MSO ANALYST 
: 4 6  CTR EST DATE 
: 4 7  CTR EST HRS 
: 4 8  PROG ASSIGN 
: 4 9  ACT DATE 
: 5 0  ACT PROG HRS 
: 51 EVAL TOTAL 
: 52  APPROV DATE 
: 5 3  RECEIVED ..................... ..................... 

ASSOCIATED FILE I S  
JCLCROSS ..................... ..................... 

: 5 5  LDSN 
: 5 6  PROCLIB 
: 5 7  PROCEDURE 
: 5 8  STEPNAME 
: 5 9  DDNAME 
: 6 0  PROGRAM 
: 6 1  DISPOSITION 
: 6 2  UNIT 
: 6 3  FLG ......................... ......................... 
: 3 5  ..................... ..................... 
ASSOCIATED FILE I S  

TMW52001 ..................... ..................... 
: 3 6  SYSTEM NO 
: 37  TASK NO 
: 3 8  MSO DUE DATE 

SNO 
MN 
SN 
u 
AN 

TITLE 1 
TITLE 2 
TP 
COMPLEX 
PRTY 
ORIGIN 
ANAL 
CECO 
APHR 
PROGA 
APHR 
APHR 
ET 
APD 
RECEIV 

LDSN 
PLIB 
PROC 
STEP 
DD 
PGM 
DISP 
VS 
F 1 

STM 
TKNO 
MDD 



Within minutes I can l i s t  a l l  ISAM d a t a  s e t s ,  This  could be  very  

u s e f u l  i f  we were i n t e r e s t e d  i n  looking a t  IAM (by innovat ive  d a t a  

processing)  - a replacement product f o r  TSAM and VSAM, 

I could f i n d  t h e  most o f t e n  used d a t a  set - poss ib ly  t o  improve 

channel usage, 

The l e a s t  used - a s  candida tes  f o r  migra t ion  t o  t apes ,  There a r e  no 

r e s t r i c t i o n s  on t h e  nonprocedural language, Any f i e l d  can b e  a 

c o n t r o l  f i e l d  o r  a break ( sub to t a l )  f i e l d .  By 1980 we had over  100 

TSO u s e r s  and TSO d i s k  space became a problem t o  c o n t r o l ,  I n  F igure  

8 we have added another  f i l e  t o  t h e  system t o  show t h e  network 

c a p a b i l i t i e s  of W I S P  

We maintained our  TSO TD f i l e  on a s e p a r a t e  RAMIS Data Base. The 

f i l e  i s  updated v i a  another  M I S  f e a t u r e  c a l l e d  PROMPT. 

PROMPT would "prompt" you through t h e  d a t a  d i c t i o n a r y  and you 

could f i l l  i n  t h e  informat ion ,  

With t h e  TSOID f i e l d  i n  t h e  h o s t  f i l e  (DBA) I could network i n t o  

t h e  TSOID f i l e  ( a s soc i a t ed  f i l e )  and p i ck  t h e  information.  To t h e  

nonprocedural language it i s  a s  though I simply added elements t o  

t h e  f i l e ,  



The TSOID f i l e  i s  i n  no way a f f e c t e d  by t h e  network. It i s  s t i l l  

maintained independent ly,  Any number of f i l e s  can network t o  t h e  

TSOID f i l e ,  

Curren t ly  RAMIS can network up t o  25 d i f f e r e n t  f i l e s  and can have 

any number of "VIEWS" of t h e  main o r  h o s t  f i l e .  A s  shown i n  F igure  

9 ,  t h e  System-ID f i l e  adds another  f i l e  t o  t h e  network, It simply 

shows how t o  u s e  a f i l e  t o  e l imina te  redundant d a t a .  RAMIS has  a 

masking f e a t u r e  and by r equ i r ing  c e r t a i n  s tandards  i n  naming con- 

ven t ions  we were a b l e  t o  network i n t o  our  con t r ac to r  f i l e  and 

t r a c k  a c t i v e  t a s k s .  OBviously i n a c t i v e  t a s k s  could be  i d e n t i f i e d  

and t h e i r  d a t a  s e t s  d e l e t e d ,  This  i s  shown i n  F igure  10. 

Figure  11 shows another  va luab le  f e a t u r e ,  The JCLCROSS f i l e  

con ta ins  a l l  our product ion JCL, and by de f in ing  t h e  network i n  

a c e r t a i n  way I can f i n d  a l l  of t h e  matching records  i n  t h e  

a s soc i a t ed  f i l e  network. For example, which programs and which 

systems a r e  re ferenced  by a p a r t i c u l a r  d a t a  s e t ,  

This  became an  inva luab le  t o o l  during system modif ica t ions ,  Which 

programs read t h e  Personnel  master  can e a s i l y  be  answered. 



RANIS FEATURES 

Figure 12 shows features of the RAMIS system which include: 

System Features 

* OS, VS, TSO, VS370, DOS/VS, VM/CMS 
* Batch and Interactive 
* Environment Controls 
* Buffers (network pointer strategy, library data base) 
Data Base Features 

* Large data bases and files 
* Reporting 
*-catalogued or ad-hoc 

* WIS/NO~-RAMIS files 
* tabular reports 
* graphs 

* summary and/or detail 
* masking 
* selectors (if) 
* ascending, descending sort sequence 
* extensive computation capability 
* column calculations 

Programmer Interface 

* COBOL, FORTRAN, PL1, Assembler, Complete Access/~pdate control 
with Read Only Options 



Run Executive 

* powerful environment control 
* prompting for non ADP users 

* easily modified 
* interactive procedures 
* invoke other procedures 
* system information available 
* testing facilities 

Financial Planning 

* Report Models 
SCAN 

* browsing capabilities 
* update capabilities 
* delete one or many reco~ds based on key 

Automated Interface 

* APL 
* ADABAS 
* TOTAL 
* PL1 
* XDMS 
* IMS 

Recent Announcements 

Graphics 

Relate 

Full Screen Manager 

* Statistical Interfaces 
* Table lookup 



FIGURE 12 

RAMIS FEATURES 

SYSTEMS FEATURES 

ENVIRONMENT CONTROLS 

DATA BASE FEATURES 

RECORDS MANAGEMENT 

REPORTING 

PROGRAMMERS INTERFACE 

RUN EXECUTIVE 

FINANCIAL PLANNING 

SCAN 

AUTOMATIC INTERFACE 

RECENT ANNOUNCEMENTS 



Figure  13 g ives  examples of r eco rds  management us ing  networks: 

* 24 d i f f e r e n t  d a t a  bases  may be  concatenated f o r  r epo r t ing  

* H i e r a r c h i c a l  f i l e  s t r u c t u r e  

* Separa te  f i l e s  e a s i l y  networked toge the r  and t r anspa ren t  t o  
t h e  use r  

* Automatic p o i n t e r  maintenance 

* Direc to ry  

* Alpha, b ina ry ,  packed, s i n g l e  & double p r e c i s i o n  d a t a  types  

* exponent ia l  

* non-procedural language i n t e r f a c e  

* concurrent  acces s  f o r  r epo r t ing  

* s e c u r i t y  
scrambled passwords, d a t a  base ,  f i l e ,  record  
d a t a  i tem acces s  c o n t r o l  

* Redef in i t i on  of element d e s c r i p t i o n s  

* F i e l d  name o r  synonym 

* Data Dic t ionary  



FIGURE 13 

USE 
DATABASE 
CODEPRC 
END 
ERASE 
FILE DBA 
END 
REVISE 
DIRECT 
INCLUDE 
ERRORSUM 
KEY VS. DSN 
JUSTIFIED 
FORM 139x-13,32,X1,5,X1,2,X19192,2,3929 
FORM 1,5,X4,5,X2,5,6,X3,69494949 
FORM X2,4,X5,2,Xl191 
ORDER DSNS,DSN,TS0,SID9F,D02RJ?9AL,EXT 
ORDER TU,PA,PU,TYPE 
READ DBA 
FILE DBA 
END 



Figure 14 desc r ibes  the  system's capac i ty  f o r  Records Management including:  

* v e r i f i c a t i o n  

* a d d i t i o n  

* change 

* d e l e t e  

* e d i t i n g .  
accumulation o r  replacement update: one t r a n s a c t i o n  updat ing 
m u l t i p l e  records 

F igure  15 i s  an  example of t h e  a b i l i t y  t o  genera te  new f i e l d s  and va lues  
including:  

* generated f i e l d s  

* c o n t r o l  of s ea rch  argument 

* any f i e l d  can be a key F i e l d  

* extens ive  l o g  c a p a b i l i t i e s  

* mul t ip l e  t r a n s a c t i o n  types 

* a u d i t  t r a i l s  

* mock update.  



FIGURE 14 

COMPUTE 
FILE MNPR 
ACCEPT = I F  TC EQ 'D' THEN 'YES' ELSE 'TT ' :  
3T = 'D l ;  
END 
REVISE 
COMPUTE 
INCLUDE 59 
KEY ORG, UPN7,SKI, SKD 
UPDATE BT 
FORM 3 , 7 , 1 , 1 , 7 , x 1 0 5 , 1  
ORDER ORG, UPN7,TBT, SKI ,  SKD, TC 
ERRORSUM 
READ MNPR 
END 
RAMREORG MNPR,MSGL=O, I F L  = I F  BT NE D 



FIGURE 15 

C:OTA!. CiiL;iS DEADEF 1 N E  
rlEF I NE 
F I L E  DEA 
C/ITEG6RY/An3 = CrECr3DE TYPE(M, MATCH, V,  'VTOC ONLY', I=, 'CTLF ftNLY' , 

E L S E  OTHER ; 
ATU/I/I, = IF EQ 'DOx IZlR fiCi EQ /IS" THEN ELSE TU; 
L-L lX l /G2 = E[IIT(LCI, '93.'); 
L U X l R / I 4  = E D I T ( L L l X 1  ) ; 
LI-iXZ/A:Z = E D I T ( L f J ,  '$$'.7'29' ) ; 
L L I X 2 A / I 4  = EDIT(L.1-1x2) ; 
Ll- lYR/I&, = bYMD; 
C:OST/F7.2 = T A  i. 2.5; 
FREQLlENOI'/H 1 2  = DECOriE F ( D, DAIL ' f ,  F, EJWEE[::'L'f, M, MIZINTHLY - D, DI-IARTERLY. 
W ,  WEEKLY, T , TABLES,  ' ' , ' ' , 

!:;, 'SEMI ANNUAL ' , fi, ANNUAL, R, 'AS J3EOI-I I F E D  ' , EL:Z;E .<NOT !3TAN[lGRD' ) ; 

IZ;C:F:GTCH/A1 = I F  TYPE EQ ''. THEN ' X  ' E L S E  
I F  ( (AGE G E  10(5 ) AND ( F N E  'A . '  AND F NE .':f;' RNfl F N E  'F;' 1 ) THEN .'X -' 

' '; 
IEHPHl~iGM,/fi;~[:) = .; :.T!;:R;STgH -*.'%---DStqGHE=""'DSN'.-:' , V~;IL=:~:~::~U~'-~..V~:: .-. v 

I-ItqCATLG/G:z:(:, = .' I-lHt:ATLG "".' D:Z;NAME= .-'fiB:f;N - 
FL.FiG,/&l = I F  TYPE El3 'V . '  THEN .'A+' E L S E  
I F  ( ( TIJ El:! 0 ) AND ( rllE;OFi'G NE 'DA.' AN[i DSiSF:C; N E  ' IS. '  ) ) THEN 'E '  ELSE 
I F  AGE GE 99 THEN 'C' E L S E  2.; 

REASl:iN/Al(:) = DECCiDE F L A G ( A ,  'Nl:iT CTLGEIII',B,"NCIi~,, 1 !:;F'Al;E',C, /AGE/,/ '7  ' ' 1 ;  
DOLIE(T/I&, = I F  F L A G  NE ' ' THEN TG E L S E  (11; 
N&ME4/R4 = ED 1 T (DSN, '5'995" ) ; 
N S / A 1  = I F  NAME4 El:! 'BUR, ' iSF: NAME4 Ec! .'!z;Y::;l -' iriR NAPlE4 EQ 'REST' 

OR NAME4 El:! '.RAMI' THEN " ' E L S E  
I F  E;ID El;! ' --. &NEi 

T S O I D  El,:! ' ' THEN 'X."  E L S E  
I F FREI~! I - IE~\~C'~ El;! ..'MIST STAi\IDfiF:D-' THEN ' X  ' EL!E;E .'. .c ; 
GNAL)'ST-NAME/A 15 = DECiIfDE AN ( 02, ARMSTRONG, (113 3 RiIIMI?NIII 7 (34 1 5CH IRSlI!NE 
(115 ElIiYER, 09 E V A N S  7 F R  I E S  7 1 1 7 FARRALL,  14 7 HEAII, 
--, La, .-, R IDGE[-JAY, 24, riICR[.1ILLIZI, 72, ~JI:IVAI:I:I, '33, ~IIEI~ILET~:IN, 9:Z: 2 F'RC, 7'3, l-lPJASSII3P4EIi7 
E L S E  Ur\lF;!Z;S I CiNETi) ; 
T!sOF'REF 1 X / A 2  = ELI I T ( TSO I El, "39' ) ; 
END 
END CATALlIlI3S 
END 11lF DATG 



On t h e  negative s ide ,  we have experienced t h e  pains while Mathematica 
was growing, W e  o f t en  f e l t  t h a t  we were a Beta Test s i t e .  We made 
extensive use of the  W I S  "hotlines" fea tu re ,  They w e r e  very 
responsive t o  our (and t h e i r )  problems, 

Some of these  were brought up a t  a recent  round t a b l e ,  much l i k e  
cincomfs KNOCKABOUT, 

* Improved e r r o r  d iagnost ics  

* Consistent  syntax throughout 'RANTS 

* Concurrent Usage of the  same f i l e  

* Enhance database recovery 

* Addit ional  da ta  s t r u c t u r e s  (ar ray ,  inversions)  

* Design and performance a i d s  

* Encryption 

* Read only scan 

* Multiple r epor t s  from a s i n g l e  pass of the  database 

* Modeling 



The ensuing systems design was developed by Arthur Young and Company. 

The programming e f f o r t  i s  by Elec t ronic  Data Systems, A l l  e d i t  and 

update programs a r e  w r i t t e n  i n  COBOL using t h e  Procedural Language 

In te r face .  Reports a r e  produced on-line and i n  batch using the  non- 

procedural language. Cataloged procedures a r e  ava i l ab le  t o  prompt 

the  non ADP user  f o r  most appl ica t ions .  



BASIC ACCOUNTING SYSTEM 

SYsm OVERVIEW 

This section of the report is intended to provide a high-level 

view of BAS in the context of which the discussion of specific 

processing modyles and concepts in succeeding volumes may be 

interpreted, 

The system overview provides three high-level views of BAS: 

s system modules - in which the modules of BAS are identified, 
and their interrelationships. 

e functions and processes - in which the major program run 
units and processing cycles (daily, monthiy, annually) are 

identified, 

data base organization - in which the major files of BAS 
are identified and their contents described, 

The size and scope of BAS are such that only the combination of 

these views can generate an understanding of the organization and 

underlying concepts of BAS. 

A, BAS SYSTEM MODULES 

The majority of the material in this report is oriented toward 

individual modules of BAS, Therefore, the first overview of BAS will 

consider the modules of BAS, their relationship and purpose. 

The BAS is a batch-processing system, enhanced by availability 

of data online using CRT terminals and the availability of a non- 

procedural language which enables non-programmers to write programs 



t o  i n t e r r o g a t e  BAS d a t a .  Most BAS d a t a  is  s t o r e d  i n  a c e n t r a l ,  

i n t e g r a t e d  d a t a  b a s e  which  w i l l  b e  a v a i l a b l e  o n l f  ne, Exhibit I-l 

l ists t h e  m o d u l e s  o f  t h e  BAS, They a r e  d i v i d e d  i n t o  f i v e  major  g roups ,  

by major  p r o c e s s i n g  f u n c t i o n s :  

a Funds  P r o c e s s i n g  

8 T r a v e l  

P r o p e r t y  A c c o u n t i n g  

- M i s c e l l a n e o u s  Modules 

I n f  e r f a c e s ,  

1 , Funds  P r o c e s s i n s  

The f u n d s  p r o c e s s i n g  modules  a r e  t h e  h e a r t  o f  t h e  BAS, Most o f  

t h e  p rograms  and  p r o c e d u r e s  t o  b e  implemented  w i l l  b e  i n  s u p p o r t  o f  

Funds P r o c e s s i n g ,  Funds  P r o c e s s i n g  is d i v i d e d  i n t o  t h e s e  modules: 

A d m i n i s t r a t i v e  F i l e  M a i n t e n a n c e  - which c r e a t e s  and 

m a i n t a i n s  J O N ,  506 and 504 n o n - f i s c a l  d a t a  i n  t h e  BAS 

e M a j o r  Funds  A d j u s t m e n t s  - p r o c e s s e s  t h e  a d d i t i o n  o r  

w i t h d r a w a l  o f  504, 506 o r  J O N  a l l o c a t i o n  f u n d i n g  

e Reprogramming - h a n d l e s  z e r o  b a l a n c e  t r a n s f e r s  o f  a v a i l a b l e  

f u n d s  be tween  J O N s  u n d e r  t h e  same UPN 

O Commitments - r e s e r v e s  f u n d s  a t  t h e  J O N  l e v e l  and r e d u c e s  

a v a i l a b l e  504, 506 and J O N  a u t h o r i t y  

e O b l i g a t i o n s  - r e c o r d s  t h e  f a c t  t h a t  NASA is  now l e g a l l y  

o b - l i g a t e d  t o  t h e  u s e  o f  f u n d s  p r e v i o u s l y  r e s e r v e d  



BAS MODULES 

Funds Processinq 

Administrative File 
Maintenance 

Major Funds Adjustments 

Reprogramming 

Commitments 

. Obligations 

Accruals 

. General Ledger 

. Chargebacks 

. Reinbursables 

Mon-End Closing 

. Year-End Closing 

Funds Availability 

FACS 

Xiscellaneous Reports 

Miscellzneous Queries 

- SACN 

File Update 

Travel Module 

3 ,  Pro~erty Accountinq 
Module 

Fiscal control of NASA- 
owned Capital Assets 
Under GSFC responsibility 

Keeping of information 
for reporting to NASA HQ 
on capital assets under 
GSFC responsibility 

4. Svstem Function "odules 

. Table Nainteaance 

. Batch Processing 

. Error Recycle 

Document Data Base 

. Audit acd Control Modules 

5. Interfaces 

. Labor Interface 

Supply Interface 

Procurement Interface 

. Budget Interface 



Disbur semen t s  - h a n d l e s  payment from o b l i g a t e d  funds  when 

s e r v i c e s  o r  m a t e r i a l s  a r e  r e c e i v e d ,  The d i sbu r semen t  module 

w i l l  a l s o  s c h e d u l e  payments  and produce an automated 1166 

A c c r u a l s  - Accrua l  e n t r i e s  e n t e r e d  by F i n a n c i a l  A n a l y s t s  o r  
g e n e r a t e d  a u t o m a t i c a l l y  by t h e  system w i l l  be  p rocessed  fo r  

month-end c l o s i n g ,  and r e v e r s e d  o u t  t h e  f o l l o w i n g  month 

G e n e r a l  Ledger - w i l l  h a n d l e  p o s t i n g  o f  f i s c a l  a c t i v i t y  t o  

t h e  G e n e r a l  Ledger, Most e n t r i e s  w i l l  b e  g e n e r a t e d  

a u t o m a t i c a l l y  by o t h e r  f u n d s  p r o c e s s i n g  Modules and posted 

by t h e  Gene ra l  Ledger Module. 

Chargebacks  - w i l l  h a n d l e  s p e c i a l  p r o c e s s i n g  a l l o c a t e d  wi th  

r e c o r d i n g  of  c o s t  a g a i n s t  c a r r i e r  a c c o u n t s  and t h e  

d i s t r i b u t i o n  o f  t h e s e  c o s t s  t o  v a l i d  UPNs on an a c t u a l  use 

o r  a l l o c a t i o n  b a s i s ,  a s  a p p r o p r i a t e .  

Re imbursab le s  - w i l l  s e t  up J O N s  f o r  r e c o r d i n g  of C o s t s  

i n c u r r e d  i n  f u l f i l l i n g  r e i m b u r s a b l e  o r d e r s .  Cash advances  

w i l l  b e  p roces sed ,  and cus tomer  b i l l i n g s  a u t o m a t i c a l l y  

g e n e r a t e d .  I n  a d d i t i o n ,  R&PM a c t i v i t i e s  w i l l  be  burdened 

a c c o r d i n g  t o  a p p l i c a b l e  p o l i c i e s  

Month-end c l o s i n g  - w i l l  h a n d l e  t h e  p r o d u c t i o n  o f  s p e c i a l  

r e p o r t s  f o r  GSFC, HQ and o t h e r  a g e n c i e s  ( i ,e , ,  SF224) a t  

month-end, a s  w e l l  a s  g e n e r a t i o n  of  t h e  c u r r e n t  FACS r e p o r t s  

and f i l e s  f o r  HQ use.  

