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1. INTR ODUCTION

The Ccmputer—Aided Design and Specification Analysis Tool
(CADSAT) Sys tem is designed to be used by people such as systems
analyst s , t arge t  sys tem users, pro ject leaders, systems
designers and programmers , tha t ha ve various viewpoints with
respect to the target information processing system. This
guid ebook, is intenled to provide individualized informa tion to
the various groups of CADSAT users on how they can make the most
e f f e c t i v e use of Use r Reau i re ien t s  Language ( U R L )  a n d  User
Requi rements  kna Lyzer ( U BA)

This  guidebook is n o t  in tended to replace or overlap w i t h  other
C A D S A T  D ocumenta t ion . Fur thermore , it should not be r~~~d as the
f i r s t  in t roduct ion  to  CADSA T .

The reader ~ f this guidebook is expected to have a t tende d a
t r a i n i n g  course in U R L / U R A , thus  tc know the languag e and
r e l a t e d  s o f t w a r e , and  to have  had some experience in system
ana lys i s .

The l i fe  cycle of  an i n f o r m a t i o n  process ing sys tem m a y  be
considered to consist of the f o l l o w i n g  stages:

a. Formulation of the reques t for  a new system ’ or
modif icat ion of an exis t ing  one expressed in th. form of
user r e q u i r e m e n t s  with respect to the  target  system .

h . User ’s r e qu i r e m e n t s  a na ly s i s , oblect2  s y s t e m  inves t iga t ion,
çresen t sys tem i n v e s t i gat i o n , logical  des ig n and  im pact
analysis  of the target  system .

c. Physica l design of the t a rge t  system .

d. System construction and com ponent testing.

e. System test, conversion and implementation.

f .  Opera t ion  and ma in t enance  of the ta rget system .

This guidebook is primarily concerned with the use of the CA D SAT
system in stage b for requirements analysis , object system
investigation , present system investigat ion and logical design
of the target system . There are a number of basic activities
which  mu st be accomplished d u r i n g  that  stag.. ffowev•r , they are
performed in d i f f e r e n t  ways  and in a diff . rent  sequence by
organizations. Therefore, this guideboo k consists of a
collection of independent topics rather loosely related but
potentially useful during that stage. This reduces the

I System if not used with other modifier , stands for information
processing system.
2 Object ~~~~~~~ — a n y  business, governmental , adminst r a t ive  or
other organization which the target information processing
system is intend ed to serve.



2

probability of conflicts with the methods presently applied in
organizations. The maximum use of the guidebook can be expected
immediately by system analysts, project leaders, systems
department and, in long range by the users of the target system.

At Electronic System Division (ESD) the tarqet system users are
the ccmmands for whom the system is being built such as ADCOM,
SAC, MAC , etc.

The primary user s of U~L/URA wil l  be the systems ~~~l!st.~~ They
will be required to become thoroughly acquainted with all the
l anguage  options , ana lyzer  commands  and various URA repor ts  in
relation to the ESD standards and conventions. At ESD, the
system analysts are either the System Progra m Office (SPO)
personnel or con tractors hired to analyz e syste. requirements
and produce a system specification.

~~~~~~~~ ~~~~~~~ provide the  i m m e d i a t e  supervision of the
ana lys t s .  They viii be p a r t i c u l a r l y  interested in u s ing  the  U P A
f o r  the task assignment of project team members , m o n i t o r i n g  of
progress and per f oriance , check ing  for comol ateness, consistency
and correctness and. for the f i n a l  systems documenta t ion  at
different stages of the systems life cycle. At ESD, pr~~j ect
leaders are the System Program Offics (SPO) directors.

Although at ESD the physical design of the system , programming
and testing are done by contractors, under the supervision and
control of the System Progra m Office, those people need
sufficient under standing of tY! A outputs  in order to be ab le  to
transform the requirements stored in URA data base into an
op erat ional  system .

However , the decisive fac tor in correct , ef f ic ient  and  e f fec t ive
user of CADS A T is t h e  system s department . In this case it is
the Headquarters Electronic System Division i tsel f .  Therefore a
separate section 2 of the guidebook is intended mainly for the
mana gement of the systems department .

The headings of the guidebook are supple mented , wher e ne cessary,
with notes indicating to whom they are intended. These are
provided to reduce the amount of information a CADSAT user must
read which viii not be of direct use to him.
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2. THE SYSTEMS DEPA9T~1ENT AND CADSAT SYSTEM

(for managers of systems departments)

n pract ice , r i Rt /U RA wi l l  p r o b a b l y  be used i n i t i a l l y  on a
3elected small  p r olec t .  E v e n t u a l l y ,  howeve r , it wil l  be mos t
effective when it is adopted as a standard system developmen t
tool . It is, therefore, desirable to plan for the adoption of
IIRL/UPA in the whole Systems Department .

Sys t em s  ~e pa rtm ent s  usual ly  per f orm the fo l loding  func t ions :

— m a n~genen t of the deve lopmen t , operat ion and  m a i n t e n a n ce of
i n f o r m a tion processing system s ,

— de velopme n t of ne w systems,
- operation of existing systems,
- mainte nance of existing systems,
— st a t f  operat ions .

The need for i m p r o ve me n t s  ex ist in all of t h e m .

yost or g an iza t io ns m a n u a l l y  p er fo rm all ac t iv i t i es  related to
the determination of requirements or specifications for a
proposed in~~orna tion processing sys tem.  Using t h e  present
syst em as a star ting poin t, analys ts collect data a b o u t
requirements for the new system , primarily through a process of
interviewin g user department personnel. This da ta is then
collated , analyzed and summarized to produce a set of
specifications for a new sys tem.  These specifications , together
with an implementation plan and cost/benefit analysis, are
normally included in a document ha ving a name similar t~ one of
the  fo l lowing :  Feasibili ty Report , System Def in i t ion  Report ,
System Specifica t ion Report , or Func tional Requirements Report .

The C o m p u t e r — A i d e d  Design and Specificat ion Analysis Tool system
( CA DSAT)  supports  the  manua l  procedures by p rovid ing  the
capabi l i ty  to  use the  computer  for  some of the  clerical
act iv i t ies , and by providing better analysis of the requ irements
than is possible wi th  ma n ual methods. The data  is st il l
collected f r o m  the  usua l  sources by the ana lys ts . Howev er , as
it is collected , it is expressed in a f o rm a l  l a n g u ag e  ca lled the
riser Requir e ICnt 3  Language (!JRL). The data expressed in URL is
entered into a compu terized data base, either incremen tally as
it is obtained , or in batches as desired. As it is entered , the
riser Req u irements  Ana lyze r  (URA)  checks for correctness and
consistency of the new data wi th  that  already in the dat a base .

At any time, URA can be asked to produce reports on all or any
sele cted p art  of the  data in the data base. The data used in
any given report may have been entered by different analysts at
di f feren t times. During the product ion of a report , URA carries
out numerous checks and analyses and produces warn ings  and
diagnostics as appropriate.

when the prolect is complete , the  f ina l  specification document
required by the organization can be prod uced automatically.
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2. 1 Prese~~ ~~~ U~Jrli ~~ 2&!ffg Act ivi tie~
That process in general can be considered to consist of five
major types of activities (Figure 2.1):

1) Data collection . Information about the data flow in the
present system , requirements for new information , and the
potential  new syste m organiza tion is collected and
recorded.

2) Analysis. The data that has been collected is sumsarized
and analyzed. Errors, omissions an d am bigui ties are
identified and corrected, Redundancies are identified.
The results are prepared for review by appropriate groups.

3) Design of a proposed system. Processes to be performed by
the system are selected . Alternati ves for a new system or
modifications of the present system are developed and
examined. The “ new ” sy s t em is deve loped and descri bed.

u) E v a lu a t i o n . The benef i t s  and costs of the  proposed system
are determined to a su i tab le  level of accuracy.  The
operational and functional feasibility of the system are
examined and evaluated .

5) improvements. Usually as the result of the evaluation, a
num ber of deficiencies in the proposed system will be
discovered . Alternatives for improvement are ident ified
an d evaluated until further possible improvements are not
judged to be worth addi tional effort. If major changes are
made, the evaluation steo may be repeated; further data
collection and analysis may  also be necessary.

In practice the type of activities outlined above may not be
clearly distingu ished and may be carried out in parallel or
in te rac t ive ly  wi th  i ncreasin g levels of detail. Throughout  the
process, however it is ca rried ou t, results are recorded and
documented. Docum enta t ion  includes narrat ive s ta tements, lists,
tabl es, arrays and charts of various types. Several techniques,
procedures, and analysis methods have been developed to aid in
the process. Most of these are manual me tho ds thoug h so me
computer—aided methods have also been developed.
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2.2 Compute 
~~~~~~ 

vest iqa~j~~ , An4lvs is ~~~ ~~
In computer-aided investigation , analysis and design using
URL/URA , the process followed is essentially similar to that
described above. The ma jor di f ference is that the data
collected or developed d u r in g  all five  of the  activities is
recorded in machine—readable form and entered into the com puter
as it is collected. A probl em statement data base is built
durin g the process. This data can be analyzed by computer
programs and intermediate documentation prepared on request.

The activities of the logica l system design phase are aided by
URL/URA as follows:

1) Data Collection . Since most of the data must be obtained
th rough per sona l. con tac t, interviews will still be
requi red .  lowever , the data need be recorded only once in
m achine—readable form . The intermediate outputs of URA
also ~r ov id e  conven i en t  checklists for  deciding wha t
additional information is needed and for recording that
data f o r  i n p u t .

2) Analysis. ~ num ber of analyses can be performed on demand
by riRk . As new analysis in ethcds are developed they can be
inccrporate d into the ~JRA .

3) Design . Design is essentially a creative process and
can not be completel y a u t o m a t e d  at the present time.
However , UR .k can  m a k e  m ore  da ta  ava ilable to t he  design er
and allow him to manipulate it more extensively.

U.) Evaluation. UBA provides some rudi mentary facilities for
co.putin~ volume or work measures from the data in the
problem sta tement. As additional methods are developed ,
they  can be incorporated.

5) Improvements. Identification of areas for possible
im provement is also a crea tive task; howeve r, (IRA outpu t,
particularly from the evaluation phase, may be usef ul to
the analyst .

The final documentation will contain the sam e ma terial as that
‘~escribed in Section 2.1 since the documentation must serve the
same purpose . F u r t h e r m o r e , the sa me general fo rma t  and
r eor esen tation is desira ble:

1) Narrative information is necessary for human readability.
This will, be stored as part of the data but is not analyzel
by the computer programs. however , the fact that it iS
d isplayed nex t to, or in con junction with , the f ina l
description improves the  abi l i ty  of the analyst to detect
discrepancies and inconsistencies.

2) Lists. Since lists are prepared from the  data base , th ey
are up-to—date  and can be more easily rearranged in any
des ired order.
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3) Tables, arrays, matrices. These are also prepared
automat ically and hence , are up—to— date.

L~ ) Diagrams and flow charts. The URA system produces
graphical outputs which display the relationships between
objects .

The basic objective of the ~ADSAT project is to provide an
integrated and complete set of computer — aided method s to aid
first in tL~ documenta t ion  of the descr i ption of a propo sed
i n f o rm a t i o n  p rocessing sys tem , and second in the proces~ leadingto that description .

2 . 3  Pro1~~~ Q J ~~~~~
The project organization appropriate to a particular pro ject
wi l l  depend on the  s ize  of that project (for example , the number
of ana lys t s  i nvo lved )  and , to a lesser e x t e n t , on the ty pe of
acolication . In general, where several analysts are wor king on
t he  sn me sy s tem , it is pr o b ab ly  wise f o r  a single person to have
responsibility for locating and correcting inconsist encies
be’ween røquirements stated by various analysts, and for finding
indications that more data are needed. Depending on the size of
the project, this person nay be one of the group of analysts,
the project leader , or an analyst assigned to only the
coordination function. The use of CADSAT should reduce the
amount of direct interaction between the analysts. Rath er than
directing questions to each other period ically, they may sim ply
refer to the data base for information on other portions of the
syst em .

Both the mana gemen t of Systems Depar tmen t’ an d all pro ject
lea ders can be s u p p o r t e d  by CADSAT in per forming  the fol lowing
m a n a g e m e n t  ac t iv i t ies :

- keepin g record of work assignments given to the project
teams and project team members ,

- assuring recorded intercommunicatio n links between the
Systems Denar tm e n t M anagemen t, project leaders, and project
tea m members working even in remote sites of the ob ject
crg anization ,

— monitoring the overall work in progress ,

- determining and observing the systems departmen t standards
concern ing the content  and for m of the fina l documentat ion
generated for  t h e  internal  and external  use ,

— mon itoring the progress of projects against budget and time
schedule.
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The indi vidual project leaders can be very effectively assisted
by CA DSAT in :
— detecting i ncom pleteness and inconsistencies betwee n the

URL stateme nts made by var ions team mem bers,
- .monitoring the individual, performa nce of team members .

However , in order to obtain ful l  benefits of CAD SA~ assistance
in t~ e management  of projects and systems maintenance , som e
sta ndards  for  the  use of KEYWORDS , ATTRIBUTES , ATTRIBUTE—VAL U ES ,
SOURC E S and P R O SL E~ - D E F I N E R S  h a v e  to be established befo re the
CADS A T sy stem is used.

In o rder to use the CADSAT System , an organization must ha ve
access to the (IRA sof tware  and mus t provide fo r  data entry
facilities and the integrity of (IRA data bases.

Beyond this, a suitable environment mus t be maintained in order
to ensure successful use.

The proper support must be provided. This includes:

- an in-house enthusiast who can solve problems that arise
an d provide in—house consulting,

— education and training,

— documentation, guidebooks, standard s, et c.

An o bvious requi rem e n t, of course, is tha t the chang e in
methodology must have the fu l l  support  of management.

It m ust be stressed that  URL/URA is only a tool. The potential
benefits can be obtained only if the too l is use d correctly.
This requires close management supervision of the complete
system developme nt procedure being followed by the organization.

2.4 ~~ te~~~cj~g ~j~ h ~~~~~~~~~ Applied ~ethQj~ a~
g 

_ _ _ _

Each systems department uses some standards, techniques, and
procedures. It also has some person nel with various degrees of
t r a in ing ,  experience and skills.

The present methods used in defining the system specifi:at ions
or requi r ements need not change with the introduction of CADSAT .
tYR L can accommod ate a wide var ie ty  of me thod s, and , wher e a
well—establt shed and useful approach exists, it is least
disturbing to the organization to preserve that approach . On
the  cthe r hand , if there  is no overall method in use , one shou]J
be selected and its use enco uraged .
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2. S Respur~~~ ~~~~~~~~ for ç A D SAT ~~~
1) &nput ~~~ilitj1~~

tIRA statements nay be input in batch mode, if this is done,
k e y p u n c h  fa:ili t ies wi l l  be required . Ana ly st s m ay wr i te U RL on
fo rm s , such as t hose found  in Appendix G to the URL U ser ’s
~!anu a l .  Cards nay be pun ched directly from the forms and the
resul t ing  U R L  used as input to (IRA in batch mode .

Alte rna t i ve ly ,  tJR L s ta tements  may b e — i n p u t  f rom a t e rm ina l .  The
ana lys t  or an opera tor , may enter U EL i n to  a file using the
locally available t e x t  editor , and nay in te rac t ive ly  invoke ( I RA
t o input  the f i le  i n t o  the ( I RA data base.

Ano ther approach is a combination of the two te:hniques. Large
quan tities of input may be handled in batch , using the services
of a keypunch grouo. Small additions and correction s to the
d a t a  bas e m a y  be m ad e  by the a n a l y s t  himself , w o r k i n g
in teractivel y from a terminal.

2) 3t ora~~ ~~~ ~~~~~ Bases ~n 1  m ont files

S u f f i c i e n t  s to rage m u s t  be p rovi ded for any ( IR A data bas e to be
used , al ong with additional storage space for each analyst’s
i npu t  -files and temporary files for output  as needed .

3) Documenta t ion

~ compl~ te set of CA DSAT documenta t ion  should be available.
E ach analyst should have his own copies of the URL and (IRA
User ’s M anua l , as he viii. be likely to refer  to them fre quen tly.

~4) Consulting He,A,~
While it is possible to learn to use URL and (IRA by maki ng good
use of the  documentat ion , the p roject is likely to proceed more
sm oo thly if an experienced user of CADSAT is available for
consulta tion . If th e  project leader is an experienced user, he
will. be able to establish and encourage the use of reasonable
conven t ions  for  the URL written by his analysts.

5) 2Lt~ I4~~ L~~ii.~~&I
The data base must  be protected f rom unau thor ized or
unin tentional modification or destruction. This is normally
done by proper use of the access or file per mission fac i l i ty  of
the operating system . In addition, if there is no regular ,
f requent  f i le  sa ve perfor med by the oper ations staff , the data
base should be saved periodica lly by a member of the pro ject
t e a m .
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6) Qu tpu~ F~ cflj !4~j

(IRA output may be obtained in either batch or interactiv e mode .
Large outputs are best produced in batch mode. Smal l reports to
a n s w e r  questions occurr ing to the analyst ma y be more useful
when cbtained im media te ly .

2.6 SeIect~2n o~ ~,~~jects

Projects shouU be properly chosen for CADSAT use . ~ana geaent
sh ould not a t tem pt to  use CADSA T to help a project t h a t  is
fa l l ing  behind to  meet i ts  deadlines. Adequate t ra ining in
CAD SAT use requires a cer ta in  amoun t  of time , so the pro per
t ra inin g is not l ikely to be done in a project  t h a t  is beh ind
schedule. Thus CADSA T is likely only to add to the
d i f f i culties, and is not l ikely to be seen as a useful tool.

C A DS AT use is best i n i t i a t ed  wi th  a proj ect that  has not yet
begun t he  r e q u i r em e n t s  analys is  phase. In this case, time  will
be a l lowed f o r  t r a i n i n g  analysts in its use. The system s
analysis methods that are util ized will receive any adaptations
tha t  seem desirable , and the e f f o r t  is more likely to be
properly coordinated for this kind of project.

This is not to say t h a t  CADSA T would not be beneficial if
intrd’duced after the requirements analysis phase has started.
The information that has already been collected can still be
expressed in (7?!., possibly by a single analyst working
independently. URA can still be used to generate reports to
eval uate the consistency and completeness of the data base. At
this point, ho we ver , a large numbe r  of e rrors and omissions are
likely to be discovered , which had not been detected by manual
analysis techniques . Thus , care fu l  coordination between the
ana lys t s  must  ta ke place to correct the errors, w hich may be
more difficu lt to handle due to their volume in later stages of
system development and numerous interrelationshi ps.

It is not necessary tha t  CADSA T be used for all projects wi thin
an organization . While  thi s is certainly feasible, t her e are
benefi ts  to a pilot pro j ect approach.  The use of CADSA T could
begin with one or a few projects within an organization. Upon
completion of these projects , an evaluat ion should consi der
questions such as t h e  fo l lowing:

1) Wer e the facilities provided for CA DSAT use adequat e, or
was there a nee d for more terminals , more stor age spec.,
etc.?

2) Do any changes in the mechanics of CADSAT seem advisable?
Should large batches of (JRL input be keypunched anl entered
in batch , rather  than being input by the analyst
interactively? Should scee reports that ha ve been prod uced
interactively be produced in batch mod e , or vic, versa?

3) Is the o rgan iza t ion ’s method for  re quirements  analy sis
compati b le wit h the CADSAT environment? Could a chang . in



-~ — -- I - ’  — - -

11

this method proauce better results?

4) If (IRA was not used directly by designers, migh t it have
been effect ively used that way? If it was used, were the
results different from what might have been expecte d from
previous  m e t h o d s ?

The answer to these questions should be valuable in providin g a
smooth transition to the CADSAT environment for addi tional
analysts and system development projects.

2.7 eene~ j ,~t~~~ t ~~~lisi~ ~~ C A D SA .~ App l i catj 9~
The m a j o r  bene f i t s  claimed for computer— aided documentation are
t ha t  the “q u a l i t y ” of t he  do cumenta t ion  is improved and that the
cost of design , i i tp lementat ion and maintenance will be reduced.
The ‘quality ” of the documentation , measured in term s of
prec iseness, con sistency and completeness  is increased because
the analysts nust be more precise . The CAD SAT s o f t w a r e  pe r fo rms
th~ checking , an d the output reports can be reviewed for
r~ nainin g am bi7uiti~ s, inconsistencies and omissions. While
completeness can never be fully guaranteed , one importan t
f eat u r e  of t n e  ~onpu ter— aided metho d is that all. the
d o c um e n t a t i on  t h a t  ‘exists” is in the da ta base, and , therefore
the gaps an d omissions are more obvious. Consequently, the
or;anization knows wha t  data it has , and does no t h ave to depend
on ind iv idua ls  who m a y  not be available when a speci fic item of
data about a system is needed . A n y  analysi s perfor med and
reports produced ar~ up—to—date as of the time it is per formed.
The coord ina t ion  among analys ts  is g r e a t l y  si mp l i f i ed  since each
can vcr k in his own area an d still have the system
spec i f ica t ions  consis tent .

Deve lopm ent will take less time and less cost because errors,
which usually are not discovered until programming  or testing,
have been minimized . it is well recognized that one reason for
the high cost of systems development is the fact that errors,
inconsis tencies and omission s in specifications are f req uent ly
not detected until later stages of development: in design,
programming , systems test or even operation . The use of URL/UR~during the specification stage reduces the number of errors
whi ch w i l l  h a v e  to be correc ted la ter .  M ain t enance costs are
considerably reduced because the  effect of a proposed change can
easily be isolated thereby reducing the probability that one
correction v iU cause other errors.

The cost of using a compu ter—aided method during logical. system
design must be compared with the  cost of performing the
op er a t i o n s  m a n u a lly. In pract ice the cost of the variou s
analyst  funct ion s of inter-viewing, recording , analyzing,
etc.  are not recorded separately.  ifovever , it can be argued
that  direct cost of documenting specifications fo r  a pro pose d
syste. using UR L/ URA should be appro xima tely .qual to the cost
of producing the d o c u m e n t a t i o n  m a n u a l l y .  The cost of typing
manua l  documentat ion is roughly  equa l to th. cos t of enterin g
URL s tatements  in to  the co.put.r. The computer cost of us in g
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(IRA should not  be more than the cost of analyst time in carrying
out the analyses manual ly . (Compute r costs , how ever , are much
more visible than analysts costs.) Even though the total cos t of
logical system desig n is not reduced by using computer-aided
methods , the elapsed time should be reduced because the computer
can perforn clerical tasks i n  a shorter time than analysts.

2.9 ~~paç~ ~~ ~~ ~tess Q~ partment

U R L /U R A , if used p r op e r l y ,  should improve the produc tivity of
systems analysts by replacing clerical tasks in manual
documentation me thod s with  computer — aided facilities. It  is not
intended to replace analysts or reduce the number requir ed in an
organization . It is also not  intended to enable untrained or
unqualif ied analysts to do systems analysis. It should permit
qualif ied analys ts, adequately trained in UR L/U RA and wi th  the
right computing facilities and managemen t suppor t, to im prove
the quality of their work .
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3. EXPR ESSING THE PROJECT TASK IN URL

(for systems ana lysts)
• A n information processing system usually originates with the

percept ion  of a need. ifl m a n y  cases , th i 3  comes f r o m  the people
who will ma ke use of the system . It may, however , come from a

• service group, w hich perceived a common need of several units
within an organization. In either case, the initial use r ’s
req-uest or propo sal for  a new system should con tain the same
basi c i n f o r m a t i o n  about  the ta rget  system .

A f t e r  a user ’s request or an offer of a service group has been
ap pr ov e d , it becones the proje ct  task or contract s~t a tem ent of
work . Since everything that will be conceived , designed ,
inolemented and put into operation dur ing the target system ’s
l i f e  cycle sho u l l  be compare d and evaluated against the project
r a sk , the  in f o r tn~~’io n both on th e  form er and the l a t te r  must be
expressed in URL , if CAD SAT is intended to be used t h r o u g h o u t
the next stage of the system life cycle. Otherwise , a
nean ingful compute r, assisted analysis of user requirements would
not  be feasible.

3.1 8asj~ ~rj ncj 2~ is

The project task should consist of the following parts:

1) The subject of the request or task.

2) The main objective of the user whic t~ is to be achieved bymeans of the implementa t ion  and operation of a syst em ,
expresse d in term s of a n  e f f ec t  measurable  outs ide of the
target syst em.

3) The main f un c t i o n  of the target system defined by one verb
with only indispensible modifiers limiting the type of
activities the user expects the system to perform . These
should be exoressed without any suqgestions to their
quality and how they should be done in order not to
constrain  t h e  i n ven t i v e  creativity of t h e  pro jec t  team .

