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1. INTRODUCTION

The Ccmputer-Aided Design and Specification Analysis Tool
(CADSAT) System is designed to be used by people such as systems
analysts, target system users, project leaders, systeas
designers and proqrammers, that have various viewpoints with
respect to the target information processing systea. This
guidebook, is intended to provide individualized information to
the various groups of CADSAT users on how they can make the most
effective use of User Requirements Language (URL) and User
Requirements Analyzer (YRA).

This gquidebook is not intended to replace or overlap with other
CADSAT Documentation. Furthermore, it should not be read as the
first introduction to CADSAT.

The reader >f this gjuidebook is expected to have attended a
training course in URL/URA, thus tc know the language and
related software, and to have had some experience in systenm
analysis.

The life cycle of an information processing system may be
considered to consist of the following stages:

a. Formulation of the request for a new system! or
modification of an existing one expressed in the form of
user requirements with respect to the target systes.

be User's requirements analysis, object2 system ianvestigation,
. Fresent system investigation, logical design and iapact
s analysis of the target system.

Co Physical design of the target systea.

d. System construction and component testing.

e. System test, conversion and implementation.

£. Operation and maintenance of the target systea.

This quidebook is primarily concerned with the use of the CADSAT
system in stage b for requirements analysis, object system
investigation, present system investigation and logical design
of the target system, There are a number of basic activities
vhich must be accomplished during that stage. However, they are
pecformed in different ways and in a different sequence by
organizations., Therefore, this guidebook consists of a
collection of independent topics rather loosely related but
potentially useful during that stage. This reduces the

1 System if not used with other modifier, stands for information
processing systen.

2 Object system - any business, governmental, adminstrative or
other organization which the target information processing
systeos is intended to serve.




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

At Electronic Systea Division (ESD) the target system users are
the ccmamands for whom the system is being built such as ADCON,
SAC, MAC, etc.

The primary users of URL/URA will be the systems analysts. They
will be required to become thoroughly acquainted with all the
language options, analyzer commands and various URA reports in
relation to the ESD standards and conveations. At ESD, the
system analysts are either the System Program Office (SPQ)
personnel or contractors hired to analyze system requirements
and produce a system specification.

Project leaders provide the immediate supervision of the
analysts. They will be particularly interested in using the JRA
for the task assignment of project team members, monitoring of
progress and performance, checking for complaeteness, consistency
and correctness and for the final systems documentation at
different stages of the systems life cycle. At ESD, prdject
leaders are the System Program Offics (SPO) directors.

Although at ESD the physical design of the system, prograaming
and testing are done by contractors, under the supervision and
contrecl of the System Program Office, those people need
sufficient understanding of URA outputs in order to be able to
transform the requirements stored in ORA data base into an
cperational systen.

Hovever, the decisive factor in correct, efficient and 2ffective
user cf CADSAT is the systeas department. In this case it is
the Headquarters Elactronic System Division itself. Tharefore a
separate section 2 5f the guidebook is intended mainly for the
management of the systeamas department.

The headings of the quidebook are supplemented, where nacessary,
with notes indicating to whoa they are intended. These are
provided to reduce the amount of information a CADSAT user must
read which will not be of direct ase to him.




2. THE SYSTEMS DEPARTMENT AND CADSAT SYSTEM

(for managers of systems depactments)

In practice, UORL/URA will probably be used initially on a
selected small project. Eventually, however, it will be most
effective when it is adopted as a standard system development
tool. It is, therefore, desirable *to plan for the adoption of
TRL/ORA in the whole Systems Departament.

Systems Cepartments usually perform the following functions:

- management of the devalopment, operation and maintenance of
information processing systenms,

- development of new systeams,

- operation of existing systenms,

- maintenance of existing systeas,

- staff operations,

The need for improvaments exist in all of then,

Most organizations manually perform all activities related to
the determination of requirements cor specifications for a
proposed information processing system., Using the present
system as a starting point, analysts collect data about
requiresents for the new system, primarily through a pracess of
interviewing user department personnel. This data is then
collated, analyzed and summarized to produce a set of
specifications for 2 new systam. These specifications, together
with an implementation plan and cost/ben=2fit analysis, are
normally included in a document having a name similar t> one of
the following: Feasibility Report, System Definition Report,
System Specification Report, or FPunctional Requirements Report.

The Computer-Aided Design and Specification Analysis Tool system
(CADSAT) supports the manual procedures by providing the
capability to use the computer for some of the clerical
activities, and by providing better analysis of the requirements
than is possible with manual methods. The data is still
collected from the usual sources by the analysts. However, as
it is collectad, it is expressed in a formal languaje called tha
Nser Requirements lLanguage (URL). The data expressed in URL is
entered into a computerized data base, either incrementally as
it is obtained, or in batches as desired. As it is entered, the
Nser Requirements Analyzer (URA) checks for correctness and
consistency of the nevw data with that already in the data base.