Year-end c l o s i n g  - w i l l  h a n d l e  i n t e r n a l  and e x t e r n a l  

r e q u i r e m e n t s  a s s o c i a t e d  w i t h  t h e  year-end c l o s i n g  

Funds a v a i l a b i l i t y  - c h e c k s  f o r  t h e  a v a i l a b i l i t y  of  funding 
t 

a t  t h e  J O N ,  506, 504 and Reimbursable  Order  l e v e l s  p r i o r  t o  

a c c e p t a n c e  o f  BAS f i s c a l  t r a n s a c t i o n s  



a PACS - p r e p a r e s  GSFC i n t e r n a l  r e p o r t s  a s  w e l l  a s  r e p o r t s  

r e q u i r e d  by NASA WQ ow a  m o n t h l y  b a s i s  

e M i s c e l l a n e o u s  R e p o r t s  - i d e n t i f i e s  r e p o r t s  p roduced  by t h e  

s y s t e m  which a r e  n o t  i d e n t i f i e d  w i t h  a  p a r t i c u l a r  p r o c e s s i n g  

modea%e 

e M i s c e l l a n e o u s  Q u e r i e s  - i d e n t i f i e s  s t r u c t u r e s  o r  p r e -  

programmed q u e r i e s  which a r e  a v a i l a b l e  t o  a i d  t h e  u s e r  i n  

i n t e r r o g a t i n g  t h e  BAS d a t a  b a s e  

e SACN - p r o v i d e s  t h e  c a p a b i l i t y  t o  i d e n t i f y  and t r a c k  f u n d i n g  

f o r  compute r  s y s t e m s  by  s y s t e m  number, and  d i r e c t  t r a v e l  

f u n d i n g  by o r g a n i z a t i o n  

e F i l e  Upda te  - d e f i n e s  t h e  l o g i c  f o r  u p d a t i n g  o f  BAS f i l e s ,  

p a r t i c u l a r % y  t h e  J O N  f i l e ,  f o r  e a c h  t r a n s a c t i o n  code ,  

2, T r a v e l  Module 

The t r a v e l  module w i l l  b e  used  t o  p r o v i d e  c o m p r e h e n s i v e  c o n t r o l  

o f  Fund S o u r c e  2 r e s o u r c e s ,  P n f o r m a t i o n  w i l l  b e  r e c o r d e d  and t r a c k e d  

by UPN, O b j e c t  C l a s s  and O r g a n i z a t i o n  D e t a i l  d a t a  w i l l  b e  m a i n t a i n e d  

by  t r a v e l l e r  and i n d i v i d u a l  t r i p s ,  The t r a v e l  module  w i l l  a l s o  h a n d l e  

p r o c e s s i n g  o f  c e r t a i n  f u n d s  which a r e  r e l a t e d  t o  Fund S o u r c e  l ( i eea#  

Change of  S t a t i o n )  and Fund S o u r c e  3, T r a v e l  o b l i g a t i o n s  and 

d i s b u r s e m e n t s  and f u n d s  a v a i l a b i l i t y  c h e c k i n g  w i l l  b e  h a n d l e d  by 

i n t e r f a c e s  t o  t h e  f i s c a l  modules ,  

3, P r o p e r t y  A c c o u n t i n g  Module 

The p r o p e r t y  a c c o u n t i n g  module h a s  two o b j e c t i v e s :  

e F i s c a l  c o n t r o l  o f  NASA-owned C a p i t a l  A s s e t s  under  GSFC 

r e s p o n s i b i l i t y  



e Keeping o f  i n f o r m a t i o n  f o r  r e p o r t i n g  t o  NASA H Q  on c a p i t a l  

a s s . e t s  u n d e r  GSFC r e s p o n s i b i l i t y ,  

The module a l s o  t a i l %  c a l c u l a t e  d e p r e c i a t i o n  u s i n g  s t r a i g h t  l i n e  methods  

b a s e d  upon p a r a m e t e r s  ( i n i t i a l  c o s t ,  u s e f u l  l i f e )  s u p p l i e d  a t  t h e  time 

a n  a s s e t  is r e c o r d e d ,  The P r o p e r t y  A c c o u n t i n g  module  w i l l  a l s o  p r o v i d e  

f i s c a l  t r a n s a c t i o n s  t o  u p d a t e  G e n e r a l  Ledger  a c c o u n t s  which r e l a t e  t o  

a c c o u n t i n g  f o r  p r o p e r t y ,  

4 Sys tem F u n c t i o n  Modules  

These  modules  s u p p o r t  c a p a b i l i t i e s  which  a r e  used  by m u l t i p l e  

f u n c t i o n s  and m o d u l e s  w i t h i n  BAS. 

T a b l e  M a i n t e n a n c e  - t h e  t a b l e  m a i n t e n a n c e  module c r e a t e s  

and m a i n t a i n s  t a b l e s  o f  v a l u e s  n e e d e d  f o r  d a t a  e d i t  and 

v a l i d a t i o n ,  T h i s  module a l s o  c r e a t e s  and  m a i n t a i n s  t h e  

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

. B a t c h  P r o c e s s i n g  - t h i s  module a c c e p t s  and  b a l a n c e s  b a t c h e s  

o f  i n p u t  d a t a  r e c e i v e d  a s  i n p u t  s t r e a m s  keyed by MSO o r  

a u t o m a t i c a l l y  p r e p a r e d  by  o t h e r  GSFC s y s t e m s ,  

P E r r o r  R e c y c l e  - t h i s  module p r o v i d e s  t h e  a b i l i t y  t o  s t o r e  

t r a n s a c t i o n s  which  a r e  d e t e r m i n e d  t o  b e  i n  e r r o r  and t o  

a p p l y  c o r r e c t i o n s  a g a i n s t  t h e s e  t r a n s a c t i o n s ,  

(. Document D a t a  B a s e  - d e f i n e s  t h e  o r g a n i z a t i o n  and l o g i c  f o r  

t h e  s t o r a g e  o f  d o c u m e n t - l e v e l  d a t a  s u p p o r t i n g  f i s c a l  

t r a n s a c t i o n s ,  i n c l u d i n g  t h e  a b i l i t y  t o  s t o r e  and a c c e s s  t h i s  

d a t a  n o t  o n l y  b y  J O N ,  b u t  by c o n t r a c t  o r  p u r c h a s e  o r d e r  

number, 

- A u d i t  and  C o n t r o l  Modules - t h e  a u d i t  and c o n t r o l  module is 



i n t e n d e d  t o  p r o v i d e  f o r  p e r i o d i c  s e l f - a u d i t  of  t h e  d a t a  base  

and p r o d u c t i o n  of run-to-run c o n t r o l  r e p o r t s ,  I n  a d d i t i o n ,  

c e r t a i n  Gene ra l  Ledger and f i s c a l  ba l anc ing  r o u t i n e s  a r e  

p rov ided ,  

S e l f  a u d i t  w i l l  be accomplished by p r o v i d i n g  a  means o f  

r e c o n c i l i n g  p r o c e s s i n g  done a g a i n s t  f i s c a l  f i l e s  on a  d a i l y  b a s i s .  To 

accomplish  t h i s ,  summary d a t a  w i l l  be ma in t a ined  w i t h i n  t h e  system. 

T r a n s a c t i o n  a c t i v i t y  f o r  each  day  w i l l  be  added t o  t h e  summary d a t a  

g e n e r a t e d  a s  a r e s u l t  o f  p r e v i o u s  day  a c t i v i t y .  The b a l a n c e s  developed 

w i l l  be compared a g a i n s t  a c t u a l  sys tem J O N ,  504, 506 and Gene ra l  Ledger 

t o t a l s ,  Moreover, c e r t a i n  Gene ra l  Ledger accoun t  and f i s c a l  d a t a  t o t a l s  

w i l l  be compared and balanced.  

A complete  t r a n s a c t i o n  l o g  w i l l  b e  ma in t a ined  t o  s u p p o r t  fund 

and General  Ledger ba l ances ,  b u t  a l s o  t o  e n a b l e  r e p r o c e s s i n g  o f  

t r a n s a c t i o n s  a g a i n s t  a  dump o f  t h e  d a t a  b a s e  i f  problems a r e  d e t e c t e d  

i n  t h e  d a t a  base ,  

I n t e r f a c e s  

Some of t h e  sys t ems  now i n  u se  a t  GSFC a r e  n o t  t o  be  r e p l a c e d  by 

BAS. However, t h e s e  modules i n t e r a c t  h e a v i l y  wi th  BAS. S p e c i a l  

i n t e r f a c e  modules w i l l  be  deve loped  t o  a l l o w  t h e s e  sys t ems  t o  

communicate w i t h  BAS and t o  a c c e s s  t h e  BAS d a t a  base  f i l e s ,  

Labor I n t e r f a c e  - t h e  Labor i n t e r f a c e  w i l l  s u p p o r t  cod ing  

of t i m e  c a r d  d a t a  and t r a v e l  o r d e r s  u s ing  t h e  LACN concep t ,  

and a l s o  t o  p o s t  f i n a n c i a l  i n f o r m a t i o n  i n t o  t h e  BAS f i s c a l  

f i l e s .  Time c a r d  d a t a  w i l l  b e  s t o r e d  i n  t h e  BAS document 

d a t a  base .  

c3 Supply  I n t e r f a c e  - The Supply  i n t e r f a c e  w i l l  s u p p o r t  

r e c o r d i n g  of  f i s c a l  d a t a  f o r  s u p p l y  c a r r i e r  a c c o u n t s ,  



Procurement Interface - the Procurement interface can be 
used to generate Contt-act, Purchase Order and other data 

which will be needed .by BAS, Small purchases data will be 

received from the AMIS system, 

Budget Interface - the Budget interface will be used to 
synchronize data between the Budget system and BAS, provide 

a means of exchanging data on Reprogrammings and other 

actions having budget impact, and to make data such as the 

cost and obligation plans available to BAS. 

Be BAS FUNCTIONS ANG PROCESSING 

A second way of surveying the BAS is by considering the processing 

cycles which make up the BAS. The processing cycles may be broadly 

categorized as: 

- Daily 

a Monthly 

- Annually 

Exhibit 1-2 shows the major processing cycles and identifies specific 

processing associated with each cycle. 

1. Daily Processing 

The daily processing cycle is subdivided into four major 

components : 

Input/Edit - all transactions, regardless of type, are 



E
X

H
IB

IT
 1-2 

Page 1 of 3 



BAS Process Overview - Monthly Processing 

a Perform Month-End Closing 
9 Create Montllly Input 

Files end Controls 

P 

REPORT 

a External Reports - FACS - SF224 - MMR (partial autotnation) - Otlier NASA HQ Requirements 
a GSFC Reports - Accruals - Trial Balances 

- Cl~arueLack Status - Billing/Age$ 
Receivables 

, 



E
rnIB

IT
 

1-2 
Page 3 of 3 



processed through a "front-endw edit module, Inputs to the 

edit module are a batch transaction file, prepared in MSO 

by key-taping of input documents and correction forms, a 

memo transaction file which consists of "unofficiaPm 

transactions including those collected during the day, and 

an Error Recycle File which consists of transactions in 

error awaiting correction, The edit module will validate 

all transactions, Valid transactions will be collected in 

a transaction file and passed on /to the process module, 

Transactions which are in error are added to the error 

recycle file, and simultaneously entered on an error report, 

along with a listing of the errors detected in the 

transaction, Errors which cycled through from the Recycle 

file and which were not corrected in this processing cycle 

are aged and flagged for special attention. 

Processing - Transactions which have passed successfully 
through the edit are routed to appropriate processing' 

modules, For example, travel transactions will be passed to 

the travel processing module, The modules which process 

these transactions correspond to a large degree to the 

modul2s identified in the previous section, 

Funds Availability/Update - Before the fiscal data base can 
be updated and balances modified, fiscal records must be 

examined to determine whether funds are available to support 

the action requested, That is, if a request to commit $10,000 

is being processed, we must first verify at the JON, 504, 

and 506 levels that $10,000 is available, If funds are not 

available, the transaction is written to the Recycle file. 

It will automatically be reentered into the system during 

the next daily run, 

If funds are available, the fiscal data base is updated, 

That is: 



- a v a i l a b i l i t y  b a l a n c e s  a r e  a d j u s t e d  a s  needed 

- commitment, o b l i g a t i o n ,  o r  d i s b u r s e m e n t  a c t i o n s  a r e  

t a k e n  

- J O N  f i e l d s  a r e  upda<ed 

- Genera l  Ledger upda t ing  t r a n s a c t i o n s  a r e  g e n e r a t e d  

R e p o r t i n q  - S e v e r a l  g e n e r i c  r e p o r t  t y p e s  a r e  produced a s  a . 
r e s u l t  of d a i l y  p r o c e s s i n g :  

- t r a n s a c t i o n  lists, t r a n s a c t i o n  e r r o r  l is ts  

- s t a t u s  o f  funds  by J O N ,  UPN, a c t i o n  taken ,  o r g a n i z a t i o n ,  

e t c ,  

- b a l a n c e  a n d ' c o n t r o l  r e p o r t s  f o r  J O N  and Genera l  Ledger 

f i l e s  

- r e f e r e n c e  f i l e  changes  and a l t e r a t i o n s ,  

2, Monthly P r o c e s s i n q  

The monthly p r o c e s s i n g  c y c l e  is d i v i d e d  i n t o  t h r e e  major 

components:  

I n p u t / e d i t  - is i d e n t i c a l  t o  d a i l y  c y c l e  i n p u t / e d i t  I. 

proces s ing .  

. P r o c e s s i n g  - Monthly p r o c e s s i n g  i n v o l v e s  s e v e r a l  s p e c i a l i z e d  

a c t i v i t i e s  which a r e  r e q u i r e d  t o  b e  performed p r i o r  t o  month- 

end c l o s i n g .  These inc lude :  



- d i s t r i b u t i o n  o f  c h a r g e b a c k  c a r r i e r  a c c o u n t s  (FS9) t o  

UPN J O N S  

- b i l l i n g  o f  R e i m b u r s a b l e  O r d e r s  c h a r g e s  t o  c u s t o m e r s  

- i n p u t  o f  manual a c c r u a l s  and g e n e r a t i o n  o f  a u t o m a t i c  

a c c r u a l s  f o r  s c h e d u l e d  d i s b u r s e m e n t s  

- p r o c e s s i n g  of j o u r n a l  v o u c h e r  a d j u s t i n g  e n t r i e s  t o  t h e  

G e n e r a l  Ledger 

- c l o s i n g  of  t h e  books  and e n t r y  o f  r e c o n c i l i a t i o n  

e n t r i e s  

- a s s e m b l i n g  o f  FACS i n p u t  and u p d a t e  o f  t h e  FACS d a t a  

b a s e  

- p r e p a r a t i o n  o f  FACS t a p e s  and r e p o r t s  f o r  HQ. 

- R e p o r t i n g  - Month-end r e p o r t i n g  i n v o l v e s  a  good d e a l  o f  

r e p o r t i n g  e x t e r n a l  t o  GSFC, i n c l u d i n g  FACS, a n d  t h e  SF224, 

Many b u d g e t - r e l a t e d  r e p o r t s  a l s o  a r e  p roduced  a t  month-end, 

i n c l u d i n g  t h e  PMR, MMR, and  Reprogramming A c t i v i t y  r e p o r t ,  

HQ o r i e n t e d  r e p o r t s  i n c l u d e  t h e  F i n a n c i a l  H i g h l i g h t  Repor t ,  

P r e l i m i n a r y  Accrued C o s t  R e p o r t ,  and  F i n a n c i a l  S t a t u s  o f  

P r o g r a m s ,  

3. A n n u a l  P r o c e s s i n g  

Annual p r o c e s s i n g  i n v o l v e s  t h e  c l o s i n g  o f  t h e  b o o k s  f o r  t h e  

c u r r e n t  y e a r ,  a n d  t h e  o p e n i n g  o f  t h e  books  f o r  t h e  n e x t  f i s c a l  year .  

. Year-end c l o s i n g  - is a c c o m p l i s h e d  i n  a c c o r d a n c e  w i t h  FMM 

a n d  i n v o l v e s  t h e  p r o d u c t i o n  o f  many s p e c i a l  r e p o r t s  f o r  NASA 



HQ and o t h e r  e x t e r n a l  s o u r c e s ,  a s  w e l l  a s  GSFC i n t e r n a l  

r e p o r t s ,  

@ Beg inn ing  o f  y e a r  - i n v o l v e s  t h e  e s t a b l i s h i n g  of  f i s c a l  

r e c o r d s  f o r  t h e  new f i s c a l  year ,  A t  t h i s  t ime,  budget  

i n f o r m a t i o n  is " r o l l e d  o v e r N  from t h e  POP d a t a  i n  t h e  budge t  

f i l e s  t o  e s t a b l i s h  new J O N  a l l o c a t i o n s ,  

4, O t h e r  P r o c e s s i n g  

The p r e v i o u s  d i s c u s s i o n  o f  t h e  major p r o c e s s i n g  c y c l e ,  w h i l e  n o t  

a l l - i n c l u s i v e ,  g i v e s  an  i d e a  of  t h e  t y p e s  o f  a c t i v i t y  a s s o c i a t e d  wi th  

each c y c l e .  C e r t a i n  o t h e r  r e p o r t i n g  r e q u i r e m e n t s  e x i s t  which a r e  on 

o t h e r  c y c l e s  -- q u a r t e r l y ,  semi-annua l ly ,  e t c ,  However, t h e  

a v a i l a b i l i t y  of  i n f o r m a t i o n  is n o t  l i m i t e d  t o  t h a t  which is g e n e r a t e d  

i n  t h e  c o u r s e  of  s chedu led  p roduc t ion .  The use  o f  d a t a  b a s e  t echno logy  

and t h e  a v a i l a b i l i t y  of CRT t e r m i n a l s  makes i n f o r m a t i o n  a v a i l a b l e  a s  

needed t o  a  u s e r  o f  t h e  system,  The a b i l i t y  t o  f o r m u l a t e  t a i l o r e d  

q u e r i e s  u s ing  t h e  RAMIS non-procedura l  l anguage  makes ad  hoc r e p o r t i n g  

r equ i r emen t s  a t t a i n a b l e  w i t h o u t  t h e  use  of  programmers, 

Some sys t em r e p o r t s  may a l s o  be produced a s  needed,  r a t h e r  t han  

on schedu le ,  R e p o r t s  which shou ld  be on demand i n c l u d e :  

a ACM/JON C r o s s  Re fe rence  

e L i s t i n g s  of  System T a b l e s  

e T r i a l  Ba lances  and D e t a i l e d  A n a l y s i s  o f  Accounts 

e J O N  o r  LACN Refe rence  Data P r i n t o u t s .  

C, BAS DATA BASE 



The third summary review of BAS is the BAS data base, The BAS 

grocessing is built around the use of a central, integrated data base 

which is available for normal processing and update as well as query 

by PMB and other personnel using terminals, Exhibit 1-3 represents 

pictorally the components of the BAS data base and the 

interrelationships which exist between certain data sets, This section 

of the report briefly describes each file within the data base. The 

data base and its individual elements are described in detail in 

Section XI1 of this report, 

1, Fiscal Files 

The fiscal files are the nucleus of BAS, In the fiscal files, 

information is maintained at the JON, 504 and 506 levels as to total 

funding and funds availability, 

a, JON File 

The JON file maintains detailed information as to funds 

availability and running totals sf Commitments, Obligations, 

Disbursements and Accruals. In addition, each JON has an 

associated reference record, which contains the data elements 

which uniquely identify a JON: 

D Organization 

(. UPN 

- Function Code 

.s Method of Authorization 

O Reimbursable Code 



Hold F i l e  Travel I 

Tables E l  
Reference r 

Trans Fl 

Recycle 

Property n 



D Internal Use 

and additional elements which supply additional DESCRIPTIVE 

INFORMATION ABOUT EACH JON, such as: 

a Program Letter 

a IMS Allocation Percentage 

Subauthorization Issuer Code 

a Fund Source, 

The JON data structures are described in the report Basic 

Accounting System: Proposed JON Coding Structure, issued in May 

1979. 