L4)  tefinition of requirements and constraints, imposed by the
use r on the solution of the  pro b lem , wh icn concern the

• target system’ s outputs , applied methods of processing,
inputs, used facilities, staff, and operational
environment. In addition , each of these factors should be
considered in three aspects:

— Its type , qua l i ty ,  f o r m , and time requirements ,
— Its size (amount per time or distribution in t i m e) ,
— Its changes over time , seen from the poin t of use r ’s

n eeds external to the target system.

All requir e ments and constraints mu st be placed int o one of
two categor ies — mandatory and optional. ~anda tory means
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that the project will be abandoned or rejected if any one
of this kind of requirement could not be set. For each
optional requirement the user is obliged to indicat e the
upper value of the worth he assigns to it. It shou ld be
ex pressed in terms of additional cost or decreased amount
of main effect that he is willing to tolerate, if i t is
met. The user should be aware that each additional
req uirement  or constraint  imposed on the  so lution never
improve s it, but usually deteriorates it in respect to cost
and performance . Therefore, he should specify only those
requirement s that are indispensable and worthy, con sidering
onl y the outside of the target system and tryin g to limit
the i r  number and improve their clarity.

5) The definition of the boundaries of the target system in
res pect to:

— t ime (earliest d ate on which full operational
cap abilities are  supposed to be achieve d and the min imu m
period of its operation without  m a j o r  alternations) and ,

space (for each inpu t and  ou tpu t men tioned in prev ious
parts - where it originated , and wher e it is destin ed to
f u l f i l l  the re~~uirements of the target system.)

6) A synthesiz ed evaluation criterion of the target system ’s
projec t and operation in the form a’f a function relating
the value of the  system to the accomplishment of its mai n
cbjective and fulfillment of all requirements and
constra ints, according to the user’s scale of pr eferences.

7) Cotional suggestions on subdivision of the target system
in to  subsystems , in cases whe re external or g anizational
reasons, as seen from the user’s point of view make suc h
subdivisions indispensible. But th en  the user is ob l iged
to specify all the above parts of his requirements for each
sub system, he singled out.

3.2 Exam2J~ ~~ ~ ~~Q1ect ~~~~~~~ ~~ Plain English

A user ’s request for a modification of a payroll system will be
used as a s imp le  example . Assume it has been formula ted  by a
very demanding user. Re is not going to pay for anythin g wh ich
4o~ s not comply wi th his manda to ry  requirements.  He is full y
awar e of his oj ectives and kno w s exactly wLla t he wan ts to
achieve. He is a user who possesses the necessary mana ; er ial
and systems engineering skills to formulate th•m clearly but
does not want  to unwil l ingly  constra in the f reedom of the
pr oject  t~~m in the i r  search for  effect ive solutions. R e  states
only what  mat ters  to his business outside of the informa tion
processi ng system and  refrains  from sayi ng anything  abou t the
internal solution of the system , since he has no organizational
reason to do so.

“The subject of the fo l lowing request is the iiprov.ient of a
payroll system which is in operation at Organization Z. The
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main business object ive is to reduce the present overall.
operation costs. Therefore, the ma in  kinds of impro ve ments
which can justify any computerization project in that field is
the reduction of the weekly operation costs of payro l l  sys tem
from the present level of ~1.OO per employee . :n order to be
approved  this p ro jec t  must be competitive to other
com puterization projects currently under study (sea objective
func tion).

The main function of the payroll system is to derive the payroll
outouts from the payro l l  i n p u t s .  The size of th e  ma in  f u n c t i o n
is measured by the number of employees for whom it is pe rformed.

The fcllowing requirements and constraints are imposed on the
solu tion of the problem. If not átherwise explicitly stated ,
all of them are considered to be mandatory. That means that the
p r oj e c t  will be abandoned or rejected if any one of these
requirements could not be net .

The n an d a t o r v  o u t p u t s  to be produced each week a re :  paychecks
for all ele~ ible em p loyee s (with in the r a n ge fr om 15,003 to
20,CCO ), payroll reoort, hired—employee— report and
terminat ed-ewoloyee-report for the payroll—department. Al].
these outputs must contain the content of the presen t reports.
Th~ payro l l  repor t  m a y  op~ i2nall1 be enhance d by an
automatically produced pay—exception—messages presently pr oduced
manually at the cost cf not more than S.10 per message.

The payroll processing must update the payroll maste r
informa tion weed y. The p r o gr a m m e d  procedure must  compl y wi th
pre sent federal , state, com pany and unio n contractual
regu lati ons.

The payroll system is constrained to utilize the company ’s
compu ter facility. The investment expenses of the project will
be augmented by flOOC per di scharged employee. The present
c o m p a n y ’s cost of capital is at least 15%.

The time and space boundaries of the payroll system are defined
as fdllovs: The system is due to be implemented by the end of
the current year and is expected to be in  opera t ion  fo r  at least
five years. The payro l l  i npu t s  ha ve to be delivered to the
oayrcll  d e p a r t m e n t  b y  all c o m p a n y ’s o rgan i za t i ona l  un i t s  not
later than 

~ 
p. m . on the last work—day of each week . The

payro l l  o u t p u t s  s hou l d  be de l ivered  at t h e  r i sk  and expense of
the payroll system to the receiving depa rtments or maile d to the
employees , if requested .

The present value  of the investment  in volved wit h the  proj ec t
w i l l  be consider ed as the combined  eva lua t ion  cri terion of the
project. The value of the reduction of the operation costs of
t he  payrol l  syste. should  be compute d fo r  the  presen t (15 ,00 0) ,
m a x i m u m  (20 ,000) and average number of employees accordi ng to
the fo l lowing f o r m u l a :

= E (Cp— Cr ) + 3.1 + Pe ( dollars per week) where :

_ _
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R — reduction of the operation costs of the pa yroll syst e., the
pro j ect is going to produce in dolla rs per week ,

E — number of employees,

cp - presen t opera t ion costs of the payroll system in dollars
per wee k and emp l o y ee ( v i t h o u t  der ivat ion of the pay

exceptions) ,

Ct - total operation Costs of the target payroll system in
dollars per week and employee ,

Pe - number of pay exceptions automatica lly produced p.c wee k ,

0 .1 — cost of ma nual derivation of pay exceptions in dollars per
message.

No subd iv i s ion  of t h e  pa y roll system is necessary f r o m  the
o r g a n i z a t i o n a l  point  of view .

3. 3 ‘xa~ 2le ~~ a t~~ ~~ ~jser ~~~~~~~~~~~ ~~~~~~ ~
The example of the project task statement descri b ed abov e can be
expressed in a set of ~RL statemen ts. Subsequently, mos t of
the m can be a utomatically enhanced oy statements obtaine d Crow
interviews , whic h can be analyzed for  consistency wi th the
previously stored s t a t emen t s .  Also most of the fina l logica l
søecifica t ion  of th? system can be thoroughly analyzed  wi th  the
assistence of th e c om puter fo r  compliance with the project task
sto red in the  TIR A d a t a  base . Where the computer is not  yet
feasible , the statement s can be automatically presented to the
analys t  for manual  checks.

The method presented for the project tas k description in ~RL is
based on the fo l lowing assumptions and rules:

a) The ~~~~ pa yroll system description should be stored in thesame data b ase but in clear dis tinction to the ~res~~~payroll system and the ~~~~ e& payroll  syste. descri ption.
The latter will be the outcome of the project team ’s
efforts and can be considered at the highest level of
abs t rac t ion  as a PR OCE SSOR wh ich PE R PORNS the necessary
ERO CESS payro l l—process ing ,  which in t u r n  RECEI VE S so..
p a y r o l l — i n p u t s  and G E N E R A T E S  the pay ro l l— outputs  for users
specified in the project task .

b) All system objects mentioned in the project task should be
described only to  the ex ten t  tha t  the constraints and
req uirements  specified therei n concern them .

C) As far as possible , all, user requirements shoul d be
expressed in st a ndard tJRL relations . TIR L comment entries
use ful. for the documentation ge nera tor should also be
expressed in  compute r  ana lyzable  form.  The com m ent entries
la ter  ~an be checked ma n ually by the analyst  to determine
whether the y comply with other statements about the sam•

-
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objects .

d) The common SOU R CE of all  the following UR L statemen ts is
the user ’s request.

e) The namin g conven tion n u st prcvi de for a clear dist inction
of all objects dbout  w h i c h  the project task contain s any
statements significant for the final specification of the
target system . Here the  adject ive “tasks , where  possible ,
or its abbreviation “t” will be used throughout tha example
as the leading term in all analyst defined names.

L a t e r , this nami ng convent io n makes feasible au tomat ic  checking
by t h e  URA ( w h e n  c omb i n i n g  t h e  object  names used in proj ect’ s
ta3k description ’ w i t h  the  same semantic  names f i n a l l y  used by
the project team ) of whether the final statement s made by the
project team are not contradicting the statements waich
represent t h e  user ’s requ i rements  in t~ e prolect task. It also
ensures that the7 do not later interfere with similar statements
put into the dat a base by members Cf the project t e a m .

All further explanatory comments will be enclosed in /*~~~, .*/
accordin g to the !J~ L conven tion in order to provide the
necessar y e x p l a n a t i o n s  w i t h o u t  h inde r ing  the i r  use as compute r
inpu t fo r  ‘IRA.

/*projec t Ta sk  for  Payroll  Sys tem expressed in TIRL f o r
documentation purposes and for computer assisted analysis where
possi bla*/

/*1.1 Subj ec * of the  Reques t
~E~ O sublect—of—the-request ; DESCRIPTION ; /tfor documentationgenerator*/
Im provem ent of the payroll system in operation at Organizat i on

PROCESSO R task—payroll—system; ATTB: for—organization i ,

to— be—an—i~prove4—v~ rsion—of payroll—system—in—operation ;3YNON Y ~ IS: tprs; ~!E—f ~ENO subject—of—the—request;
/~~aj o r  compone n ts of the previous DESCRIPTION statement
exoresse d in tJR A a n a l yz a b l e  fora*/

1* 1.2 Nain  Ob jec t ive  of the  Task v/I

~~‘~O t a s k — m a i n — o b j e c t i v e ;  D E S C R I P T I O N ;
?~an da to ry  reduct ion of the weekly pa yrol l, operation costs of the
present payroll. system from the level of $1.00 per empl o yee in a
competit ive way with other computer iza t ion  projects. (See
section : Ob j ective Func t ion )

APPLIES TO “ask— payroll— system; /* for documentation generator
an d ianu a]. ana lys is , whether the  consumption rat e of operati on
cost s later decl ared by the project team (after the feasibility
s tu dy)  m eet s the use r ’s main objective */

1* 1.3 ~ain Funct ion of the System
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M E N D task— sys te m— m ain—func t ion ; DESCRIPTION ; /*for docum entat ion
gene tator*/

To der ive the pa yrol l outputs  f rom payroll  inputs .  (The
int en sity of the main function is measured by the number of
leqiUe emp lo yees f o r  who a it is performed)

AP PLflS TO task- payroll—system;
PROCESS task—payroll—processing; DERIVES task—payroll—outputs
USING payroll—inputs; PEE~OR MED BY task— payroll—system;A T T R I B U T E  IS: t - m e a s u r e— o f — i n t e n s i t y  t — n u m b e r — o f — e n p l o y e es ;

/* (descr i p t ion  of t h e  system ’s main  func t ion  in a f o r m
a na l y z a b l e  b y  URA) Cf

/* 1.4 Design Requirements and Constra in ts  -

( impcsed on sy s tem ’s outputs , processes , inputs  and m eans)
C,

CUTPUT t a s k - pay r o l l - o u t p u t s ;  G E N E R A T E D  B Y  oayro ll—pr ocessing ;
~ EC~~~ V D  BY t—deQartments— aad—employees ; HAPPENS I TINE- PER
‘i eek ;

/*mus t have*/ SUBPARTS: t—pay—checks, t—payroll-report,
t—h ired—employe~—rep oct, t—termina ted—emn ployee—report;

OUTPUT t—pa y— checks; RECEIVED BY t— eaployees ; CONSISTS OF
t—n um ber—of--enployees—sy’spar t—present—pay—check-content ;

DEFINE t—number-of-employees— syspar AS S!STE~ —PARANZTER; VALUES
AR! 150C C T H R U  20000;

OU TP UT t—p ay r o l l — r e p o r t : R~ C E I Y E D  BY t—payro l l—depa r tmen t ;
CON SIST S OF t — p r e s e n t— p ay r o l l— r e p o r t ’- c o n t ;
t— opt i onal— e xceptio a— messages;

G R O U P  t— oot iona l—except ion—m essages ;  K E Y  WORD t—opt ional ;
CONSISTS OP t—n u mbe r—of — pay—e x cep t ions  -t—pr e sen t—except ion-ccntent ;  ATTRIBUTE IS:
t-increa ses-oblectiv c—value- by ten—cents—per—message ;

O U TPUT t— hi red— e mn p l oye e—report ;  R ECEIV E D BY
t -p a y r o l l — d e p a r tm en t ; CONSISTS OP
t — p r e s e n t — c on t e n t — o n — h i r e d — e m n p l ;

PROCESS task—payroll—processing; UPDATES
t—pa yroll—master—inforaation ; HAPPENS 1 TINE—PER week;
PROC ED URE;

In co mpl iance wi th p resent f ederal , state, company and union
contract ual r egu lat i ons;

TE RN INATI O a -CAU S ES o perational—ob jectives—accoapl;

IN PUTS payroll- inputs; RECEIVED BY task— payr oll-processing;

/~ Addi t iona l re q u i remen t s  and constrains concerning the use of
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m ean 5*/ I

P?~)CESSCR task—payroll—system; SUBPART IS:
t— co span ys—co mpu ter- f acility ;

— stands for  m a n d a t o r y  ~ on p o n e n t  */ CONSUMES
t — o p e r a t i on - c o s t s— p e r —y e a r  A T  PAI  OF  t — f i f t e e n - percent  P ER
task—investment; CONSUMES task—capital AT RATE OF
t—three— thousand—dollars PER t—discharged—eaployee;