At any time, URA can be asked to produce reports on all or any
selacted part of the data in the data base. The data used in
any given report may have been entered by different analysts at
different times. During the production of a report, URA carries
out numerous checks and analyses and produces warniangs and
diagnostics as appropriate.

When the project is complete, the final specification document
required by the organization can be produced automatically.




2.1 Present Manually Performed Activities

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 newv information, and the
potential new system organization is collected and
recorded.

2) Aralysis. The data that has been collected is summarized
and analyzed. Errors, omissions and ambiguities are
identified and correctead. 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. Alternatives for a new systeam or
modifications of the present system are developed and
examined, The "new" system is develcped and described.

4) Evaluation., The benefits and costs of the proposed systenm
are determined to a suitable level of accuracy. The
operational and functional feasibility of the system are
examined and evaluated.

3) Improvements. Osually as the result of the evaluation, a
number of deficiencies in the proposed system will be
discovered. Alternatives for improvement are identified
and evaluated until further possible improvements are not
judged to be worth additional effort. If major changes are
made, the evaluation step may be repeated; further data
collection and analysis may also be necessary.

In practice the typ2 of activities outlined above aay not be
clearly distinguished and may be carried out in parallel or
interactively with increasing levels of detail. Throughout the
process, however it is carried out, results are recorded and
documented. Documeatation includes narrative statements, lists,
tables, 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 methods though sonme
computer~aided methods have also been developed.
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2.2 Computer=Aiied Investigation, Analysis and Design of Systeams

In computer-aided investigation, analysis and design using
URL/URA, the process followed is essentially similar to that
described above. The major difference is that the 3lata
ccllected or developed during all five of the activities is
recorded in machine-readable form and entered into the cTomputer
as it is collected. A problem statement data base is built
during the process. This data can be analyzed by computer
programs and intermesdiate documentation prepared on request.

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

N Cata Collection. Since most of the data must be obtained
through personal contact, interviews will still be
required. However, the data need be recorded only once in
machine~readable form. The intermediate ocutputs of URA
also orovide convenient checklists for deciding what
additional information is needed and for recording that
data for input.

2) Analysis. A number of analyses can be performed on demand
by TRA., As new analysis methcds are developed they can be
inccrporataed into the TRA.

3) Design. Design is essentially a creative process and
cannot be completely automated at the present time.
However, URA can make more data available to the dasigner
and allow him to manipulate it more extensively.

4) Evaluation., UORA provides some rudimentary facilities for
computing volume or work measures from the data in the
problema statemant. As additional methods are developed,
they can be incorporated.

5) Improvements. Identification of areas for possible
improvement is also a creative task; however, URA output,
rarticularly from the evaluation phase, may be useful to
the analyst.

The final documentation will contain the same material as that
described in Section 2.1 since the documentation must sarve the
same purpose., FPurthermore, the same gen=ral format and
representation is desirable:

1) Narrative information is necessary for human readability.
This vill be stored as part of the data but is not analyzed
by the computer programs. However, the fact that it is
displayed next to, or in conjunction with, the final
description improves the ability of the analyst to detect
discrepancies and inconsistencies.

2) lists. Since lists are prepared froam the data base, they

are up-to-date and can be more easily rearranged in any
desired order.




3) Tables, arrays, matrices. These are also prepared
automatically and hence, are up-to-date.

4) Diagrams and flow charts. The URA system produces
graphical outputs which display the relationships betwveen
objects.

The basic objective of the CADSAT project is to provide an
integrated and complete set of computer-aided methods to aid
first in tike documentation of the description of a proposed
information processing system, and second in the process leading
to that description.

2.3 Project Grganization

The project organization appropriate to a particular prd ject
will depend on the size of that project (for example, the number
cf analysts involved) and, to a lesser extent, on the type of
aoplication. In general, where several analysts are working on
the same system, it is orobably wise for a single persoan to have
responsibility for locating and correcting inconsistencies
between requirements stated by various analysts, and for finding
indications that more data are needed. Depending on the size of
the frrojsct, this person may be one of the group of analysts,
the groject leader, or an analyst assigned to only the
coordination function. The use of CADSAT should reduce the
amount of direct interaction between the analysts. Rather than
dicrecting aquestions to each other periodically, they may simply
refer to the data base for information on other portions of the
systenm.