,Each JON .record has an associated Accounting Classification 

Number (ACN), which is used as a -shorthandm number to reference 

a specific JON and its associated data. 

b, 506 File 

A 506 record is generated to maintain the status of Resource 

Warrant Authorities, Both the total authorization and the current 

funds available are maintained for audit/control purposes and 

funds availability checking. 506 records are present for each 

direct funding, reimbursable order or subauthorization received, 

c, 504 File 

A 504 record is generated to maintain the status of Allotment 

Authorizations. Both the total authorization and the current 

funds available are maintained for audit/control purposes and 



funds a v a i l a b i l i t y  checks. 504 records a r e  p re sen t  f o r  each appropr i a t ion  and 

inc lude  both d i r e c t  and reimbursable funding. 

d. General Ledger 

The BAS d a t a  base w i l l  i nco rpora t e  the  GSFC c h a r t  of accounts and maintain 

cu r r en t  balances f o r  each account. The General Ledger f i l e  w i l l  be supported 

by BAS d e t a i l  t r a n s a c t i o n  da ta .  General Ledger t r ansac t ions  w i l l  no t  u s u a l l y  

be coded by hand, s i n c e  each f i s c a l  t r a n s a c t i o n  w i l l  au toma t i ca l ly  genera te  

the  necessary  General Ledger e n t r i e s  -- a major b e n e f i t ,  s i n c e  some 

t r ansac t ions  could involve  up t o  s i x  l edge r  e n t r i e s .  A journal  voucher d i r e c t  

e n t r y  c a p a b i l i t y  w i l l  be a v a i l a b l e  f o r  adjustment e n t r i e s .  

e.  FACS F i l e  

A summary l e v e l  f i l e  conta in ing  incept ion-to-date  d a t a  w i l l  be a v a i l a b l e  

t o  meet FACS repor t ing  requirements.  The e x i s t i n g  FACS f i l e  w i l l  be converted 

t o  accommodate t he  new BAS coding requirements and subsequent ly w i l l  be 

maintained by BAS. 

f .  LACN F i l e  

A Labor Accounting C l a s s i f i c a t i o n  Number (LACN) f i l e  w i l l  be maintained 

which w i l l  conta in  re ference  informat ion  f o r  LACNs. This  f i l e  rep laces  the  

LCR and 02 t a b l e s  of the  c u r r e n t  GSFC f i s c a l  system and w i l l  be used t o  

v a l i d a t e  Labor and Travel  i npu t  d a t a ,  and provide a d d i t i o n a l  func t ions  t o  the  

Labor and Manpower systems, such a s  convert ion of WBS UPNs t o  AWCs UPNs and 

p ro ra t ions  of l a b o r  charges.  



g. Reimbursable Order File 

The Reimbursable Order file will be used as a reference file 

to support unique data requirements of Reimbursable processing. 

The Reimbursable Order file is unique in that it operates =6 

"high level" record coordinating several JON records, which can 

include multiple fund sources. 

he Refmbursables Customer Billing File 

This file supports the processing of cash advances, 

preparation of bills, and the recording of payments against 

Reimbursable Orders. 

i. Payables File 

To support the cash management function of the Disbursements 

Module, payments which are scheduled for future issuance of a 

check will be stored by release data on the Payables file, On 

the release date, the Payables file records for that date will 

be used to produce an automated 1166 and then purged from the 

Payables file. 

2. System Files 

The system files support processing requirements of many 

applications. 

a. Tables File 

Each table required by BAS, i.e., tables of 

o Object Classes 



* Program L e t t e r s  

* Vendor Information ( fo rDi sbur semen t s )  

* A Customer Information ( f o r  Reimbursables) 

* Function Codes 

w i l l  be maintained and a c c e s s i b l e  through the  BAS d a t a  base. General ly ,  each 

t a b l e  w i l l  con ta in  n o t  on ly  v a l i d  codes f o r  a p a r t i c u l a r  da t a  element, bu t  

a l s o  a d e s c r i p t i o n  of the  meaning of t he  code.Where poss ib l e ,  t o  f a c i l i t a t e  

ease  of use  by people,  the  d e s c r i p t i o n  w i l l  be used on output  r epo r t s  r a t h e r  

than ( o r  sometimes i n  a d d i t i o n  t o )  t he  coded value. 

Thus, f o r  example, the  Object Class  va lue  2142 would appear i n  the  Object 

Class  f i l e .  The Travel  Module would make use  of t h i s  va lue  t o  e d i t  Object  

Class  d a t a ,  and could a l s o  use  the d e s c r i p t i o n  t o  rep lace  the  coded value 2142 

wi th  the  more d e s c r i p t i v e  Rental  of Passenger--Carrying Vehicles  - Government 

i n  any output  r epo r t s .  

b. Document F i l e  

The Document f i l e  w i l l  provide a machine-readable vers ion  of a l l  document 

t r ansac t ions  i n p u t  to  BAS. The document f i l e  w i l l  be used f o r  many purposes, 

inc luding  h i s t o r i c a l  r epo r t ing ,  development of ad hoc r epor t s  a t  a l e v e l  of 

d e t a i l  n o t  a v a i l a b l e  d i r e c t l y  elsewhere,  e d i t i n g  and processng of Obl iga t ion  

o r  Disbursement t r ansac t ion ,  and a s  d e t a i l  t o  support  t he  numbers i n  t h e  

f i s c a l  f i l e s  and the General Ledger. 



c .  E r ro r  Recycle F i l e  

A l l  d a t a  e n t e r i n g  t h e  BAS is  passed through a comprehensive 

e d i t  program. Transac t ions  which f a i l  t h e  e d i t  a r e  r e t a i n e d  by 

t h e  system i n  t h e  Er ro r  Recycle f i l e ,  A t  t h e  t ime t h e  e r r o r  

t r a n s a c t i o n  e n t e r s  t h e  Recycle f i l e ,  a r e p o r t  of e r r o r  t r a n s a c t i n g  

i s  generated which w i l l  exp la in  t h e  n a t u r e  of t h e  e r r o r ( s )  i n  t h e  

t r a n s a c t i o n ,  Transac t ions  a r e  removed from t h e  r ecyc le  f i l e  only 

by t h e  r e e n t r y  of c o r r e c t i o n s  t o  t h e  f i e l d s  i n  e r r o r  on t h e  r e -  

cycled t r a n s a c t i o n ,  o r  by an  e x p l i c i t  d e l e t e  r eques t .  An uncorrected 

e r r o r  w i l l  cyc l e  through t h e  d a i l y  e d i t  p rocess  u n t i l  p o s i t i v e  

a c t i o n  i s  taken ,  

d ,  Memo F i l e  

A p o t e n t i a l  f u t u r e  expansion of t h e  BAS w i l l  permit  c e r t a i n  

t r a n s a c t i o n s  t o  b e  en tered  i n t o  BAS a s  they a r e  generated during 

t h e  day us ing  video t e rmina l s .  These t r a n s a c t i o n s  would be  s t o r e d  

on t h e  "memo" f i l e ,  and r e t a i n e d  f o r  p o s s i b l e  processing t h a t  

evening during t h e  manual ba t ch  runs ,  o r  a t  a l a t e r  d a t e .  

3.  System Audit and Control  F i l e s  

These f i l e s  a r e  used t o  provide  a u d i t  t r a i l s  f o r  a l l  f i s c a l  

t r a n s a c t i o n s ,  and a l s o  could be  used t o  assist i n  t h e  r econs t ruc t ion  of 

BAS f i l e s  i n  t h e  event  of a l o s s  of BAS d a t a  base  i n t e g r i t y ,  



a. System F i l e  

The system f i l e  conta ins  " ro l lups"  o r  summary t o t a l s  f o r  

t h e  f i s c a l  f i l e s .  Daily a c t i v i t y  a g a i n s t  both t h e  General Ledger 

and J O N  f i l e s  can be compared and balanced aga ins t  t h e  system 

f i l e  summary da ta .  Moreover, cross-checks between the  J O N  and 

General Ledger a r e  a l s o  provided, The system f i l e  is  unique i n  

t h a t  i t  i s  w r i t t e n  twice t o  d isk ,  on d i f f e r e n t  d i s k  f i l e  packs, 

t o  provide an a d i d t i o n a l  l e v e l  of s e c u r i t y  and cont ro l .  The 

system f i l e  i s  a l s o  not under t he  con t ro l  of RAMIS, s o  t h a t  f a i l u r e  

of t h e  da t a  base software w i l l  not impact t h e  i n t e g r i t y  of the  

System F i l e .  

b. Transact ion Log 

A l l  f i s c a l  t r ansac t ions  a r e  time-stamped and recorded i n  

order  a s  received t o  t h e  log f i l e .  I n  t h e  event of system f a i l u r e ,  

t h e  log t ape  could be used i n  conjunct ion wi th  a da t a  base 

dumplrestore f i l e  ( see  below) i n  order  t o  r ebu i ld  t h e  BAS da t a  

base from a p r i o r  po in t  i n  t i m e .  Transact ion log  f i l e s  w i l l  be 

produced i n  dup l i ca t e ,  with one copy t o  be r e t a ined  o f f s i t e .  

Data Base Dump/Restore F i l e  

Pe r iod ica l ly ,  t h e  contents  of t h e  da t a  base w i l l  be copied 

onto magnetic tape ,  This t ape  w i l l  be used t o  r econs t ruc t  the  

da t a  base according t o  t h e  information on t h e  tape  i n  t he  event 

of system f a i l u r e .  



4, Travel Data Base 

The travel data bas,e is organized to facilitate information 

gathering and reporting in the dimensions of 506 Authority and 

organizational allocations, benefitting project, and object class. The 

information itself is tied to the person making the trip, the trip 

itself, and the fiscal information about thet trip. Key information 

about documents having to do with a specific trip (car rental 

agreements, advances, etc.) will be stored with the trip, and cross- 

reference indices will be provided to the paper document files for 

further back-up. 

In addition to the ability to track and report information about 

travel from the time the orders are signed until all advances and 

invoices have been cleared, the data base has been designed in such a 

way as to provide information about possible trips prior to the 

obligation stage. This "memo" facility will provide an additional 

degree of control over travel prior to actual obligation of funds. 

5. Property File 

The property data includes two sets of records: 

o Fixed Asset Master Status records for each unit of property 

tracked by BAS, and a Current Year Transaction History to 

support the property master records. The Master Status 

records include those data elements required to show the 

current status of a tagged item. 

o Master Status data elements are updated through Fixed Asset 

transactions. 



A l l  Fixed Asset t r a n s a c t i o n s  which a f f e c t e d  a given proper ty  

record during t h e  cu r r en t  year  have generated a record s t o r e d  

i n  t h e  Current Year Transact ion History.  These t r a n s a c t i o n  

h i s t o r y  records a r e  a v a i l a b l e  t o  f a c i l i t a t e  que r i e s  and 

provide an a u d i t  t r a i l .  

Other property r e l a t e d  da t a  on t h e  Basic  Accounting System Data 

Base can be found i n  t h e  document and t a b l e  f i l e s .  
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RIMS TOPICS 

PURPOSE 

CHARACTERISTICS 

FUNCTIONAL CAPABILITIES 

USER INTERFACE 

USER COMMUNITY 



RIMS PURPOSE 

PROVIDE A SIMPLE INTERACTIVE DMS TOOL TO &LOW USERS TO BUILD, 

MODIFY, AND MAINTAIN DATA MANAGEMENT APPLICATIONS 

SUPPORT FLAT (SINGLE KEY) FILES 

USE FULL SCREEN 110 

MINIMIZE PROGRAMMER SUPPORT REQUIRED TO DEVELOP/MAINTAIN SMALL 

DATA BASE APPLICATIONS 

PROVIDE A DMS TOOL TO ASSIST I N  BRINGING THE UNITED INFORMATION 

SERVICES (UIS)  BUDGET SYSTEM WORK INHOUSE 



RIMS CHARACTERISTICS 

HARDWARE 

UNIVAC 1108, 1100/81 

TERMINALS ARE U200 COMPATIBLE 

REMOTE PRINTERS 

SOFTWARE 

MULTI-USER 

TEMPLATE DRIVEN (FULL SCREEN 110) 

"INDEX SEQUENTIAL" TYPE FILE HANDLER 

DYNAMIC USE OF SORT AND OTHER MEMORY MANAGEMENT 

AUTOMATED CONTINGENCY PROCESSING OF ERRORS 

TIME OUT AVOIDANCE (30 MINUYTE GRACEFUL TERMINATION) 

AUTOMATED LOGGING OF USAGE DATA 

WRITTEN I N  FORTRAN 5 and ASSEMBLER 

THE RIMS DEVELOPMENT AND SUBSEQUENT PRODUCTION HARDWARE I S  THE 
UNIVAC 1100 USING EXECUTIVE OPERATING SYSTEM LEVEL 3 6 .  THE 
TERMINALS USED AT J S C  ARE UNISCOPE 2 0 0  COMPATIBLE TERMINALS 
MANUFACTURED BY MEGADATA CORPORATION. THE TERMINALS HAVE 
ATTACHED PRINTERS. I N  ADDITION TO THE UNIVAC 1100 HIGH SPEED 
PRINTERS, SOME USERS HAVE A 600 LINE PER MINUTE PRINTER IN 
THEIR WORK AREA. 

THE RIMS SOFTWARE I S  A MULTI-USER SYSTEM UTILIZING AN "IN-HOUSE" 
DEVELOPED TERMINAL HANDLER FOR FULL SCREEN 110, AND AN "INDEX 
SEQUENTIAL" TYPE FILE HANDLER. BECAUSE OF PROGRAM SIZE CONSTRAINTS 
IMPOSED BY THE CURRENT PRODUCTION HARDWARE (UNIVAC 1 1 0 8 ) ,  THE 
SORT CAPABILITY AND F I L E  HANDLER UTILIZE MEMORY MANAGEMENT 
TECHNIQUES TO EXPAND AND CONTRACT THE PROGRAM SIZE. 

OTHER FEATURES OF RIMS ARE AUTOMATED CONTINGENCY PROCESSING OF 
ERRORS, TIME OUT AVOIDANCE, AND AUTOMATED LOGGING OF USAGE DATA, 



RIMS Functional Ca~abilities 

USER DEFINEDIMAINTAINED ENTITIES 

DATA BASE DEFINITION 

SINGLE RECORD UPDATE/RETRIEVE TEMPLATES 

REPORT FORMATS 

DATA SELECTION CRITERIA 

COMPUTATIONAL ELEMENTS 

PROCEDURES 

ACCESS SECURITY 

SYSTEM FUNCTIONS 

REPORT GENERATION 

QUERY 

PRINTED OUTPUT ROUTING 

MULTI FILE 

APPEND 
MERGE ( IN DEVELOPMENT) 

SYSTEM INFORMATION 

LISTS OF CURRENT USER ENTITIES 

ABBREVIATED USER DOCUMENTATION 

DATA FILE STATISTICS 



THE RIMS FUNCTIONAL CAPABILITIES AVAILABLE TO THE USER FALL INTO 
THREE MAIN CATEGORIES: 

(1) USER DEFINED AND MAINTAINED ENTITIES 
( 2 )  RIMS SYSTEM FUNCTIONS 
(3) RIMS SYSTEM INFORMATION 

(1) USER DEFINED AND MAINTAINED ENTITIES 

SINCE RIMS I S  ORIENTED TOWARD THE NON-PROGRAMMER END USER, HEISHE 
MUST BE ABLE TO DEFINE AND CHANGE HISIHER DATA RECORD DEFINITION. 
THE RECORD DEFINITION FUNCTION REQUIRES THE USER TO SPECIFY THE 
ELEMENT NAME (1-12 CHARACTERS), WHETHER OR NOT THE ELEMENT I S  PART 
OF THE KEY, ELEMENT TYPE (ALPHA, ALPHANUMERIC, INTEGER, DECIMAL, 
DATE,-ETC.) AND THE NUMBER OF CHARACTERS IN EACH ELEMENT, 

THE TEMPLATES USED TO UPDATE AND RETRIEVE SINGLE RECORDS ARE ALSO 
USER DEFINED. THESE TEMPLATES CONTAIN THE ELEMENT NAMES (AS 
DEFINED IN THE DATA BASE DEFINITION) AND TKE DESIRED OUTPUT 
FORMAT. 

TO SATISFY THE REPORTING REQUIREMENTS, THE USER CAN CREATE HIS/HER 
INDIVIDUAL REPORT FORMATS. THE GENERAL FORMAT I S  FROM 0-5 LINES 
(LINE I S  1 TO 1 3 2  CHARACTERS WIDE) IN  THE TITLE SECTION, 1 TO 10 
LINES IN THE HEADING SECTION, AND FROM 1 TO 5 LINES IN THE DATA 
FORMAT SECTION. 

TO FACILITATE DATA SELECTION, THE ABILITY TO SAVE REPETITIVE 
SELECTION PARAMETERS (DATA ELEMENT NAMES, VALUES, SORT SPECIFICATION, 
PAGE BREAK REQUESTS) HAS BEEN INCLUDED. THESE SELECTION CRITERIA 
ARE USED TO GENERATE REPORTS, FOR GLOBAL MODIFICATIONS TO DATA 
BASES, AND TO APPEND VARIOUS FILES TOGETHER. 

THE USER HAS THE ABILITY TO DEFINE AND STORE ARITHMETIC RELATIONSHIPS 
BETWEEN DATA ELEMENTS AND CONSTANTS. THESE RELATIONSHIPS CAN BE 
USED AS SELECTION CRITERIA AND AS OUTPUT FIELDS IN RETRIEVAL AND 
REPORTING. 



THE REQUIREMENT TO STRING TOGETHER VARIOUS FUNCTIONS SUCH AS 
REPORT GENERATION FOLLOWED BY ROUTING THE OUTPUT TO A REMOTE 
PRINTER I S  SUPPORTED BY THE RIMS PROCEDURES FUNCTION. THIS 
ALLOWS REPETITIVE MULTISTEP PROCESSING TO BE SAVED, RECALLED, 
AND PERFORMED WITH A MINIMUM OF USER INTERACTION. 

THE RIMS ACCESS SECURITY ADDRESSES THE ACCESS REQUIREMENTS FROM 
THE SYSTEM LEVEL, THROUGH ENTITY DEFINITIONS, DOWN TO THE DATA 
ELEMENT RETRIEVAL AND UPDATE CAPABILITIES. 

SYSTEMS FUNCTIONS 

THE RIMS SYSTEM FUNCTIONS INCLUDE REPORT GENERATION, AD HOC 
INQUIRIES, ROUTING PRINTED OUTPUT, AND MULTI FILE APPEND AND 
MERGE. 

THE REPORT GENERATION AND INQUIRY FUNCTIONS ALLOW THE USER TO 
REQUEST A SPECIFIC REPORT FORMAT (INQUIRIES GENERATE THEIR OWN 
FORMAT) AND RESTRICT THE AMOUNT OF DATA VIA SELECTION CRITERIA 
SPECIFICATIONS INCLUDING COMPLEX BOOLEAN RELATIONSHIPS. IN 
ADDITION, ANY SORT REQUESTS AND PAGE BREAK REQUESTS CAN BE 
SPECIFIED FOR THE CURRENT GENERATION. 

THE RIMS PROVIDES FOR VARIOUS HARDCOPY DEVICE SELECTION. THESE 
ARE TERMINAL PRINTERS, HIGH SPEED PRINTERS, REMOTE PRINTERS, 
MICROFICHE, AND LIMITED XEROX PROCESSING. THE DEVICE SELECTION 
I S  UNDER USER CONTROL. 

THE RIMS PROVIDES A MECHANISM WHEREBY DATA FILES CAN BE APPENDED 
OR MERGED. THE APPEND OPERATES ON FILES HAVING THE SAME DATA 
BASE DEFINITION AND THE MERGE PROCESS RESULTS IN A THIRD FILE 
WITH I T S  OWN DEFINITION. 

SYSTEM INFORMATION 

LIMITED STATUS INFORMATION I S  AVAILABLE TO THE USER. EACH 
DEFINITION FUNCTION WILL PROVIDE A L I S T  OF CURRENT ENTITIES. 
ALSO AVAILABLE I S  ABBREVIATED USER DOCUMENTATION ACCESSABLE 
ONLINE. THE RIMS PROVIDES SOME DATA FILE STATISTICS SUCH AS 
NUMBER OF RECORDS, AND FILE HANDLER INFORMATION OF USE IN DBA 
FUNCTIONS. 