1*1.5.1 System rime Bounderies C,

PFOCESSO P zas~c—payro1l—system ; ATTPI5UTES ARE:
t—due—to—be-implemented t—till—the—end—of—19 77,
t-ninimum—operatio na 1—per iod t— five— years;

~~~~~~~~ System Space Boundaries C,

:N p J IS t a sk -p ayr o l l -i n o ut s ;  A T I R I B U I R S  A R E :
t—d elivered-weekly-till t— l1st—uork— ~~iy— L4pm ,
‘— d e l i v e r e d — wee ldy—to  t— p a y r o l l — d e p a r t m e  n t — L o c a t i o n ;

tj:PcTs t~isk—payroLl—cutputs; A T T R I B U T E  APE :
t—delivered- veekly-to t—receivini—orgu—locations;

~~:pu:s t—paychecks ; ~~~I~~~UTE S APE: t—delivered—veekiy-to
the—employing—orgunits , t—mnailed t—if—requested;

/ * 1  • 6 Objec t j  v~ Func t ion C/

~E:i3 task—obj’~rtive- functiori ; DESCRIPTION; -

The present valu.? of the investment involved wit h the project
will be considered as the combined evaluation criterion of the
project.  The value of the reduction of the operation costs of
t h e  payrol l  system should  be compu ted  f o r  the  presen t (15 ,00 0) ,
n a x i n u m  (2C , 00C) and av erage n u m b e r  of employees accordi ng to
th.~ fc l l ov i n g  f o r m u l a :

P = !(Cp— Ct ) 4 0.1 4’ Pe [dollars per week ) where:

P - reduction of the operati on costs of the oayroll system , the
pro ject is going to prod.ice in dollars per w eek ,

— n u m b er  of emploY ees ,
Co - present ope ration costs -of the payroll syte a in dollars per

week and  emp l o y e e  ( w i t h o u t  d e r iva t ion  of the  pay
exceptions) ,
Ct — total o peration costs of the target payroil system in

dollars per week and employee ,
Pe - number of pay exception s automatically produced per wee k ,

— cost of m a n u a l  de r iva t ion  of pay exception s in dollars per
message ;

PPL IRS TO: t a s k — p a y r o l l — s y s t e m ;

/* 1 .1 Opt ional Su bdivision

M~~ O task—subdivision; DESCRIPTION;

_ _ _ _ _  - - - - -~
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No subdi vision of th e  task— payrol l—syste m is necessary f r o m  the
o r i a n iz a t i o n a l  poin t  of view ;

~‘LI!S TO; t a sk—payro l l—sys tem ;

/*1.8 Other  Gene ral S t a t e m e n t s  C/

DE FINE user-request AS SOURCE , none AS S ECURITY; APPLIES TO:

subject— of-the—request, tasx-payroll—system ,
task—main—o b jec t ive , task—sys tem—m ain—func t ion ,
t a s k — o bj e c t i v e — f u nct i o n , t a s k — p a y r o l l — o u t p u t s , t -paychecks ,
t — n u m ber—of -emp loyee s , t— pa y r o ll—repor t ,
t—opt ion al-except ion — aessaqes , task—payrol l- processing,
t—hi red—employee — report , t—terminated—esployee—report,
task—sub division ;

D ESC RIP T ION;

:f not  other-visa explicitly stated by the adjective “optional”
used as the f i r s t t e rm  of the  ana lys t  def ine d nam es , all U RL
s t a t e m e n t s  which  re fer  to the  SOUR CE user—reques t are considered
as m a n da torX . I t  m e a n s , t h a t  the projec t will be abandoned  or
rejected if a n y  of this kin d o f requi rements  could no t  be met by
the project team ;

1Cm th is  case , the common S O U R C E  f o r  all, previous U R L
s ta tement s is the  user ’s request . Simi la r ly  no security
re lu i rements  are declared
- The End of Pro j ect Task Expressed in U R L  - C/I

Of course, in real s i tua t ion s many users are not able to
f o rmu l a t e  their requests in a rigid way .  But then , the  analyst
should  know what is missi ng , and wha t in addition he should ask
for durin g the in te rv iews .

In this manner , all of the user ’ s requirements which are
explici t ly stated in the user ’s request have been expressed in
(JRL M E M Os f o r  the  documen ta t ion  genera to r and the manual
analys i s and , only when possible, in the form of standar d UR I.
re la t ion s su i tab le  f o r  compu te r  assisted analysis .  Not ice , that
as i t  used to be , several  us er requirements h ave been stated
only  by implicat ion by such general  terms like
“present—co n tent ”, “in compliance with present federal , state,
company and union contractua l regulations” and so like. The
analyst  must f in d out wha t  those sta teme nts exactly mean by
studyin g the relevent sources and interviewing competent
persons.
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3.14 ~~~~
Before the analyst can proceed to the logical design of the
system he should convert all of the user ’s implied requiremen ts
into explicitly stated URL . This step will of course, enhance
the statements which already are stored in tk~e data base . -

3.14.1 ~~~~ A ssianm en~ ~~ ~~~~~~~~ ~~oiect Leader

tt  is  up to t~ie pr j ec t  leader to rev i ew the project task and to
select those nam es which denote the user ’s implied requi rements
as wel l  as al l  kinds of comment entries which should be enhanced
and expressed more specifically. If the task is complex enough
to be per fo :med by a projec t team , the project  leader should
assign to each team member that part of the task he is expected
to p er fo r~. Assuming the projec t  leader is generall y q u i t e
exper ienced  in  t he  c o mp a n y ’s organizat ional  matters (or in case
he is an o u t si de r , he shou ld seek advice from the person
assigned as li~iison betwe en th e object o rgan iza t ion  and the
exterior projec t team ) he can also suggest t h e  most appropr i ate
SO~T R C F 3 in t h e  f o r m  of names of ex ist ing  documents  or
in te rviewed  people , and also indicate the  person s he con siders
to b~ au tho rized to approve the appropr ia te  outcomes of that
a~1~U t io r ~al stud y of the t a rge t  sys tem ’s requirements . rh i s  can
be eas i ly  achieved by  en tering  into the TJ RPI data bas e th e
f ol lcving s ta tements .

DEFINE implied- requirements AS KEYWORD; DE SCRIP TION;

“o be co n verted into  explici t requi remen ts a f t e r  s tudyin g and
i n t e r v i e w ing SOURCES at tacied  to the relevent object nam es.
Some names of the suggested SOU R CES begin wi th  the term
‘suggest ed ’. Other SOURCES can be interviewed after the analyst
has obtained written clearence from the project leader. The
object names assigned for further investigation can be found by
each analyst  ass igned to them by the N A M E — G E N E R A T I O N  command
with parameter  S= ’TO ’rAL AND K E Y th e— anal ys t—th e—ter m—ass igned ’ .

Th~ outcome of the study should be approved by managers
indicated by the A T T R I B U T E  to— b e—approved—by and the ATTRIBUTE
V A L U E = m anaq emen t—pos i t ion , w h i ch have been at tached to the
ob je ct names in ques t ion ;

i~?~’LIE S T-D : t — or e s e n t - -p a y — c h eck— con ten t ,
t—pre sen t—payro l l— rep ort—con t , t— pr esent— except io n— cont ant ,
t—p r esent— content—o n—ter i—e mpl , t— pa yrol l— master -informa ti on ,
task—pay roll—processing , t—companys — comput er— faci l i ty ,
~~if~ reguested; —

DEFINE paycheck-fori AS SOURCE , assigned—analyst—name— i AS
K EY W ORD ; APPLIES TO t—pr eseat—pa ~~~check— cont cut;

G R O U P  t— present-payc h eck—con ten t ;  ATTRIBUTE IS:
to— be—approved—by payroll—depart— .anager—attv; /. In URL
A T T R I B U T E S  and A T T R I B U T E — VALUES can be defin ed wi th  the DEFINE
sta t emen t b u t  then  they  cannot  be s imultaneously related to
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other ob jects by the APPLI ES statement

D E F I N E  payroll—report—content AS SOURCE,
suggested-payrol l—report— clerk AS SOURCE,
assigned—analyst—name—2 AS KEYWORD; APPLIES TO:
t—present—pa yroll—report—cont;

GROUP t—present-payroll— report—cont; ATTRIBUTE IS:
t o — b e — a p p r o v e d — b y  pay—rol l—depar t—. an aqer— at tv ;

/C a n d  so on for all concerned names mar ked wi th  the KEY WO RD
impl ied requirements  C,

This way the project leader has marked all requirement  objects
which  according to his judgemen t should be invest igated sore
deeply. ThIs KE Y WORD na m e should  be mai ntained unt i l  all
implied requirements have been analyzed and converted in to
expl ic i t ly  stated ( a n d  approved  where  necess a ry) use r ’s
requirements, and then deleted by the URA comman d DELETE . When
the proj ect lea d er decides t h a t  all necessar y  inforl a tiD n has
been gathered  and  anproved for a specific object nam e, the
K!YW O~ D should be dropped by using the D ELETK — PS L comman d for
the URL statemen t w i t h  the fo l lowing form:

CBJ !C T— TY P~ ob jec t -name—concerned ; K E Y W O R D  imp l i ed— re qu i  resents;

3 • 14 • 2 ~~~~~~ ~~ the ~~~~~~~
No w , each assigned ana ly st can select the system objects
assigned to h im for f u r t h e r  s tudy  and genera te  the i r  h i ther t o
complete description by giving to URA the following comm ands :

MG S= ’KEY=assign e d— an alys t— la s t— aa m e ’
1* in order to obtain all possible names , undefined included */
PPS A5 /* the option ALL—STATEMENTS (AS) causes also printing of
all permit ted  s tatements  about  the given type of object , which
have not yet bee n stated*/

Before he goes to interview a n y  person which holds the
mana g em e n t-positions indica t ed for some object names , he shouldp 
study the available organizational documentation . On that
basi s, he can wr ite down addit ional  URL statements about the
assigned objects , wh ich  he considers to be the explicit
description of the i m p l i e d  user ’s requirements. The interviews
wi th the assigned pe rsons should not be started before the
ana lyst  has exha usted all available sources in the form of
available documentation and has prepared a preliminary image how
he views the problem . This way, th-e ana lyst can later obtain
more Easily the competent comments and suggestions from the
interviewed persons. If the analyst introduced names of new
objects and separately described the m sore in de tail (fo r
instance, da ta GROUPS and ELEMENTS in payroll— report), t h e y  also
should  be marked  by the name of the appropriate person to be
interviewed and to be asked for approval . They also should be
clearly marked and presented as the first draft and subject to
changes . That  subsequently enables the analyst to separ atel y
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generate any k ind of URA reports containing the statements
concerning on ly  that person . Rere is a sample of these kind s of
st at emen ts, whic h the  analyst  made a f te r  s tudying the
appropriate forms and associated organizational documentation:

~~ OT3 P t — p r e s e n t — p a y— c n e c k — c o n t e n t ;  S Y N O N Y : ~ p a y — c h e c k ;  CONSISTS
C?: emoloyee— nane, ne t— pay, check—number , pay—date; ATTRIBUTE:
accompan ied-by pay-state.ent—attv; SOURC E paycheck-form,
union—regula tions; P~ OBLEM—DEPINER analyst—last-name ; KEYWOR D
IS: first—draft—sub ject—to—changes ;

GR OUP pay—statement ; CONTAINED IN:  tas k— payrol l -outputs ;
CONSISTS OF: em ployee—na m e , social— secur i ty—number , pay- date ,
check—number , total-hours, gross— pay, to tal—deductions, net— pay,
federal— tax, state-tax , fica— tax; ATTRI BUTE: accompaniem
pay—chec k—attv; SOURCE pay—statement—form , union— regulations ;
K E Y W O R D  iiplied- requ i rements ; A TBIBUTE to— b e—approved—by
u a y r c l l— d ep a r t — . a n a q e r — a t t v ;  P R O B L E M — D E F I N E R :  an a l y s t — l a s t — n a m e ;
~EY 1C~ D IS: f i rs t — d r a f t — s u b j ect—to—changes ;

S im i l a r  s tat emen t s  could be made for other names marked by the
!E YW O 9D im p l ie d-r e qu ir e me n t s .  Note that the ana lys t , w h i l e
st u d y i n g  the c h e ck - f o r m  and related regulati ons , r ound  ~ ut t ha t
it must be accom panied by pay—statement. Therefore, he fe lt
obl iged  to s ta te  jr e x p l i c i t l y ,  describe the p a y — st at e m en t  and
p rov ide  it wi th  s imi l a r  KEYWORD , ATTRIBUTE and A T T R I B U T E — V A L U E .

Now , usi n g the tJ RA comman ds:

Nr S=’ATTR=to~be—approved—by,payroll—depart—m anager-attv ’yp s ~
lie can ob ta in  the  complete  description of user requi rements  for
all. system objects  which  have  to be pres ented for  approval  to
the  p a y r o l l - d e p a r t m en t — m a n a g e r .  This w a y  the  in te rv iewed person
is b othered only once and furnished only with report s pertaining
to t h e i r  f ie l i  of r e spons ib i l i t y .

3. ‘~ • 3 ~~~~~~~~~~~ ~~~ ~~~~~~~~ ~~~ ~~~ First 
~~&~~yi~~

(for analysts)

A comprehensive introduction during the interview might be
composed of

a) an overall PI TURE report illustrating the most general
statements about the system ’s INPUT S , PROCESS and OUTPUTS ,
(if applica ble) at the highest leve l of abstraction ,

• f ollowed by

b) main—objective MEMO ,

C) FO RMA T T!D— PRO B L EN —STATZ M E N T reports , which r epresent the
verbal comments  to the P I C T U R E  repo rts.

d) more  specific breakdow n of most impor tant  systims objects
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(fro. the point of view of the exte rnal user) such as
• CUTPUT S , INPUTS and sometimes IN TER FACES and PROCESSES

in volved , if the  PICTURE reports do not present it clea r
enough .

The gene ral introductive report usually can be presented to each
interviewee, if it d oes not contradict  some security
precautions. Th ey should be followed by reports which ar. the
main subject of the in terview.  The latter shoul d contai n only
those system ’s objects of interest to the interviewed person .
These groups of URL statemen ts should be pr inted as separate
sets of UR.~ reports concerning each interviewed person . For
economic reasons , it is wise (one day in advance) to ord er the
UR A to p roduce t he. in ba tch mode during the period of lowes t
computer  charges (usually over n igh t  or weekend~ . The 3vernight
dela y in most organizations is insignificant to the analyst.
Those objectives can be achieved by the following set of URA
commands  embedded i n t o  the  computer  instal lat ion de~ enda nt j ob
order conman d s  n o t  shown in th is  example :

SET tB=u ra-data- base—name P kM=PAYNCLL—SYSTE’4 ECHO=OFF -

PA P A L~ET!RS OFF PROMPT OFF
PICTU RE N=t a sk—oayro l l—pr oc e ssing
?PS N =t a s k -p a yr o ll—processing AS
PICTURE N = t a sk — p a y r o l l — o u t p u t s
FPS N atask-p ayrol l -output s  A S
,v The end of general  report s */

N G S= ’A TTR = to—be — approved—by ,—
p a y r o l l — d e p ar t —  m a n a g e r — a t t v ’

FP S AS
/* an d  so on , for other mana gement positions indicated by ATTV*/
STOP

3.5 L odu2in~ ~~ ~~ ~~ Users

(for analysts) -

Going to the use r for  the f i rs t  intervie w wi th  careful ly
prepared UPA reports concerning a subject  which is easil y
comprehensible and wel l— k now n to the interested user is the best
in troduc tion of URL itself to the prospective user. The
a n a l y s t’ s introd uctive oral comments  and explana tions gi ven for
the usually self—explanator y tJRA PICTURE S RUCTUP.E and FPS
reports simu ltaneously become an introduction and explanation t~URL conventions. The user may not even notice that he is being
introduced to a new language; maybe it is only the analysts own
rigid and concise way of presenting information processing
prob lens.

The more that  the  analyst  keeps using meaningful ,
se l f—explana t ory and familiar name s to the user, the mor e he
succeeds in the smooth introduction of the prospective user to
the URL and the URA repo r ts.

Invariably,  all interviews result in some extentions and
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a l te rati ons of the  presented mater ia l .  The analyst should never
f o r g e t  to  ask  whethe r the in terviewee has any addi t ional  ideas,
sugge stions , or reco.iendations that  have possibly been miss ing
and could i m p r o v e  t h e  presen t service rendered by the  syste. and
wh ether he w3nts credit for them . Sometimes this is possible
v it ~~ ou t  increasin g the operational cost. Such an approach can
ga in  bet ter cooper&ticn from the  user ’s s t a f f .

In case the twgat information processing system is inta nded to
sup p o r t  a decision m a k i n g  process , the analys t  should obta in
f r om t~e in t erv i ew e d  decisi on m a k e r  an e s t ima te  of expected
in c remen ta l  ga ins  in his object ives whic h could be attri butable
t~ 1~be s ys t em ’s mai n ou tpu ts . At the  present level of U R L , tha t
coul d be recorded by means of A T T R I B U T E S  and A T T R I B U T E — V A L U E S .

I t  is i m p o r t an t  tha t  all cha nges u pon wh ich an agr eemen t has
been reack~ed dur ing the interview session are immediatel y
‘r an s l a ~~ed an d  v r i t tø n  down by ~he analyst into the form of UPL
s~ atem~nts . This lessens the probability of a misin terpretation

~

,f ‘he decision maker by the tualyst , an d minimi zes the prob lems
of t h i s  n a t u r e  a f t e r  the revised d c c um en t  is pre pared .  If a
fo r, i~. r ecord is t a k e n  from each i n t e rv i ew , its substanc e should
o~ wo rded as muc h as possibl e b y us ing t h e  user- d efined na me s of
ooiect s  and URL reserve d (ba sic an d a u x i l i ar y ) words.  suc h a
-~ cor d , a f t e r  minor  ed i to r i a l  changes  (putting t h e  auxi liary
tex t into /* ... */ ) , when type d cm a computer terminal, can
s imul taneously  produce an inpu t  f i le  for URA INPUT—PSL command.
An overnight  pro d uction of the appropriate part of tile URA
re po rts revised by t h e  ana lys t , and the i r  presentat ion to  the
user the nex t  day  a~~ter the  i n t e r v i e w  has m a n y  sign i f icant
adv an tages :
- The user appr ecia tes  prompt  reaction to his co•ments by  the
a n a l y s t  and tha t  he is asked fo r  ve r i f i ca t ion , correctio ns and
addi t ions .
— 9e rem embers e xac t ly  wha t  he agreed upon.
— tie get s in volved i n  t he  developmen t of the  sys t em when he
feels his  comm ents  a re  seriously included into the design
requirements .

— ~itb ou t  a conscious e f fo r t , the user s tarts to th ink in URL
convent ions  and bene f i t s  from them .

A f t e r  a l l  necessary user regui rements  concerning the target
syste m in developmen t h a v e b een gatherea , app roved , and stor ed
in t h e U P A  d a~a base , the project team using URL/URA can proceed
to t h e  second st age of system development — a computer—ass isted
investigation of the object system and present informat i on
processing system.
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4 . INV!STIGATID N A N D  ANALY SIS OF TRE OBJEC T SYSTEM AND THE
PRE S ENT INFO RMATION PROCESSING SYS TEM

(for  analysts)

The tar~get i n f o r m a t i o n  processing system is intended to se rv e
the object system which may be any kind of organization. Be fore
the systems analyst can procee d to the logical design of the
target  system he must get acquainted wit h the ob j ect system.
The URA Language ii particularly well suited to coaputec
assisted description , invest igation and analysis of object
systems. This includes present information processing systems
that  are described b y  any of the known analysis and description
m ethod s, such as IR~ ‘s Stud y Organiza tion Plan (SOP) ani
Busi ness System P lann ing  (BSP) , INPO TE CH ’s S t ruc tu red  An al ysis
and Design Technique (SA DT) , W A R N IER ’ s Logic of In forma t ics
(LI) , or tne Swedish ISAC ’s I n f o r m a tion Analysis  (IA) (see
Teic hroe w , Gackovski, 1~~77].

Accord ing  to some a u t h or s , syst em invest igat ion’  and analys i s2
is a precise d iagnos is  ot the  problem or need , and  a
dete r ~r in a t ion  of objectives and performa nce requ irements . This
is t h e  case , whe n t he  user i.s u n a b l e  to state his own needs and
ob jec t ives .  How ever , eve n in  our  exampl e, where  the  major
o er f o r m an c e  requi rement  is s t a t e d  expl ic i t ly , there are still
several, other aspects of the ta rge t  system which mus t be
determined by investigating the ob ject system . For instance,
our hypothetical user left the payroll—inputs as subject to
change by  the syst em designer. This is not the case wit h
~ay r c l l— o u tp u t s  vh~ re on ly  t hei r  f o r m  m ay  be sub j ect to changes.
However , it makes a consi derable d i f fe rence  in respect to  the
system ’s perfor m anc e  an d scope as to how many types and
instances of inpu t  da ta  per employee  must  be processed in order
to produce the  r equ i red  paychecks . This can be discover ed on].y
by inves t igating the present i n f o rm a t i o n  processing syst em .
S im i l a r l y ,  t he  k ind of o rgan iza t ional changes tha t  m a y  an d
should  be iade a fter the implementat ion of the t a rge t  syst e. in
order to achieve the desired reduct ion of operat ion cost s, can
be deter m ined only by s tudying the objec t system wi th in  whic h
the target system will operate. Until the necessary facts are
gathered , a logical design, a meaningful feasibility study, and
an impac t  ana lys i s  of the ta rget  system on the  object system
cannot  be under t aken .

Howe ver before s ta r t ing  this task , the systems analyst should
get acquainted w ith some useful conventions in assigning the
real—world object types to URL objects and with the naming of
thes e objects.

t 
~nves~~~~~~~~ — is used throughout this guidebook in the

meaning of stud y and fact gathe r ing  about the ob j ect system and
the present in fo rma t ion  processing system.

~~alvsi~ - is used throughout  this guidebook in the me anin g of
decomçosition of a larger objec t into smalle r parts and studying
the i r  interrelat ions.
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4 .1 Assi~~ jn~ U~~ Qb i ect ~~~~ types ~~ ~ vste~ ~~~~~~~
URL requires tha t each system object named by the analys t must
be assigned a certain URL object type. There are 27 typ es
ava i l ab le  of which 18 can be def ined  by t he i r  own U R L  (sec tion
headers) statement of the following form :

URL— reserved— word—for—object—type
ana lys t—def ined- name ( s )—of — sv stea—ob j ec t  (s) ;

The other 9 can be defined by the DEFINE statement. In
addition , SYNONY~!S can be defined for each object type using the
DESIGNATE statement .

The ass ignment  of a U R L—obj ec t  type to a system ’s object via its
na~e is crucial. Statements that can be mad e about an object
and  i ts r e la t i onsh iD  to o ther  obj ec ts  are  l im i t e d to those
ivailable in the oblect section of the T 3R L m a r t ia l .  In so~~e
situations ~he cnoice of a type for a particular sys tem object
is clear; in other situations there may be several  l eg i t ima te
choices. This section discusses the situation in which there
are alternatives .

~ . 1.1 ~~~~~~~ versu s PROCESSES ~~~ PRQ~~ SSORS

In very general. terms, a PR OCESS is an activity which is part of
the target system. A PROCESS is performed on collection s of
data values represented by names of ELE~ ENTS , GROUPS , EN TI TI ES,
SETS and INPUTS whi ch USES them to DERIVE new collectio~ s of
values. The PB3CES S can also UPDATE internal data. The data
waich is used by a PROCESS can come “fro m ” a n y  other PROCESS ,
and the internal data which is DERIVED can be USED by any other
PROCESS.

In con trast, an IN TERFA CE is a uni t  outside the boundary of the
targe t  system wh ich can produce data for the target  syst em
(GEN EFAT E an INPU T) and/or r eceive data from the target system
(RECEIVE an OUTP UT) .

A n objec t t !ie:efore , sho uld be assigned an IM TEP .FA C ! typ e only
if it in teracts with the target system , namely, that it will
PZ E I V or ;ENE P AT ! d a t a .  Dtne r v i se , the organi zational units
(obja c ts )  wh ich  wi l l  perform PROCESSES (act ivi t ies)  w i t h i n  the
target system should be assigned the type PROCESSOR.

4.1.2 
~~~~~~~~~~~~~~~~~~~~ 22.~22I~ u~ ilhI~IE~S

INP’TtS, OUTPUTS: and ENTITIES are URL types of objects which
“ contain ” or “c a r r y”  collection s of data values. Conceptually,
tha t  typ e of name can represen t both the “cont ainer ” or the
collection of da ta value s contained in that container.
Furthermore, the container can be regarded as physical, that is,
a card, a tape , a reccrd on a disc , etc., or it can be regar ded
as a logi~~l co~s~ruct which may or may not be physicall y
implemented in that for..
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A system object should be designated as an IN PU T if what is to
be specified is a container with data values coming into the
target system fro. outside, i.e., from an  INTERFAC E .

A n o t h E r  d i s t i ngu i sh ing  characteris t ic  of INPUTS and OUTPUT S is
that they are temporary as far as the target system is concerned
when interpreted as “containers 4’ of data values. There  m a y be
mul tiple instances of the partic~ilar INPUT coming in, but once
it is received by a PROCESS, the particular instance disappears.

For example :

INPUT ti3e—card;

implies that the system will receive objects of type INPUT which
are call ed time- card . The ~uaber of individual ‘time—cards’which arrive is specified by the HAPPENS s ta tement .

S i m i l a r l y ,  an object should be designated an OUTPUT if it is a
“conta in er ” of data values an .! if it is specified to lea ve the
target system . Again , there may be multiple instances, each ona
of which has to be G!NE~ATED an d each leaves the system . ~~ce
individual insta nces of the OUTPUT have left the target system ,
they are no t considered par t of , or accessible to. the target
system.

The reasons for distinguishing INPUTS and OUTPUTS from ENTITIES
and GFOUPS is that:

(1) eventually the physical. medium on which they appear and
the i r  r epr e s e n t a t i o n  wil l  have to be specified,

(2) the source and dest inat ion can be related to INTERF AC ES ,
(3) t ime and vo lume can be specified f o r  INPUTS and OUT PUTS but

not for GRO UPS.

An E N f l T Y  is a “ container ” of data  values; in this  respect it is
equivalent  to an I N P U T  or OUTPUT.  However , it d i f f e r s  f r o m
INPU T S and OUTPU T S in that  it is internal  to the system and it
is permanen t. Therefore , an ind iv idua l  instance of an ENTIT Y
must  be created , i .e . ,  DERIVED , with the exception of ENTITI ES
which are conceived to conta in ELE~ !NTS with constan t values .

A g a i n , the ENTITY may be a “logical” collection of da ta values
or i t m a y  be a “phys ical” collection. W hen it is design ated as
a phys ica l  collection, it will probably  be implemented as a
logical record or ph ysical. r ecord which is maintainea by the
syste. in some way.

Therefore , an object which is a collection of data values that
is inter nal to the ta rge t  system and is maintained withi n the
system should be designated an ENTITY ra ther  tha n as an INPUT or
OUT PO T .

* . .
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4 . 1 . 3  
~~~~~~fl ~~~~~~ ~~~~~ ~~4 ~~~~M ENT ~

~n E N T I T Y  is a logical collection of data GRO U PS or ELEM ENTS
tha t  a re specified by  CON SISTS statements.  A GROUP may also
CONSIST of other GROUPS or ELEMENTS . But a range of dat a values
can be s pecified only  fo r  E LE~ ENTS .

The ma jor di stinction between EN I I T IE S an d G ROUPS lies in tha t
an E N T I T Y  is a c o n t a i n e r of t he  values of the ELEMENTS o f  wh ich
it CONSISTS . A ~ROt1 P, on the  other hand , is merely a notational
convenie nce fo r  n a m i n g  a collection of E L E i EN 1S .  Wh en ev er the
a na l y s t  f i nd s  t h a t  a set of data  E L E M E N T S  appear in a number  of
situations together , he can save his wr i t ing  t in e  and analysis
time by definin g the collection as a G E i O U P S

Other differences between ENTITIES and GROUPS are the following:

1) GROUPS can be CONTAIN ED in ENTITIES , INPUTS , and OUTPUTS,
but ENTITIES cannot.

2) ZNTI~~fS (and INPUTS and OUTPUTS) can be C3~~ A I N E D  in SET S,
tut ~?OUPS cannot.

3) E N T I T I E S  can CONSIST of GROUPS but not of other EN ITI!S.
GROUPS can CCNSIST of other GROUPS, but of cour se n o t of
ENTITIES.

4) GROUPS can be used as SUBSETTING CRITERIA of SETS and to
:DENT:Fy ENTITIES , but ENTITIES cannot .  ENTI TE S can be
R ELATED via REL A TI ON statemen ts an d hav e ASSOCIATED data
consisting of GROUPS.

5) As far as PROCESSES are concerned, the same s ta tements  that
can be made about  ENTI T IES  can also be made about  ~ ROtJ PS ,
th o ugh when the ENTITY is used in a s tatement , the
appropriate statemen t about the ELEMENTS or GROUPS
c O N T A I N E D  in  t h e  ENTITY must  also be made.

~) Poth ENTITIES and GROUPS can have SYSTEM PARAMETERS
associated wit h the CONSISTS s ta tement .  In additio n , the
ENTI TY can have a C A R D I N A L I T Y  and VOLAT ILIT Y statem en t
wh i le  a GRO UP c a n n o t .

The probl em def iner  should speci fy  an object to be an ENTITY
whe n he wishes t o  refer to a number of ELEt~ENTS or GROUP S an d a
collection of  values they can contain as a unit .

L4.1.L4 fj~jtj~n ~~

The l ighest leve l GE L objec t—type  —- which eventually, at the
love - t  leve l of decomposition , contains data values —— is a SET.
A SE may  be divided into subSETs to any level. The subdi vision
need not be hierarchical since a SET may be a subSET of any
number of other SETS and a SET may be subdivided into ~ibSETS inmore t h a n  one w a y .
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Ther e a re  t wo  w ays  in  which a SET may be subdivided. The first
~j , v  is ~‘v in d icating an E L E M E N T  name whose value is assigned to
be the SUBS~ TTIN G—CRITE?ION’ on whi ch a SET is to be
paititioned , e.g. the SET “customer—information ” m a y  be
subdivided by “state ”:

SET cus t o m e r — i n f o r ma t ion;
SUBS E T T IN G— C PI TEP IOM IS state;

In this case “st ate ” is the name of an ELE M E NT. If more than
one ELEMENT is given in the statement , the specification of
whether all, som e, or any are mean t shou ld be included in the
DESC ~IPTION .

Th e secon d w ay is to def ine  an ob j ect type  SU BS ETTIN G—C E ITER ION.
In this case that object is not an ELEMENT and can be defined in
mo re detail in a DEFINE section . This metnod should be used
vh~ n the criterion for subdivision is not an EL!~ ENT , i.e., if a
SET is to be subdivided on the basis of one or more ELEMENTS
which are not contained in the ENTITIES in t h e  SET and these
SLE~ !NTS should be used as the SUBSETT NG-CRITER ION.

ifl top — down deve lopment , a SET should be divi ded in to ~1bS ETS
until it is clear that ENTITIES have been reached. For exam ple,
in a personn el system the name assigned to all of the stored
information might be “personnel— information ”. This may be
subdivided into “sal aried~per sonnel—informat ion ”  and
“hou r ly— personnel—infor ma tion ” and into
“cur ren t—p ersonne l- i n f o rm a t i o n ” and
“inactive—personnel-information ” and so on. At some point , a
level will be reach9d at which the units should be defin ed as
ENTITIES.

In bot tom—up de f in i t ion  the ELE M ENTS would first be defined
ind iv idua l ly , then  naae d as being contai ned in part icular
ENTI TIES . Thes e would  then be named as being contained in SETS
w h i c h  could be made to be conta ined in other SET S and so on.

Gene rall y the  point a t  which the  subdivision of SETS int o
subSE T S is replaced by t h e  definit ion of ENTITIE S is where t he
contents of the EN TITY are wall  enough defined so t h a t  one can
~h i n k  ~f a number of instances of the ENTITY containing the same‘~L E V ENT S . ‘or example , consider the def in i t ion  of a GEL dat a
base which will  be used in the  design of a physical syst em .
D u r i n g  this process the  data base wi l l  be update d as new
informat ion  is obtai ned . Initially the data base may be nam ed
as:

SET: pb ysical-design—inforsation;

I !or the  purposes of this description GROUPS may be regarded
merely as a shorthand way of referring to two or more EL EM EN TS .
Therefore where ever the word ELE M ENTS appea rs in this
descript ion , implyi ng two or more m ay  be used , th e word GROUP
can be substi tuted.
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The information may be then thought of as consisting of
i n f o r m a t i o n  descr ib ing  the  compute r  hardware tha t  wi l l  be used ,
the  d ata base of the ta rget system , the nonco mpu terized
procedures, the sof t ware , etc. Since different data elements
w i l l  he use d to describe each one of these types of i n f o r mat i o n
t h e se  could b~ d e f i n e d  as EN ITIE S or as SETS. If it is clear
t h at  the sane da ta e l em en t s  will ,  be used for all instanc es of ,
fo r  example , the computer hardware description it would be
ap p r op r i a t e ly  d e f ined  as an E N T I T Y .  On the other hand if at
t h i s  point , i t  a p p ear s  t h a t  h a r d w a r e  n ay be f u r t h e r  subdivided
into Ci)tTs, t e rm i n a l s , etc. which are li~ ely to be described bylifferen t ~leme nts it would be better to define the differen t
ty nes of information as subsets as fol lows:

S~~ ohysical— design—information;
S~~3SETS A R E hardware—information ,lata-uase—information , noncosputerized— proced ures,
so~~ w are— intornation;

At this point the hardw are information m ay be though t of as
consistinq of information about CPUs, about auxilary memories,
t ermii~als , etc. If each of these now can  be described b y  the
same col lect ion of ELEi1 EN T S, these could be d e f i n e d  as f o l l o w s :

SET h ardware—information;
CONSIST S of C P U — i n f o r m a tion ,
auxilary- memory—information , terminal-informa tion;

Wi th this lefinitjon URA would treat these three new names as
U N D E F I N E D  since they  could be ei ther  GROUPS or ENTITIES .  If the
problem definer is uncertain as to whe ther he wants to call. them
SETS or ENTIT IES he can leave them in this f o r m  un t i l  ha
soecifically determines the data content and ver ifIes that it
will  in fact  be homogenious.

In “JBL a particular object of type SET is define d in detail by
s pec i f y i n g  t h e  names of only ENTITIES, only INPUTS or only
OUTPUTS.

In particular , a SET may consist of ENTITIES. This definition
n e a r s  that the SST in the target system will contain som e number
of instances of each of the named ENTITIES.

:n the target system there nay be an arbitrary number of the
instances, including zero , of each one of the ENTITIES. The

• particular collection of data objects wh ich make up an ENT IT Y
may vary over t ime in  the ta rget system but the types of dat a
oblects whic h may  occur is f ixed  b y the de f in i t ion  of the SET.
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4 • 1 • S ~~ TITLES y~~ su~ ~~~~~~~

EN TITIES and SETS are equivalent  as far as data operations are
concerned since bot h ENTITIES and SETS may be USED , DERI VED or
U P D A T E D  by PROC E SSES.  They are also equivalent in i n f o r m a t i o n
a b o u t  their  size since CA~ D I N A L I T Y  is sp ecified for each by a
SYS’ E N — P A R A ? I E T E R  and system d y n a m i c s  i n f o r m a t i o n  in that
V O L A T I L I T Y , in each case, is described by  a comment -en t ry .

ENTITIE S and SETS however , d i f f e r  in four  very impor tan t
respects:

1) ENT ITIES cannot be subdivided into other ENTITIES , wh i l e
SET S can be subdivided into subSETS in man y ways .

2) !~1TITIES may CONSIST of GROUPS or ELEMENTS whi le  SE TS
cannot  contain these da ta objec t directly.

~) N T I T I Z S  m a y  be I D E N T I F I E D  by ELEMENTS .

~4)  E N T I T I E S  n a y  be involved in RELATIONS .

( 1) and (2) make it possible to use an ENTIT Y in the sam e sense
that E.F. Codd uses “relation” , i.e., as a table with many rows
identified by the IDENTIFIER , and the sa me set of column s,
namely the ELEMENTS of wh ich the ENTITY CONSISTS.

(14 ) ma kes it possible to describe requirements of stored dat a
w i t h o u l  i m p l y i n g  a phys ica l  data organi ’~a t ion.  This is fu r t her
described in the section on RELATIONS.

SET S an d ENTITIE S m a y  be USED , TERIVED and GPDArED. Whenever
one of these statements is m ade , it is implied tha t  at  least one
ELEMENT or GR OUP is USED, DERIVED or UPDATED .

An analys is  of e xist ing overlaps can be obtained f rom the  U RA
CONSISTS COMPARISON report.

~ .1 • 6 j~~j~~ ~~~~~~~~~ ______

GEL per m its the de f i n i t i o n  of an object— t ype called RELA TION .
The basic  purpose of th i s  fac i l i t y  is to permit the  logi ca l
definition of da ta as viewed by users of the target syst em
without implying a particular phys ical i mplementation. The
problem definer can concentrate on describing the logica l view
of t h e  data . The physica l designer can be cer ta in  tha t he has
received all the logical requirements in a f orm he can use to
e val u a t e  physica l i m p l e m e n t a t i o n  a l terna tives.

The fcllowing example will illustrate the use of RELATI3NS.

A univers i ty  wis hes to develop a compute r aided registration
system. The pur pose of this sytel is to 1) enroll s tu dants  in
courses of their  choice subject  to constraints  on e l igibi l i ty ,
2) to  pro duce hard-copy L ist s of the courses each studen t is
enrolled in , and 3) generate a list of all students enrolled in
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a course for each instructor . In addition various managemen t
repo rts are to be produced.

The u n i v e r s i t y  has ap p r o x i m a t e l y  140 ,000 s tudents enrolle d in
each term. It offers approximately 10,000 courses. Students
a:e enrolled in an average of five courses and are on the
waiting list for one additional course.

Durin g the re gistra t ion period which star ts eigh t weeks before
the beginning of a term and ends four weeks after the beginning
of a term , there is a great number of ch anges. Departments add
new ccurses and cancel others in response to student int erests.
Students change their course preferences based on availability,
time conflic ts, etc.

The new syste~ is required to respond to these changes guickly
and to follow throug h the conseque nces of any one change .

In defining the requirements of th is sytem , the n eed for
“stored” data will require the definition of two ENTITIES; one
for s4udents and one for cou:ses.

ENTITY student- information ;
c0NS:STS OF student—identification ,

other—student—information:
iDENTIFIED BY student—identification;
EN TITY cou r se- informat ion ;

CONSISTS OF course—identification ,
other—co ‘irse—identif ication;

IDENTIFI ED BY course—identification;

The othe r i n f o rm a t i o n  in each case will consist of the  da ta
necessary to des cribe each s t u d e n t  and each course respectively.

Courses and students are related by: enrollment, wai ting list,
grade , etc.

If t h e  relat iona l i n f o r m a t i o n  were included in t h e  EN TIT Y
s tuden t— i n f o r m a t i o n , the system may well be implemen ted with
course-infor mation in the student record . If the system will
a lw a y s  be used to  produce ou tpu t con ta in in g all or some co urses
in which a student is enrcllei or on the waiting list, t he se may
be ASSOCIATED—DA TA .

14.2 Naij~~ C~~~ efl j2n~ Q~ ~~~~~~~ ~biects

GEL requires that all objects have unique names. This is one of
the f e a tu r ~s which m a k e s  a descr ip t ion  i n  IJR L more precise and
u n a m b i g u o u s . In the (IRA ana lys is, the n a m e  itself is not
impor tan t - it could just as easily be replaced by an
arbitrarily assigned number — it is the relationships in which
the name appears tha t is impor t an t .

For human unders tanding , how ever , the na me itself is ver y
impo rtant since it permits the reader to associate the objec t
wi th Eomething in the real world wit h which he is familiar — the
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name means somet hing to him . It is, therefore, very des irable
to ensure  th a t the name s are as mean ing fu l  as possible and  that
the  mean ing be as consis tent  as possible to all readers.

This can best be accomp lish ed b y estab l ishing an d consistently
following cOnventions and standards. Unfortunately, there are
no universally accepted conventions and standards. This section
con ta ins some sugges t ions a n d  guidel ines .

Since the different types of objects pla y different roles, the
guidelines for naming for each type are different.

Since each ~1BL ob j e ct  must  be of a specific type it is usual ly
des i rable  to be able to i d e n ti f y  the type  f r o m  the n a m e  itself .
This is incorporated in the guidelines give n for each type of
name below.

Names are essentially meaningful codes and t h e r e f o r e , the
-~ethods for develoDing such codes are applicable to the naming
prob len .

~Rning conventions m ay include the categories of terms which may
be u sed and the order in which they are to be used. In some
cases t h e y  m a y  a lso include a list of avai l ab le  te rm s .  The
collection of terms should always reflect the terminolog y that
is customar y and f a m i l i a r  to the  even tua l user ’s s taff  and
m anage m e nt , and not the analysts  prefere nces , for  they are  first
of a l l  communication media w i t h  the  system user.

Da ta LE.’~~NTS , ~~~~~~~~~~~~~ .~N TIT I E S , ~~~ ~~~~
A data ELSNENT should be named by a noun which in plain English
designa t es t h e  collection of data values it is intended to
represent , fo r  i nstance : na m e.  If there are several collections
of va lues  of this t y p e  which the  analys t  wants  to distin gu ish he
can m o d i f y  the  noun by any  a d j ec t i v e , fo r  instance:
mana qer— name , employee—name , customer—na me.

A h igher  level collection of data E L E�I E NT S shoul d be nam ed
similarly by using more abstract expressions with a broa der
meanin g such as:

—— address—sp —— sp for a data GROUP whic h CONSISTS OF:
rec ipien ts-name , house-number , street—name , localit y— name,
s t a t e—name , zip—code ,

-— employee—recor d——for an ENTITY which CON SISTS of data
GRO UPS: employee—address and other—information ,

-- payrol l—transac t ions——for  a SET which CONSISTS 0? data
EN TITIES: time-card , job—card , leave—of—absence—car d,..,

-— payroll—se t s—-for  a SET wh ich  SUBSETS A R E :
payroll— transactions , payroll—master , payroll-reports , and
which is in turn a SUBSET 0? f i sca l—data—base  -— a higher
level 5E?.
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Gene ral ly ,  n ames of SETS used to represent a master file or a
data base should have the last term like —master and —data—base
respectively .

ENT I T IES are best thought of as logical records and ther efore,
can have a las t  tern such as —informat ion or —record if a more
physical connotation is intended.

Th e OUTP UTS and INP UTS shoul d be nam ed s imilarly as a bove, but
in addi tion with the ending term such as —report , —ou tpu t or
—in put an~ so like respectiv ely.

Nam es of INPUTS may also end in a carrier type term , e.;.,
—car d , —messa ge, —document.

4.2.2 ~~~~ ~~~~~~~~~ ~~~~~~~ ~NT ITI~~
T !RL enables  the  an a l y s t  to d e f i n e  some logical  re la t ions  which
ezist between different kind s of data ENTITIES . The recommended
namin g conven tion is to connec t the names of the separate
E’~TITIES with the preposition “tc ”. For instance ,
deoartment- to—emoloyee(s) , in  p l u r a l , if a one to m a n y
CCNN~ CTIVITY intended.

~~. 2. 3 
~~~~ ~~~~