RIMS USER INTERFACE 

SAMPLE TEMPLATES (WITHOUT DATA) 

SIGNON 
USER TEMPLATE DEFINITION ( 2 )  
REPORT GENERATION 

SAMPLE TEMPLATES (WITH DATA) 

SYSTEM ENTRY - SIGNON 

USER DEFINED AND MAINTAINED ENTITIES 

DATA BASE DEFINITION 
USER TEMPLATE DEFINITION 
REPORT FORMAT DEFINITION ( 3 )  
SELECTION CRITERIA DEFINITION 
COMPUTATIONAL ELEMENT DEFINITION 

SYSTEM FUNCTIONS 

REPORT GENERATION 
PRINTED OUTPUT ROUTING 
FILE APPEND 

SYSTEM INFORMATION 

LIST USER ENTITIES AND SYSTEM DOCUMENTATION 
DATA BASE STATISTICS 



RIMS USER INTERFACE 

SAMPLE TEMPLATES 

(WITHOUT DATA) 



RIMS USER INTERFACE - SIGNON 

rims version (6h) signon signon 

rims domain 
rims user id 
rims password 

initial data-set base (optional) - domaidfile-definitionlfile to be 
accessed initially 

file 
file deEinition 

domain (enter only if different than rims domain) 

666666 hh hh 
66 66 hh hh 
66 hh hh 
66 666666 hhhhhhhhhhh 
66 6 66 hh hh 
66 66 hh hh 
66 66 hh hh 
666666 hh hh 

COMPLETE 05/21/82 08~28~24, 0,6800 SECS, 0,0328 SUPS 



RIMS USER INTERFACE - USER TEMPLATE DEFINITION (1) 

A/C - FILE FILE-DEFN DOMAIN SELECT NEWTEM 

RESERVED 
PROCESSING COMPLETE 
ENTER NEW TEMPLATE 



RIMS USER INTERFACE - USER TEMPLATE DEFINITION ( 2 )  

a / c  - f i l e  f i l e - d e f  n domain s e l e c t  drm$st 

- key -- 

d a t e :  h r s  : - min : - set :- 

-- d a t a  --- 
l t m :  -- wtm: -- x a c n t  : 9 -- 

avs-load : -- avs-work : -- avs-resp : . resp-tm: -- -- 

COMPLETE 05/21/82 08:26:22, 0.1910 SECS, 0.1172 SUPS 



RIMS USER INTERFACE - REPORT GENERATION 

alc : - sel-id : templperm : - 
file : def n : 

report generation: report id: summary only: 
item name OP value mask sort 

conditional relationships: and = '&', or not =' -  

report 
domain : 

breaks totals 

' , exclusive or = / / I f  
-- - - - - - - - - - - - - 

COMPLETE 05/21/82 08:25:30, 1.1830 SECS, 0.0588 SUPS 



RIMS USER INTERFACE 

SAMPLE TEMPLATES 

(WITH DATA) 



RIMS USER INTERFACE 

,SYSTEM ENTRY 



rims version (6) signon signon 

rims domain FSSNDN 
rims user id FSSNDN 

rims password FSSNDN 

initial data-set base (optional - domainlfile-definition/file to be 
accessed initially) 

file 
file definition 

domain (enter only if different than rims domain) 

COMPLETE 03/15/82 08:21:43, 0.6950 SECS, 0.1216 SUPS 

THIS TEMPLATE IS  USED TO SIGN ONTO: 

1, A SPECIFIED DOMAIN WHEN NO FILE AND 
FILE DEFINITION ARE GIVEN. 

2. A SPECIFIED APPLICATION WHEN A FILE AND 
A FILE DEFINITION ARE GIVEN. 



RIMS USER INTERFACE 

USER DEFINED AND MAINTAINED ENTITIES 



RIMS USER INTERFACE - DATA BASE DEFINITION 

d a t a - i t e m  d e f i n i t i o n  

d a t a - i t e m  name/// k e y  t y p e / s i g n  w i d t h  d a t a - i t e m  name/// key t y p e l s i g n  w i d t h  
LAST-NAME 1 10 Y A / 2 0  - F I R S T - N W  / 2 0  Y A / -- 15 

-1- 
- MID-INITIAL/-30 -- Y - 1 UPDATE-DT 1 40 U-1- -- - - 1 2  

AREA CODE / 5 0  -- - N/- - 3 PHONE-// 1 6 0  -- - N-1- - 7 
BIRTHDAY / 7 0  -- - D-1- - 6 STREET 1 80 X-1- 2 0  

X-1- 1700 - A-1- 
- 

APT-// 1 9 0 -  - 5 STATE - 2 
CITY 171 0 A-1- - 2 0  ZIP-CODE 1-120 - -- N-1- - 5 
//-KIDS 1-130 - - N/- 2 SALARY / 1 4 0 -  DT/- - - - 8 
COMMENTS 1- -1- 30 1- 1- 

-1- - -1- 
- - 
- /- - -1- 

1- - -1- - 1- - -1- 
- 

1- - -1- - 1- - -1- 
- 

1- - -1- - 1- - -1- 
- 

1- - -1- - 1- - -1- 
- 

1- - -1- - 1- - -1- 
- 

1- - -1- - 1- - -1- 
- 

1- - -1- 1- - -1- 
- - 

1- - -1- - 1- - -1- - - 
/ZZ_ I: 7: - Z 11: - 

I 

COMPLETE 0 3 / 1 5 / 8 2  08 :57 :31 ,  6 .6710 SECS, 0 .8598  SUPS 
ALL EXISTING DATA-ITEMS HAVE BEEN DISPLAYED - TRANSMIT WHEN READY TO GO ON 

THIS TEMPLATE I S  USED TO DEFINE THE CHARACTERISTICS OR ALL DATA 
ITEMS INCLUDED IN EACH RECORD OF THE DATA FILE. 



RIMS USER INTERFACE - USER TEMPLATE DEFINITION (1) 

A/C - FILE FILE-DEFN DOMAIN SELECT TE STR6 

RESERVED 
PROCESSING COMPLETE 
ENTER NEW TEMPLATE 

THIS TEMPLATE I S  USED TO DESCRIBE THE INPUT DATA LAYOUT 
FOR THE TEMPLATE (TESTRG) REFERENCED IN EITHER AN "INS" 
OR A MOD. 

TEMPLATE CHARACTER1 STICS 

o ALL DATA I S  FREE FORM. 

o ALL KEY ELEMENTS MUST BE ENTERED. 

o ELEMENT NAMES AND FIELD SIZES MUST AGREE WITH DBDEF. 

o UNDERSCORES ( ) ARE USED TO DISPLAY FIELD SIZES, 



RIMS USER INTERFACE - USER TEMPLATE DEFINITION ( 2 )  

a /c  - f i l e  f i l e - d e f n  domain select t e s t r 6  

f i r s t -name:  m i d - i n i t i a l :  - l a  s t -name : 

area-code : - - phone-// : -- 
address:-- p e r s o n a l  i n f o  - 
s t r e e t  : b i r t h d a y :  / 1 //-kids : - 
c i t y :  apt-// : s a l a r y  : 

state: - zip-code : 

comments : 

update-dt:  / / . * * e --- 

COMPLETE 03/15/82 09:03:21, 3.2570 SECS, 0.0408 SUPS 
TRANSMIT=ACCEPT, PF3=START-OVER, PF4=CANCEL (AS IF CURRENT OPERATION NOT BEGUN) 

A COMPLETED FORM OF THE PREVIOUS TEMPLATE WITHOUT INPUT DATA, 



RIMS USER INTERFACE - REPORT FORMAT DEFINITION (1) 

a/c: INS r e p o r t - i d :  TESTR6 d e f n :  d o m a i n  : r p t d e f  

a/c: i n s  - inserts  (creates) a new r e p o r t  f o r m a t  
mod - m o d i f y  t i t l e  ( d e f a u l t )  o r  f o r m a t  l i n e  
ret - retrieve d i s p l a y  ( d e f a u l t )  o r  t i t l e  - o r f o r m a t  l i n e  !/ - 
d e l  - d e l e t e s  r e p o r t  
d u p  - d u p l i c a t e  r e p o r t  f o r m a t  t o  new r e p o r t - i d :  

r e p o r t  t i t l e  i n p u t  area 
( t i t l e  w i l l  b e  c e n t e r e d  a t  g e n e r a t i o n  t i m e )  

OUR FIRST - 
REPORT 

COMPLETE 0 3 / 1 5 / 8 2  09 :32 :21 ,  0 .1400  SECS, 0 .1054  SUPS 

TEMPLATE I S  USED TO IDENTIFY THE NAME OF A REPORT (REPORT-ID), THE 
REQUIRED ACTION (A/C) AND THE REPORT TITLE. I T  I S  THE FIRST TEMPLATE 
USED DURING THE COURSE OF DEFINING ( INS)  A NEW REPORT. 

I T  CAN ALSO BE USED TO MODIFY (MOD) OR RETRIEVE (RET) A SPECIFIED PART 
OF A REPORT, OR DELETE (DEL) OR DUPLICATE (DUP) AN ENTIRE REPORT, 

PAGES C-19 THRU C-30 DEMONSTRATE THE PARTS OF THE REPORT BEING DEFINED, 
A PAGED OUTPUT OF THE REPORT LAYOUT, A DATA SELECTION FOR THE REPORT, 
REPORT GENERATION USING THAT SELECTION, AND FINALLY A PAGED OUTPUT AND A 
PRINTED COPY OF THE ACTUAL REPORT. 



RIMS USER INTERFACE - REPORT DEFINITION ( 2 )  

l i n e  a/c: INS r e p o r t - i d :  TESTR6 l i n e  {I: 1 (a/c = r e t , i n s , m o d , d e l , e n d )  

i t e m  name 
a. LAST-NAME - 
e. 
i. 
m. 
q * 
U. 

Y e  

t o t  i t e m  name 
be FIRST-NAME - 
f . 

t o t  i t e m  name 
c .  AREA-CODE - 

t o t  i t e m  name t o t  

h e a d i n g  l ine(s): 2 3 4 5 6 7 8 
LAST-NAME FIRST-NAME AREA-CODE PHONE-# 

f o r m a t  l i n e  : 2 3 4 5 6 7 8 
-P BBBBBBBBBBBBBBB (CCC) DDD-DDDD - - 

COMPLETE 0 3 / 1 5 / 8 2  09:33:36,  3.0750 SECS, 0 .2670  SUPS 
U315: TITLE INSERTED, CONTINUE 

THIS I S  THE SECOND OF THE TWO TEMPLATES REQUIRED TO COMPLETELY 
SPECIFY A REPORT FORMAT. I T  IDENTIFIES: 

o LINE ACTION CODE. 

o REPORT IDENTIFICATION. 

o THE LINE OF THE REPORT BEING ACTED UPON 
BY THE LINE A/C. 

o DATA ITEM APPEARING ON THE LINE. 

o HEADINGS FOR THE LINE. 

o FORMAT OF DATA FOR THE LINE. 

THIS TEMPLATE I S  USED REPEATEDLY UNTIL ALL LINES OF THE IREPORT 
HAVE BEEN DEFINED, LINE A/C "END" I S  USED TO SIGNIFY THAT THE 
REPORT I S  COMPLETE. THIS I S  LINE 1 OF THE REPORT IDENTIFIED 
AS TESTR6. 



RIMS USER INTERFACE - REPORT FORMAT DEFINITION (3) 

*** paged-output display template *** 
OUR FIRST 

REPORT 
LAST-NAME FIRST-NAME AREA-CODE PHONE-# 

#-KIDS SALARY COMMENTS 
-9 BBBBBBBBBBBBBBB (CCC) DDD-DDDD 

AA $BB,BBB,BBB.BB CCCCCCCCCCCCCCCCCCCCC 

COMPLETE 0 3 / 1 5 / 8 2  09 :50 :15 ,  5 .4650 SECS, 1 . 5 2 0 8  SUPS PAGE ill OF 1 
INS REPORT DEFINITION COMPLETE 

THIS TEMPLATE I S  USED TO LOOK AT THE MOST RECENTLY GENERATED 
OUTPUT IN THE PAGE FILE. 

THIS TEMPLATE AND CONTENTS ARE AUTOMATICALLY DISPLAYED (PAGE 1) 
UPON COMPLETION OF A REPORT FORMAT. (NOTE: TITLE AND TWO FORMAT 
LINES. ) 



RIMS USER INTERFACE - SELECTION CRITERIA DEFINITION 

alc: INS 

report generation: 
item name or 

a. LAST-NAME - -  
b . SALARY GT 
c. SALARY LT 

sel-id : TESTR6 templperm: P 
file: TESTR6 def n : 

report id: TESTR6 summary only: - 
value mask sort 

- 11- 
25000.00 - 21D 
200000.00 - I 

-1- 

seldef 
domain : 

breaks totals 

conditional relationships: and = '&', or = I+', not = '-', exclusive or = ' I /  ' 

COMPLETE 03/15/82 09:58:01, 6.6230 SECS, 0.8448 SUPS PAGE 1 OF 1 
SELECT DEFINITION COMPLETE 

THIS TEMPLATE IS USED TO PREDEFINE (CAN) A DATA SELECTION FOR A 
REPORT (REPORT-ID MUST BE GIVEN) OR FOR APPENDING A FILE, 

FIELD SPECIFICATIONS 

o A/C...........ACTIONS CODES 

INS....DEFINES A DATA SELECTION. 
RET.,..RETRIEVE A PREDEFINED DATA SELECTION, 
MOD....MODIFY A PREDEFINED DATA SELECTION, 
DEL....DELETE A PREDEFINED DATA SELECTION. 

o SEL-ID........NAME OF DATA SELECTION BEING ACTED UPON. 

o FILE, DEFN....LOCATION OF SEL-ID 
AND DOMAIN 

o REPORT-ID.....IDENTIFIES REPORT TO WHICH DATA SELECTION 
APPLIES. 

o DATA ITEMS....NAMES, OPERATORS, VALUES, MASK SORT, 
BREAK AND TOTAL SPECIFICATIONS. 



RIMS USER INTERFACE - COMPUTATIONAL ELEMENT DEFINITION 

a/c :INS d e f n :  TESTR6 d o m a i n  : cmpdef 

comp-id:  MNTH-SALARY - t y p e :  c 2  s i g n :  - w i d t h :  1 0  

i t e m  name i t e m  name i t e m  name i t e m  name 
a. SALARY b. c. d .  
e, f .  0 he 
i. jo k. 1. 

v a l i d  s y m b o l s  : a -z ,  a d d  = '+'m s u b t r a c t  = ' - /, d i v i d e  = '/ m u l t i p l y  = 'k I,+ ' 
e x p o n e n t  = '** ', a b s o l u t e  value = '[. . . I  ' 

c o m p u t a t i o n a l  e x p r e s s i p n :  
A/ 1 2  

COMPLETE 0 3 / 1 5 / 8 2  10 :32 :02 ,  1 . 4 4 6 0  SECS, 0 .2864  SUPS PAGE 1 OF 1 
COMP DEFINITION COMPLETE 

THIS TEMPLATE I S  USED TO DEFINE A COMPUTATIONAL DATA ITEM. CURRENTLY, 
DATA ITEMS CAN ONLY BE USED IN OUTPUT REPORTS, THE ELEMENT (COMP-ID), 
THE NUMBER OF DECIMAL PLACES I F  REQUIRED (TYPE), THE SIGN AND FIELD 
WIDTH MUST BE GIVEN. 

THE DATA ITEMS (FROM DBDEF) TO APPEAR IN THE COMPUTATIONAL EXPRESSION 
MUST BE LISTED. THE COMPUTATIONAL EXPRESSION USING THE "ALPHA" 
CHARACTERS ADJACENT TO THE ITEM NAMES AND VALID SYMBOLS MUST BE 
FORMULATED. 

IN THE ABOVE EXAMPLE, SALARY I S  USED AS AN ANNUAL AMOUNT: THUS, A112 
(SALARY f 1 2 )  PROVIDES A MONTHLY SALARY (MNTH-SALARY) FOR EVERY SALARY 
IN THE DATA FILE TESTR6. 

PAGES C-43 THRU C-46 DEMONSTRATE THE FORMULATION OF A COMPUTATIONAL 
ELEMENT AND ITS USE IN AN OUTPUT REPORT. 



RIMS USER INTERFACE 

SYSTEM FUNCTIONS 



RIMS USER INTERFACE - REPORT GENERATION 

a/c: RET sel-id: TESTR6 temp/perm: P 
file: TESTR6 de f n : 

report generation: report id: TESTR6 summary only: 
item name or value mask sort 

a. LAST-NAME - -  - 1C 
be SALARY GT 25000 .00  - 21D 
c. SALARY LT 200000.00 I 

conditional relationships: and = '& I ,  or = /+', not = '-j9 

report 
domain : 

breaks totals 

exclusive or = ' ! I  ' 

COMPLETE 0 3 / 1 5 / 8 2  13:45:33,  1 . 6 2 5 0  SECS, 0.1458 SUPS 

THIS TEMPLATE I S  USED TO GENERATE (RPT) A REPORT OR RETRIEVE (RET) 
A PREDEFINED REPORT DATA SELECTION, 

o A/C.........,.ACTIONS CODE (RET OR RPT) 

o SEL-ID........NAME OF PREDEFINED DATA SELECTION, 

o OPTIONAL FIELDS 

o FILE,  DEFN, 
AND DOMAIN....LOCATION OF REPORT BEING GENERATED. 

o REPORT-ID.. . . .NAME OF REPORT BEING GENERATED I F  
"SEL-ID" NOT USED. 

o DATA ITEMS,...NAMES, OPERATORS, VALUES, MASK, 
SORT, BREAKS, AND TOTAL SPECIFICATIONS 
ON REPORT BEING GENERATED I F  "SEL-ID" 
NOT USED. 



RIMS USER INTERFACE - PRINTED OUTPUT ROUTING 

-- p r i n t  r e q u e s t  t empla te  

p r i n t  devide:  

Y t e rmina l  p r i n t e r  B of copies :  1 * i d :  IJ of copies :  - 
- b u i l d i n g  1 2  p r i n t e r s  * i d :  B of copies :  - 
- remote p r i n t e r  ( p r i n t e r  i d :  ) * i d :  K of copies :  - 
- micro f i che  24Xn_;; 4 2 x  3 4&C* i d r  # of copies :  - 
- xerox form: d u p z x  : - 

p r i n t  c o n t r o l s :  
l i n e  spac ing  - number of l i n e s  per  page ( s tandard  i s  66) - s t a r t i n g  page number ( d e f a u l t  = 1 )  

- ending page number ( d e f a u l t  = l a s t  page) 

- suppress  p r i n t  of s e l e c t i o n  c r i t e r i a  

* i d  = a  6  c h a r a q t e r  ou tput  i d e n t i f i e r  of t h e  form nnnxxx where nnn i s  a  box 
number and xxx are a lpha  c h a r a c t e r s .  

COMPLETE 0 3 / 1 5 / 8 2  1 0 : 0 1 : 2 7 ,  0 , 5 2 7 0  SECS, 0.1048 SUPS PAGE 1 OF 1 

THIS  TEMPLATE I S  USED TO DIRECT OUTPUT TO AN EXTERNAL 
DEVICE(S) ONCE A REPORT HAS BEEN GENEMTED, T H I S  
EXAMPLE DIRECTS THE REPORT WHICH APPEARS ON THE 
PREVIOUS PAGE TO THE TERMINAL PRINTER, 



RIMS USER INTERFACE - FILE APPEND 

f i l e  append module append 

append records  s e l e c t e d  according t o  AF'TEST ( c r i t e r i a  i n  sfroms f i l e -de fn )  

from: f i l e  TESTR6 i n  f i l e -de fn  i n  domain 
to: f i l e  TEST62 i n  f i l e -de fn  i n  domain 

records  wi th  d u p l i c a t e  keys a r e  t o  be dzsposed of a s  fol lows:  

not  append t h e  d u p l i c a t e  record from t h e  'from' f i l e ?  Y or ,  
r ep l ace  t h e  record i n  t h e  'to' f i l e  wi th  the  record i n  the  'from' f i l e ?  o r ,  
t h e  e n t i r e  'appendR a c t i o n  w i l l  f a i l  i f  any d u p l i c a t e  keys a r e  encountergd. 

COMPLETE 0 3 / 1 5 / 8 2  11 : 11 :34 ,  0 .0350 SECS, 0 , 0 4 4 2  SUPS PAGE 1 OF 1 

THIS MODULE I S  USED TO EXTRACT RECORDS BASED ON A SELECTION 
CRITERIA (APTEST) FROM A FILE IDENTIFIED AS THE "FROM FILE" 
(TESTR6) AND APPEND THEM TO A FILE DESIGNATED AS THE "TO FILE" 
(TEST62) 
NOTE: DISPOSAL OF RECORDS WITH DUPLICATE KEYS MUST BE INDICATED, 



RIMS USER INTERFACE 

SYSTEM INFORMATION 



RIMS USER INTERFACE - LIST USER ENTITIES AND SYSTEM DOCUMENTATION 

rims help module (help ) 

the rims help module is designed to supply application and rims system user 
information. to request any information, put a 'y' in the appropriate space. 

file: TESTR6 * defn: TESTR6 domain : 

Y template id's Y report id's and titles Y procedures 
Y select criteria Y computational def's Y data item list 

rims system information (documentation): 

- signon data base definition (dbdef) 
- security dFfinition (secdef) 
- single record transaction template definition (srtdef) 
- single record transaction usage (s.r.t.) 
- report generation (report) report definition (rptdef) 

- selection criteria definitionW(seldef) 
- hard copy print request (print) 
- procedure execution (proc) procedure definition (prcdef) 

- append (append) computaFion definition (cmpdef) * note: defnldomain are iGut if different than ones currently accessed 
COMPLETE 03/15/82 11:34:10, 2.4650 SECS, 0.1110 SUPS PAGE 1 OF 1 

ALL OUTPUT GOES TO THE PAGE FILE. THE INFORMATION REQUESTED ABOVE 
REQUIRES 7 PAGES OF OUTPUT. THOSE PAGES FOLLOW. 