A P R O C E S S  is an oblect  which represents an action , e . g . ,
deri ving data from other data. The basic part of the name
should be a verb which describes the action. Usually, the
object of the action should be included . For example:

calculat e—gr oss— pay

is a meani n g fu l  description of a PROCESS g iv ing both the act ion
“calculate” and  the objec t or  the  result “gross— pa y” .

When this convention is followed it is usually clear tha t the
object  is a PROC ESS. If desired , however , the  type  can be
inc luded , e .g . :

calculat e—gross—pay- process.

:r. assign in g the  act ion part  i t  is usual ly  d esir ab le to avoi d
word s wh ich have several leanings or which may be both nouns and
verbs. For example:

logical- design

is a name which is subjec t to several interpreta tions. A better
n ame woul d be:

design— loqica].—system
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L$.2. 14 !$I~~~~~~~i~~U ~~~ ~~I8U~~—VAL~~ ~~t~!

5TE~ — P A R A ~~ETER S or A T T R I B U T E — V A L U E S  should use
;elf—descriptive names f o r  the values they represent or are
~ela te 1 to, for instance: twen ty—five or number-of-empb yeesrespect ively .

4 . 2 .  E KE YWO ~~~ A~~~~~~~ TE Nae~~

An A T T R I B U T E may hav e only one  A T TRIB U T E V A L U R  f o r  a giv en
ob jec t  and , t h e r e f o r e , should be used w h e n  t he  classification is
mu tually exclusive. If an object may posses s severa l at t r ibute
values these mus t be defined as KEYWORDS .

Both KE Y W O R D S  a n d  A T T R I B UTE S are  used to describe object s and to
fac i l i t a te  subsequent  re t r ieval  of the obj ects tha t  they modity.
The A T T R I B U T E  n a m e , t h e r e f o r e , should be a m e a n i n g f u l En glish
name for any attribute that can be of interest to the
prosp€ctive user of the system. It may be a symbolic name when
it is in ten d ed o n ly  for  i n t e r n a l  use w i t h i n  t h e  proj ect  team ,
but  then the symbols should be sub ject to some separate stan dard
convention used by the team. This is re levant both to

and KEYW 3EDS because K E Y W O R D  names re p resent only a
simp l i f i e d  no t a t i on  tor A T T R I B U T E S  which do not have  mul tiple
A TRIBUT E—VALUES but simply exist or do not exist for some
system objects.

~~. 2. 6 Other  U s e f u l  Conv en ~~ ons in Namin g ~~~~
The project task , the ob ject (organizational) system , the
pres ent system , and , even tua l ly ,  all of the target system are
investigated , ana lyzed , designed and described during the
various stages of system development .  In  UR L/UR A all the
described system objects are stored in the same data bas e in
order to enable a f lexible  ccmpar ison  and analysis .  Ean y of the
objects are o f t e n  s imilar  or ate near ly  the same semanti cally,
with  the only di f fe rence  being tha t they  are part  of the
description of ei ther the project task , the object syste m, the
oresent system , or the  t a rge t  system . For retr ieval pur poses
th ey  can easily be recognized by assigned KEY W ORD names such as
task , object, present , or target. Still , i t  does no t  preven t a
misuse of the sa me system object n a m e  in all fou r system types.
T h a t , of course , could cause t he  crea t ion  of unwanted re lations
between objects in which abstraction should belong to only one
of t he  di f ferent  systems.

This ~ay be easily assured for the whole project tea m by
adopt in g a s t andard  n a m i n g  convent ion  for  all objects be longing
exclusi v ely to one of the mentioned system types in the
Zol lowing manner :
— all names of obj ects belongin g to the project task

descrip t ion should use a p re f ix , li ke task— or t— ,

- all names of objects belonging to the object syatem
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description should use a pref ix , lik e object— or ob— ,

- all names of ob jects belonging to the present syste m
description should use a p re f ix , li ke presen t— , pr- , or
is— ,

— all n a m e s  of objects belongin g to the targe t system
descript ion ~~~~ ~~~ ~~~ r~ref4j. The names chosen
should be the  simplest ones wi thou t  any artificial terms in
order to assure the highest degree of comprehensive ness to
the target  user when t h e y  are  presented in the  fina l
repor ts .

‘3ome ram ina  conflicts can occur w i t h i n  the  descript ion of  the
same system . URL, for the sake of unambiguity, does not allow
the use of the same name for different types of objects though
it is entirely legible and legal in natural languages and in
real life situation~~. For instance , semantically, the same
r1e~ ar taent-manager can be in URL

— an INTERFAC E which RECEIVES an OUTPUT,
— a PROCES5OR which PER?O R~ S a decision—making PROCES S,
— an AT T RI~ TJT E—VALuE or a KEYWO RD or a SOURCE name for

instance in a tIt.L s t a t e m e n t .

AT~RI 3UTE IS to—be—approved—by department—manager;
KE YW O R D IS depar tment -mana ger;
SOURC E IS depa r tm en t—m anager ;

~J3A would not accept such a use of the same name in any pair of
~he above ment ioned si tuations.  This naming conf l ic t  can again
be s-d ye d by ado ptin g a naming convent ion .  In cases whare  it is
necessary to use the same ana lys t  defined na me fo r  di f ferent  URL
types  of system objects, the names should be modi f ied  by adding
to the chosen name a suffix made of one of the permitted
abbrevia t ions of the appr opr ia te  res erved word , for instance ,
r i e p a r t m en t - m a n a g e r— i n t f , d e p a r t m e n t — manager— orcr ,
department-manager-attv , department—manager- key,
depa rtment-m anager-src.

In general , it is wise to avoi d those na mes and abbreviat ion s of
names wh ich are not meaningful to the system user. Therefore,
the  system d e p a r t m e n t ’ s s tandards and convent ions  should
s t r i c tly  p roh ib i t  t h e  analyst  to in t roducing  any a r t i f ic ial
te rms  (p re f ixes  or su f f ixes )  t ha t  are not part  of u se r—fr i end ly
names , excep t in the case of namin g conflicts.

These conventions should be defined before the description of a
syste. in U R L  is begun.  The project leader will usually
establ ish these convent ions .

~ ‘TWO ADS and ATTRIBUTES may be used to define the
characteristics of objects  whic h will ha ve leaning in the URA
repo rt generation process . For example , KEYWORD S level - i ,
leve l—2 , etc. could be a ssigned to objects defined at the
var ious  levels of t he  requirements description. These KEYWO RDS
could then be used to  retrieve information pertaining to a
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single level .

Other conventions may deal with the use of names and SYNONYMS .
Fo r example , if organizational—units or documents within an
or-janiza tion have both na mes and codes , the use of the m as
:~ reRFA cEs or PPOCESSORS or PZPUTS may require that the codes be
used as SYN3NY~S so t ha t i n f o r m a tion may ba re t r ieved by code.

S tandards  m a y  also dic ta te  that a RESPON SIBLE—PROBLE~ —DEPINER be
spec ified for each URL object defined , or that security
irtformai toa (either for target system objects or for IJEL
sections) be defined in a pa rticular way.

The fc llov ing  re fere n ces are re levant :

?r~aser , 197 1 ; I B M  D a t a  Dic t ionary;  3ut terworth , 1975 ; Simm ons ,
197’’; F l c re nt in , 1976; M cN am ee , 1973.

L~~ 3 Task Ass i~~~ ent ~~~ the ~~~ 1e~~ aam

(for Project Leaders)

f o l l o wi n g  aga in  our pr ’~vious payrol l  e x a m p l e , the p ro ject  leader
sh ould defin e , mark , and assign to the a nalysts all objects of
th.e targ et syst em and  the present— payroll—system which shoul d be
inves t iga ted. ‘In the  exampl e f rom section 3 , the most  i mportant
and  interestina ob’iects seem to be 1) t h e
nr e s en t— p a y r o l l - ir . p u t s, 2) the  p resent
or3aniza t ion a l-un i t s  ( I N T E RFACES)  which G E N E R A T E  par ts  of the
present— payroll- inputs  (perhaps some of them could deliver them
in ccmpn ter readable form), 3) the present PROCESSORS, PROCESSES
and RESOURCES inv olved with present—payroll—processing.  If the
project staff is not familiar with the object system and payroll
syst em at all , t hen the proj ec t leader should decide to
investigate both the obj ect system and the
pr esent— payrol l -system.

There  are also some general but useful rules (see Figure L4.1 by
Burch and Hod , 1 975) :

1) The less adequa te  t h e  present  infor mati on p rocessin g
system , the less time the analyst should devote to
investigatin g it , but the more the object syste m is of
interest.

2) The less iodification and the smaller the impro vement
sco pe , the more time the analyst  should devote to
invest igate the present in fo rmat ion  processing system and
the less to the object system .

Figure £1 .2 presents a generalized structure char t for use of
URL / U P A to describe systems.

Such an investig ation and analysis assignment can be pre pa red by
the project leader in the fo rm of following URL statements
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concerning our  e xample:

DEFINE to—in ves t igate AS K E YWORD;  DESCRIPTION;
To investi g ate and describe the object s denoted by name s
marked with this KEYWORD , by s t u d y i n g  and i n t e r v iew in g
SOURCES attached to them;/* rest like for  the  K E T W ~~RD
implied—requirements in s.3.1~.1 */
APPLIES TO: present—payroll—inputs,
present—prs—inputs—interfaces, present—payroll-proces~~rs,
present—payroll—activities , present—payroll—resourres;

INPUTS present-payroll-inputs; ATTRIBUTES ARE:
to— be-descr ibed—till da ta-elements, wher~ received- from ;
SOU R CE ARE p r e s e n t - f o r m s, payro l l—inpu t—checke r ; KEYWO R D IS
assigned—analyst—name—i ;

INT ZEFA C~S present—prs-inputs—inter faces; A~ TRIBUTE 3 ARE :
to— b°-also- th~scr ibed  as—processo r s—if—necessa ry ,
t o — d e s c r i b e — t h e — f e a s i b i l i t y — o f  c om p u t e r — r e a d a b l e — inputs ;
SOURCES ARE orgu—nanagers; KEYWORD IS
ass ign ed—an alyst—name—2;

P~O CESSOR present—payroll—processors; ATTRIBUTES AR !:
t o— b e — d e s c r i b e i— w i th  a l l — p e r f o rm e d — a c t i v i t i e s ,
and—wi th—resource—usage—by SOP— method; SOURCES ARE
all—involve d—em ployees; KEYWOBD IS assigned—analyst—name—3;
~E P F O R ~~S p resen t—payro l l—ac t iv i t i e s; CONSU M ES
present—payroll—reso urces AT RATE OF x-nni ts  PER
act ivit y—un it;
/* Note , t h a t  t h e  d e f i n i t i o n  of object type s, inves tigation
ATTPIBU”’ES, KEYWORDS and SCURCES for
present—payro ] . ].— acti vities and  pres ent-payr oll-reso urces is
not necessary, because they are closely rel a ted to the
above defined PROCESSOR and defined by the above stated URL
r e l a t i ons  *1

In this case , the procedure of using UR L/URA for the
inves t iga t ion  of the object system and the
pres ent— payrol l- process ing—system is siiilar to t h a t  des cr ibed
in section 3.
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L4 •~4 Defj~~~~ the PPQCES~ St~ uct urc

The major types of objects in systems are processes and data.
Each of these are involved in structural and flow relationships.
T~ e basic t a s k  in lescrib ing  a sys tem a f t e r  the  mos t i m por t a n t
~~ta object s have  been d e f in e d  can be s ta ted  as i d e n t i f y i n g  the
P!~OC ZSSE S, d e f i n i n g  their  st r u c t u r a l  relat ionshi ps an d
rep resenting the f l ow  bet ween them .

Wh en the system is described manually, it is frequently argued
t ha t  one sho uld f i r s t  define the process s t ruc ture  show in q  the
d ata f low betwee n processes , a n d  the n se para tely  de f in e  t he
s t ruc tu r e  of the da ta  showing the  processes whic h use and derive
it.

In a com pute r—ai d ed  s ystem , this procedure can also be f oll o wed
i~ d esired, though it is not really necessar y since the
consistency of ‘~he t w o  views or the system can be establ ished
an~ maintained in the data base .

~ost system s consist of a n u ib e r  of processes which are
interrelated in var ious  ways . In U R L there  are  provisio ns fo r
describing four types of relationships :

1) Logica l 3t r ’t ct ur e .  If ~i system con tains a larg e n~ aber of
processes it is usually not ver y meaningful. to list all of
the processes alphabetical ly.  It is much more meaningful
to have t h e m  in logica l groups  so that the s7stem can b.
mo re easily understood . This is usua l ly  shown in in
indented  l ist.

2) Decomposit ion Struct ure.  A s ta tement  of what  processes are
needed to help d e f i n e  o ther  processes in more detai l .  This
is usually shov n in a STRUCTURE chart.

3) The sequence in wë~ich data wi l l  f l o w  f rom one proce ss to
anoth er . This is u sual ly  shown in a f l o w  chart  or flow
diagram .

&4) Time or Triggering Statements . This is usually sh~ vn in a
char t  in  wh ich t im e  is one d im ens ion .

:t is often beneficial to combine several of these relationships
t o  f c r a  composite diagrams. The larger the system t h e  more
necessary  i t  is to d i s t in g u i sh these re la t ionships  an d  sho w them
separately.

U.~~.1 
~2~J1~~J1 S~~I1~~~~~~~~~.~~~U

A PROCESS should  be included in a logica l tree s t ruc ture  by
using the PART O F/SUBPARTS ARE statements.

The purpose of these statements is to allow a logica l tabl. of
contents to be produced in w h i c h  each PROCES S appears on ce , and
only once , and whic h allows the system to be studied in general
or in detail , or to quickly i d e n t i f y  any particular logi ca l
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area .

4 . 4 . 2 fflCC~ S~ ~~~~~~~~~~~~~

Each ~RCCESS i~ f i n i ti o n  c o n t a i n s  a description, in te rms of its
deco m posit ion in to lover level PROCESSES. This is accomplished
using the  f o l l o w i n g  s ta tements :  DESCRIPTION , UT I LI ZI ES / UTILIZ E D ,
tTSES/DERIV!S/UPDATES , PROCEDURE.

The D!SCPI ’T~~~M should c o n t a in  i n f o r m a t i o n  ~~ ich can be verified
by t h e  t a r g e t — s y s t e m user.  The systems analys t  and the user can
check t h a t  t h e  d 3script ion is consistent wi th  ot h er URL
~t 3t e m e r ts .  The fol l c w tn g ,  in text  form , ~h o u l l  be inc luded in
th~ 1escrj~tion :

~ brief statement .f the purpose of tha PB~CZSS. This
should usually be one simple sentence that can be
cons i s t en t  with , and elaborate on, the nane of the PROCESS.

b) ,~ statem .~nt of the logical  grouping in ~‘ti i~ h the PR OC ES S
appears based on the P A R r  OF / SUBPARTS A R E  s t a tement .

C) I s ta tement  of t he  decomposi t ion in which the  PROCESS
appoars based or. the UTILIZED/UTILIZES statement.

Each PRO CESS should be ~TTItIZED or TRIGGERED by at least one
Other PROCESS or TRIGGERED by some E V E N T .  These relationshi ps
should be includ ed in the PROCESS definition.

~ach PROCESS definition contain s a list of the PROCESSES which
it UTILIZES; these are given in the UTILIZES statements. These
s ta tem en ts shou ld  be consistent with  the order of s ta tements  in
the PROCEDUR E statement .

a system has only a tree invocation structure , the UrILIZES
statemen t should be used. The SUBPARTS statemen t need not be
used since a STR UCTURE report can be obtained by the UTILIZATION
ANALYSI S report .

~ PQ~ !DUP .~

The PROCEDUR E co mment  ent ry  should be used to show the steps
fo l l owed in execut ing the PR OCESS. Usually the steps should
correspond to the PROCESS which is UTILI ZED .

This s tatement  is m a n d a t o r y  for  t he  lowest levels of PR~ C!SSE5
as a specif icat ion f o r  f u r t h e r  p rog rammi ng e f f o r t s .  

~. . -~~~~~
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~4 . 5  Using nJR ~~~~~~R A  f o r  j~~ j~us Documentatj~~ ~1eth~~~
(f ‘r ana~~rsts)

~~~ nples of the use of UBA to produc e doecumentation acc or ding
to various standaris is given in Part V of the t J R A  Users ~an ual.

L~~• 6 çj~~cks ~~~~~ ~~~ the A~ alvs~
The ccnpleted investigation and analysis of the object syste m
and the present information-processing systems must be checked
for prec iseness, consistency and completeness. The logi cal.
design, the phys ical design and the  intermediate and f inal
documentation of the system must also be checked similarly .
Th er e fo re , the checks per formed and facilitated by URL/URA and
lescribed in this section pertain to all stages and step s of
system development and documenta t ion .

Prec iseness, consistency, and correctness are all checked by the
‘1? Analyzer as n ew information is added to the data base or data
is ~‘o dified in it. UPA can produce several hundred diag nostic
and error messages. Each is identified by a number. The
co~olete list is given in the “H6180,’Multics/URA User ’s ~1anual1’in n’i~erica l orI~~r to facili tate correction , In the discussion
below , the error messages are analyzed in terms of how they
contribute to good invest igation , analys is, design and
documenta t ion .

~~~~~ ~ h eck~ Re l a te d  to ~recjseness Carr.i~d, ~~~~~~~~~~~

A considerable portion of the error detection facilities in the
Anal yzer are used to check the “preciseness~ of new U RL
stat ements being added to the data base. (This is done lur ing
the execution of the URA command INPUT—?SL.) The Analyzer checks
t h a t  the  syntax is correc t and  tha t the user—defined names given
in t h e  new state ments  are consistent  with  names already in the
data base. If either of these conditions f a i l , an error
diagnostic is generated by the Analyzer to inform the user that
the irformation to be stored in the data base was am biguous or
inconsisten t wit h the information already there. No amb iguous
or inconsistent information is permitted into the data base.

a) !jr.tax Errors

Violating a n y  of the synta x rules of URL will cause the
Analyzer to generate  one or more error diagnostics.
Typ ical syntax errors are:

— use of illegal characters,
— misspel l ing  of U R A rese r ved words ,
- o mission of a semi—colon to terminat e a line.

Table 4 . 1  pr e se n t s  a complete list of diagnostics produced
when a s y n t a x  e r ro r  is encountered.
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Table (hi URL Syntax Error Messages

Error
~ n~ ~~~ ~~~~~~~

2 NLE X : NA~1 E TOO LO :IG
3 NLZX : ‘EOF’ N OT FOUND BEFORE END— OF—FILE
4 INDBS : EPRC ! OPENING DATA BASE FOR — data—base—nam e
5 NLE X : END—OF— P ILE IN ~IDE LE OF CO~~~ENT
7 SC AN ILLEGAL Ci4~~RACIE R — IGNORED

REDUCE : NO APPLICABL E PROCUCTIO N — SYNTAX ERROR — STARI
SKIPPING

11 ST~~ K : ILLEGAL sY:IBOL PAIR — SYNTAX ERECE — START
SKIPPING

16 C O?I EN T : END—OF— FILE IN COMMENT ENTR Y
17 SKIP: E ND OF FILE GU IL E SKI ?PIN G
90 R W L I S T  : S5CN IS ONL ! LEGAL TYPE IN DEFINE SECTION WHICH

CAN BE ~A I N ’ I A I N E D
114 VL ST : ONLY SINGLE VALUE OR RANG E ALLOW ED - IG NOR E D

O~~1!?3 : VALUES ONL Y LEGAL FCR ELE~!NT , SYS?AE ,
OR ATTRIBUTE-VALU E

2~ 1 PLIST : NAME NOT Pk?r OF HEADE?
225 F U L I S T  : CA N NOT HAVE KEYWORD FOP KEYWORD
223 ?WL:S T : CANNOT H A V  S E C U R I T Y  FOP S E C U R I T Y
22~ RWLIST : CANNOT HAVE SCURCE FOR SOURCE
231 R W L L S T  : SYNONYMS ON L X  APPL I ED TO FI R ST N A ME
232 APPLES : APPLIES STATEMENT ILLEGAL WITH THIS NAM E TYPE
266 ILLST ILLEGAL STATEMENT IN T~!IS SECTION512 ? W L L S T :  CANNCT HAVE TEACE—~ EY FOP RAC !—KEY

b) Nam ing Errors

It is very  important that once a na me is defined and has an
associated name type along with tt (e.g. PROCESS r SET) ,
the name can only be used in the context in which it was
defined. Therefore , a name defined to be a PROCESS cannot
be also used to define a GROUP of data . Likewise, only
those re la t ionships  specified by t he  “User Require m ents
Lan guage, Language Refe rence Manual” can be used to relate
two objects . ~or exam ple , a USES relationship betw een two
F?CCESS n ame s  is not a l lowed  and a n y  a t t e m p t  to specify
this would cause the Analyzer to generate the diagn ostic:
I t I ST 32 EL~ :jENT , GROUP , I N PUT , ENTITY , OR 551. Table 4 .2
presents a complete list of the errors that can be
encountered in relation to na mes.

~~~~~~ ~~~~ consistency Carried Out ~~
As URL statements are added to the data base, the Analyzer also
checks tha t the new relationships specified are cons istent with
the informat ion  already in the  data base . In the previous
sect icn , the A n a l y z e r  was shown  to check that  once a nam e was
d e f i n e d  to be a given n a m e  t y p e , it could not be used in a
confl ict ing context ( i .e. ,  as a d i f fe ren t  name type) . The

.-..
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Analyzer also checks that the relationships specified for a
given name  do no t  conf l ic t .  For example , if an EN ~TITY was
defined to have  a C A R D I N A L I T Y  of 100 , it would b e illogi ca l, to
also say tha t its CARDINALIT! is 50. The Analyzer detects these
kinds of in~ronsistencies. The Consistency Error Messages are
listed in T~~ble 4.3. Table 4.4 presents the various
inconsis tenries detected by the Analyzer according to name t y p e
and r e l a t ionsh ips  w i t h i n  the exist ing U RL system description .
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Tabl e 4.2 URL Name Error Messages

Err or

~~~~~~~~ ~ess~~~

25 HEAD N V ALI D HE A DE R STATEMENT — STATE M ENT S
WILL SE GNORED

51 RWLIST MUST BE SUBSETTING—CRITERION NAME
53 O P T ? W :  N A M E  LIST TOO LONG — REST I G N O R E D

100 N L I S I 2  TOO MANY A T T R I B U T E  VALUE PAIRS IN SINGL E
ST A TE MEN T

101 NLIST2 NAM E ALREA DY OSFD IN DIFFERENT CONTEXT
1CO NL S’12 NAM E ALREADY USED I~ DIFFER E NT CO N TEXT
12 0 SNA M E T  N A M E  A L R E A D Y  USED IN D IFF ZR~ N T CONTEXT
222 NL1ST NAME PREVIOUSLY USED DIFFERENTL Y — IGNORED
204 DE~’N N A M E  A L R E A D Y  USED IN D I F F E R E N T  C O N T E X T
20~ SETSYN UNA BLE TO MA K E SYNONYM — TOO COMPLICATE D
2C7 S2T SY ’~ CANNOT BE MAD E SYNONY M — DIF ?EREN T T YPE S
239 CFIKCCN ST A CK O V E R F L O W  W H I L E  W A L K I N G  CONSISTS S T R U C T U R E
213 PR:~;U:i NO NA~ ES IN D A A  EASE
211 OTfl~ R~ NAME MUST BE ENTI TY NA!!
216 O T H E R S  N A M E  MUST BE E N T I T Y  M AN E BEFO RE VIA
217 CT1ERS NAM E dUST B! RELATION AFTE R VIA
22 ’  5~~ 3 Y ’~ CANNOT M A K E  A NA M E FOR IT SELF
221 NL1 ST TOO MANY NAMES — REST IGNORED
222 CONSU! NAME MUST BE AN INTERVAL
224 O~TPW NAME MUST BE AN ELEMENT OR CONDITION
233 DEFN TOO MAKY NAMES IN DEFIN E HEADER — REST

IG N OR E D
23 14 C P T R W  NAM E A L R E A D Y  USED IN D I F F E R E N T  CONTEXT
235 OPTI ON NA M E  AL R EADY USED IN DIF FERENT CON TE XT
236 OPTION N A M E  LIST TOO LONG — REST IGNORED
2140 APPLES KEYWORD CANNOT APPLY TO KEYWORD
241 APPLES MAILBOX CAN ONLY APPLY T O PD
246 APPLES SECURITY CANNOT APPLY TO SECURITY
2 (4 7 APPL E S SOURCE C A N N O T APP LY TO SOU RCE
214 3 AP P LES MEMO CAN NOT APPLY TO M EMO
257 FOR?I SL NA M E N OT IN DATA BA SE —

267 ILLST NO CURRENT SECTION
269 NLIST NAM E LIST TOO LONG , PEST IGNORE !~511 APPLES T~~C! K E Y N A N CT APPLY TO TR A CE KEY

— - . .
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Table L4~~3 U R L Consistency Error Messages

err or

22 ?WLIS2 SAM! A T T R I B U T E  ALR EADY GIVE N WITH DIFFERENT
A T T R I B U T E  V A L U E

143 OTHERS CAR .DINA L I T ! A L R E A D Y  GIVEN AS SY SPAR
:44 C T R E R S  CA B D I N A L I T! A L R E A D Y  GIV EN AS DIFFER EN T VAL U E
60 APPLES SECOND MAILBOX FOR PD ILLEGAL
61 RWLIST AL READY PART OF SOMETHI NG ELSE
62 RWLIST SECOND PD FOR THIS NAME ILL E GA L
63 P WLIST ALREADY PA R T OF SOMETHI NG EL SE

115 VLIST MIN NOT LESS THAN MAX — IGNORED

117 OTHER S DI F FE R ENT V A L U ES ALRE A DY GI VEN
205 SETSYN ALREADY SYNONYM FCR SOM ETHING ELSE
212 OTHERS RELATION AL R EADY !x:!TS BETWEEN TWO OTHER

ENTITIES
213 OTHERS CAN HAVE ONLY ONE CARDINAL ITY
21~ OTHE?S C NNECTIVITY AL READY GIVEN FOR THIS RELATION
215 RWLIS2 ALREADY CONTAINS WITH DIFFERENT SYSTEM

P A R A M E T E R
21~ OTHER S RELATION ALREADY EXISTS BETWEEN DIFFERE NT

ENTITY
223 RW LIS2 IN CN S I S T E N C Y  IN “HAPPENS W I T H I N ”  STATEMENT 91
263 RWLIS2 IN~ ONSI3TENCY IN “ HAPPENS AFTER ” STATEMENT
2614 RWLIS2 iNCONSISTENCY IN “ H A P P E N S  WITHIN ”  STATE M ENT
265 PWLIST CONNECTION ALREADY EXIST WITH ~IFP!RENT VALUE

OR NAME
FWLIS2 AL READY GIVEN WITH CIFFERENT ATTRIBUTE VALU E

S63 PWLIS2 INCONSISTENCY IN CLASSIFICATION STATEME NT
561 PWLIS2 INCONSISTENCY INCECURITY—ACCESS-RIGHT

STATEMENT
562 RWLIS2 INCONSISTENCY IN RESOURCE—USAGE S T A T E M E N T
563 RWLIS2 INCONSISTENCY IN RESOURC !—USAGE—PARAMEIER—

VA L IJE STATEMENT
569 RW L I S2  IN ON SISTE N C ! IN CONSUMES/CONSUMED STA T E M EN T
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CONSISTENCY ERRORS

Systet ~ System Data Da ta
Flow Structure Structure Derivatjo~i 

. . . . . . . . S • S S • S • S S • • • S S S 5 5 S • • • •• S •

RWE 61 ,63
S • • • • S  S S • ~ • S ~ S ~ S ~ S S ~ • j  ; • S  S • S S 5 S S S S 5 S 5 • 5 5 • ~ 5 ~ • 5 5 •  S S ~ S S S S~~ • S S

.5 5 •  S S •  S 5 1 5 5  5 5~~~~• I 5 5 •  5 5 •  S • S S S S S  S S~~ S 5  S S S S  S S  ~ • S S S I S  S S 5  5 S • • •  S • S
OUTP~~I 61,63
• • S • S •S  S S t.  • 5 5 5 5 5 5 5 5  5 5 5 5 • S S I S  ~~~S 5 S 5 S 5 S~~~ •S  5~~~~5 5 5 5 5 5 5 5 5 5 5 5~~~~~ • S  S

E N T I I Y  212 ,218
• S S S S S • S S S ~ S S • • S S I S S • •• S S S • S S ~ S S • S S S . 5.  • • 5 5 5  5 • • S  5 S S S  S • 5 t  S S •

RZ L ATI CN 2 12,218
S I  • S • I S S S S • S  S •• • S S S 5 S S S S S  555 ...... S S S .S SS . . S.  • S S S  S S S S S S S S  • •
PROCESS 61 ,63

560,561

TABL ~. 14.4
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System System System Project
Size Dynamics  Properties Managemen t

S 5 5 • 5 5. 5 5~~~~5 5 5 5 5  • 5 5. 5 5 5 5  5 5 •S 5 S 5 5 • • 5 • • S S S S S t t S S S 5 5  5 • 5 5  5 5 •• I S S

RW ! 62
• S S S • 55  5 S e  S S 5 5 5  5 • 5 5  5 • S • S S S S S S S S S • S S S • S S S S S S S S S S S S • 5 5 • • 55 S S S

I N P U T  215 62
S .. S 5 5 5 5 5 5 5 1  5 5 5 5  5 5 5 5  5 5 5 5 5 5 55  5 5  5 5 5 5 5 5.  S S S S 5 . . S S .  • • 5 5  • S S S  5 5 5

OUTPC’I 215 62
• . S S S S S • S S S S S S S 5 5 • 5 5 5 5 5 5 5 5 S 5 5 5 •~ •% 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 • 5 5 5

S!15 143,44 62
213 ,215

S S • I  5 5 5 5 5 5 5 S  • S S S S S SS  5 • SS 5  5 5 5  5 5 5 5 55 5 5 5 5 5 5 5 5 5 5  S S S S S SS S S S S S  5 5  S

E N T I T Y  L4 3 ,4~ 62
2 1 3 ,214

S S S S S 5 5  5 5 5 5  5 5 5 5 •  S S S • S 55  5 5 • 5 5  5 S S S S S S S S S S S S S S S S S St  S S S S • S 5 5  5 5 S

RELATION 143 ,44 62
213 , 2114

I S S S •S  • S S S  I S S S S* S S .. S . .S .  S... S t  • S S S • S S  • S I

GROUP 215

~ ;4;; S • S 5 5 55  • • S S  S S S S S SS . S S 5  5 5 5  •S •  S S S S • 5 S 5  1 5 5

5 5  ~ S 5 5 5 5  5 5 5 5  I S 5 • S S S  5 5 5  5 5 5 5 5  • S S • S S  S S t  5 5  5 •5 5  S 5 5 5  • 5 5 5  • S  S

PROCESS - 62

~ ~ ~ 
; ; ;i 

~~. ~ 

S 

~ 3. 2 6
.
3; 2 6 4 6 ~ S

5 5 5 5 5 5 . 5 5 5 5S . .. .  5 • • S  5 5 5 5 5 5 5 5 5 5 5 5 S S • •  5 5 5 5 5 5 5 5 5 5 5 5  S l IS  5 5 5 5  5 5 5

SYSTEM 265 ,115 223 ,263 , 264 62
P A RA ME TE R
.;,... 5 5  I l  5 S S S  .... ...; 5 5 5 5 5 5 55  5 5 5 5  5 5 5 5  • •S •  • 5 5 S  5 5 5 5  5 5 5

S S 5 S  S 5 5 5  I S S  S 5 5 5 5  S • I •  5 S S S S  . 5 5  5 •  5 5 5 5 5 5 5 5 5 5  S S S S S SS S  S 5 5 . 55 5 5  •S S

COIDITIO’4 62
S S S S S S S S SS S SS S S S  S S S • •  S S SS  • S S S S S S S S S S  • SS S  • S S SS  5 5 5 55 5 5 5 55 5 5 5 5

CONDITIO N 62
• 5 5 5  • S S S  5 5 5 5  5 5 5 5  5 .  I S  5 5 5 5 5 5 5 55 5 5 5  5 5 5•  S 5 SS S S 5 5 5 5 S S S  5 55 5 5 5 5  5 5  5

OTHER 205,206 205,206 22 ,2C5 ,2C6 6C ,62 ,205 ,206
• 5 5 5  ~~ ~ S • S~~~~~ 5 5 5 5 5  . S S SS S . S S 5 5 5 5  S S SS S S S S  5 5 5 5  5 5

TABLE 4.4 (continued)
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14.6.3 Consjstencl and ~~~~~~~~~~~~ Checks lised on (IRA Reppr
Q~~ ~.z ~~ ____

At scme point in ti’e , the A n a l yst  may want  to check the state
of cons i s t ency  and/ o r completeness  in t h e  developmen t of the
pr3blem statement. The A n a l y s t  can p e :fo rm these checks by
inspection oE variou s reports availabi .i ftoi the Analyzer. This
technique is possible because all information specified in the
da ta tase can be presented ~ ia one or more reports. Eve n though
the Analyzer has checked all inputs to the data base for syntax
and coasis ’e n c v  -~rr~ rs, t~te problem statement is not always in a
correct  s tat e .  It is the  r31e of the  Ana ly s t  to de termine
whether it is totally “consistent” or “compl ete”.

Table 14.5 presen ts a summar y of all cons istency and completeness
checks to be carr ied out by the Analyst.

T aol e  ‘.~~~~ presents a su m m ar y of t h e  benerits of particular ~JRA
r e o o r t s  in i d en t i f v in q  incons is tencies  a n d  in~ on pletenes s in the
p r o b l e m  s t a t em e n t .
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Table ‘4.5 Summary of Completene ss Checks to be iad. by Analyst
I) SYS T~~ P LOW

a) AU I N T ER FAC E S should GENERA?! some INPUT , RE CEIV E
sole OUTPa’r, or be RESPCISIBLE for some SET.

b) Al]. INP UT S should be GE NE RAT E D by at least one
INTERFACE

C) All.  INPUT S shoul d be REC E IVED by at Least one
PROCESS.

d) All OUT PUTS should be GEN E RATE D by at Least ~ ne
PROcESS.