RIMS USER INTERFACE - DATA BASE STATISTICS 

f i l e :  TESTR6 f i l e -de fn :  doma i n  : d b s t a t  

da t a  base s t a t i s t i c s  

da t e  and t i m e  of f i l e  c r e a t i o n  . e . . -1-1- - - - 
record counts 

o r i g i n a l  cu r r en t  i n s e r t s  modifies d e l e t e s  

- 0 0 0 - - 0 

f i l e  c h a r a c t e r i s t i c s  

i'/ d a t a  block s i z e  key s i z e  record s i z e  no. index 
blocks (words ) (words ) (words ) blocks 

COMPLETE 0 3 / 1 5 / 8 2  10 :09 :33 ,  1 .9720 SECS, 0 . 0 2 4 2  SUPS PAGE i OF 1 
1NS:STEP 2 OF 2:ENTER 'TID'  FOR NEXT STEP OR DATA I F  NXT STEP HAS SAME 'TID"  

AFTER THE DATA HAS BEEN INPUT FOR THE CURRENT STEP (DBSTAT), 
THE ABOVE UNDERSCORED STATEMENT WILL APPEAR. AT THAT TIME 
ENTER TEMPLATE ID FOR NEXT STEP (REPORT) 



RIMS USER COMMUNITY 

PERSONNEL 

PROCUREMENT 

FACILITIES ENGINEERING 

BUDGET 

SUPPLY INVENTORY 

TERMINAL INSTALLATION/MAINTENANCE9 WORK REQUESTS 

PERFORMANCE (SYSTEM/APPLICATION) DATA 



RIMS USER COMMUNITY 

(1) PERSONNEL - THE JSC PERSONNEL OFFICE USES THE RIMS TO: 

SUPPORT PERSONNEL MANAGEMENT INFORMATION SYSTEM (PMIS) 
REPORTING AND AD HOC INQUIRIES 

PROJECT FUTURE MAN HOUR USAGE PER YEAR BASED ON THE NUMBER OF 
EMPLOYEES 

PROVIDE STATUS AND TRACKING JOB APPLICATIONS AND OFFERS 

PROVIDE STATUS AND TRACKING OF COOPERATIVE EDUCATION STUDENTS, 
UPWARD MOBILITY PERSONNEL, INTERNS, AND SUPERVISORY TRAINING 
PLANS 

(2) PROCUREMENT - THE JSC PROCUREMENT OPERATIONS OFFICE USES RIMS TO: 
REPORT STATUS OF PURCHASE REQUESTS/CONTRACTS ON MONTHLY BASIS 
FOR THE BUYING BRANCHES 

TRACK AWARD FEE CONTRACT INFORMATION AND DATES 

RETRIEVE NASA PROCUREMENT REGULATIONS/CLAUSES AND DETERMINE 
IF THEY ARE REQUIRED, APPLICABLE, OR OPTIONAL FOR CERTAIN 
CONTRACTS 

TRACK DUE DATES ON MAJOR PROCUREMENTS 

(3) ENGINEERING - THE FACILITIES ENGINEERING AND PLANT ENGINEERING 
DIVISION USES RIMS TO: 

PROVIDE STATUS AND TRACKING OF WORK REQUESTS FROM RECEIPT 
THROUGH DESIGN 

PROVIDE STATUS AND TRACKING OF CRITICAL SPARES 



RIMS USER COMMUNITY 

SUPPORT INTEGRATION OF DIRECTORATE/OFFICE POP SUBMISSIONS 
AND COMPARISON OF BUDGET GUIDELINES/MARKS AGAINST THOSE 
SUBMISSIONS FOR PROGRAM OFFICE AND CENTER MANAGEMENT REVIEWS 
PRIOR TO SUBMISSION TO HEADQUARTERS 

MAINTAIN DIVISION AND BRANCH LEVEL BUDGETARY DATA TO SUPPORT 
THE JSC POP REQUIREMENTS 

(5) SUPPLY INVENTORY - THE LOGISTICS DIVISION USES RIMS TO: 
MANAGE THE REDISTRIBUTION OR DISPOSAL OF EXCESS MATERIAL AND 
CAPITAL EQUIPMENT UNDER JSC CONTROL 

(6) TERMINAL INSTALLATION/MAINTENANCE/WORK REQUESTS - THE IDSD USES 
RIMS TO: 

PROVIDE STATUS AND TRACKING OF THE IDSD TELECOMMUNICATIONS (DATA) 
SYSTEM CONFIGURATION 

PROVIDE INVENTORY AND MAINTENANCE ACCOUNTING 

PROVIDE STATUS AND TRACKING OF WORK REQUESTS FOR INSTALLATION/ 
MOVE/REMOVAL OF TERMINAL STATIONS 

( 7) PERFORMANCE DATA - THE IDSD USES RIMS TO : 
RESPOND TO MANAGEMENT QUESTIONS RELATED TO COMPUTER SYSTEM 
PERFORMANCE 
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To respond to national needs for improved productivity in 
engineering design and manufacturing, a NASA supported joint 
industry/government project is underway denoted Integrated 
Programs for Aerospace-Vehicle Design (IPAD), The objective is 
to improve engineering productivity through better use of 
computer technology. It focuses on development of data base 
management technology and associated software for integrated 
company-wide management of engineering and manufacturing 
information, The project has been underway since 1976 under the 
guidance of an Industry Technical Advisory Board (ITAB) composed 
of representatives of major engineering and computer companies 
and in close collaboration with the Air Force Integrated 
Computer-Aided Manufacturing (ICAM) program. Results to date on 
the IPAD project include an in-depth documentation of a 
representative design process for a large engineering project, 
the definition and design of compdter-aided design software 
needed to support that process, and the release of prototype 
software to manage engineering information. This paper provides 
an overview of the IPAD project and summarizes progress to date 
and future plans. 

INTRODUCTION 

The national need for improved productivity has become 
increasingly apparent with recent statistics of zero or negative 
growth in gross national product, Significant improvements in 
aerospace productivity are believed possible through effective 
utilization of current and future CAD/CAM technology. The 
IPAD project goal is to increase U,S. aerospace industry 
productivity through application of computers for integrated 
company-wide management and control of engineering design data 
and manufacturing information, 

In the early 197gss, NASA-funded feasibility studies showed 
that dramatic increases in engineering productivity were feasible 
through the automation of routine information handling tasks, 
These results, which were extensively reviewed by the aerospace 
and computer industry showed that such automation would directly 
decrease cost and flow time in the product design proees and 
would improve the competitive position of the U.S, aerospace 
industry, Based on these and other results, NASA began the IPAD 
project in 1976 to develop the appropriate technology and 
associated computer software, Work under the IPAD project is 
being done princially through a NASA prime contract to the Boeing 
Commercial Airplane Company supported by appropriate subcontracts 
and under the guidance of an Industry Technical Advisory Board 
(ITAB) composed of members of aerospace and computer companies, 
The ITAB concept provides an innovative and effective management 
approach for a joint industry/government high technology R&D 



effort, Figure 1 illustrates the ITAB membership and delineates 
the major activities performed by this s~gan$aation, NASA has 
found the %TAB concept to be very effective in revfawing ongoing 
work and developing long term goals for the IPAD projec%, 

DESCRIPTION ,OF THE IPAD SYSTEM 

The lPAD project conducted a detailed dissection of a 
reference design process using conventional takeoff and landingo 
SST, and hydrofoil vehicles as baselines. This work helped to 
clarify the designeras work environment, to identify ways to 
improve ft,and to determine how best to use CAD/CAM to support 
it. Several ITAB companies, emulating this assessment, compared 
their design approach to the XPAD studies, For example, 
Lockheed-Georgia dissected the development cycle for a military 
transport aircraft comparing military program phasing with 
phasing used in IPAD studies, and Rockwell International compared 
its military aircraft systems development cycle with the IPAD 
studies. Such activities help a company define and implement an 
interated CAD/CAM capability. 

Through joint industry/government efforts stimulated by the 
IPAD project, technology has now reached the stage where the 
basic requirements for an integrated CAD/CAM system are defined 
and its key software elements identified. The primary 
engineering interface operates through interactive terminals to 
select or control events and to define or display designs, The 
requirements and key software for such an integrated CAD/CAM 
software system (denoted 'full IPAD") have been defined under the 
IPAD project and a preliminary design prepared with the following 
basic software components: 

- Executive software (XPEX) to control user-directed 
processes through interactive interfaces with a barge number of 
terminals in simultaneous use by engineering and management 
personnel and to provide communications among computer hardware 
within and outside the distributed computing system of IPAD, 

- Data management software (IPIP) to provide a 
compr/ehensive, versatile ability to store, track, protect, and 
retrieve exceptionally large quantities sf data maintained on 
many different devices. 

- Geometry and graphics software to provide a wide range of 
capabilities for information display and geometry creation and 
manipulation, including design and drafting and interactive and 
display graphics. 

- General utility software to give users an assortment of 
features to aid in using CAD/CAM, including user languages, 
tutorial aids, report generators, design/manufacturing indexing 
and routing facilities, error diagnostics and 
configuration-management aids, 





PRODUCT INTEGRATED DESIGN (EXPANDED IPAD) 
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Figure 2 



Basicallyp such a Full %PAD sysStem would be a 
general-purpose interactive computing system to support 
engineering design, with significant capability to manage and 
manipulate engineering data, Pt would support activities at alP 
levels of design--conceptual, preliminary, and finah--for a 
typical eompany mix of development projects, and would aid in the 
assembly and organization of design data for manufacturing, 
Figure 2 presents how the IPAD data base management system would 
be the common interface to the various disciplines in an 
aerospace eompany. 

Much progress has been made in recent years toward the 
integrated CAD/CAM capability, Severel minicomputers or 
mainframes exist or are evolving which can serve as the basas %or 
an integrated CAD/CAM system. Numerous technical programs (e,g,, 
NASTRAN) and design/drafting systems (e.g*, AD-2B88) exist or 
continue to be developed to execute engineering analysis and 
design tasks, end many of these programs have already been 
connected to improve CAD/CAM capabilities, Means for Integrating 
manufacturing activities, together with development of a set of 
user utilities denoted General Utility Systems, are under 
development in the ICAM program. However, critical technology 
issues which remain for an integrated CAD/CAM system include data 
management, data communication, geometry, and company management 
SUpp0Ptr 

Lack of the right technology and software to manage 
engineering and scientific information has Been a major stumbling 
block to development of an integrated CAD/CAM system, ITAB thus 
urged the %PAD project to focus on data management for design and 
manufacturing, The needs have been identifed by investigating 
the data flow and user requirements of the reference design 
processes for several aerospace vehicles. The fPAD project a990 
conducted a limited assessment of design/manufacturing interface 
requirements, The %CAM program now has underway a thorough 
investigation of data management requirements for manufacturing, 
with work closely coordinated with PPAD, 

lPAD results to date indicate that a CAD/CAM 
data-management system must meet at least the following 
requirements: 

- Accommodate many different views of data from a variety of 
users and computing storage devices. 

- Allow many levels of data description to support a wide 
variety sf engineering organizations and tasks, 

- Permit easy changes in data definition as work progresses. 
- Allow data to be distributed over networks sf computers of 

various manufacture, 



- Permit data definitions to be readily extended r s  needs 
arise, 

- Store and manipulate geometry information, 
- Embody adequate configuration-management features, 

- Provide broad means to manage information describing 
stored data, 

To meet these requirements %PAD is developing a muftischema 
("multiview') IPIQ for a network of computers (Figure 31, fts 
software defines and manipulates information through three 
different types of format: logical (or user) schemes to ~ r g a n i z e  
information appropriate for each usera internal schemas to 
describe the way a specific machine stores information, and 
mapping schemas to connect the various logical and internal 
schemas. 

The multischema approach permits an unlimited number of data 
formats for different applications and these formats can be 
readily changed as the need arises, Vet the data are stored only 
once on a specific computer in a distributed network. 

This year the PPAD project will complete a prototype f P f P  
data management system and limited EPEX executive software for a 
CDC CYBER/NOS computer, Pigure 4 presents the performance 
capability of the PPAD system for  a test data base, Initial 
results were unacceptable for production level software but 
various enhancements have reduced data access response times to 
acceptable levels (1-3 seconds), An assessment of a DEC \TAX 
implementation has been completed but no software has been 
developed, 

The f P A D  project has also developed a quick-response 
data-management subsystem denoted Relational Information Manager 
(RIM) to be used either as a stand-alone component or as an 
interactive interface to XBIP. Figures 5 and 6 illustrate the 
desired configuration for RIM and fPPB ts support an integrated 
engineering analysis capability. The RIM data base system will 
be for single user, quick access, and interactive query 
capability, while the IPEP data management System will be for 
project level control of a complete library of data and be 
accessed with moderate response times, A network capability 
could be used to connect the two data base management systems 
together, RIM is already in use at numerous sites on CBC, DEC, 
and sther computers and has proven ts be a significant aid to 
managing data typical of engineering design studies. For 
example, P t  served as the key data management capability at 
NASA-Langley for a QBB,BBB-word data base associated with a study 
of 8888 tiles on the Orbiter (Pigure 7). 



TYPICAL ARRANGEMENT OF APPLICATIONS AND SCHEMAS 
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Ability to distribute data ever a network of different makes 
of computer represents a major CAD/CAM challenge. Distributed 
data management is considered by ITWB to be the next critically 
needed IPAD project thrust, The IPWD software design approach 
was carried out for such a compbter network, and a high-speed 
network has been developed for a CDC/DEC complex. Data 
management implementation to date has been limited to single 
computers. 

For 1982 and beyond, ETAB strongly recommends the I P A D  
project work on technology needed to extend data-management 
concepts to a unified system spanning design and manufacturing, 
contractors, various computers, and geographically dispersed 
sites, Suck a distributed data-management capability appears 
feasible judging from the full IPWD system design and the I P A D  
software developments to date, It will require completing 
development of the IPEX executive software, as well as extending 
the I P I P  data management software. The resulting system should 
offer substantial productivity fmprevements. Figure 8 
illustrates this desired system for future I P A D  distributed data 
management in both the engineering and manufacturing environment. 
The key technology areas are geometry capability and computer 
networking. 

Geometry - the thread that runs throughout the design and 
manufacturing proces - represents a major link in development an 
integrated CAD/CAM system, Interactive 3-D design/drafting 
subsystems based on "wire framew concepts are fairly well 
developedo and several alternatives exist to serve as a 
foundation for geometry descriptions to support design and 
drafting tasks and to provide eonnectisns to numerical control 
machines. The f P A D  software will incorporate the capability to 
handle engineering geometry information and will encompass the 
range from points and curves t o  solid 3-D descriptions. 

In summary, fPAD plans for future data management research 
are: (1) management of engineering geometry data; (2) 
design/manufacturing data management interfaces, and (3) 
distributed data base management, 
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ABSTRACT 

JPL's management and administrative support systems have been 
developed piece-meal and without consistency in design approach over the past 
twenty years. These systems are now proving to be inadequate to support 
effective management of tasks and administration of the Laboratory. New 
approaches are needed. Modern database management technology has the potential 
for providing the foundation for more effective administrative tools for JPL 
managers and administrators. 

Plans for upgrading JPL's management and administrative systems 
over a six year period evolving around the development of an integrated 
management and administrative data base are discussed. 

I. Introduction 

The Management and Administrative Support Systems (MASS) are the computer 
applications and data which support the management and administrative 
activities of the laboratory. For the most part these systems are 
comprised of software that is known as the Administrative Computing 
Services which operate on the IBM 3032 at Booth Computing Center 
at Caltech. The ACS systems have been developed incrementally at JPL 
over the last 20 years with low budget, limited management attention, no 
consistent organization of the ACS into systems, and little documentation, 
The lack of emphasis on administrative computing has resulted in the 
following problems: 

(i) Each system was designed independently as the need arose, 
Therefore, many systems are interdependent so that a change 
in one affects many others. 

(ii) There is substantial redundancy and overlap in processes 
and data. 

(iii) Data access is poor, usually limited to once a month. 



(iv) The responses and capability of the systems are not adequate 
for many small tasks/projects, This has fostered a 
proliferation of special software "add-ons,'" 

(v) Frequency and granularity for planning and reporting are 
inadequate for today" needs (e.g, planning by quarter, 
reporting by mnth. ) 

Because of these deficiencies, a complete upgrade of JPL's MASS are urgently 
needed. JPLqs Cmputing and Information Services Office (CISO) has undertaken 
the development of a plan which would upgrade the MASS over a period of six 
years. This foundation of the plan is the use of a generalized database 
management system which has the potential of overcaning the problems discussed 
above. The following describes the MASS plan with emphasis on the role of 
the database management system in providing the improved lWS capabilities, 

Plan for MASS Development 

1. ~uidelines and Constraints for MASS Developrent 

After a period of extensive review by JPL management and administrative 
system users, the following basic MASS development strategy has been 
endorsed and adopted: 

1. The centrally located MASS will continue to operate in a IBM canputing 
enviromnt , 

2.  A cormnercially available generalized database management system (DBMS) 
will be purchased and installed on the IBM 3032 at JPL. This 
generalized DBMS will provide the capabilities to evolve a JPL 
Integrated administrative Database and improved Administrative Systems 
in an orderly fashion. 

3 .  Cmercially available applications software will be used, with 
adaptation for JPL, whenever this approach is time and cost justified, 

4. The first phase of MASS development activity will concentrate on 
acquiring and installing the generalized DBMS and improving financial 
planning capabilities including providing interactive planning. 

5 .  There will be a steady evolution of new or significantly upgraded 
administrative systems over a six year period, 

6. The planning and execution of all W S  development will be conducted 
in phases of 6 to 18 mnths with each phase redeveloping one major 
system or a small n&r of related systems, 



MASS Design M e t h o d o l q  

The MASS Design methodology close1 follaws the approach suggested by 
D. S. Appleton and A. F. Cardenas.P The methodology suggests tha t  get t ing 
the  user involved interact ively with a database while under development 
is important i n  developing f lexible,  responsive databases. The design of 
the MASS, consisting of both databases and applications, w i l l  start by 
developing the database ''conceptual schemn which defines the items t h a t  
can be stored i n  the database and the  relationships between them. The 
development of the conceptual schema applys to the e n t i r e  JPL MASS 
Integrated database. Next the da ta  col lect ion and input s tructure 
necessary fo r  establishing and maintaining the database content w i l l  be 
established and f i n a l l y  the developtent of the MaSS applications which 
use the database w i l l  be done, 

3. MASS Developnent Phases 

M a s s  development w i l l  be conducted i n  four phases over s i x  years. It is 
expected these w i l l  be done i n  the sequence l is ted.  Hawever an evaluation 
process w i l l  be followed to p r i o r i t i z e  development f o r  maximum benefit  a t  
a l l  stages. 

1. Phase I (1982-1983 ) the  "System f o r  Resources Management ( SRM) " 
2. Phase I1 (1984-1985) the "financial feeders" phase 
3 .  Phase I11 (1986) the  "financial related s y s t e m s ' ~ h a s e  
4. Phase IV (1987) the "standalone systems" phase 

Figure 1 s h m  the evolution of the four phases of development. A t  the 
top of the f igure the evolution of the JPL Integrated Administrative 
Database, comprised of several smaller databases is shown. In  the center 
of the figure, a block identif ied as "Generalized Database Management 
SystemBq is s h m ,  

I t  is the capabi l i t ies  of DENS that provides the framework f o r  v i r tua l ly  
a l l  aspects of MASS development from docuroenting programs and data f o r  
existing systems, to developing high-level and detailed database designs, 
t o  use i n  developing applications, and to use i n  an operational sense f o r  
access ing data. 

Across the bottom of Figure 1 is shown several boxes, each of which 
represents a speci f ic  administrative application. The order i n  which the 
boxes appear represents the order i n  which the applications w i l l  be 
developed. By developed is meant t h a t  the system could be d i f i e d  from 
an "existing'bystem, could be a purchased package, or could be newly 
developed. 

The a c t i v i t i e s  of each of the four phases is further  described a s  follows: 

1, Phase I - "SRM" Phase 
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The f i r s t  s t ep  i n  Phase I w i l l  be to acquire a generalized database 
management system (GDIBMS). Key features of such a system w i l l  include an 
integrated data dictionary/directory, on-line query capabili ty,  application 
generation, and report  writing capability. 