e) A l t  O UTPUTS should be P!C!ZVE D by at least o~e

~~~~ F~ C~
• 5 5 5  5 5 5  5 5 5 5  S 5 5 55  I 5 5 5  S 5 55 5  •• S 5 5 5  5 5  5 5 5  •5 5  S • • O S S SS S S  • S S e e S •  55  5

::) SYSTE t STR UCTuRE
a) All ?3OC~ SSES wi thout  SUBPARTS should have

PR OCEDURES.
b) SETS with SUB SETS should have SUBSZTTING—CRZIZRIA.
C) All INPr 1T~ ~ijthout SUBPARTS should be broken lawn via

t h e  cO:;5 3T3 statement.
ALL D rJ:p~ T5 without SUBPARTS shou ld be bcokea down
via th.~ :CNs:S’r5 statei~ent .

S S ~ 5 5 t S S S 55 5 5 5 5  S 5 S S  S • 5 5 I S S S S S S 5 5 5 5  5 5 5 S 5 S S 55  5 5 5 55  • • 55 • 5 5 5  5 S S

::: ~ C.A A ST2~C~~P!a) .All  EL~ M !~:TS should be availa ble from an INPU T or
f:om a E:I~~ TY , or DERIVED by some PROCESS.

b) A l l .  S ETS shouJ. d ONSIST of INPUTS , OUTPUTS or
ZN TIT IES.

C) All EZITII’ ZS should be broken down via the ~3N SIS T~
statemen t

d) ;il. INPUT ! shou~~ be broken down via the CON S STS
3tatemen t i.f there are no SUBPARTS.

e) Al]. O UTPUTS should be broken down via the CCNSISTS
statement if there are no SU3P ARTS.

f) All R ELA T IONS should have a BETWEEN statement .
g) A].]. GROUPS should ~e composed of !L2~ENTS.

•••••••• 5 S • S 5 5 S~~~~~S S S 5 S 5 S 5 e~~~~5 S 5  • S S S S S S e S S S  5 5 5 5 . 55 5  5 55 55 5 5 .  5 5 5
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V) DATA DEP~~VAT IO~
a) A ll  ELE ME NTS should be USED, UPDATED and/or DER IVED

by at least one PROCESS.
All PR0:ESSES should acquire information by
?ECEI V NG , USING or UPDATING .

C) A ll P~ CCE!SES should produce ir.formation by
G:~ F RA T IN G , ~Z~~ V I N G , or UPDA~~ NG.

d) All SETS should be USED , UPDATED or DE R I V E D  by  at
least one PROCESS .

e) All SETS should  have a DERIVATION statement.
All E N T TIE S should  be U SED , U P D A T E D  or  DERIV ED.
A l l  EL E! EN TS w i t h i n  an INPUT should be USED.

h) A ll ELEIENTS within an CUIPUT should be DERIVED.
i) A ll ELEMENTS within an ENTITY should be USED, UPDATED

or D R I VED.
A ll BELATIONS should be MAINTAINED by at least one
P~ OC2SS.

k) All ~ ELA~~ION S shou ld  have a D~~ IV ATtON statement. 
~~• • •~~ S •~~~~~S • S S S S S 5~~~ .. S S S S.. ... .

V) SY!IEM S Z  A~ D VOLUME
a) ku EV!NT~ sho’il~ have a HA?P!NS statement.
b) A l l ~ 3OCE SS ES s h o u l d  have a HAPPENS statement .
c) A l l  SETS should  have  a C A R D I N A L I T Y  s ta tement .
ri) All SETS shoul d have a VOLA~~ LITY— SET statement.
e) All SETS should have a VOLA T LITY—~!E~ BER statem ent.
f) All ENTITIES should have a CARDINALITY statement.
g) A l l  2N TITI ZS should have a H APPE NS statement.
h) All INPUTS should have a HAPPENS statement.
1) Al]. O UTPUTS should have a HA ?PENS sta tement.

\l l RELATIONS should have a CA~ DINALITY state ment.
k) All R ELATIONS shou ld  ha ve a CCNN!CT VITY statement. a

5 5 . 5 5  ••~~~~~~~ •~~~~• • • • • • • •  .S........ • ss. . s~~~~s ...s..s. 5 5 5 • 5 1 55 5 5  5 t 5

V )  SYSTEM DYNAMICS
a) Each EVEN T should be associated wi th  at least one

ONDITIDN or PROCESS.
b) Each CONDITION s h o u l d  be associated w i t h  at  lea st one

EVEN~’ or PROCESS .C) Each CONDITI ON shoul d have a TR UE WH ILE or P ALS!
WH ILE s t at em en t .

5 5 5~~~ • S S S S 55 S  S • S 5  • 5 5 5  5 5 5 5 5  S S 5 I S  5 5 S S 5 ~~~~ . SS S  S S S 5 SS S S S  5 5 5  S S SS  S S  S

VII) SY STEM PR OP ERTI E S
a) A l l  K E Y W O R D S , A TT R IBUT E S, SOURCES , SECURITIES and

r RAC!— ~ E Y S shoul d A P P L Y  to some other URL nam es.
5 • 5 S  S S S S  5 5 5 I  ~ 5 5 5  5 5 5 5  5 5 5 5  5 S • •  •5  S S S S S S 5 SS S  S S S ~~~~~S~~~~~55  S S S S S  5 S S  5 5  5

VII:) PPOJ!CT ‘.A NAGE MENT
a) Al l  PROBLEM—DEFIN ERS should have a M A I L B O X .
b) Al] . P R O B L E M — D E F I N E R S  should be RESPONSIBLE for  the

description of at least one URL objects.
• 5 5  5 5 5 5 5  S S I S  S 5 5 5  5 5 5 5  5 5 5 .5  5 5 .  • • 5 5S S 5 SS S SS  5 5 5 I •  5 5 5 5  5 5 55  S S •  S S S
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Table 4.6 URA Reports that may be used by Visually heck
for Completeness of the Problem Statement

A n a l y z e r  Com m a nds Completeness Check s
p 5 5  5 5 S • •  S 5 5 S 5  S 5 1 5  • S S S  5 5 5  S S SI  S S S S 5 S S  5 5  5 5 5  5 5 1 1 5  5 5 5 5  S 5 S S  S S •S  5 S  S

A T ~~R i E U T E  I N F O R M A T I O N  REPORT Vila
CONSISTS COMPARI SON MATRIX IIIc, h I d , IlIe, l u g
CONTENTS REPORT Ilic, h I d , lila , l u g
DATA PROCESS REP ORT Ic, Id ; IVa , IVb , IVc , l Yd , IVf
FORM ATTED ?~ O3~ EM STATEMENT la—le; lIa—lId; lila—lu g;

IVa— IVf,
Xv i , I ’Vj ; Va—Yk ; VIa—VIr ; Vilib

F~ ZQUENCY EZP-~)?.T Va , Yb , Yb , Vi
NA~iE GEN VIlla, VilIb
P I C T U R E Ia , Ib , Ic, Id , he;  lIb , IIC ,

~~OC!5S IN?’JT/OrTTPU~ Ivb , lYc
PUNCEYD C~~~!EN T ENTP IES lYe , IVj, Vd,, ye , Vg 

• S I S S S S S SI S S  5 5 5 5 5 5 55 5 5 5 5 5 5 5 5 5 5 5 5 5 S 5  S

S
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UR A Report Completeness Checks

CONSISTS COMPAE ISON — All INPUtS , OUTPUTS, ENTITIES and GROUPS
MAT RIX are broken down to ELEMENTS at the lowest

level .
— All n ecessa ry  ELE~ !N3 are d e f i n a d  in the

lata structure for a particular I NPUT ,
OUTPUT or ENTITY.

CONSISTS MATRIX - A ll GROUPS and ELEMENTS belon g t3 higher
level data structures .

— A ll SETS broken into INPUTS , or DUTPUTS
or E N T I T I E S ’

CCN T E N S  ~EPCRT - A ll I NP UT S , OUTPUTS , ENTI TIES and G R C U P S
a r e  b roken  down to EL EM ENTS at the lowest
level.

— U? SE TS broken i n t o  INP U TS , or D tJTPUT S
lEE

~A T ~PCC SS R EPORT — ~ll :N P U T S  R E C E I V E D  by some PROCESS ’
— ~ll I N P U T S  USED b y some P R OC I SS ’
— A ll OIJrPUTS GEN ER ATED by some PRDCESS ’
— A l l  D r J T P U T S  D E R I V E D  by some PROCESS’
— All ENTITIES and S~~S DERI VED b y so me

PROCESS’
— All ENTITIES and SETS DER I VED and USED by

some PRCCESS’
— -  A l l  E N T I T I E S  and SETS are UPDAT E D and

1SED by sone PR OCE SS ’
— All  ;~ ou~s and EL EM ENTS a re  D E E V E D  or

U P D A T E D  or USED b y  some PROCESS1
— All . PROCESSES USE data and DERIVE or

U P DA T E  d at a 1
— All  PROC E SSES which DERIVE data also U SE

data’
— Al]. PROCESSES which UPDAT E data also USE

data’
— All. PROCESSES interact with data in some

w ay ’

DICT ICNAR Y ~EPORT — A l l  n a m e s  should have a n a r rat i ve
DESCRIPTION and
RE EPO NSIBLE—PROBL EM—DEFINER

D Y N A M I C  ANALYSIS  — All the dynamic relations for CONDITIONS,
EVENTS, PROCESS and INPUTS are broken
down to the lowest level.

Table 4.7
Com pleteness and Consistency Checks Made by URA Reports

I Coa pu P er ’aj ded analysis

_ _ _ _  —A
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EXTENDED PICU TRE — All SET S are  broken in to  ENTITIES or
INPUTS or SETS

— All PROCESS interact with data in some
manner

— A l l  iNTERFACES generate INPUTS t~ the
SYSTEM and/or receive OUTPUTS

— All  O U T P U T S  are generated
— All I N P U T S  generated must be u sed in so me

manner
— All SET S are used , updated or derived
— All I N P U T , CUTPUT , ENT I TY are prnduc e d

and/o r used in so me m a n n e r
— All  G R O U P , E L E M E N T  are produced and/o r

used in some m anner
— All I N P U T , CUTP U T , GRO U P , ENT ITY are

e v e n t u a l l y  broken down in to eleme nts
— All GROUP , ELE M ENT are conta ined  wi th in

some larqer  data .

IJ E N T I F I E R  IN FO E~— — De term ines  which ENTITIES h a v e  ari a
M~~TICN REPORT do not have IDENTIPI!~~$

IN~ 2RVAL CONSISTENCY
— All I N T E R V A L S  are broken  down int o

I N T E R V A L S  a t  the lowest level

FOR M ATTE D PR O BtE~f — The description of ea ch na m e can be
STATEMENT checked against all possible statem ents

for that name.

FP E Q U E ~:CY ?~~PORT — All INPUTS , CUPTPUTS , PROCESSES and
EVENTS should have a HAPPENS statement

KVIC INDEX
a-

NAM E GEN — All names of a particular type (e.g.,
PROCESS) have been define d for a
particular proble m statement

NAME LIsT — Names which have synonyms  in the real
world should  have the m in the pro blem
statement

PICTURE (given in Table 2.lb3
— All  n a m e s  should be invo lved  in s t ruc tu re

an d/or in fo rmat ion  f low of the problem
statement’

Table 4.7 (Continued)

I Computer—aided analysis
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A T T R I B U T E  R E POR T — All ATTRIBUTES have  VALUES
— Al l  n a m e s  have appropr ia te

ATTRI B U T E S / A T T R I B U T E  VAL U ES assigned to
the.

PROCESS INPUT! — A ll PROCESS interact with data
OUTPUT in some manner

— All PROCESSES USE or RECEIVE information’
— All PROCESSES GENERATE , DERIV E or UPDATE

-- i n f o rm a t i on 1
— A l l  P R O C E S S E S  h av e  DESCRIPTION and

P R C C E D U R E  s t a t ements

PR OC E SS CHAI N — The a bsence of a n y  E VENT and/or  PROCESS
R E P O R T  in t h e  chain  for a g iven  name sho uld  be

ra t ional ized
- S R r J C T U P E  B E P O 9  — Al l  of  t h e  supba:ts of PECCESSES, NPU TS,

OUTPUTS , I N T E R F A C E S  and  P ? OCE S SOR S are
broken down into their s~~illestc o n s t i t u e n t s .

Ta b le ~i .7 (Continued)
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URA Report Consistency Checks

CONSISTS COMPARISON — Similarities in data  s t ructures of  INPUTS
MATRIX — OUTPUTS and ENTITIES can be rationalized

f o r  a pa r t i cu la r  problem s t a t em e n t .

coNsI5 :s~rs MAT RIX - Dete rm ines  whether  or not the use of the
CONSISTS statement in describing
st ructure is cons istent .

C D N T E N T S  REPCR — De termines  whether  or not the use of the
CONSISTS statement in describing
structures is consistent.

DATA PROCESS REPORT — Determines whether or not the use of
RECEIVES and GENERATES statements in
descr ibing the  system f low aspect of the
system is consistent.

— Determines whet her or not the use of
USES, JPDATES and DERIVES st at ei an t  in
describing the data derivation aspect of
the system is consistent.

DICTICNARY REPOR T — Synonyms and descriptions should ap ply to
each name  accura te ly

DYNAM IC ANALY SIS — Determines whether two nam es
REP O RT participa ting in two dynamics

relationships wit h each o ther  are
consi sten t

!XT~~N D E D P ICUT R E — Dete rmines  whethe r or not the nam e the
E X T E N D E D — P I C T U R E  is generated for relates
to t h e  s t ruc ture  and i n f o r m a t i o n  flow
aspec ts of the  problem s t a t emen t
correctly

I D E N T I F I E R  IN ~~ R—  — Determines whether or not the
MAT ON R!PORT use of IDENTIFIER S is consistent through

the problem statement.

I N T E R V ~ L CONS I ST ENCY — Determines  whe ther  t he  CO N SISTS
R 2OR ’t s t r u c t u r e  for  I N T E R V A L  is consist ent

regar ding the VAL UE of all the di f f e r en t
pa th s in the ne twork

‘ORM ATTE D PROBLE M — Determines whether  the complete
STATE M ENT URL description is accurate for  a

par t icular  na me (e .g . ,  check t hat the
DESCRIPTION matches what is given by
other tJRL statements)

Table 4.7 (Continued)

S -~ - .
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F RE QUENCY REPORT — Determines whethe r or not the manner in
which frequencies (HAPPEN S statem en t) are
assigned is consistent.

~V:C NDEX — Determines whether or not conventions
used in assigning names is consis tent

N A M E  GEN — Determines  whethe r or not naming  is
ConS ~~S tent

— Determines whethe r or not name ty oes have
been assigned correctly.

NAM E LIST — Determines whethe r or not naming  is
consistent

— Determines whether or not name ty pe s have
been assigned correctly

— De termines whethe r or not SYNONY MS ha ve
oe en assigned correctly

PI C T’,JPE — D e t e r m i n e s  whethe r or not the nam e the
PICTURE is generated for rela tes to the
st ruc ture and inf orma tion f low as pects of
the problem statement correctly

A T T r :~ UTE ~S E P J R ’  — Determines whether or not the con ventions
of ass ign ing  ATTRIBUTES is consistent

P R OCESS INPUT/ — Determines  whethe r or not the
OUTPUT m a n n e r  in w h i c h  PROCESSES are des cribed

is cons is tent

PROCESS C H A I N  — Determines  whe the r  or not the nam e
R E P O R T  t he  PROCESS—CHAIN is generated for

relates to t h e  dynamic  aspect s of the
problem state me nt cocrectly .

Table 4 .7 (Cont inued)
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5. LOGI CAL DESIGN OP INFO RM ATION PROCESSING SYSTEM S

( for  designers)

5.1 Ccntent, Fan and ‘etho~ of Sy stem Reoresenta~~~~n

Before  the a nalyst starts to define the target i n f o rm a t i o n
processing system , he should de te rm ine  what  conceptual  model he
is ~ cing to use to d e f i n e  an d  then  to describe i t .  Th e f i na l
f o r m  of the logical design is invariaDly som e kind of
documentation. Much of the difference of opinion regard ing the
documentation subject arises out  of the fa i lure  to dis t inguish
between “con t en t”  of docu m e n t a t i o n  and t he  “fo rm ” in which i t  is
presented.  ~~~~ refers  to w h a t  has to be described , what has
to be sa id , how detai led the descrintion must be, etc. Form on
the cthe r h an i  :ef ~ r s  to the m a n n e r  in ~hi~ h the in f o rm a tion is
presente d ,, :~ nany cases the same content can be presented orreo:esented in more than one form .

The info rmat ion  thn~ is documented , i.e., presen t ed in som e
f o rm , mus t  sonahow be obtained or ~roduced. The te rm ~~~~~~~will be use d to describe the m a n n e r  in whic h the  i n f o rm at i o n
supports the czeat ive  process of the  ~~~~~~ deve~~ ~~~ and its
docu~ entj~~ in con ten t  and  f o r m .  U RL is a very flexible and
comprehensive language.  Mos t situations can be represented or
expresse d in CIR L in rnore than one ~way: each of which issynt act i cal l7  correct .  However , t he  d i f f e r e n t  reoresentat ions
may imoly i i f f e ren t  s em a n t i c s  w hich may or a ay  n o r  be  wh at  the
analyst intan1ed~. :his section describes a number of situations
in which  alterna t ive methods of expressi cn are possible and
outl ines the implications of some different strategies for
analyzing and ex pressing the logical system design.

Systems are composed of part s which interact and are
interdependent. Systems may naturally exist, or they may be
man—made. W hat is defined to be in a system , i.e., its scope,
is essentially a rbitrary, at least until an appropriate
criterion is given. The def iner decides what  the boundar ies  of
his systcm are; anything tha t is not within the system is
outs ide or in the environment.

The system m a y  frequently be divided into su bsystems and other
conpcnen ts. These a r e  fur the r sub divided and so on un ti l no
further  subdivision is desired. The lowest level of com ponents
in any decomposition will be referred to as 

~~~~ 
in th is

guidebook. The parts of the system interact through
interconnect ion s  or interfaces.

There are usually many different ways in which a given system
can be divided into subpa rts or elements. There are a numbe r of
ways in which a given number of elements can be intercom nected
to form ayst.ss. Th. discussion below w ill. impose a met hodo logy
fo: the analysis of informa tion symt ems .

Tb. aubpart s of a system (su bsystems and components) are the

——- -
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~~ mp~~ itj ~~ of a sys tem . The ~~~~~~~~~~ of a system encompasses
the interact ions or in terre la t ionships  of t h e  subpar ts .  The
process of subdividing a system is called ~~~~~~~~~~~~~ or
factoring. The process of combining smaller systems into larger
systems is call ed ~~~~~~~~~~
Some interrelati~~ns, under certain conditions , form hiorarchical
or t ree structur es, which play an importan t role in the  st ud y of
systems. P structure is hierarchical if and onl y if eac h
subsys tem is a par t  of one and  only  one othe r system exc ep t for
th e  t op sys t em .  The hea d , or r oot sys t em , is no t  p a r t  of  any
other system . This structure can be represented in var ious
f o rm s  as shown in F igu re  5.1

Hierarchica l s t ru c tures  play a cen t ra l  role because many systems
exhibit this characteristic. Some a rgue  that the fu n d a a e n t a l
way in which h u m a n  be ings  deal w i t h  complex i ty  is by
hierarch ical subdivision , Simon (1962).

Systems are freq iently orqani~~ed hierarchically for control.

~any  cr~ anizations, for examole , have a hierarchicalo r ga n i z a t i on  s t r u c tur e  in w h i c h  each o rgan iza t ion a l  un it is part
of another organizational unit and is itself subdivided into
other organizationa l units. This s t ruc ture  may therefor e be
reoresented by an organizationa l chart. The same struct ur e also
represen ts some in fo rma tion f l ow , the information that is
necessary to issue ins t ruct ion (downwards)  and receive reports
(upwards ) . This organizational structur e does n5ot represent

ma te ria l flo w , s ince only  th e lowest level u n i t s  are involve d in
act u i l  o~ er~~tj on  on m a t e r i a l . T h u s  the flow of informat ion
concerning materials does not follow the structure lines . In
order to underst and what a given system component do es in
detai l , it is h e l p f u l  to separate it in to  its constituen t parts
or subsystems. Howe ver , to understand w hat a system does, it is
necessary to know, not only what each subsystem does, but how
they interrelate .

Sect icn 5.2 presents a system description model that  wil l serve
as the basis for succeeding sections. Section 5.3 outlines the
m u l t i — d i m e n s i o n a l  ch a racter of the st ruc tu re  of the i n f o r ma t i o n
processing system .

- --.-.--- S -~ S -
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- Fi gure 5.1 REPRESENTAT IONS OF TREE STRUCTU RES
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5.2 Gene~~J1 Conc~~~ u~~ lode~ ~~ Syste s Descrip~~~~~
As the basis for comparing a number of existing and proposed
methods for deve lopi ng and documenting syste ms , one must  start
w i t h  a system ’s description model compre hensive enough to
encon ~ a~~s al l  the  variet y and  complex i ty  of i n f o r m a t i o n
processing sy st em s , and one tha t has been pr o ven to be
operationally complete. In order  not to be biased fo r  or
aga ins t  any of the  method s described below , it is necessary to
use a model tha t  is defined independen t ly  of the methodo logies.
It is widely recognized and generally acce3ted that such a
“model ”  shou ld  ~ e based on sys tems t h e o r y .  For example, Couger
and lcnapp ( 1 9 7 L ~) beg in  th eir surve y of s ystem analysis
techn iques  wi th  a section on “The Systems Perspectives.” Katzaa
(1976) begin s his book on Sys tem Design and Docu m entatio n with
chapter containing an “Introduction to Sys tem Theory ” an d  a
“ Taxonom y of System Concepts .t’

Nany models of s y s tem s  have been proposed and used t ot  va r ious
purposes. Am ong the ones tuat have been reviewe d, an d f r o m
wh ich id eas have been inc orpora ted  into the model ou t l in ed
below , are  t he  f o l l o w i n g :

1) Genera l  syste ms theory  models  described , for  example , by
Bertalanffy(1~ 72)2) Model s of org aniza t ions  as systems as described by Simon
( 1962) , Anthony (1965) , E mer y (1969) .
3) Systems engineer ing  models as descr ibed by Hall ( 1 9 6 2 )  and
~1achcl (1965)
~) The i n d u s t r ia l  en q i n e e ri n g  approach  to  system deve lopm ent
opera t ion  a n d  ma in tenance , w h i c h  has , in numerous  exampl es ,
conv inc ing ly  proven i ts  practical capability to deal wit h very
complex rea l—world  p rob lems , wi thou t  falling into redundant
fo rm al considerations.  An example  is the model proposed by
Na d~~er (1967 , 1969) mod i f i ed  in content , defini tion and
i n t e r p r e t a t i o n  b y  Gackovski  ( 196g , 197L4 ,1976)
5) Simula tion mo dels including those of Forreste r (1961) and
other  models implied by various s inulat ion languages (SI~~SCRIPT ,
S~~IU L A , etc.)

The complete descriotion of any  existing or hypothetical system
should cover the topics ( row s) and aspects (columns) sum marized
in Table 5.2 i n d e p e n d e n t  of the  size of the sys tem .

~ ~~~~~~ is cons idered  to be any entity, consisting of parts  or
eleme nts and the interactions among them , t ha t  produces a
measurable  ef fec t in spite of the interference ( w i t h i n
determined l imits) of its environment .  This definition
t h e r e f o r e  excludes f r o i  consideration systems which do no t  do
anything of interest or are only abstract construct.~. tn an
active, objective—driven organizational environment, a system
m ust be defined in relation to the effect it produces.

Therefore, the first and major topic in the description model is
the objective, m ission, effect or purpose of the system (row 1
in Table 5.2) . For man—made systems it is t h e  reason f3r the
development , operat i on and maintenance  of the described system.

5 — - 
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The system ’s ~~~~~~~~~~ (see row 2 in Table 5.2) delineat es the
type of system ac t iv i t ies  f rom which the effect  is obtained , and
thus cualitatively distingui shes the type of the system. If
these funct ions  are changed , a d i f fe ren t  type of system shou ld
be described . For instance, impro ved p rof i t ab i l i ty  of a n
o rgan i za t i on  can be achieved by more adve r t i s i ng , m a n u f a ct ur ing
a different prod uct, by provid ing  i n f o r m a t i o n  on more be nefici al
inves tment  oppor tuni t ies, etc. If the main funct ion of a sy stem
is information processing then it is called an ~~~~~~~~~~

5~~oc ess~~.q ~~~~~ n.

The next mos t imoortant topic in the description of systems is
the o~~puts (see row 3 in Table 5.2)  it produces , f or ex ampl e,
mater ia l s, goods , services, ene rgy ,  information , persons lik e
gradua t e  s tuden t s  f r o m  a uni ve rs i ty ,  pa t ients f rom hospi tals ,
etc. Of a particular interest are the system ’s ~~~~ ~~~~~~~~~~
w h i c h  directly c o n t r i b u t e  to achie ving the system ’s main effect.
w h e n  the ac t ing  sys tem ’s m ain  o u t p u t  is i n f o rm a t i o n  ( a l way s  in
t h e  f c r m  of somo k ind  of data , messages or s i gna l s ) , it is an
i n f o r m a tion ~y~tem.

ifl principal there is no direct connection between i n f o r mation
processing a n d  pro ducing  i n f o r m a t i o n  as out Dut  of a syst em . An
engine during a test run is a classic example of an information
system which does not process information at all . It is run
excl usively in order to prod uce information about its behavior
hut  not to prod uce power .  An in te r—cont inenta l  missile defense
sys tem is a good e x a m p l e  of the opposite . This type o~ system
processes o n l y  i n f o rm a t i o n  gathe red  by ‘~arn ing  radar  sys tems but
the  r a in  outputs  are not w a r n i n g  i n fo rm4 tion but the gui ded
interceptin g missiles. Only the missiles contribute to the main
objective ( e f f ect )  of an e f f ec t ive  act ive  defense system to
destroy the ICBN s be fore  they reach the targets. Otherw ise it
woul d he only a warn ing  system , which would be both an
i n f o r m a t i o n  processing system and an i n f o r m a t i o n  system. Of
course , there also exists other possible out puts , and some of
them may even be ver y undesirable .

The next aspect of t h e  system is the  ~~~~~~ ~~~ 2~2~~~A~~ or
mode cf operation by which the  main ou tpu t s  are obta ined (called
ba~jc and all others , the auxiliary ones which contribute only
to the accomplishment of the basic proce ss (see row ~4 in Table
5.2) . In nan—ma de systems, the auxi liar y methods and pr ocesses
are those that contribute to the accomplishment of the basic
process in compl iance with all addit iona l constraints and
reguirement s impose d on the system ’s ope ration . For instance,
all checks made to assure the  correctness of ou tput  data ,
un in te r rup ted  operation of the  system , and privacy protection
for  sensitive data are auxiliary met hods. This topic covers all
the dynamic  in te rac t ions  between system parts such as the flow ,
of control system da ta  derivation, and system ’s manageme nt in
in fo rm a t ion  processing systems.

The method of produc i ng the  outputs and performing the  system’ s
func tion calls for some necessary in puts (see row S in Table
5.2) of s imilar  v a r i e t y  as specified for outputs . For
informa tion processing systems, the main inputs are usua l ly  all
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k i n d s  of data c a r r y i n g  in fo rma t ion  into the system .

The method of t r ansforming  inputs  into outputs calls for some

~~~~~~ (facilities, equ ipmen t , tools, spa ce, f inancial  funds  and
other resources) (see row 6 in Table 5.2) with which the system
is equi p ped in order to p erform the necessary processes.
Contempora ry  i n f o r m a t i o n  processing systems in which man y
f u n c t i o n s  ( n o t  n ecessarily al l)  are  perf ormed by a compu ter are
call e d ~~~~~~~~~~~~~ or ~~ ip~ ter -based ~~ for m ~~~~
~~~~~~~~~ Since thi s pa per deals main ly  wi th  the development and
document ing  of such systems , the te rm j~~~~~~
~~~~~~~ r e f e r s  to con pute r—b a sed in fo rmat ion  processing sys tem .

A n y  man— made , not  f u l l y  au tomated , system needs some 
_______

fo r  its oper a tion and  main tenance , as ve il , of course, as
personnel for  its deve lopment .  The system personnel does not
incl ude persons who are the ob jects of action of the system such
as university students , hospital patient s, persons train ed by a
compu te r i zed  ins t ruc t ion  sys t e m .  I n f o r m a t i o n — processin;—systen s
per scnnel  encompasses:

- during the operational stage of jts lifecycle:

system man ager s , system operators, hardware-softwar e
operators, data base administra tors, system and softwar e
l ib rar ian s , har d ware and  communica t ion  facilities,
maintenance engineers,

— dur ing  the development  stage of its li f e cycle :

pro ject leaders , system ana lysts, sys tem architects, data
base designers , sof twar e designers, module programm ers,
project librarians.

Systems cannot be described in isolation of their enviro nment.
A system is capa ble of ha ndl ing and managin g onl y certain ki nds
of envi ronments , while resisting the interference. 

~~~r acte jç~ ~~ t~~ ~nyj~pnaent is the last topic of thesystem d escription model (see row 8 in Table 5.2) covering suc h
factors as: dust , t e m p e r a t u r e , h u m i d i t y ,  v ibrat ions, noise ,
chemical active atmo sphere, danger of violations of data
privacy, systAm ’s security, an d so on. Man—made systems usually
opera te  in an  economics— d riven e n v i r o n m e n t .  Thi s f ac t  m a k e s  it
n ece sE ary  to inc lude all aspects of the system ’s economi cs .

In order to make the system description model complete , each of
the above mentioned topics mus t cove r the following a spect s:

- The appearance f o r m  of objects covered by each of the abov e
specified topics, its composition (qualitatively by type , and
quantitatively by instances of each type) and its composition or
decompos it ion struct u re (see column 1 in Table 5.2) .
- The intensity of the above in time (quantity per time unit for
stable phenomena , first derivative of quantity function of time
for con t inuous  phenomena , f requency  or d istribution in t ime  for
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discrete  phenome na) (see column 2 in table 5.2) . For in stance
the n u m b e r  of t ransact ions or inquiries per t ime in terva l, their
distribution in time to deduct the pickloads, etc.

- Thei r  tendency to change w i t h  t ime (se cond der iva t ive  of
guan tity func tion of tine fo r  ccnt inuou s  phenomena a n d ,
aualitative changes) . For ins tance, is the system in  a state of
decline or growt h, or should it be able to cope with an
increas ing  amoun t of t ransaction processing (see coLumn 3 in
Table 5.2)?

The system ’s description modal given abo ve, is compre hensive
en o u g h  to cover all i mportan t objects, relations , fac tors and
aspects which are necessary to completely document a system.
This does not mean that alwa ys, for all purposes, the whole
description should be carried to the lowest possible lev el of
detail. Rather , this description model shou ld be consid ered as
a reference  mode l w h i c h  w hen used as a check list , e l imina tes
the possibility that impor tan t  aspects are omitted . For some
purposes  the descrip t ion of only  some particular asp ect of the
sys tem m a y  be needed . R o wev er , even if a conpiete  descr ip t ion
is necessary , the genera l rule stating what should and what
shou ld  not  be inc luded  in the description of a specific system
is as follows:

Onl y those objects, relations, factors and aspects should
be entered into the descri ption which causes an impac t  on
the m a i n  effect of the system and/or  on the assessm en t of
its g ’i m li t y ,  e f f i c iency , or e f fec t iveness  (accord in g to a
predetermined ~valuation criterion) of a magnitudeexceeding the predeterm ined tolerance limits.

In genera l , a n y  system can be considered as being represented by
a complex graph which includes all objects and relations
necessary according to  the  above rule.  The complete graph can
be stored in a computer ized  data base a n d  can be presented
graph ica l ly  in the  f o r m  of a n e t w o r k, in matr ix , or in set form.



67

Table 5.2 OUTLINE OF THE SYST E~1 DESCRIPTION M ODEL

Aspects
of Topics Form of Intensity Tendencies

Appearance (in time) (time trends) Others

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1 2 3 4

1. Effect

2. Main function

3. Outputs

4. Method , process

S. Inputs -

6. Means 
-

7. Personnel

8. Environment
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5.3 Info~j~tj~~ ~~~~~~~~~~~~~~~~~~~~~ ~~stems Description ~~~~
Man— ma de systems , in particular , should be defined first of all
wi th  respect to the main effect that they are expected to
produce , and , secondly, to thei r  compone n ts an d the  func tion s
t h ey  p e r f o rn .  A ccord ing ly ,  the  structur e of any i n fo r mat i o n
processing s y s t em  consis ts  of all the re lations between the
sys t em ’s par ts , the sys tem i tself , and i ts  e n v i r o n m e n t , whic h
produces an impact (of magn itude exceeding the pre—~eterminedtolerance) on the expected system ’s ef fect on the organizat ion
it serves .