In  developing a software system using database management methodology, 
the database s tructure assumes an overriding imprtance. Because of 
this, the description of MASS as it w i l l  e x i s t  a f t e r  Phase I begins here 
with a description of the database which w i l l  be implemented and used by 
1 October 1983. This is not JPLss en t i r e  management and administrative 
database. Detailed f inancial  data,  inventory data, communications data,  
personnel data,  l ibrary  da ta  and many other  data types w i l l  remain to be 
added, Hawever, a l l  data categories w i l l  be included i n  the conceptual 
schema of the database to be finished by 1 January 1983. This w i l l  
ensure t h a t  no major problems w i l l  be encountered i n  expanding the database 
a f t e r  1 October 1983. 

The following describes the nucleus of a f inancial  database. As shown i n  
the Phase I portion of Figure 1, it consists of three parts: 

1. A Chart of Accounts Database 
2. An Actual Database 
3. A Resource Plan Database 

JPL uses two kinds of account numbers - its own, and NASA%* The char t  
of accounts database keeps track of both kinds of account numbers and of 
the relationships between them. The JPL account code forms the foundation 
of JPLvs e n t i r e  f inancial  database structure.  Any actual expenditure, 
work order, resource plan, or procurement is associated with a given JPL 
account number. 

Although the databases described here w i l l  be kept i n  a central ly located 
and controlled area, capabili ty w i l l  be provided t o  extract  any subset of 
data and transmit it across the network to another computer. 

The three databases of Phase I of Figure 1 are described one a t  a t i m e  him. 

1. A Chart of Accounts Database 

A chart-of-accounts database is shown i n  Figure 2. This database 
models both NASA and JPL work breakdown structures to the 
individual account level. Each NASA account number is associated 
with one o r  more JPL account numbers and t h i s  relationship is 
modeled i n  the database a s  indicated by the arrow f r m  box 5 t o  
box 9. The database a l so  ident i f ies  the project owner and the 
l i n e  organization owner of each JPL account code. Code s e t s  
(box 1 0 )  allow association of an arb i t rary  set of account numbers, 
An example of the use of a code set occurs in  identifying a l l  
software related account numbers f o r  a given project f o r  use by 
a project software manager, 



2, An Actual Database 

This database, shown i n  Figure 3, contains summarized actuals 
associated with a given JIlL account nmker, Actuals can be 
cmmitmnts, obligations, costs o r  expenditures when associated 
with the Financial system, Procurement and work order actuals 
a re  surmned i n  here aloncj with other actuals even though they 
w i l l  in  subseqclent phases also be maintained in  their own 
databases, The actual database is essentially a form of "salesm 
database since it contains itemizations of deliveries against 
the mcustomerst orders" i n  the Contract Authority Database. 
When viewed in  t h i s  context, carrani-nks are  a preliminary stage 
which resul t  i n  obligations, Commitmnts are of two variet ies - 
work orders and authorizations for procurement. There are mre 
variet ies of obligations each of which have sub-varieties, The 
relationships, though f a i r l y  numerous, can be structured t o  
re f lec t  the accepted accounting treatment fo r  ccxnmitments, 
obligations, costs and expenditures, The relationships i n  t h i s  
database are numerous and diverse so that  working out the deta i ls  
of data structure w i l l  take considerable effort ,  

3, A Resource Plan Database 

A resource plan database is sham in  Figure 4. This database 
contains any number of resource plans for  a particular account 
number but only one can be marked as approved. Scheduling 
infoarmation and task descriptions w i l l  both be included i n  this 
database i n  subsequent phases to f ac i l i t a t e  resource planning, 
Neither of these things can be easi ly associated with a resource 
plan today* 

Planning factors, including such things as burden rates and standard 
costs, are arbi t rar i ly  included i n  t h i s  database. They are  used 
for  resource planning and fo r  updating of actuals, It  is not completely 
c lear  how planning factors should be accessed, so they a re  shown 
as  a stand-alone part of the database, 

Modified, purchased, o r  newly developed appl icat iowprqrams 
(boxes 2 through 5 Figure 1) are  described one a t  a tinu? below, 

1. Chart of Accounts Maintenance 

The chart of accounts maintenance program w i l l  u t i l i z e  the 
capabilities of the generalized database management system t o  
maintain the chart of accounts, Databases update and retrieval 
w i l l  be done by terminal access. Standard reports w i l l  be 
generated weekly and mnthly as is now done, 
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--- 

Figure 4 
A RESOURCE PLAN DATA BASE 



2. Financial Edit 

All actual expenditure data w i l l  enteq the database through the 
Financial Edit subsystem. This data flaw is much l ike  the 
present one and it may be that  same actual code can be preserved 
from the present financial ed i t  Instead of producing 
data on ordinary tape and disk f i l e s  as it does now, however, the 
new Fimcial  Edit programs must update the actual database. 

3, Financial Reports I 

There are a large number of financial reports generated for  
JPL o r  NASA use. The RSR is one of them. The DBMS query 
language w i l l  be used to produce as many of these reports as 
possible. Procedural languages w i l l  be used only when report 
formats are too corrq?lex for  a query language t o  handle. 
Reports w i l l  be produced e i ther  on the laser printer  o r  directly on 
the screen of a user% terminal. Same standard reports w i l l  
continue to be produced and distributed on a periodic basis, but 
others w i l l  be available only on a query basis. 

4. &source Planning I 

Resource planning capabilities w i l l  be implemented par t ia l ly  
i n  phase I and par t ia l ly  i n  phase 11, In phase I on-line 
planning capabilities w i l l  be introduced including on-line 
resource planning, reporting summaries of plans and actuals, 
and on-line access to planning factors. 

2. Subsequent Phases 

Phase I1 "Financial Feeder" Phase (1984-1985) 

Phase I1 w i l l  involve extending the capabilities of Financial Reprt ing 
and Resource Planning applications implemented in  Phase I, but w i l l  
primarily involve developing the database and applications for  the 
"financial feeder" systems that  feed detailed financial data into the 
surrrmary level data of the systems developed i n  Phase I. In th i s  
phase the concept of user in i t ia t ion and tracking of transactions 
such as  work orders and procurements w i l l  be introduced, 

The financial database w i l l  be extended t o  contain more detailed 
financial information. A s  shown in  the Phase I1 portion of Figure 1, 
the fol lwing databases w i l l  be introduced into the integrated database 
in  Phase 11: 



lo Contract (funds) authority database. 
2, Organization services section and standard cost d a m e  
3, Work Order database, 
4, Procuremnt database, 
5. Accounts payable database, 
6, Travel database. 
7. Workforce database, 

Data d e l s  f o r  these seven databases w i l l  be developed when the conceptual 
design of t h i s  MASS integrated database is completed on 1 January 1983. 

Phase I11 "Financial Relatedq9 Phase (1986) 

The "financial related" systems a r e  those which have only minor 
coupling to the f inancial  systems, The need to introduce the data 
associated w i t h  these system, i n t o  the iritegrated database is less 
urgent 'than the f inancial  dates because access to the data is required 
by a much nanrowler community of users. A s  shown i n  the Phase 111 
portion of ~ i g u r e  1, the  following databases w i l l  be introduced in to  
the integrated database i n  Phase 111. 

1. Personnel/Payroll database 
2, Property database. 
3. Fac i l i t i e s  database 
4. Cmunicationd database 
5. Inventory management database 

Data mdels f o r  these f i v e  databases w i l l  be developed when the 
conceptual design of the W S  integrated database is campleted i n  
1 January 1983. 

Phase IV - "Standalone" System (1987) 

The 'Dstandalone'8 systems a r e  those which do not have interfaces with 
other  systems, The following standalone databases w i l l  be intrcduced 
in to  the  integrated database i n  Phase IV: 

1. Library database 
2, Quality Assurance and Rel iabi l i ty  database, 
3. Configuration Control database 
4. Documentation Control database 

Data d e l s  f o r  these four databases of w i l l  be developed when the 
conceptual design of the MASS integratrd database is campleted i n  
1 January 1983. 



*s papr has presented a plan for an orderly upgrade of JPL s 
and admin i s t r a t i .  system with an integrated administrative da 
the cornerstone. The success of this plan is contingent upon adherence 
to tk design methodology and phases of development described. It is 
particularly j,mprtant to: 

1. Develop a rigorous process for selection of the generalized DBMS 
which provides the necessary tools for every phase of d a t a h e  
irnrolvemmt £ran conceptual design to aperations. 

2, Obtain user involmmnt during all phases of database develqmnt 
starting w i t h  developing requirerents for applications and analyzing 
existing administrative processes t o  actual interaction w i t h  the data  
as early as possible t o  assess tk suitabil i ty of the data and access 
methods. 

3. Divide the develo-t into short enough phases so that tangible 
results can be masured and the total effor t  is manageable. 

1. D. S .  m l e t o n  and A. F. Cardenas, 
~ t h c d o l o a v  for Database, (Pasadena, Calif, : JPL , 1980) 



DATA BASE MANAGEMENT SYSTEMS - A FEDERATED APPROACH 

PRESENTED 'TO THE 

NASA ADMINISTRATIVE DATABASE MANAGEMENT 
SYSTEMS TECHNOLOGY CONFERENCE 

JET PROPULSION LABORATORY 
PASADENA, CALIFORNIA 

MAY 26-27, 1982 

Robe r t  W. I v e r s o n  
Jet P r o p u l s i o n  L a b o r a t o r y  



OUTLINE 

PAGE 

Motivation for this Presentation,.,.,.,........,............. 218 

G~als~~~..~.~............. . ~ . ~ I I e ~ ~ . e e ~ , . . . . . . . . . .  219 

Current State of Data  base^.,..,,,.,,,..,^^^.^^^^^^..^^^.^^,. 220 

Current JPL Data Base  system^..,,,.,..,.,..,^^,^.^.^^^.^^^^^^ 221 

Long Range V i s i ~ n , , , , . . , , , , . , , , . ~ ~ ~ ~ , ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~  222 

Federated Approach . , , , , , , . , . , I . e I ) , ~ P ( I ~ l . . ~ ~ ~ P P ~ I ~ ~ . . .  224 

Operational Example . , . . , , , , . , . . . ~ O e l ~ . , ~ , O e e , , . , . ~ D . .  226 

Summary.... .,..,..,.....,....eee.t...ttt........... 227 















A FEDERATED A P P R O A C H  

1 

DUPLICATE DATA 7 

CENTRAL1 ZED 
(WITH DISTRIBUTED 

COMPUTING) 

CHARACTER1 ZATlON OF FEDERATED DATA BASE 

bt FEDERATED DIFFUSED 
(EX1 STING) 

THE FEDERATED DATA BASE CONCEPT I s A SET OF PRI NCI PLES AS OPPOSED TO 
A FORMAL1 ZED OR RIGOROUS DESIGN METHODOLOGY 

ALLOWS DATA BASE INDEPENDENCE AT THE LOWER LEVELS WHILE PROVIDING 
A ORGAN! ZATIONAL FRAMEWORK THAT INTEGRATES THESE DATA BASES l NTO 
A SYSTEM 

Q THE FEDERATED DATA BASE APPROACH USES A SET OF UNIFIED - 
DATA DEFINITIONS 

* DATA FORMATS 

@ ACCESS RULES 







L
a
. 
0
 

L
a
. 

'9
 
- 



SPACE TRANSPORTATION SYSTEM ( STS ) 
INTEGRATED SCHEDULING AND REPORTING SYSTEM (SISRS) 

PRESENTED TO THE 

NASA ADMINISTRATIVE DATABASE MANAGEMENT 
SYSTEMS TECHNOLOGY CONFERENCE 

JET PROPULSION LABORATORY 
PASADENA, CALIFORNIA 

MAY 26-27, 1982 

Ken Martindale 
Lyndon B. Johnson 
Space Center 



STS INTEGRATED REPORTING SYSTEM 

OUTLINE 

PAGE 

The STS Schedule Pr~blem,,.,.,,.,...~.~.~~~~.,.... 230 

................................ System Requirements. 232 

...... Representative Schedule Data.................e 233 

SIRS Schedule Milestones 
STS Operations 

Flight Design (MPAD) Typical Template., ............. 234 

Operational SIRS Objectives,.,,. . . , , e e e , . . . , . e . . . , , .  235 

STS Operations  schedule^..........^^.^.^^^.^^...^^^. 236 

Flight Perspective 

Standardized  template^.,.,..,,..,^.,.^ ........I)........ 237 

Standardized Schedule Template 
Relationship Among STSRS Templates 

Basic System Characteristics....................... 242 

Relationship Among Templates, Tiers and 
STS Flight Schedule 
Basic System Component 

SIRS Design  objective^..,,,.^,...^^^^^.^^..^.^,^^^.^ 271 









P I P  . C l R  

SPACCCIIAFT 
DCVELOPMENT 

PDR 
' SAFETY REVIEW 

P I P  ANNEXES 
LOADS A N A L Y S I S  

* ASE REFURB I'SHMENT 
PAM D E L I V E R Y  

I STS CARRIER 
READ1 NESS 

M0llll l.E l NTEGRAT I O N  . ,no M E R 

' L S A  
. O P T I O N A L  S E R V I C E S  

REIMBURSEMENTS 

REPRESEN T A T l V E  SCHEDULE D A T A  

SlSRS S C H E D U L E  M I L E S T O N E S  

S T S  OPERATIONS 

* ORB I TER ASS IGtillENT 
.CARGO DEFII.IITIO;I 
* I I I S S I  ON DURATIOW 

CONCEPTUAL 
D E L I V E R I E S  RECONFIGURATION - INTEGRATED ' M A T I N G  OPS 

F L l l i l l T  E V L N T  

CDNSUMAULCS 
ANAI.YS I S 

SMS I IECONFI -  I N T E G R A T I O N  
GURAT I O N  

.BARGE OPS 
F L l  GI lT RULES * F A B R I C A T I O N  

.SET SIIII 'MCNI'S 

- MANOFAC l U t 7 E  
C A P A B I L I T Y  

# S H I P  DATES 

- R E C O N F I G U R A T I O N  . ENHANCEMENT 
R E F U R B I  SHM'ENT 

MLP . RSS 
* S P I F  

.MCC RECONFIGURATION - AFSCF READY 

TDRSS 
STDN . GPS 

' POCC 
' COMSAT 
' AFSCF 

SPARES 



- - 

F L I G H T  DESIGN (MPf iU)  T Y P I C A L  TEMPLATE 

F L I G H T  PLANNING 
ANNEX ( P R E L )  

PAY LOAD 
,FINAL -I. F L T .  DES. (FM/CG, L - 1 8 M ,  2M)  - (REV.  FOR K E F L T )  -+ UPDATE 

I I . F L T .  ACT ( CG/USER, L -  18M, 2M) ( L - 1 3 M ,  2M) 
( I F  REQ'D)  

(PH,  L - 2 3 M )  ( W A I V E  FOR R E F L T )  L -4M,  1M) 

h, 
W * STS CARGO +PAYLOAD COE~PATIBILITY .-+ F L I G H T  F E A S I B I L I T Y  

P L A N N I  NG DATA b ASSESSMENT (FM, L - 2 3 M ,  1M) ASSESSMENT (FM, L - 1 8 M ,  1M) 
( P L Y  L - 2 3 M )  

\ USERS, P L  1 
C I R  7 \\ (pi L - I O N )  USERS 

SHUTTLE PROGRAM 
WEIGHTS & MASS  PROP^ 
( P L / L P ,  MONTHLY) - P R O F I L E  (FM, L -19M,  1M) 

PREL 

F L I G H T  DATA 
(CH, L - 1 1 M )  F I L E  .(CH, L - 6 M )  

B A S I C  INTEGRATED 
SUMMARY CAP 
(CH, L - 6 M )  





STS OPERATIONS SCHEDULES 

FL IGHT PERSPECTIVE 

E T  F L T  V E l l I C L E  
___L_. 

LAUNCH V E H I C L E  
S RB 

F L I G H T  HARDWARE - ORBITER. 
F L I G H T  SOFTWARE / 

F L I G H T  CARGO ORBITER, SRB SPACECRAFT REFURBISHMENT 
D E V E L O ~ M E N T ~  INTEGRATION - INTEGRATION 

UPPER STAGES 
/ANALYSIS 

TRAINERS CONFIGURATION 

LAUNCH, ORB I T A L  
OPERATIONS, LANDING 

\ POSTFL I G H T  

A N A L Y S I S  

MOCC - F L T  F A C I L I T I E S  
CONTROL READY PAYLOAD DATA 

POCC F A C I L I T I E S  

/ 
D I S S E M I N A T I O N  

PAY LOAD CONTROL 
CENTER 1 STS EXTERNAL 

 TRACK^ NG & / FLT SUPPORT 
COMt,lI\NU 









Q
 

Z
 

3
 

z
o
 

W
a

f
 

k
a

 
H

Z
 



AYLOAD DEVELOPMEN 

I NASA I 

F 

SCIIEDULE REWRTIQJG 

SHU7TLE GROUND OPS CARGO GROUND OPS 
SHUTLE ELEMENT CARRIER NEED DATES 

PAYLOAD NEED DATES 
FACILITY UTILIZATION 



W
 

'7
 

U
 

I
-
'
 

U
 

5
 



RELATIONSHIP AMONG TEMPLATES, TIERS AND STS FLIGHT SCIIEDULE 

TIER 

I I I  



BAS I C SYSTEM CORPOIIEHP'S 

D A T A  B A S E  MANAGEMENT 

GRAPH I CS 





NASA CENTER ADMINISTRATIVE DBMS ACTIVITIES 

A t  t h e  r eques t  of NASA headquar te rs ,  each of t h e  c e n t e r s  represented  
a t  t h e  conference prepared a b r i e f  r e p o r t  of t h e i r  a c t i v i t i e s  i n  t h e  Administra- 
t i v e  Database Systems a rea .  These r e p o r t s ,  arranged a l p h a b e t i c a l l y  by c e n t e r  
name, a r e  included i n  t h i s  s ec t ion .  



AMES RESEARCH CENTER 

Description of Data Base Management Activities 



Background: 

The Administrative Applications Analysis Branch (RKM) is in the Computation 
Division of the Research Support Directorate. RKM's complement consists of 
a civil service staff of nine, reponsible for systems analysis, design and 
production scheduling and a contractor staff of 19 carrying out the program 
maintenance, development and production setup, 

The Center's administrative systems had historically processed on the 
Centers scientific computers, on non-prime shift, until the July 81 
installation of the dedicated IBM4341. Computer systems included: 

IBM1401 Early 1960s 
IBM7094/7040 Mid 1960s 
IBM360150 Late 1960s 
IBM360167 Early 1970s 
IBM4341 July 1981 

Ames administrative systems total about 35 made up of approximately 500 
COBOL programs and an equal number of report generator (IRS) reports 
complementing the main systems. 

Requirements: 

An evaluation of ARC'S current and future data processing needs has led 
to the identification and definition of requirements for improved data 
processing capabilities. 

1. Centralized control of system data files. Establish a DBA/data 
base administrator position with responsibility for management of 
the Centers numerous data bases. 

2. Programmer tools to improve efficiency of performance. With the 
limited funding for programming support it is necessary to get the 
maximum productivity possible from the programmers. 

3. Direct and timely access to information. Presently, the user 
submits query requests to the data processing department where 
they are prioritized with other queries and then batch processed 
using a report generator. 

4. - On-line data entry. With the merger of the Dryden facility with 
Adc on-line data entry, edit and updates have become mandatory for - - 
timely operation and reporting. 



Solutions: 

It was determined more feasible to purchase a DBMS software package which 
would help accomplish the above requirements than to develop the necessary 
software in-house. Therefore, ARC is proceeding with the procurement of a 
DBMS system to meet its current and future data processing needs, 

Specifications: 

A long list of specifications has been developed which will meet all of 
ARC'S requirements. The main criteria listed are: 

1. An integrated data dictionary which interfaces with all subsets of 
the DBMS software using a common set of field labels and descrip- 
tions. 

2, A "User Friendly" query language. 

3. A sophisticated applications programming language executable in 
on-line and batch mode without change in syntax. 

4, Relational data structure. One that will handle many-to-many 
relationships. 

5. Complete language interface with COBOL. 

6. Audit trail of updates and complete backup and recovery features. 

Two other highly desirable features have been identified: 

1, The DBMS must be capable of operating on the IBM4341 computer 
under VS1 in batch mode and VM/CMS in on-line operations. 

Additionally, the DBMS must operate on a DEC VAX computer. 

2. It is considered by ARC highly desirable to purchase a DB?IS 
currently in use by other NASA Centers provided it meets all of 
ARC's requirements. This will allow for a sharing of application 
software packages between Centers further reducing software and 
programming costs. 

Planned implementation and use of a DBMS at ARC. 

It is planned to eventually migrate all of ARC's business data files to the 
D B ~ ~ S  environment in order to provide to ARC management total and complete 
on-line access to its data resources. 

Current applications will continue to operate as they do now only 
interfacing with the DBMS when their files are moved to the data base. 