:a tJ~ L t h e  do c u m e n tat i o n  content  can be expressed by means of
several ty pes of lan gua ge objects (such as nouns , ver bs,
adj ec t i ve s, etc. )

a) To designate precisely:
— objects actively or passively interfacing with the system
cn its boun iari~~s, suc h ~s organ izational units , sof tware
units , etc.
— data  us -~’I , u s u a l l y  sy s t em ’s o u t p u t s .
— i n t e r m e d i a t e  and auiiliary data , of ten sy stem ’s data
base.
— processes performed and procedures followed.
— facilities or means used.
(all at various levels of detail or general i ty)

b) To dis t in3u ish  them uniguely by some naming con vent ion.

C) To r e l a t e  th em wi th  some k inds  of properties.

d) To describe t h e i r  size and  vo lume.

e) To relate t hem mutually by a set of typical and specially—
define d rela tions  in a consis tent sys tem struct ure in all
its aspects (subdivision , flow , etc.)

f) To describe their dynamic behavior in relation to some
conditions and events related to the time flow.

g) To describe the resource consumption by them during the
• development  and operat ion of the system .

ii) To f a c i l i t a t e  t h e  comprehens ion  of the system , and the
managemen t  of i t s  deve lopmen t , oper a t ion and ma inte nance.

To adequately represent organizational systems and infor ma tion
processing sys tem s one  must provide in the  descr iption fo r  a
n u m b e r  of d i f f e r e n t  k inds  of objects and relations. A
conceptual  mod e l  of t he  d o c um e n t a ti o n  of in format ion  pro cess ing
systems include the following types of aspects:

1) The system ’s effects, especially the expected effect of
operatin g t he  i n fo rma t ion  processing system on the organ ization
whic h it serves, expressed as a function of th. system ’s output
data . A t  presen t t h e  lost convenien t object type for this
purpose is a ~EM ) with an adequate  DE SCRIPTION (see example  in
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sect ion 3.3)

2) The  syst em ’s flow which consists  of all interact ions betw een
the in fo rma t ion  processing sys tem and its environmen t including
all ccns t raint s  and r e q u i r e m e n t s  impose d on i t .

Th~ sys tem ’s eav i ro~~m e n t  i tself can be d escr i bed by INTE RFAC E S;
its interact ions with the system via I~iP UTS and O UTPUTS and the
URI. relations RECEIVES/RECEIVED BY and GE N E B A T E S/ G E N E E A r E D  By .
R elui rements  concern i ng the I N P U T ! and O UTPUTS in respect  to
— the i r  c ont e n t  can be s ta ted  via -~ UBPA3 T S ARE and  CO NSISTS

C~ relations,
— their occu rr ence  via H A P P E N S  re la t ion,
— other  aspects  v i a  K E Y W O R D S , A T T R I B U T E S  wi th

~T’~~I5UT!—VAL~!! and DESC8I~’TION.

3) The hirearchical structur e of all kinds of systems objects
esoecia l ly  the data which the system acts upon: sirs , Et4r I TIE S,
~~O11 PS, ELEM !’ITS ; P2OC~SS!! which are PERFORME D by various types
of PROCESSORS (organizationa l units, management and staf f
eosi t ions , r om p u t i ~~ equ ipment , etc) . All  da ta  ob jec t s  can be
decompose d in ITE L via the CONSISTS 0! (except BL!~ EN TS) and
C):~ZAINE D IN relations. In addition , I N P UTS and O~JrPtJ TS can be
leco iposed via t ne  P A R T  OF/SUBPARTS ARE relations, and SETS via
3J3SET O F/SUBSETS ~~~ relations. PROCESSES and PROCESSORS can
be decom posed only via PART OF/SUBPARTS ABE relations.

L4) The  system ’s data deriva t ion in which OU TPUTS and all
i n t e r m e d i a t e  results in the  f o r m  of SETS , ENTITIES , GROU PS a n d
EL 3NENT~ c-i n be prec isely ex pressed as a function of :NPUTS or
other intermediate data objects via thre e types  of U R L  d a t a
derivat ion relations:

DEPIVED 3! process—name USING i n p u t — , set— , en t i ty - , group—
cr e lement-name ,

- USED BY process—name TO D E R I V E  ou tpu t— , set- , ent i t y— ,
gro up— , element—name (not applicable for OUTPUTS)

— UPDATED 3! process—name using input— , set—, entity- ,
group— , ele m e n t — n a m e  (not applicable fo r  OUTPUTS) ,

- or the respective complementary U R L relat ions to those
mentioned above and used with PROCESS.

~) The system ’s size , especially the volume of processing, and
other properties of sys tem objects which have any impact on the
exp ected system ’s ef fec t  on th e or ganiza tion it serves can b e
expressed in riB!, via SYSTE M -PARA M ETER names or values with the
C3N S I S’TS OF , CAR DINALIT Y , VOLATILITY , CO NNECTIVITY and ØAPPEMS
statement or at tr ibute—names with  approp riate at t r ibu te  valu es.

6) The system ’s dynamics which describe the relation s be twee n
all objects in the syste. and time can be expressed in URL by
using the event— , condition-, and interval—object—ty pe—names via
the TBIGC,ERS, ON INCEPTION OF, ON TERMINATION OF relations and
the WREN condition- name BECOMES either TRUE or FALSE statements.

7) Th e syst~ m ’s facilities i n  relat ion to  f l ow , data der ivation,
dynamics  and size can be described in U UL by means of de fini ng
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d i f f e r e n t  k i n d s  of PR OCESSORS involved and re la ted via P E RFO RMS
rela tion with appropriate process— names.

8) The  system ’s management during the developmen t and operation
stages can be suppor ted  by is ing  names of UR L ob j ect types such
as P R O B L EM- D EFIN E RS , SC ?JR CES , ~!E MOS , M A I L B O X ES.

9) The system ’s economics . The CONSUME statemen t fo r  all
PR OC E SSO RS , P EBF OR ~iED and R E S O U R C E — U S A G E  wi th
?!SOURCE—USAGE—PARA ~ ETER— VALU !S statements fo r  all PROCESSES ,
and M E A S U R E D  I~ s t a t em en t s  ~or RE SOUR CE S , f o r m  a com plet e basis
for  a thorough  an a l y s i s  of sy s t em  operat iona l costs. Ho we ve r
the  ccmparison of costs and expected b e n e f i t s  and respec t ive
calculation of effectiveness indicator have to be perfor med
m a n u a l l y  at this t im e .

The ab ove ment ioned  aspects cons t i tu te different dimensi on s of
i n f o r m a t i o n  processing system descr iot ion .  Tnese are not
tecessarily  all of the aspects, but they are the mos t import ant.

5 • ‘4 C e; 2~ ~~~~~~~~ ~~ IIJI tII~~~~ ~~j  ~~ scriPtiofl 2~ ~~~
Oef in ing  the o rder  in which to ask questions about the target
sys t em unt i l the spec i f ica t ion  is comple te is not a trivial
task . I t  is the ma jor  subject  of mos t system developmen t
methodology  stud ies . There is no common agreement on the order
in w h i c h  to perform the sys tem developme nt , and thus  its
desc ri Pt ion .

w h i l e  the  n op r o a c h  t h a t  should  be used in a particular
organization will normally be selected by management , it may be
helpful to revie w a few alternatives.

In f o rm a t i o n  p rocessing systems and s o f t w a r e  system development
ce r t a in ly  a re  se para te  branches  of sys tems eng inee r ing ,  bu t  not
so m uch different that it could not apply and pr of i t  fro m some
advances in its othe r bra nches and the more general achievements
in systems engineering methodology . Bowever , it seems they are
wide ly  ignored. Still, there  are some r ules which have been
prove d to be gene ra l l y  va lid , which never compromise but
s tat i s t i ca l ly  con s ide rab ly  i m p r o v e  the e f fec t iveness  of t he
sys tem deve looment  process.

5.~4 . 1  ~~~ ~~~~~~~ ~aginee~j~~ ~ pPro~ ch
According to the present state of syste m engineering , a~y system
development method should facilitate and increase the
e f f ec t ivenes s  of c a r r y i n g  out  the  fo l lowing  impor t an t design
steps:

1) A thorough an alysis followed by the determination of wh at (in
content, foci, quantity, distribution in time) shoul d be the
system ’s main outputs , that is, those which directly and
quantitatively contribute to the a t t a i nmen t  of t he  syste m ’s
objective, and where and how the  outputs should be ef f e c ti v e l y

-4
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used . This can be done by a systematic analysis of the decision
situations of the po tential users of the system’s output s, and
thus determining the value of information conveyed to them .

2) A thorough  ana lys i s  of t he  ava i lab le  methods of ob ta in ing  (if
they are  not already available) the previously determined
out puts , and. the determ ination of the preferred ones in t~ el i g h t  of the sys tem evalua t i on cr i ter ion .

3) I f  the output data must be computed (they are not available
in r € a d y  fo r m )  an  an a l y s i s  is necessary to f i n d  out  wher e and at
w h a t  cost ‘h e  i n pu t  da ta  req uired b y various methods could be
acgu i r e d .  Again , the  evalua t ion of the conceivable comb inations
of m e t h o d s  and  input data (always by the same criterion) to
nr odu ce  the desired ou tpu t s  should be used to de t e rmine  (at  the
n e x t  step of a p p r o x i m a t i o n )  w h a t  outputs  should be derived f r o m
i n p u t s , and the par t icu la r  procedures  ne cessary.

Th e ma jor ou tcom e of these first three design steps is a f a i r l y
accurate logica l specification of the procedures necessary to
derive the determined outpu t data f rom the  de te rmined  i n p u t
data . At this stage , all of the system ’s constituents are
specified only in logical terms. The final specificati~ n of the
system ’s da t a an d procedures mus t  addi t ional ly  take  into
consideration such factors as the  means to be used , the staf f to
be einploy& and any applicable environmental circumstanc es.
However , these factors can also call for some modificati on of
the  lcgical specification of sys tem ’s data and procedure .

‘4) T h e  ana lys i s  of avai lable  data processing faci l i t ies, their
im pact on the cost performance factor for the determined
processing methods  (no t  yet procedures) , and the amount  of
in pu t—outpu t data in confron tat ion wi th  other user ’s
requi rements  should indicate how the data processing should be
perfcrmed , that is, w hich par t of the processing should be
com puterized., and which part should be done in other way s,
i nc lud ing  m a n u a l l y .  Only  at this  point is it feasible to st art
the  development  of t he  necessary user dedicated appl icat ion
s o f t w a r e  system.

5) H a v i n g  deter m ined the met hods and means of processing, the
system desig n er is now prepared to analyze all h u m a n  fac tors
related to the  i n f o r m a t i o n  processing system development and
ooeration . These factors included the kind of staff tha t will
be necessary in orde r to operate the system ’s h a r d w a r e  and
software , and to perform all, compu terized and non—comput erized
(manua l ) procedures of t r ans f crmin g the input data into output
data .

6) The specification of the means and methods embedded in the
sys tem design that are re sponses to va rious aspects of
envi ronmenta l  ci rcumstances within which the system is intended
t be opera t ed , for insta nce : pr ivacy,  security and audi ting
regulations.

The order of the design steps presen ted abov e has not  be en set
a r b i t r a r i l y .  Of course , there  are almos t no physical or logical
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constra ints  that  p reven t  per formin g the design process in  any
or der , but not without adverse impact on its effectiveness .

T he order “inpu t~ process— output” which seems to be natural
beca use it is f l o w  o r i e n t e d , appears to be the  correct order of
system design but it severely ccmpromises effectiveness. A
sys tem designer f o l l o w i ng  t h i s  seq uence of ten  s tar ts  wit h
specifying the inpu t data. This way, he su bconciously l imi ts
the p o t e n t i a l  processing method  a l ternat ives  only to those
deal ing wit h the previous ly  specif ied in put data . In fu r ther
con seauence , h~ also l imits  th e  scope of o u t p u t  data
a l t e r n a t i v e s  to be cons idered .  Wha t  o f t en  resul ts  is the design
of a system that fails to meet its main cbj ective. This maybe
does no t muc h h a r m  in  ca se of simple da ta  processin; sys tem but
can have serious adverse impac t on decision suppor tin g
information processing systems. Most descriptions 10 not go
beyon d the  output data and  considers t h e m  at the ver y end of
thei r design efforts. They substitute the achievement of
measura ble effects within t~te organization by sophisticatedfor m s of ou tp u’~ data .

Sim i lar l y ,  the system designer , who first makes up his m ind upon
computing facili ties is later heavily restricted in data design
ani orocess design. Again , the system designer , who since the
very beginning is concern ed anout environmental constraints
b e f o r e  he  has  e labora ted  a solut ion meeting the  main objective,
can hardly ever find a sa t i s fac tory  solution , because ha is
over—constrained in his search for adequate solutions .

Assumin g ini tia l l y  th at ther e ar e no severe cons tr ain ts impose d
on the system being designed , the crder of the system design
will be summarized. The system is defined in rela t ion  to the
main effect. The main effect is the major determinant of the
system ’s outputs which contribute to produce this effect ; the
main ou tp uts — fo r  t h e  methods  used to obtain  them;  the main
outpu ts and methods of deriving the. determine the necessary
i n p u ts , and the chosen method of processing de te rmines  the
necessary means of processing. The latter deter mines the staff
necessary to operate the system.  Even tua l ly ,  the en t i re
specif icat ion of the system must be adjusted to the requ irements
and cons t ra in ts  imposed on the  system by its env i ronmen t . A n y
at t e mp t  to chang e t h i s  order of design steps leads to
unnecessary cons t ra in t s  on the  designer ’s freedom to exert his
cr ea tiveness , wh ich inevi tab ly  results is a decline of
effectiveness of the design process.

5.14.2 ~~~ ~~~~-!D~~~~ &22~oach

The top—dow n approach  dictates tha t the en t i r e  PROCESS p e r f o r m e d .
by the  system be divided func t iona l ly  in to  a few large pieces.
I n p u t s  to and  output s from these pieces are described . Each of
the  pieces is then  regarded as a funct ion to be subdivid ed
s imilar ly .  The division process is continued until the smallest
pieces can no longer be partitioned in a logical fashion . The
partitioning process may be accomplished easily by m eans of URL
PROC E SSES and t h e  SUB PA RTS s t a tements .  An adapt a tion of thi s
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approach is i l lustrated in t h e  URL / U R A Training Exam ple, ISDOS
Work ing Paper No. 156.

5.4 .3  ~~~ Bot tom—Ui ~~prpach

The bc t to n—up  ap p r o a ch  is n o r m a l l y  used whe n it is expec ted that
the system will  be constructed from a number of predefined, and
pre- existing com ponents .  The compcnents are grouped int o larger
packages , which  are in t u r n  grouped among themselves to p er form
more con çl~x— functions. The grcupin g process is cont inued un t il
the en ti re  s y s t e m  is cons t ruc ted .

5 • 14 • ~~~~ 9~ ~~~~~~~ ~~~~~~~~~~

A tI R PI d a t a  base conta ins  the  description of one system .  Eve ry
sys tem has  a boundary and a syste. description that may be
thought cf as consistin g of t w c  pa r t s :

— t h e  specif icat ion of w h a t  crosses the boundary ,
— t h e  specif icat ion of w h a t  goes on inside t h e  sy s t em .

A l t er n a t i v e  s t ra tegies  are possible w i t h  reg ar d to t h e  order in
whic h these pa r t s  a re  speci f i ed .  One possiblity is to delin eate
the  sys tem b o u n d a r y  f i r s t.  The second is to describe the
“i n t e r i o r” f the  system w i t h o u t  ident i fy ing  the boundar y (see
?igejre 5 . 3 ) .

A) S D e c i f y in g  the boundaries  first

A d istinct boundary is obtained when t h e  IN T ER F ACES are
defined and t h e i r  communica t ion  wi th  the  system is
speci f ied  b y  n a m i n g  the INPUTS and OUTP U TS. It is assumed
here that the INPUTS enter the system and the OUTPUTS leave
the system in some physica l form containing data values .
The constra int in ~BL is tha t  an IN P UT can only cou e f rom
an I N T E R F A C E  and  OUTPUTS may  on ly go to an I N T E R F A C E .
Inside the sys tem a n u m b e r  of P ROCESSES may be named , each
cue of whic h uses data  f r o m  the avai lable  sources - INPUTS,
ENT ITI ES , or SET S , or f r o m  unspecified sources — GR OU PS and
ELEM E NTS , t o  de rive  and up d a t e  lat a .  A P RO CESS may USE
da t a  f r o m  a n y  of these source s or data tha t are DERIVED
from any P9OCESS; and similarly, data DEaIVED by one
£FcC :ss may be US ED by a n y  number  of o the r  PROCESS~.S.

One benefit of this approach is that the problem statement
can be chec ked for  compl eteness, e.g. ,  that  each IN PUT is
G E NERATE D by  some INTER FA CE and RECEIVED by at  leas t one
PROCES S , a n d  t h a t  each OUTPUT is G E N E R A T E D  by some PROCESS
and REC EIVED by at least one INT ERFAC E .  Another  benefi t is
tha t  t he  description of the INPUTS and O UTPUTS can be
agreed to b y  t h e  re levant  INTE RFACE .

9) !p~ c i fy i ng  the in ter ior  f i r s t

In some cases , it may  be desirable to delay specify ing the
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system boun dary unt i l  the  interior of t he  system has been
described. This can be done by not identifying any INPUTS
and OUTPUTS , but instead , defining those PROCESSES that USE
and DERIVE data and def ining data in terms of EN~IrIES,SETS , ~RO U ? S a n d  !LE tEN TS.  W h a t  wo uld be an INTE RF ACE in
the previous case, can now be ident ified as a PROCESS , can
use data from any source—deri ved data that can he used by
any other PROCESS.

The adva n t a g e  of th is  approach  is tha t  a n y  of the  objects,
e .g . ,  P R OCESS , can both USE a nd OEaIV E data , and that  a
give n collection of da ta  iden t i f i ed  as an E N T I T Y  can be
both UsED by a PROCESS and DERIVED by a PROCESS (in
addition of course to being UPDATED .)

However , there is also a serious disadvantage of this
approach , that the analyst pays too much attention to the
ins i de details of t he  sys tem at the expense of its duty to
please the out s ide  user .

O~~ er examoles of order ing  the  analys is , design and the
description process for data bases are outlined in Figure

Several other approa ches are possible. URL is sufficiently
flexible to allow its users man y options in the methodology
used.

r~~
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Figure 5.3 Defining Objects and Relationships
in Relat ion to System Boundaries

+ +
I Ra’, e t h e  bounda ries of the sys tem s , I
Ito he described in U~ L, been determined?1 __ 

S

Define as:

—INP~~ S the types of oblects
containing data which enter
the system, i.e., cross the
boundary

— )UTPUTS the types of object (Define all objects
containing }

con ta in ing  da t a  whic h leave (da ta  as ENTITIES  or
G R O U P S .

the system , i.e. , cross the (Use ENTITIES whenever ther e may
be}

b o u n d a r y . (many  instances of t he  type
of 1
(object in the target
sys tem.  }

Define as ENTITI ES all objects
containing data which reside
permanently inside the
syst em.

Define as PROCESSes the
types of objects which Same
operate on data inside the
system .

Defi ne as INT ER FACES the Def ine  as P ROCESSes all
types of objects , outside objects which operate on data .
the system , tha t  send Therefore , real wor ld  obj ec ts
INP!J”r S to t he  system or such as people , organiza t ional .
receive OUTPUTS from i t .  uni ts , informat ion processing

systems , et c. will all be defined
as PROCESSes.

tlze R!C!IVES/RZCZIVED BY Do not use RECEIVES/RECEIVE D
s t a t e m e n t s  t o  sho w f l o w  3! s t a t emen t s .
of IN P UT S to PROCESSes
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and OUTP UTS to IN TE R F AC E S.

rise G!NERAT2S/GEN~ RATED BY Do not use GENERATES/GENERATED
statements to show BY s t a t e m e n t s .
production of OUTPUTS by
PROCESS eS and :NPUT s by
I N T E R F A C E S .

Use USES , DERIVE S and Uses USES, DERIVES and UPDk TES
UP~ A~t~ S statements for statements for operation by
operation ~y PROCESSes on PROCESSes o~ ~L!~ ENTS, GEOfJ PS,
ELE~~ NTS , GROUPS , E N TITIE S, ENTITIES and SETS.
IN~’U’Y S , O T1TPU~ S and SETS.

D e f i n e  as SETS al l  D e f i n e  a~ SE T 3 all  coll ections
collect ions of (multiple of (multiple instances of)
instances of) I~ PTJTS , ENTITIES.
OT~P’1T!, ENTITI~~S.

I n  a l l  o the r  respects , the  process of descr ibing
the system is exactly the same in both cases.
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6. PHYSICAL DESIGN OF INFORMI~ION PROCESSING SYSTEMS

An individual having overall responsibility for the entire system
development process imist also concern himself with the effects of
utilizing CA.DSAT data on the physical design and progr~nmrtng portions
of the system life cycle. Two approaches are possible at the end of
the requirements analysis phase that would solve the problem of
transfor~~ng from the logical design to the physical design which must
be provided to the progra~~ers.

The first approach is easier to accomplish, since it makes few changes
to the current approach. The Automated Documentation System, a
facility of CADSAT, is used. to prepare the same requirements document
that the organization used before the introduction of CADSAT from the
data base. This document is familiar to the designers, and is simply -

used to generate a design by the same methods as were used previously.
This approach isolates all changes in the system life cycle due to
CADSAT’S use in the requirements analysis stage. Designers and
programmers are not affected.

The second approach to physical design is more interesting, and while
it requires the involvement of more people in CADSAT use, it may
produce better results. The designers can be given access to the
completed tYRA data base. Then they will be able to generate any of the
reports that are normally found in the requirements document as well as
any other reports that may be of use to them in designing the system.
Thus the benefits of URA in s~i7mn~rizing and analyzing the requirements
are made available to a larger portion of the system life cycle
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7. CC~1PtTTER—ASSISTED GENERATION OF SYSTEM DOCU~!NT ATI O~

(for pro ject leaders , systems analys ts an d deSigners)

D o c u m e n t a t i on  of i n f o r m a t i o n  processing sys tem s  is used for many
purposes and by different users during the sytem ’s life cycle.

7 .1 ~i f f er e n t i a t j~ n ~~ ~ocum~~n~ ati~~ .!~~.h ~~ stem ~~~~
Tn the early application of computers , documen ta tion was
undifferentiated and one report or one document had to serve all
in i.ividuals involve l at all stages of the life cycle. Gradu ally
it h as b ecom e clear tha t sev eral  di f f e r e n t (though rela ted)
syst ems are of interest and should be documented . The f i r s t
system to be described is the present f o r m  of the organiza t ion
in which  a n e w  or proposed i n f o r m a t i o n  processing sy st em is to
be embedded . The next syste m is the proposed information
processing system as seen fro~a the organization in which it is
em bedded . This now is frequently called the functional
descr ipt ion or t h e  logical  v iew . Next is the  ph y sical
i n f o rm a t i o n  p rocessing sys t em.  This  includes  a n u m b e r  of
com p onen ts on e of w h i c h  is s o f t w a r e .  So f t w a r e  i tself  m ay  ex ist
in several differen t stages: functional specification , source
modules , “compi l e d”  modules , and  executable  code (mo dules which
have been l inked and loaded~)

As documentation has evolved , the  content  and f o r m  has been
differentiated to suit the needs a t  the d i f f e r en t stages .
~fove ver , the t r an s for m a t i o n  f r o m  one for m to ano the r  has , up to
now , had to be undertaken ma nually except for source cod e to
object code. Curren t developments are directed toward providing
manual aids for verifyi ng and validating these transform ations
an i eventually for performin g these operations by comput er .

7.2  ~ j fferen t iat~~~~ ~~ Documen ta t ion  for ~~ ffer e~~ Users

Along  wi th  the  d if f e r en t i a t i on  of th~ documentat ion to represent
different views at differen t stages of the life cycle, i t has
also been recogaized that individuals associated with system s
ilevelopsent need a var i et y o f documen ts of d issimila r conten t
an d format for their particular purposes . ~1oSt systemdevelcptnent procedures and documentation standards now spec i fy
t h a t  particular docu ments  be developed for the various classes
of users .

The fo l lowing classes of users of docume n ta t ion  may be
iden t i f i e d :

— Individuals who perform some task on the basis of prev ious
effort s or other efforts in order to continu e it bu t  i t  must
be documen t ed ,

- ~eviewers w ho mu s t review do~ um ent at ion  f o r  correc tnes s,
completeness, etc .

- I m p lem e n t o r s  w h o  use  docum en ta t ion  as the speci fication for
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their own tasks.
— Approvers who must approve the dccuaentation.
— Documentor s  w h o  mus t prepare  and mainta in  the actual

documen ion .
— M a i n t a in e r s  of the system which is doc umented .  They use

d o c u m e n t a t i o n  to locate and correct errors or make changes
for  o the r  r eas ons.

— Readers  who are interested in ob tain ing  a general
unde r s t and ing  of t he  system .

— C o m p u t e r  which can assist the  process of system develo pmen t
and perform all the au-tcmated procedures.

The complete documentation of a system includes the exec utab le
object code. Therefore , at least this part of the documentation
must be in a form acceptable to the computer . Efowever , since
the computer is increasingly being used to store and analyze
other documentation and produce, on requ est, hard—copy
d o c u m e n t a t i o n  fo r  h u m a n  use , one of the factors to be used in
evalua~ inq the for~s o f  the presentatio n and methods  is thei r
suitabili’~y for use in a com puter—aided systems developm ent.
The t ren i to produce docu mentation for specific groups of users
is being continued particularly for comouter—aided syste ms. The
documentation with appropriate Content and torm can be more
readily produced for a particular user.

7.3  ~ ra~~ e~ j~t ics ~~ ~~~~ Documentation

This section outlines some major attributes of good
docu mentation and indicates how an analyst m ay use (JRL/URA to
achieve them . Figure 7.1 outlines some characteristics of
present m a n u a l  documentation and scme desirable characteristics
tha t  are achieva b le wit h computer—aided documenta t ion .

Present Man ual Desira ble Cha racteristics
Documentation of Computer—Aided Documentation

~mbiguou s Precise
Inconsistent Consistent
Incomç le te Comp l ete
Incorrec t Correct
D i f f i c u l t  to Ana lyze C o m p u t e r  can be u sed to A n a l y z e

an d Evaluate and evaluate
Sard to M odify Computer  can be used to update
Forma t  vary ing  Fi xed Format
Few Stan dards Enforced Standards

Figur e 7. 1 Characteristics of Documentat ion

To achieve the  notent ia] .  benef i t s  of com pute r— ai ded
documentat ion re quires:

— a f o r m a l  l a n g u a g e  which pe rmi t s  re la t ionships  to be
precisely def ined ,
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— a computer program which provides a method for enfo rcing
correct use of the  fo rmal  language ,

— goo d procedures to be followed by the analyst.

The last of these is i m p o r tan t  since no m a t t e r  how good the
l a ngu a g e  and the  c omp u t e ;  so f t w a r e , the benefits will never be
a t t a ined  unless the methods are  used pro perly.

Docu m entation with this characteristic is in an easy—to- read
f o r m a t  a n d  is presented at  a leve l general  enough so tha t
persons, no ma tter w h a t thei r back groun d , can read and
com prehend tne material. Reports can be generated from the
problem s ta tement  in several common formats , ( e .g. ,  flow
diag rams  and matr ices)  and a t  d i f f e r e n t  levels of detail • For
e x a m p l e , it is o f ten  des i rable  to in i t ia l ly  present high level
objects . 3ubseq ueri t reports  will  present  m o r e  an d ,  more de tail
about these objects until everything is d~scr i bed in t erms  of
their lowest level constituents. The analyst can choose the
or derin g and content of the r~~ports.

Pr ec ~~~~~~~
Documenta t ion  w i th  this  qual i ty  must  have a].]. re levant
terminology e xp l i c i t l y  def in ed so tha t  i n f o rm a t i o n  presented
canno t  be misinterpreted . A compute r interpreted language must
h a v ~ an accurately defined syntax. The reserved words in the
syn t ax  of ¶ J RL a re  used to describe d i f f e r e n t  system obje cts and
the relationships between the  objects. Def initions of all
reserved words al lowed in the s y n t a x  are fixed so t h a t  all
re lation ships presented in t h e  documenta t ion  (1~R A reports) are
exac t ly  the same as those i n i t i a l ly  specified by the analyst
j~~e •,  there can only be one interpretation of the information.

~~~~~~st e

Docum entation  which is “consis tent”  presents all the ma te r i a l in
pro per con tex t and d oes not have s ta tements  that  are con fl icting
or contradictory . The context in wh ich a particular object is
to be used is defined by the user via TJRL statements tha t will
be stored in the URA data base. Any attempts to use the• previously defin ed object in a conflicting context wil l  result
in an error diag nostic. Therefore, use of TJRA maintains
consistency t h r o u g hou t  the documentat ion .

ç~~
p lete~~~~

To be “complete” the documentat ion must present the •atarial in
s u f f i c i e n t  de ta i l  so tha t  no reference to outside sources is
needed fo r  a thoroug h understanding of the subject matter.
Every  necessary piece of i n fo rm a tion  mus t be available an d  no



-- F-

82

re lationship must be left d a n g l i n g .

~JBL al lows a num ber of re la t ion shiFs  and objects to be defined
to describe an I n f o rm a t i o n  P rocessing System . The L J R L
sta temen ts o f f e r e d provide a thorough outline of what sh ou ld be
incorp ora ted  i nto  th e  d o c um e n t a t i o n  of a n  information processing
system. The statements in ~RL facilitate the enforcemen t of
completeness .

Corr  e~ tr iess

To be “correct”, the analyst mus t insure tha t all relationships
specified in the doc u menta t ion  are valid , and tha t  all of the
information recorded is true. The syntax rules enforced by U37~insu re that all relationships in the documentation are val id .
Though  i t  is impossible to k n o w  whet her the i n f o rm a t i o n  recorded
is true or not, many of the reports available can presen t the
informa tion in a format that assists the analyst with his search
for errors e.g., miss pellings, incorrec t narrative descriptions,
etc.

lyzab iUt,~

Documen ta t ion  which is ana lyzab le  must be organizated in such a
way tha t  any i n fo rma t ion  nbt explicit ly stated in it mus t be
easily derived t hrough some proced ure. Since all U R L statements
are stored in a data base, all data can be eff ic ient ly accessed
an d presented in the form of a URA report. In addition , any new
deve lopments in analyzing the information- (e.g., Cost/Benefit
Analys is, etc.) can be incor porated into the exist ing URA
package.

~~~~~~~ ~~~

Documenta t ion  wh ich is easy to m o d i f y  mus t  have  su f f i c i en t
index in g facilities so tha t  all occurrences of a given i tem in
the documenta t ion  m a y  be ref erenced if and w h e n  a ch a nge to the
i tem is required . Because the  i n f o r m at i o n  used in de r i v i n g  ~RA
repo rts is contained w it h i n  the  U R A  data bas e , a n y  modif ications
to t h e  data base wil l be reflected in reports produced a f t ~~ the
c h a n g e .  UR A of fers  several commands  to modi fy  t he  da ta  base.
.~ny re po rts generated after the modification will be up- to—date.

tr act i ven~~~~
A report should be an attractive , legible document. Ide ally , it
s~.ould be typed in a large legible font  on bond paper wi th
f igures drawn in color. In practice this  is usually not
feasible , p ar t i c u l a r l y  since t h e  report should be produced , as
much as possible , directly as compute r  ou tpu t .  l iowever, the
document should be as attractive as possible.

U R A outputs  are designed to p r in t  an 8 1/2 by 11 page so that
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the ccmpute r— pr inted ou tpu t  is the same size as pages prepared
manually.

Compu ter ou t pu ts fr equen tly have  two fea tures, other tha n
awk ward size, which is undes ir ab le :  upper case letters only and

• poo r r e p r o du c i b i l i t y .  C o m p u t e r  outpu t  is U f f i cu l t  to rea d when
only upper case letters are available. whenever possible,
pr in te rs  wi th  both  upper and lower case should be used. Even

• when lower case is availa ble, the type font is frequentl y hard
to decipher . Since document s aust usually be produced in
mul tipl e cop ies, tha computer printed master must be of aigh
quali ty in order to produce legible copies. The Figure 7.2
presents the standard format for Analyzer Reports.

Figure 7.2 Standard Format for Analyzer Reports

Analyzer Version producing the report’,Z Date and TIme
produced l ,2 Page Nun hert 1 2

Name of the information Processing System 2

Name of the Re por t

Parameters it . effect in the production and printing of the
repo rt.2

Line nuabersz Sod y of the report3 ,4

.

End of re por t

1 This  i n f o r m a t i o n  is suppl ied by the operat ing system and
app ea r s  a t  t h e  t o p  of  each page .

2 O p t i o r . tl .

• ~ LIR L reserved words are printed in upper case and~ the sys tem
description is p r inted in lover case .

• • The body of the  r eport  may contain in fo rmat ion  not ini t ia l ly
expr essed in UR L; t h i s  is enclosed in /* and */.

~

- - ----- - —~~~ - - ~- . - - - - .
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7.~ ~~~ a~~~~ at~4 oçumen ta~j~~ ~~stem

The Automated Documentation System is a separata, stand-alon e
facility that can be used to produce a complete requirements
documen t from a tIFA data base. The fina l document consists of
‘IRA reports and additional text , format ted as desired. A
com plete description of this facility and instructions for its
use are found in Part  V of t he  (IRA User ’s ~1anu al .

The wa y in w hich the physical design shoul d be produced from the
r e q u i rem en t s  wi l l  depend  heav i ly  on how the process of physi cal
des ign  has been carr ied out in the organizat ion in the  pas t .
This hil l  f r equ en t l y  determine the methods to be used.

In ~ enera i ,  the  designer  who is t rying  to  determine t h e
s t ruc ture  of the sys tem , in terms of mod ules and the funct ions
whic h they mus t accompl is h, should concentrate on PR OCES SES. If
each PROCESS at the lowest leve l is to become a module , a
F o r m a t t e d  P r o b l e m  S t a t em e n t  t o r  t he  P R OC ESS , which  shows all
in f o r~’ation concerning the PROCESS that is stored in the dat a
bas e, m a y  b e of us~ to both designers and pr ogrammers. On the
o the r  hand , t h er e  are  m a n y  reasons why  modules  nay not correspond to
P R OCESSES on a o n e — t o — o n e  basis ,  In this case, a genera l view
of t h e  sys tem , pe rh aps  as shown by the Structure report, m ay be

f hel p in ~etermining the decomposition into modules.

7.5 ~~~ ~~~~~~~~ ill ~~~~~~~ ~~~ Cycle

~4hen URL is u sed to d escribe a system , all of the descri ption is
placed in a ( I RA data base. Thi s  da ta  base may be used du r in g
the l i f e  of the sys tem for var ious  pur po ses:

1) D u r i n g  r equ i remen t s  deve lopment  ac t ivi t ies  ( w h i l e  d a t a  is
tein g a dded and mo di f ied by analyst s and projec t leaders)
to:

- v e r i f y  addi t ion s and changes ,
- analyze system ,
- d e t e r m i n e  what more is needed.

2) a f t e r  r e q u i r e m e n t s  are completed , fo r :

— f i na l d o c a m e n t a t i o n  ( f u n c t i o n a l  r e q u i r e m e n t s  r e p o r t ) ,

— understanding ,

— specifications for succeeding activities.

3) turing systems maintenance , in order to:

— deter m ine e f fec t  of changes,

— change evaluation and authorization procedure,

— change implementation .

-4
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7 • 6 ~~~tem Q~~~ j~j~~ ~~~~~~~ ~~~~~ ~~~~~~~~~~~ ~ase

This section is concerned wi th the second use, namely, the
product ion of a complete , huma n—readable  s ta tement  of the system
described in the da t a  base. U sua l ly ,  such a documen t wil l  be

• necessary after the requirements def inition is complete in order
to recei ve app rov al of the propos ed sys t -~m f r o m  i ts poten tial
users, from mana gement , and from others.

It nay be necessary to produce this docu ment at other t imes, but
w a e n  aver it is oroduced , it stiould be based on all the data in
the data base a n d  t h e  ma te r i a l  should be presented in such a way
that almost anyone can read and understand it, i.e., it should
not assume that the reader is familiar with computers, with (IRL
or with U~A reports. Therefore , there must be a full
explanation of the conten t of the document and the form in which
it is presented .

In cases w h e r e  t h e  Sys tem D ef in i t i ou  Report is presented oral ly ,
i t  is po ssible to  v a r y  the o rde r  and content  as desired during
the presentation if appropriate display equipment is available.
~no ther case whe re t he or der an d con ten t may be varied is where
the reader is f am i l i a r  wi th  -!J~~A and its command lan :yu age and can
choose the orier in which be studies the system to suit himself.
:n these cases , the order sug ’iested in this  appendix  may be
varied . For the purposes of this paper it is assumed that the
Syst em Def in i tion Repor t  mus t be produced in hard copy and will
be r ead  and evaluated by many individuals with different
back grounds , in te res t s  and k n ~~vled ge of the system , com p uters
an-I U~L/URA .

The suggested order of text for  the  System Defini t ion  Re po rt ,
when using UBL reports is given in Table 7.3.

Data Base Summ ar !  shows the number  of objects of a parti cula r
type in the data base , the n u m b e r  and  percentage of thes e which
have syn onym s , a n d  t he  number  and percentage which h a v e
descriptions for each object type which exists in the data base.
Totals over all obj ect types are  also gi ven. This i nfo rma t ion
enab le s  m a n a g e m e n t  to  moni tor  the  progress in describing the
requirements . Summaries may be compared wit h earlier on -as to
estimate the rate of prog ress and large efforts in particular
areas , such as d escribing processing requ i rem ents  or defin in g
data items.

• 
~~~~~~~~ ~~~~~~ gives , for ea ch name specified , a graphical
report , or “picture”, showing structure, flow, and/or data
relationships between that name and other names in the data

• base , Whil e the same information could be obtained from a
Formatted Proble m S ta tement , the Picture Report shows the
important  relationships at a glance, and , therefore , is a better
form Cf presentation for many purposes .

~~ ctur~ ~~~~ can show t he  fu l l  breakdown into smalle r parts
of any PROCESS , IN PUT , or OUTPUT in the data base. This is
‘iseful in v e r i f y i n g  tha t the overal l  s t ruc ture  of the syste. is

-~~~
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correct , and that all required processing has been included
sosewbere in the system . It may also be used to verify that
IN PU T S and OU TPUTS have  been broken down correctly.

~~~ja~~~ d ~‘~~obl~~m S~~~tene~~ R~~p or t ,  for  each name specified,
this repor t w ill sho w all i n f o r m a t ion re la ted to tha t name whi ch
is c u r r e n t l y  stored in the data base. In par t icu lar , th is
repor t  could be used to show information about all names
present ly  stored in the data base. The analyst may generate a
Form at ted Problem S t a t e m e n t  wi th  the A LL—ST A TE M ENTS opti on for  a
collection of names and maY use this to determine what
information about those names is needed , but has not yet bee n
supplied . This may indicate additional questions which must be
answered  by the user .

Conten ts  Re~ort shows , for  all I N P U T , OUTPUT , ENT I T Y , and GROUP
na m es specified, the partitionin g in to lower level objec ts
soecified by the CONSISTS relationships . This is pa rticularly
helpful to t h e  user in determining whether inputs to and outputs
f rom the system have been proper ly  describe-I .

~~~~~nd ed ~~~~~~~~ ~~~~~~ may show ei ther s t ruc ture  or dat a f low
informat ion  in a graphical format. In particular, it ma y be
used to demonst ra t e  t he  h i e r a r c h y  of PROCESSES , or to show data
f low betwee n P R OCESSES.

~h~~n ~~ 22L~. present s in a graphical format  the  sequence
of EV E NT S and PROC E SSE S which oc~ tir as a result of each name
qiven  as i n p u t .  Th i s  report m a y  be used to trace the  behavi or
of t h e  system ow-e r t i m e .

~~ n a mj c  ~~~~~~~~s ~~2ort  shows the INPUTS , EVENT S, CONDITIONS ,
and PROCESSES that influence the activities (PROCESSES) that
will be per formed  a n d  the order  in which they are pe r form ed  in
the target  sy s tem.  It also indicates t he  dependencies of the
system dynam ics on the con di tion of the other system objects.

~roc~~~ ~~ t/O’i~tpu t ~~~ ort can be used to show, for each
PROCESS name specified, the funct ion of that PROCESS and the
data items wi th  which  it interacts.

,~j~enc~ ~~~~~ 
shows the frequencies a t  which  INP U TS a r r i v e,

PROCESS E S are  perfor med , and OU’IPEY!S are produced. It may be
reviewed by the  user to v e r i f y  t h a t  these frequencies  are
accurate.

Qj1~~ icnarz ~~~~~~ can show any of the following inform at ion:  the
perscn who d efined t h e  na me , a n y  KEY W ORDS associated wit h it , a
list of all SYNONYM S , and the  DE SCR IP TION stored in the  data
base for that na me. A Dictionary Report showing at least names
and DFSCRIPTIONS can be an effective tool for commun ication
between the systems analyst and the user . It enables the user
to verify that the def ini t ions  stored in the data base for
various data objects and PROCESSES correspond to the information
as tte user know s it. If not , he may not be effectively
c o m m u n i c a t i n g  his re~ uiremeats to the analyst.
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Table 7 .3  Table of Contents  of System Definition Report

System Overview
Tex t

~en e ra l  For ma t  of  C P A  Reoort s
Tex t

Su m n ar y
SUMMARY
N A M E  LIST in A lphabe t i ca l  Order
N A M E  LIST i n  O b j e c t Type Orde r

System Struc ture
PIC TURE
Highes t level P P CCES S
Highes t level INPUT
Highest level OUTP’JT
H igh est level I N TER F ACE

PROC E SS
STR UCTURE
EPS of P9OC ESS in Structure Order

SURSET ~~?3rtEPS for SE TS
O!I T P U T

SIR UCTUF~
EPS for -)~IT?U ! in  S t r u c t u r e  Order
CON T ZN S
CON SI~T S- CO MPAP ISON

STR UCT URE
PP S For INP UT in  S t r u c t u r e  Order
CONTENTS
CONS ISTS CO MP AR!S C N

ENTITIES
FPS for ENTITI ES
CON TENTS
CONSISTS CO~iPARISONFE LA TION S
FPS for RELATIONS
R E L A T I O N  S T R U C T U R E

Data
FPS for ELE M EN T and G R O U P S  (or DICT I O N A R Y )

Data Flow
CATA PROC E SS fo r  INPUTS , OUTPUT S , ENTIT IE S
C A T A PR OCE S S f o r  E L E M E N T S  and G ROUPS

X T END ED P CTU R E
Dynamic Analysis

TYN A ~IC ANALYSI S
INTERVAL CONSISTENCY;
FRE QUEN CY

• PRO CESS CHAIN
SYST EM Size and Volume

EPS for SYSTEM PARAMETERS
Other

FPS for KEY WORDS , ATTRIBUTES, SOURCE , SECURITY , PROBLE M
CE FIN ER , M E M O

-4
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8. PROJ ECT M A N A G EM E N T

• 1 Too1~ an~ C ~~~~~~~~~ i~, ~s ~ 3L/U~~ f o r  ?r2j ect

This portion of the Guideboo k is directed toward people who

~1ir ect ly  sup erv i se  t h e  sys tems analys ts  who pe r fo rm the  anal ysis
ani description of t h e  requi r em e n t s  for  a system . Such a person
m ay have  over lapping  duties . He may  ac tua l ly  be a membe r of the
overal l  m a n a g e m e n t  f o r  the s o f t w a r e  development e f f o r t , or he
m ay be a work ing  sys tems ana lys t assigned to coordinate  the  work
of t h e  group of analysts .  I f  he has duties in add i t ion  to those
of p ro j ec t  l eader , he should read all of the relevan t sections
ot t h i s  Guidebook.

The Prolect Lea d er is interested in

— pro -j ect oroanization ,
— keepin g a record of work a s s i g nm e n t s  gi ven to the  pro jec t

team member ,
• assuring inter~ omnunicati on links between all project—team

mem bers, even those w o r k i n g  in remote  sites of the object
organization ,
mon itoring the overall work in progress ,

- — mon i tor ing  the ind iv idua l  p e r fo rm an c e  of team member s ,
- det ecting incompleteness a n i  inconsistencies betwee n the

U~L statements made by var~ious analysts ,
— 

- 
the con ten t an d form of the final documentation gen erated
for the external (in relation to the team members) users,

— m o n i t o r i n g  the project progress against budget and time
sch edul es.

In order to ob ta in  f u l l  bene f i t s  of U R L / U R A  assistance in
pro ject manageme nt, some standa rds for the use of
an a l y s t — d e f i n e d  names of K E Y W O R D S , ATTRIBUTES , A TTRISIJ ’TE—VA L UES,
SOURCES and PROBLEM-DEFINE R S ha ve to be established bef~re thet e a m  e f fo r t  is begun on the  projec t (see Section 4.1 an~ 4.2).T ab le  8.1 i lent i f i e s  reports ava i lab le  for  t h e  p ro jec t  leader,
and t he ir  pu r pose. Since a s ingle report  may  have  mu l t i p l e
uses , some of t he  re ports are  listed under  more than one
category . Several examples o~ task a s s ignm en t  to projec t team
members by the project leader have been given in sections 3.14.1
and 4.3.
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Table 8. 1 URA Reports for Project Leaders

Complete inform a tion about specified object s Formatted Problem
Statem en t

D i s p l a y  of prooe:t ies  of obj ect s A t t r i b u t e  Repor t

Lists and dictionaries Dictionar y Report
KWIC Inde x
Name Generation
N a m e List
Punched C o m m e n t

En tries

Disp lay  and a nal y s is  of data s t r u c t u r e  Consists
Co m par ison
Re port

Consists ~atrixRe port
Contents Report
I d e n t i f i er

In formation
Report

Pictu r e  R e por t

• Disp lay and analysis of data usage Data Process
• Report
Extended Picture

Report
Picture Repor t
Process Input/

Output Report
Security Analysis

Report

D i s p l ay  of pr ocessinq f u n c t i o n s  Extended Pict ure
an d structure Report —

Picture  Repor t
Process Inpu t /

Output Report
Struc ture F.eport

Analysis of dynamic aspects Frequency Report
Process C h a i n

Report
Dynamic  Analysis

Report

Projec t  M o n i t o r i ng  Da ta  Base Summ ary
Projected Cost

Report
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8.2 Proj~~~ O~~~~~~~ tio~ for CA D SA T .Q~~
The project organization appropria te for a particular project
will depen d on the size of t h a t  project , for example , the number
of ana lys ts  involve i and , to a lesser extent, on the typ e of
apolication . In ger.eral, where  se ve ral analys ts  are wor king on
the sane system , it is probably wise for a singl e person to have
the responsibility for locating and correcting inconsistencies
amon g the requirements stated by various analysts, an d for
finding indications tha t more information is needed. Depending
on the size of the oroject, this person may be one of the group
of analysts , the project lealer , or an analy st assigned solely
to t h~ coord ina t ion  func t ion . The use of CADSAT should reduce
the a m o u n t  of direct interaction between the analysts. Rather
t h a n  direct ing quest ions  to each other periodically, the y may
sim ply refer to the data base for information on other portions
of t h e  sys tem.

B .3 M cni tor in ~ t~te Qv e ra l l  wo~~ in 2ro~ r~~~
The Data Base 5u -~~a:y re por t gives an overal l view o f t he
quantity of information in the data base . For each oblect type,
it presents the number of names of that  type in the  data bas e,
the number and p e r c en t a g e  of those which have sy n onyms, and the
num ber and percentage which have descriptions. Totals ver all
object types ace - also presen ted. Comparing this week’s Da ta
Base Lu mmar y with last week ’s will çive some idea of the volume
of in formation which has been put into the data base in the past
week . In add i t i on , i t  n ay  i n d i c a te  wher e most of the ef fort has
occurred . For e x a m p l e , i f  a sudden increase in de f in ed  data
objects occurs, it will be clear t h a t  most of the e f f o rt has
gone into data definition , while a great increase in the num ber
of PROCESSES or in t h e  percentage  of PROC E SSES h a v i n g
descript ions indicates a large e f f o r t  p u t  i n t o  processin g
definiti otis.

8.~4 Mcn i~~~~ n~ ~~ i~~41 ~er ~~ormances

Th~ R!SPONSIBL !—PROBLEN—DEFINEP statement in URL enables the
p r o j e c t  leader  to  m o n i t o r  t he  work of a particular analy st. If
t h e  stai emen t is used cons i s t en t ly ,  the N A~ Z — G E N  comman d can be
used with the parameter :

SELECTION ~~‘ PD=analyst—name ’

to select the na mes of all URL objects which hav e been defin ed
by the analyst speci fied . These names can  then  be used as i n p u t
to another repor t, for example , a Formatted Problem Statemen t,
showing aU. URL for which that analyst is responsible. Or ,

NAME— G!~! SEL EcrION=’PD=analyst—name AND PROCESS’

PROC !SS-INPUT—OUTPU DESCRIPTION PROCEDURE

will clearly present the PROCESSES that the analyst has defined.