All future applications will be developed in or interface with the DBMS 
environment. 



Implementation Plan: 

1, Procurement of DBMS package 

2. Install and test software 

3, Establishment and selection of Data Base Administrator 

4. Development of pilot system of DBMS 

5. Concurrent development of new applications, update functions of 
present systems on DBMS 

6 .  Development of interface with current applications with the DBMS 



JET PROPULSION LABORATORY 

D e s c r i p t i o n  of Data Base Management System A c t i v i t i e s  



INTRODUCTION 

H. D.  Strong 
Office of Computing and Information Systems, 207 

In September 1981, the JPL Computing and Information Services Office 
(CIS01 was established. One of the major responsibi l i t ies  of this off ice 
is  to  develop and maintain a J P L  plan for providing computing services to  
the JPL management and administrative community t h a t  will lead to  improved 
eroductivity. The CIS0 plan to  accomplish t h i s  objective has been t i t l e d  
Management and Admi n i  s t r a t i  ve Support Systems" (MASS). The MASS plan is  

based on the continued use of JPL's IBM 3032 Computer system for  administra- 
t ive  computing and for  the MASS functions. The current candidate administra- 
t ive  Data Base Management Systems required to  support the MASS include 
ADABASE, Cull inane IDMS and TOTAL. The MASS schedule requires the selection 
of a commercially available DBMS by the end of the FY-82. 

Previous uses of administrative Data Base Systems have been applied t o  
specific local functions rather than i n  a centralized manner w i t h  elements 
common to  the many user groups. System 2000 has been the most widely used 
ADBMS w i t h  about 25 applications. I t s  primary use has been for  the personnel 
and security records w i t h  a few appl ications i n  organizations responsible 
for f i  nanci a1 management, te l  ephone/ communications services, property 
and ADPE Inventory. More recently, 1 imi ted capacity data base systems 
have been instal  1 ed i n microprocessor based off ice automation systems i n  
a few Project and Management Offices using Ashton-Tate dBASE 11. These 
experiences p l u s  some other localized in-house DBMS uses and some off1 ab 
services such as Boeing's Executive Informations Systems (EIS) have provided 
an excellent background for developing user and system requirements for  a 
single DBMS to support the MASS program. 

The selection of a DBMS for MASS will be made w i t h  due consideration for  
i t s  ease of use fo r  a broad spectrum of administrative, management and 
technical personnel throughout the Laboratory. I s  i s  expected tha t  the 
system selected will be in use a t  l e a s t  ten years. In order t o  obtain 
some f i r s t  hand experience w i t h  the candidate Data Base Managememt Systems 
identified i n  the f i r s t  paragraph, i t  is  planned tha t  one' or more Service 
Bureaus will be used t o  t ry  various commercially available DBMSs pr ior  
to  the selection of and associated commitment of dol lar  resources for a 
DBMS for the JPL MASS program. 



CURRENT ACTIVITY 

The current Johnson Space Center (JSC) administrative Data Base Management 
System (DBMS) activity includes the utilization of Index Sequential Access 
Method (ISAM), Multiple Sequential Access Method (MSAM) COBOL file managers, 
the Resource Information Management System (RIMS) Data Management System 
(DMS), the United Information Services (UIS) Commercial Time Sharing System, 
and the Advanced Information Management (AIM) DMS. The RIMS, AIM, and 
COBOL file managers reside on Univac 1100 hardware and the UIS uses Control 
Data Corporation (CDC) hardware. 

Two major applications use the COBOL file managers. These are: 

(1) Interactive Basic Accounting System (IBAS) - The IBAS provides the 
JSC Financial Management Division with concurrent online input and retrieval 
capabilities to support the basic accounting function. 

(2) Integrated Procurement Management System (IPMS) - The IPMS provides 
the JSC Procurement Operations Office with an onlinelbatch system for 
collecting, developing, managing, and disseminating procurement related data 
supporting procurement managers, center management, and NASA Headquarters. 

The RIMS DMS supports several functional areas and tasks within JSC. Some of 
these are: 

(1) Personnel Office - Tasks supported are the Personnel Management 
Information System (PMIS) Ad Hoc Inquiry; Merit Pay reporting and inquiry of 
"model" results; statusltracking of job offers and job applications; and 
statusltracking of cooperative education students, upward mobility, interns, 
and supervisory training. 

(2) Procurement Operations Office - Tasks supported are: Monthly status 
reports for Purchase Requests and contracts for the buying branches; award fee 
contract information and dates; NASA procurement regulation clauses from 
Headquarters and whether or not they are required, applicable, or optional; 
and tracking due dates for major procurements. 

(3 )  Facilities Engineering Division - The primary task supported is the 
status and tracking of Facility Engineering Work Requests from initiation 
through the design phase. 

( 4 )  Budget Management/Preparation - Integration of directorateloffice 
POP submissions and comparison of budget guidelineslmarks against those 
submissions for Program Office and center management reviews prior to 
submission to Headquarters. Maintain division and branch level budgetary 
data to support the JSC POP requirements. 



(5) Other tasks - 
(a) Telecommunications (data) System Configuration, Inventory 

and Maintenance accounting, and status of installation/move/removal of 
terminal stations. 

(b) Access production systems performance and usage data to 
answer Ad Hoc questions from users and management, 

(c) Various status and tracking and inventory management 
applications. 

The UIS is used primarily to prepare and analyze budget requirements at 
several organizational levels and to develop summary budget information 
for submission to the Center POP. 

The AIM System has two applications. They are: 

(1) Program Management and Tracking System (PMATS) - The PMATS 
provides the Management Services Division with status and tracking of current 
operations including budgets, schedules, procurement actions and contractor/civil 
service manpower utilization. 

(2) Shuttle Avionics Evaluation Requirements (SAVER) - Allows the 
tracking, reporting, and modification of Shuttle and Shuttle Avionics 
Integration Laboratory (SAIL) measurement data. 

NEAR TERM PLANS 

The JSC administrative users are evolving into a more interactive environment, 

Some of the existing batch systems will be replaced 'with RIMS and other status 
and tracking functions that are performed manually will be put on RIMS. The 
near term DBMS activity is involved in two main areas. One is investigating 
common file managers available on Univac to satisfy the information interchange 
between the financial, procurement, budget systems and the end users. GDMS's 
that are available commercially are not well suited for some of the unique data 
processing requirements; however, a common data access method would be very 
beneficial for data interchange. 

The second area is to reduce JSC's dependence on commercial time sharing 
systems. In addition to a potential cost savings, a major benefit would be 
to have a Center-wide budget system. This would permit all levels of 
management to have access to budget data consistent with their work break- 
down struture and still permit easy integration of data at the next higher 
management level. 



LYNDON B. JOHNSON SPACE CENTER 

S h u t t l e  Program Information Management 

System (SPIMS) Data Base 



The Shuttle Program Information Management System (SPIMS) is a computerized 
data base operations sytem. The central computer is the CDC 170-730 located 
at Johnson Space Center (JSC), Houston, Texas. 

There are several applications which have been developed and supported by 
SPIMS. A brief description of these applications follow. 

o Configuration Management Accounting/Crew Systems Division (CMAS/CSD) 

Provides an automated means of managing information about changes to 
a large number of crew-related GFE contractor end-items. Lists all 
changes, their status and disposition. Contains delivery dates, costs 
and contract information. 

o Document Index System (DIS) 

Contains an index of all documents in the JSC Library. Provides for 
on-line query against key word, author, document number, etc. from 
remote locations to support request for loan of hardcopy and microfilm 
material. 

o Drawing List File (DLF) 

Contains an index of all drawings in the Engineering Drawing Control 
Center (EDCC) that were generated by NASA-JASC. Provides for on-line 
query against key words, engineer, drawing number, etc. from remote 
locations to support requests for hardcopy and microfilm material. 

o Flight Manifest and Hardware Tracking System (FMAHTS) 

An automated data base for the management of the Flight Manifest 
which contains information that identifies, integrates and documents 
approved equipment to be added to the Orbiter vehicle for each Space 
Shuttle flight. Also contains inventory and tracking information for 
JSC bonded storage areas. 

o Master Meaurements Data Base (MMDB) 

The MMDB provides an automated information storage and retrieval 
system for use as a single authoritative source of measurement/stimuli 
information for the Shuttle Program. 

o Open Action Item Data Base (OAIDB) 

Provides an automated system for tracking action assignments resulting 
from Level I and I1 meetings such as the PRCB. Results are published 
in the SS Open Action Item Report ("Pink Book"). 

o Shuttle Automated Mass Properties System (sAMPS) 

Integrates mass properties information from contractors, and calculates 
data for JSC-08934, Shuttle Operational Data Book, Volume I1 (Mass 
Properties). 



o Shuttle Planning and ~kil~sis System (SPAS) 

Contains 6 major programs as followse 

(1) NASA PERT Time 11: Critical path analysis with subnetting 
capability. 

(2) NASA PERT Time 111: Advance critical path analysis with reduced 
core requirements. 

(3) EZPERT: Graphic program for plotting networks, schedules (Bar 
and Milestone), resource graph and pre-networks. 

(4) Q-GERT: Network modeling vehicle and computer analysis tool 
with queing and statistical analysis capabilities for risk 
analysis. 

(5) AGIPLOT: Graphic program for plotting milestone-type schedules. 

(6) SISRS: Automated retrieval system for Payload Integrated 
Schedules and Flight Implementation Schedules. Retrieval may 
be tabular or graphic. 

o Shuttle Requirements Traceability (SRT) 

An interactive system used for searching and tracking requirements in 
Level I1 documentation. 

o Problem Data System (PDS) 

An automated system which provides a means of storing and tracking 
the status of problems and showing the corrective action for Level I1 
problems encountered in Shuttle hardware and development and production. 
Also includes Level 111 Orbiter Project, GFE and GSE problems. 



JOHN F. KENNEDY SPACE CENTER 
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DATA BASE MANAGEMENT APPLICATIONS AT KSC 

Kennedy Space  C e n t e r "  p r i m a r y  i n s t i t u t i o n a l  computer  is a 4 
megabyte IBM 4341 w i t h  3.175 b i l l i o n  c h a r a c t e r s  o f  IBM 3350 
d i s c  s t o r a g e .  T h i s  sys t em u t i l i z e s  t h e  S o f t w a r e  AG p r o d u c t  
known a s  ADABAS w i t h  t h e  o n - l i n e  u s e r  o r i e n t e d  f e a t u r e s  o f  
NATURAL and COMPLETE as  a Data Base Management Sys tem (DBMS), 

T h i s  DBEIS s y s t e m  was p r o c u r e d  i n  Augus t  1 9 8 1  a f t e r  c a r e f u l  
r e v i e w  o f  t h e  DBMS s o f t w a r e  marke t .  I t  is o p e r a t i o n a l  under  
t h e  OS/VSl and is c u r r e n t l y  s u p p o r t i n g  b a t c h / o n - l i n e  a p p l i c a -  
t i o n s  s u c h  a s  P e r s o n n e l ,  T r a i n i n g ,  P h y s i c a l  Space  Management, 
P rocuremen t ,  O f f i c e  Equipment Main tenance ,  and Equipment V i s -  
i b i l i t y .  Some b a t c h  p r o c e s s i n g  s y s t e m s  c u r r e n t l y  u t i l i z i n g  
o n l y  t h e  DBMS q u e r y  c a p a b i l i t y  w i l l  be r e s t r u c t u r e d  i n  t h e  
f u t u r e  t o  t a k e  a d v a n t a g e  o f  t h e  d a t a  management and e x c e p t i o n  
r e p o r t i n g  o f  d a t a  c o n c o m i t a n t  w i t h  t h e  KSC m i s s i o n  needs .  

A second  a p p l i c a t i o n  is known as  t h e  Space  T r a n s p o r t a t i o n  
Accoun t ing  and Resource  Sys tem (STARS) which  is o p e r a t i o n a l  
o n  t h e  HP3000 c o n f i g u r a t i o n ,  T h i s  is  a d e d i c a t e d  s y s t e m  
u t i l i z i n g  t h e  IMAGE/3000 DBMS w i t h  a m i x t u r e  o f  batch and 
i n t e g r a t e d  o n - l i n e  c a p a b i l i t y .  The HP3000 hardware  and 
s o f t w a r e  was p r o c u r e d  based  on  t h e  o n - l i n e  t r a n s a c t i o n  
p r o c e s s i n g  a r c h i t e c t u r e  r e q u i r e d  by STARS and c o n s e q u e n t l y  
u t i l i z e s  a l l  o f  t h e  i n t e r a c t i v e  f e a t u r e s  o f  t h e  IMAGE/3000. 
The STARS sys tem is c u r r e n t l y  p r o c e s s i n g  300-400 t r a n s a c t i o n s  
o n - l i n e  e a c h  day  th rough  a s  many a s  1 2  t e r m i n a l s  w i t h  o v e r  1 
b i l l i o n  c h a r a c t e r s  o f  o n - l i n e  s t o r a g e  a v a i l a b l e ,  

A t h i r d  and by far t h e  l a r g e s t  DBMS a p p l i c a t i o n  is known a s  
t h e  S h u t t l e  I n v e n t o r y  Management Sys tem (SIMS) which  is ope- 
r a t i o n a l  on a Honeywell  6660 ( d e d i c a t e d )  computer  s y s t e m  
u t i l i z i n g  Honeywell  I n t e g r a t e d  Data S t o r a g e  I ( I D S I )  as t h e  
DBMS. The SIMS a p p l i c a t i o n  is d e s i g n e d  to  p r o v i d e  c e n t r a l  
s u p p l y  s y s t e m  a c q u i s i t i o n ,  i n v e n t o r y  c o n t r o l ,  r e c e i p t ,  sto- 
r a g e ,  and  i s s u e  o f  s p a r e s ,  s u p p l i e s ,  and materials,  T h i s  
s y s t e m  a l s o  p r o v i d e s  i n v e n t o r y  a c c o u n t a b i l i t y  .and v i s i b i l i t y  
w i t h  s t a t u s  t r a c k i n g  and e x p e d i t i n g  o f  cus tomer  r e q u i r e m e n t s  
f o r  i n v e n t o r y  and equipment  n e c e s s a r y  to  meet KSC m i s s i o n  
r e q u i r e m e n t s .  SIMS is o n - l i n e  w i t h  i n t e r a c t i v e  t e r m i n a l s  f o r  
s t a t u s  and u p d a t e  under  c o n t r o l  o f  t h e  IDS1 DBMS. C h a r a c t e -  
r is t ics o f  t h e  DBMS a r c h i t e c t u r e  a r e  s i n g l e - l e v e l  and  m u l t i -  
l e v e l  h i e r a r c h i a l  d a t a  s t r u c t u r e  (TREES) and p l e x  d a t a  s t r u c -  
t u r e s  (NETCIORKS). The u s e  o f  t h e s e  d a t a  s t r u c t u r e s  allows 
l o g i c a l  s t r u c t u r i n g  one-to-one,  one-to-many, many-to-many, 
and  many-to-one r e l a t i o n s h i p s .  The DBLIS a l s o  u t i l i z e s  a  page  
r a n g i n g  c o n c e p t  f o r  management o f  r e c o r d  p lacemen t  and 



r e t r i e v a l ,  SIMS p r o c e s s e s  an  ave rage  o f  o v e r  28,500 t r a n s -  
a c t i o n s  p e r  day w i t h  an  average  r e sponse  t i m e  o f  7 seconds ,  
I n  a d d i t i o n ,  ove r  2 m i l l i o n  c h a r a c t e r s  p e r  hour  o f  o u t p u t  is 
g e n e r a t e d  back to  t e r m i n a l s ,  The c u r r e n t  DBMS c o n t a i n s  
approx imate ly  500 m i l l i o n  d a t a  c h a r a c t e r s  which does  n o t  
i n c l u d e  overhead a s s o c i a t e d  w i t h  IDS1 so f twa re ,  There  are 
o v e r  100 r e c o r d  t y p e s  con t a ined  i n  t h e  DBMS t o  d e f i n e  r e c o r d  
r e l a t i o n s h i p s .  
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UNIVAC DATE MANAGEMENT SYSTEM-1100 (DMS-1100) 

The Bate Management System-1100 i s  designed t o  ope ra t e  i n  conjunct ion wi th  
t h e  UNIVAC 1100 S e r i e s  Operating System on any 1100 S e r i e s  computer. 
DMS-1100 i s  divided i n t o  t h e  fol lowing four  major sof tware  components: 

* Data D e f i n i t i o n  Languages (DDL) 
* Data Manipulation Languages (DML) 
* Data Management Routine (DMR) 
* Data Base U t i l i t i e s  (DBU) 

A DMS-1100 d a t a  base  i s  def ined  by a  "schema" and one o r  more "subschemas" 
( a c t u a l l y  s e t s  of t a b l e s  used by t h e  system t o  s a t i s f y  r eques t s  t o  acces s  
t h e  d a t a  b a s e ) ,  The schema c rea t ed  by us ing  t h e  DDL i s  used t o  d e s c r i b e  
t h e  v a r i o u s  c h a r a c t e r i s t i c s  of t h e  e n t i r e  d a t a  base  independent of 
i n d i v i d u a l  a p p l i c a t i o n s ,  and subsequent ly,  desc r ibes  p a r t i a l  '%iewsl' of 
t h e  d a t a  base  by c r e a t i n g  subschemas and l i m i t s  a  u s e r ' s  view of a  d a t a  
base  t o  a  subse t  of t h e  a r e a s ,  r eco rds  and i tems (wi th in  records)  t h a t  
a r e  descr ibed  by t h e  schema f o r  t h a t  d a t a  base.  A subschema permi ts  a  
u se r  t o  "see" only a s  much of t h e  d a t a  base  a s  he i s  author ized  t o  s ee .  
The schema and subschema processors  i n t e r p r e t  t h e  DDL s ta tements  and produce 
t h e  s e t  of t a b l e s  mentioned above. It i s  important  t o  n o t e  t h a t  t h e  
schema and subschemas comprise a  d e f i n i t i o n  of t h e  d a t a  base and no t  t h e  
d a t a  base  i t s e l f ,  

A Data Manipulation Language c o n s i s t s  of commands used t o  manipulate t h e  
d a t a  base ,  These commands a r e  embedded i n  h igh- leve l  h o s t  languages i n  
which t h e  a p p l i c a t i o n  programs a r e  w r i t t e n ,  A t  p r e sen t ,  t h e r e  a r e  DMLs 
f o r  COBOL, FORTRAN, and PLk1. Tn a d d i t i o n ,  two End User F a c i l i t i e s ,  QLP 
1100 and RPS 1100 a r e  used t o  manipulate  d a t a  a t  an even h igher  l e v e l  
than  t h e  DMLs. 

The Data Management Routine i s  t h e  o n l i n e  i n t e r f a c e  between a l l  appl ica-  
t i o n  programs and t h e  d a t a  base  i t s e l f .  T t  i s  t h e  p r i n c i p a l  sof tware  
component of DMS-1100, t h a t  is, t h e  set of r o u t i n e s  which a c t u a l l y  
comprise most of t h e  f e a t u r e s  of DMS-1100. 

A Data Maintenance U t i l i t y  (Dm) provides a  s e t  of terminal-or iented 
p r i v i l e g e d  func t ions  t o  monitor and main ta in  t h e  d a t a  base  i n  an  
o p e r a t i o n a l  s t a t e .  A second u t i l i t y ,  t h e  Data Reorganizat ion U t i l i t y  
(DRU) provides  t h e  c a p a b i l i t y  t o  reorganize  an e x i s t i n g  d a t a  base  t o  
main ta in  optimum e f f i c i e n c y  throughput.  DRU inc ludes  a  r eo rgan iza t ion  
c o n t r o l  language t o  i n d i c a t e  t h e  po r t ions  of t h e  d a t a  base  t o  b e  re -  
organized and t h e  manner i n  which t h e  r eo rgan iza t ions  a r e  t o  b e  done. 



DMS-1100 has t he  fol lowing c a p a b i l i t i e s :  

o Allows mul t ip l e  run u n i t s  t o  acces s  t he  d a t a  base s imultaneously 
(mul t i t h read ) .  

o Separates  d a t a  base design and implementation from programs t h a t  
ope ra t e  on the  da t a ,  

o Provides a wide v a r i e t y  of s t o r a g e  s t r u c t u r e s  t o  the  Data 
Administrator ,  combining e f f i c i e n c y  wi th  the a b i l i t y  t o  model 
complex network o rgan iza t ions  . 

o El imina tes  t he  need f o r  redundant data .  

o It provides a wide v a r i e t y  of access  techniques and programming 
languages through COBOL, FORTRAN and PL/1 DMLs. 

o It i s  the  foundat ion f o r  two nonprogrammer (end-user) 
f a c i l i t i e s :  The Query Language Processor  (QLP 1100) and the 
Remote Process ing  System (RPS 1100). 

o Provides a wide range of f e a t u r e s  t o  maintain the  i n t e g r i t y  of 
t h e  d a t a  base,  inc luding  manager l e v e l s  of recovery. 

o Provides mechanisms f o r  da t a  base s e c u r i t y  and da t a  va l ida t ion .  



DMS-1100 ACTIVITIES 

COMPUTER ACCOUNTING SYSTEM FOR HCC (CASH) 

CASH uses  an i n t e r a c t i v e ,  o n l i n e  da t a  base, Each of r e t r i e v a l  and s t o r a g e  
of d a t a  i s  f a c i l i t a t e d  by using t h e  UNIVAC Data Management System 1100 
(DMS-1100) software package. In  a d d i t i o n ,  DMS 1100 provides t h e  s e c u r i t y  
needed t o  prevent unauthorized acces s  t o  p r i v a t e  information and i t  al lows 
t h e  implementation of Query Language Processing (QPL) f o r  accessing t h e  da t a  
base from a terminal .  

CASH rece ives  d a t a  from two l a r g e  main-frame processors ,  one UNIVAC 1100, 
and one IBM 360 processor .  Data f o r  each job on the  UNIVAC 1100 is  w r i t t e n  
by t h e  execut ive  onto a raw accounting tape,  A t  a predetermined time each 
day, t h e  d i a l y  raw accounting t apes  a r e  processed aga ins t  t he  da t a  base. 
Data from t h e  IBM 360 is  accumulated f o r  7 days before i t  is forwarded f o r  
i n c l u s i o n  i n t o  t h e  CASH da ta  base. 

The d a t a  base is comprised of seven record types.  The f i r s t  two record 
types a r e  the  d e t a i l  datum f o r  product ion and f o r  downtime, each of which 
a r e  s t o r e d  f o r  45 days. Whenever d a t a  f o r  a new day is added t o  t he  da t a  
base, t h e  o l d e s t  day 's  d a t a  (da t a  added 45 days ago) is  de l e t ed .  The next 
t h r e e  record types a r e  summary records  conta in ing  product ion,  downtime, and 
s i t e  summary information. These records con ta in  sepa ra t e  summaries f o r  
each month i n  a 12 month period. A s i x t h  record type conta ins  information 
about t h e  da t e s  of a l l  the  d e t a i l  da t a  i n  the  system, and i t  is  used t o  
a r range  t h e  d e t a i l  d a t  i n  chronologica l  order .  The f i n a l  record type i s  
a summary c o n t r o l  counter  used t o  accumulate t o t a l s  f o r  a v e r i f i c a t i o n  
rout ine .  

STANDARD CWGE.INTEGRATION AND TRACKING (SCIT) (IN DEVELOPMENT) 

The Standard Change I n t e g r a t i o n  and Tracking (SCIT) System i s  used t o  
record changes requested o r  proposed by engineers  working wi th  the  var ious  
programs a t  MSFC, inc luding  t h e  Space S h u t t l e  program (SAOl), which must 
be processed f o r  approval and then i n t e g r a t e d  wi th  e x i s t i n g  hardware and/or 
o t h e r  changes a t  a s soc i a t ed  Centers and con t r ac to r s .  



DOCUMENT RELEASE SYSTEM (DRS) 

The Document Release System provides MSFC Design Engineers with and automated 
technique for controlling all Engineering Document Releases. It also 
maintains a data base of all officially released Engineering Orders (EOs), 
The DRS is used for configuration control accounting by processing Engineering 
parts List (EPL) revisions, or EOs as configuration changes to the drawings 
occur, The system serves as a central repository for all engineering design 
data relative to the major program vehicles for which MSFC is responsible. 

REQUEST FOR SERVICE AND PROBLEM REPORT (RFS/PR) SYSTEM (IN DEVELOPMENT) 

The RFSIPR System provides the tracking of work task authorization and 
commitments by the support contractor. It also provides the tracking and 
timely resolution of problems within the Huntsville Computer Complex (HCC). 
The two sources of input to the system are the RFS/PR form that initializes 
a trackable record and the timecard accounting records that accumulate 
charges against an RFS/PR record. Information stored on the data base can 
provide utilization tracking by customer, functional organization, category 
of service, time schedule commitments, and estimates versus actual charges. 

MARSHALL INFORMATION RETRIEVAL AND DISPLAY SYSTEM (MIRADS) 

MIRADS is a data base management system which provides users with a variety 
of general purpose data management functions as well as terminal graphics 
capability. These functions can be performed online for immediate retrieval 
with demand terminals or in a batch process. A data base is first defined 
to MIRADS through the use of a simple data definition language. After the 
data base is defined, it is written into a mass storage file. The user is 
able to manage the data via a simple interactive terminal language. 

MIRADS data management functions allow the user to select data base records 
using various search techniques, sort the selected records, perform 
computations on the data, format or print reports containing data fields 
from the selected records, and edit and update data fields in the selected 
records. 

MIRADS graphics provide the user with a full range of commands for graphics 
data management, and for linking drawings to a MIRADS alphanumeric data 
base. The graphics command permits offline generation of drawings through 
a manual digitizing process or online generation of drawings with a graphics 
terminal. Online commands include the capability to delete or update 
portions of a drawing; to magnify or reduce drawing sizes; and to label 
drawings with variable size text that can be rotated. 

Over 53 data bases and 26 terminal users are presently being supported by 
MIRADS . 
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A research and development project in Management Information 
Systems Technology involving Headquarters Codes E, R, S, and T 
has been defined in a memorandum signed by the Associate 
Administrators of the respective codes on June 23, 1981, 
Known as the Action Information Management System (AIMS) 
Project, it builds on effo-rts initiated within Code S in 
1980. W fully developed and coordinated plan for the Code R 
participation in the AIMS project was not available for 
inclusion in the June 23 joint memorandum, although reference 
was made to Code R acquisition of mintelligent terminals" to 
be defined, and-a number of Digital Equipment Corporation 
WS-278 communicating word processors. A Code R committee was 
then established to work out a detailed plan for the Code R 
participation under the AIMS project. This report documents 
the coordinated plan and initial actions to be taken by Code R 
in fiscal year 82. 

OBJECTIVE : 

Evaluate emerging office automation technologies in application 
to NASA Technical Program Management. An important concept of 
the AIMS approach is to evaluate this technology in the context 
sf "hands on" use by technical program managers in the conduct 
sf routine daily business transactions, and to gain appreciation 
of human acceptance difficulties which may accompany the 
transition to a significantly changing work environment. The 
improved productivity and communications which result from 
application of office automation technology are already well 
established for general office environments, but benefits 
unique l o  NASA are anticipated and these will be explored in 
detail. The following technology areas are addressed by the 
AIMS Project: 

1. Word Processing (document creation and editing) 

2, Data Base Management (information storage, retrieval, 
sharing) 

3. Data Processing (eomputatisn, report generation) 

4. ~omuniaations (electronic mail, document transmissiori) 

5 ,  Csrnputer Networking 



OAST enthusiastically supports the objectives of AIMS and plans 
to participate dully in the evaluation of the applications 
capabilities developed by the Project. Howeverp OAST feels 
that the technology issues being explored under AIMS should 
encompass the broadest possible scope in order to maximize 
the knowledge gained in this eollective learning experience. 
In particular, we see an important opportunity to extend the 
applications in several significant ways which are not addressed 
under the present AIMS Project, These extensions are as 
follows r 

1, Word Processing: Application of automatic spelling 
checking and composition analysis programs, 

2, Data Base Management: Application of a local 
distributed data base. 

3 .  Data Processing: Application of stand-alone interactive 
financial modeling programs (VISICALC), 

4, Communications: Application of microcomputers with 
high resolution graphics capability to real time 
teleconferencing. Access to technical data services 
provided by other agencies and commercial sources. 

5, Computer Networking: Implementation of a high speed 
focal network for distributed data and hardware 
resource sharing. 

Of these extended applications, the local network implementation 
is considered to be the most significant because it represents 
the most advanced form sf office automation known today, and 
will probably be an essential feature of an operational system 
that NASA will procure in the future. Local networking provides 
the means for rapid access to shared data files by collaborating 
offices and will relieve demand for communications services to 
remote computers which would otherwise Become saturated as mere 
users acquire office automation equipment. 

A key issue deliberately avoided by the A%MS project to date is 
that of heteroseneous vs. homoseneous euuipment mix. %n the 
present state of off ice automation technologies, many Barriers 
preclude the direct interconnection and information sharing 
among a network of diverse equipment types and manufacturers, 
The source of these barriers is found principally in the lack 
of standard data structures and interchange protocols used By 
the various equipment manufacturers. While it is technically 
possible to overcome many of these barriers through the development 
of specific software modules on a case by ease Basis, we lack the 



knowledge of the costs associated with so doing and the extent 
to which It is practical to undertake. The AIMS project has 
chosen the approach of using equipment of a common manufacturer 
in order to reduce costs and provide maximum capability in the 
near term, The potential benefits to be gained from intermixing 
heterogeneous equipment include reduced equipment costs and 
access to increased capabilities resulting from free market 
competition. These benefits can be obtained however, only 
by undertaking the added cost of special software development 
with its associated risks,. OAST plans to explore this 
important area as a part of our participation under AIMS, 
and the knowledge gained will provide important information 
on which to base a future acquisition of an operational system, 

APPROACH : 

Because of the broad objectives of the OAST office automation 
pilot program and the desire to obtain comparative information 
on the capabilities and performance of alternate office 
automation technologies, OAST plans to initially pursue three 
relatively independent courses simultaneously: 

1. Implement a small network of DEC WS-278 communicating 
word processors and DEC VT-100 terminals similar to 
those existing and planned within Codes D, E, and T. 
This equipment will be capable sf communicating with 
the VAX computers at GSFC and other centers. 

2, fmplement a small network of Apple XI1 microeomputers 
which will provide similar functional capability to 
the DEC WS-278 and VT-100, and in addition will 
provide high resolution graphics and stand-alone 
data processing through a significant body of 
available applications software. 

3 ,  Implement a small network ~f microeomputers which 
support the CPM operating system. This provides 
functional capabilities similar to the Apple 111 
network, but through a different and larger body 
of available software. 

The objective of this approach is to provide a vehicle to 
evaluate the comparative merits of alternate microcomputer 
technologies against the DEC homogeneous network as the 
established baseline. The scale of the alternative networks 
is chosen to be small, yet large enough that significant 
numbers of personnel can have daily access to the machines 
as a new medium to support their work activities. At the 
conclusion sf some period of operational use of this equipment 
(en the order of nine months), a comparative evaluation will be 



made of the effectiveness and scope of capability provided by 
the alternate networks, Subsequent to this initial evaluation 
of alternate approaches, one or more will be selected for 
augmentation in FY 83 for operational use by a larger community 
of users within OAST, 

The OAST initial activity under AIMS is partitioned by 
organization as follows: 

RT responsible for DEC-homogeneous network 
RS responsible for Apple 111 network 
RY responsible for CP/M network 

RT: DEC-Homogeneous Network Plan 

The Research and Technology Division will implement a network sf 
DEC WS-278 communicating word processors and VT-100 terminals to 
provide an early functional electronic information management 
system based on configurations and capabilities established 
within Code E. The intended applications of the equipment 
include qenerab office automation functions such as word 
processing and electronic mail, as well as functions to aid 
the technical program manager such as financial planning and 
access to data base management systems residing on the VAX 
computers at GSFC. The equipment will also allow access to 
commercial data services such as TYMNET and AUGMENT, as well 
as the DoD ARPWET, These services constitute a medium for the 
joint authorship and review sf program plans, R'FOPes, and other 
doernewts by a geographically diverse technical community, 

PRBCUBPIENTS PL ED FOR FY 82: 

8 DEC WS-278 Communicating Word Processors 
4 BEC LQPSE Letter Quality Printers 
9 BEC EA34-WA Draft (matrix) Printers 
8 Comunications Option for WS-278 
5 DEC VT-PO0 terminals 

13 BELL 212 Data Modems 

Two of the WS-278 wc?rd processors and two W-3.00 terminals will 
be deployed in Code RP,  

R S :  Apple PPP Network Plan: 

The Space Systems Division will implement a small network sf 
Apple $ X I  microcssnputers which are.expected to provide all o f  
the functional capabilities provided by the DEC WS-238 and W-160 
equipment, plus additional capabilities such as self-contained 



computation and high resolution graphics, at lower per-unit cost. 
However, the ability to communicate with the GSFC VAX computers 
will require special software to be developed, and there is some 
inherent risk that the required development effort may turn out 
to be larger than anticipated at the outset. 

The primary applications of the microcomputers in the Space Systems 
Division will be coordination and information exchange between 
Headquarters Program offices and field center technology project 
managers, as well as local budget planning and document 
preparation, The information to be exchanged will include 
documents, operating budgets, administrative messages, and 
graphics, Initial experience has shown significant advantages 
in using electronic mail services with field centers on the 
west coast as a means of overcoming the difference in local 
time with that at Headquarters. POP example, JPE has originated 
program plan documents and transmitted them to a Headquarters 
mailbox during the JPL afternoon working hours when Headquarters 
has been closed for several hours. Headquarters personnel have 
then accessed the mailbox the following morning, edited the 
documents, and re-transmitted the revised documents back to the 
YPL author's mailbox before they report to work that morning, 

A concept for realetime teleconferencing has been defined 
which uses a network of microcomputers communicating via voice- 
bandwidth data circuits in conjunction with a voice conference 
circuit, Thus, a geographically distributed group of persons 
eoufd participate in a conference using voice communications 
augmented by display of "electronic view-graphs" on the 
microcomputer screens. Appropriate software would allow real time 
transmission of charts from the speaker's terminal to the 
listener" terminals, and could support a movable cursor by 
which the speaker could point to items which are under discussion 
at any instant. There presently is no commercially available 
software package which supports such an application, but there 
appears to be substantial benefit to be gained by this technique 
as a substitute for travel to inter-center meetings, The Space 
Systems Division plans to develop a pilot demonstration of this 
concept to assess its feasibility and usefulness, ' 

Space Systems Division personnel, assisted by GSPC conducted an 
informal survey of the mtcrocomputer market in early CY 81. On 
the basis sf technical capability, software availability, cost, 
and adequate product maturity, the Apple III was identified as 
the  most promising candidate* ato such units were acquired via 
a competitive procurement through GSFC and evalauted, The 
evaluation has been very positive thus far, and software has 
recently been developed which allows the Apple 111 to emulate 
*e essential characteristics 0% the DEC W-100 terminal, and 
in the wear future, the W-1125 graphics version wibb be emulaked, 



W e n  this capability is operational, full functional operability 
with the other elements of the AIMS project will be demonstrated. 
In addition, substantial self-contained eomputation and analysis 
capability is provided through a library of available software 
products which include the VISICAEC interactive financial 
modeling system and a business graphics package, 

PROCUREMENTS PLANNED FOR FU 82: 

The Space Systems Division has initiated action to procure six 
additional Apple IIf systems for deployment in several of the 
Division offices. Each Apple XI1 will be capable of stand-alone 
word processing and financial analysis as well as having 
dial-up access to the VAX computers at GSFC and the commercial 
data services discussed above, Two of the Apple f f ~  systems 
will be deployed in Code IW. 

A subsequent procurement is being prepared to perform a study of 
the office automation needs within OAST with the objective of 
defining advanced office automation concepts which promise strong 
benefits in the NASA working environment. An option will be 
requested to develop a demonstration of the concepts proposed in 
the study as a means of proving their validity and evaluating 
their effectiveness, For exampleo the concept demonstration 
may consist of linking the existing microcomputers through a 
high speed local network to a large central disk which will 
serve as the Divisionas working files, 

: CP/M Network Plan 

The Aeronautical Systems Division will implement a local network 
of CP/M-compatible microcomputers which will provide functional 
capabilities similar to those provided by the Apple $XI network, 
but through a different and larger body of available software 
products, CP/M is a registered trademark of Digital Research 
Corp. and i t  i s  the name of a software operating system sat 
dominates the PI-bit microesmputer market because of its large 
user population. Hence, a very broad offering of CP/M-compatible 
software products is available that addresses general as well 
as specific applications. 

The nature of the aeronautics% technology program fndicates high 
potential benefit from the ability to access external data bases 
such as NTIS and CAB, and commercial technical literature 
services such as Loekheedvs DXAEOGUE. The primary applications 
of the CP/M network will include coordination and infomation 
exchange between Headquarters program managers and field center 
project managers, as well as focal budget planning and document 
preparation, The teleconferencing concept described under the 



Apple III network plan or a variation thereof will be explored 
in the eontext of the CP/M network, The ultimate integration sf 
the CP/N network with the other local networks in Code R is a 
highly desirable goal, and will be an objective in selecting a 
network interchange protocol. 

PROCUREPlaENTS PLANNED FOR FY 82: 

Code RS is presently defining the equipment requirements and 
specifications for the CP/M network. Procurement plans for FY 82 
will include acquisition of 7 to 10 terminals, most of which will 
provide stand-alone computation capability in addition to 
communicating with remote computers and data services. Some 
of the terminals will be portable units capable of operating with 
the rest of the network. Appropriate peripheral devices such 
as letter-quality printers, matrix/graphics printers, modems, 
and disk storage units will be included in the procurement. 
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NASAINSTL has r e c e n t l y  acqui red  a VAX 111780 u t i l i z i n g  DBMS-32, which i s  a 
CODAYSL compliant network type d a t a  base management system marketed by the  
D i g i t a l  Corporation. 

Curren t ly  personnel  of the  Date Systems Lab a r e  involved i n  the  requirements 
a n a l y s i s  phase of development. The primary a p p l i c a t i o n s  which w i l l  be 
designed t o  run on the  NASAINSTL Program Support Computer System (PSCS) a r e  i n  
the  f i n a n c i a l  management and inventory  c o n t r o l  func t ions .  

The d a t a  base w i l l  be designed t o  accommodate t he  c o l l e c t i o n  and con t ro l  of 
a l l  base suppor t  a s soc i a t ed  c o s t s  incur red  i n  support  of the  NASA~NSTL mission. 



SUMMARY OF ATTENDEES COMMENTS 

At the conclusion of the conference, the attendees were asked to 
complete evaluation sheets. Nineteen such evaluation sheets were received. 
The summarized results from those evaluations follow. 



SUMMARY OF EVALUATION COMMENTS 

1, Most v a l u a b l e  f e a t u r e s  

There was a h igh  degree  of un i formi ty  i n  responding t o  t h i s  
ques t ion .  F i f t e e n  eva lua to r s  l i s t e d  "Bringing ADBMS people toge ther"  and 14 
l i s t e d  "Knowledge gained a6out s p e c i f i c  a p p l i c a t i o n s  and ideas".  

2. Less  va luab le  f e a t u r e s  

The responses were q u i t e  v a r i e d .  The most s i g n i f i c a n t  comments 
were : 

F i v e  eva lua to r s  i nd ica t ed  t h e  need f o r  a s t ronge r  conference theme 
o r  s t r u c t u r e .  
F ive  eva lua to r s  thought t h e  r e p o r t s  were too  long o r  t oo  d e t a i l e d .  
Four respondents  commented on t h e  uneven q u a l i t y  of p r e s e n t a t i o n s .  

Other l e s s  va luab le  f e a t u r e s  were s c a t t e r e d  i n  content  and rece ived  
even fewer l i s t i n g s .  

3 .  Should follow-up conference be  he ld?  

There was a h igh  l e v e l  of agreement on t h i s  ques t ion  w i t h  16  
eva lua to r s  answering " Y e s ,  a follow-on conference should be held". A s  t o  
t h e  t ime per iod ,  t h e  v o t e  was evenly d iv ided  between s i x  months and 12  
nonths.  Proposed l o c a t i o n s  were GSFC, JSC, KSC, LaRC, and NASA Headquarters.  

4 .  Future  s u b j e c t s  and o the r  comments 

Many i n t e r e s t i n g  and worthwhile sugges t ions  were rece ived  a s  l i s t e d  
i n  t h e  fo l lowing  t a b u l a t i o n :  

Commercially a v a i l a b l e  DBMS (vendor p re sen ta t ions )  
U s e  of commercial ve r sus  in-house DBMS 
Implementat ion  and eva lua t ion  experience 
Five-year HQ and c e n t e r  p l ans  f o r  DBMS a p p l i c a t i o n s  
Cost ana lyses  of DBMS 
DBMS s e l e c t i o n  c r i t e r i a  
Produce and i s s u e  DBMS news le t t e r  
More overview p r e s e n t a t i o n s  
More academic p r e s e n t a t i o n s  
Adminis t ra t ive  t o p i c s  o t h e r  than  DBMS 
(a )  Networks and telecommunications 
(b) Appl ica t ion  systems 
( c )  P r o j e c t  management 
(d) User requirements/system des ign  
(e )  O f f i c e  automation 
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