Both the management of Systeams Depattnent/and all project

leaders can be supported by CADSAT in performing the following
management activities:

- keeping record of work assignments given to tha project
teams and project team memters,

- assuring recorded intercommunication links between the
Systems Department Management, project leaders, and project
team membars working even in remote sites of the object

crganization,
- monitoring the overall work in progress,
- determining and observing the systeas department standards

concerning the content and form of the final documentation
generated for the internal and external use,

- monitoring the progress of projects against budget and time
schedule.




The individual project leaders can be very effectively assisted
by CADSAT in:

- detecting incompleteness and inconsistencies between the
UFL statements made by various team members,

- ,monitoring the individual performance of team members.

However, in order to obtain full benefits of CADSAT assistance
in tke management of frrojects and systeas maintenance, some
standards for the use of KEYWORDS, ATTRIBUTES, ATTRIBUTE-VALUES,
SOURCES and PROBLEM~DEFINERS have to be established before the
CADSAT system is used.

In order to use the CADSAT System, an organization aust have

access to the URA software and must provide for data eatry
facilities and the integrity of OURA data bases.

Beyond this, a suitable environment must 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
and provide in-house consulting,

- education and training,

- documentation, guidebooks, standards, etc.

An olbvious requirem2nt, of course, is that the change in
methcdology amust have the full support of management.

It must be stressed that ORL/URA is only a tool. The po>tential
benefits can be obtained only if the tool is used correctly.
This requires close management supervision of the complate
5ystes development procedure being followed by the organization.

2.4 Inpterfacing with Presently Applied Methods and Rrocedures

Zach systeas department uses some standards, techniques, and

procedures. It also has some personnel with various degrees of
training, experience and skills.

The present methods used in defining the systeam specifications
or requirements need not change with the introduction of CADSAT.
UBL can accommodate a wide variety of methods, and, where a
vell-established and useful approach exists, it is least
disturbing to the organization to preserve that approach. On
the cther hand, if there is no overall method in use, one shoull
be selected and its use encouraged.




2.5 Resources Required for CADSAT Use

1) Lpput Facilities

URA statements may be input in batch mode. If this is done,
keypunch facilities will be required. Analys*s may write URL on
forms, such as those found in Appendix G to the URL User's
¥anual. Cards may be punched directly from the forms and the
resulting URL used as input to URA in batch aode.

Alternatively, URL statements may be input from a terainal. The
analyst or an operator, may enter URL into a file using the
locally available text editor, and may interactively invoke URA
to input the file into the URA data base.

Another approach is a combination of the two technigues. Large
quantities of input may be handled in batch, using the services
of a keypunch group., Small additions and corrections t> the
data tase may be made by the analyst himself, working
interactively from a teramiral.

2) Storage for Data Bases and Input Filas

Sufficient storage must be provided for any URA data base to be
used, along with additional storage space for each analyst's
input files and temporary files for output as needed.

3) Documentation

A cowmplote set of CADSAT documentation should be available.
Zach analyst should have his own copies of the URL and URA
User's Manual, as ha will be likely to refer to thea fraquently.

4) Consulting Help

While it is possible to learn to use URL and URA by making good
use of the documentation, the project is likely to proceed more
smoothly if an experienced user of CADSAT is available for
consultation, If the project leader is an experienced user, he
will bte able to establish and encourage the use of reasonable
conventions for the URL written by his analysts.

5) Data Base Security

The data base must be protected from unauthorized or
unintentional modification or destruction. This is normally
done by proper use of the access or file peramission facility of
the operating system. In addition, if there is no regular,
frequent file save performed by the operations staff, the data
base should be saved periodically by a member of the project
teanm,
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6) Qutput Facilities

URA output may be obtained in either batch or interactive mode.
Large outputs are best produced in batch mode. Small reports to
answer questions occurring to the analyst may ba more useful
vhen cbtained immediately.

2.5 Selection of Projects

Projects should be properly chosen for CADSAT use. Management
should not attempt to use CADSAT to help a project that is
falling behind to meet its deadlines. Adequate training in
CADSAT use requires a certain amount of time, so the proper
training is not likely to be done in a project that is behind
schedule. Thus CADSAT is likely only to add to the
difficulties, and is not likely to be seen as a useful tool.

CADSAT use is best initiated with a project that has not yet
begun the requirements analysis phase. 1In this case, time will
be allowed for training analysts in its use. The systeas
analysis methods that are utilized will receive any adaptations
that seem desirable, and the effort is more likely to be
properly coordinated for this kind of project,

This is not to say that CADSAT would not be beneficial if
introduced after the requirements analysis phase has started.
The information that has already been collected can still be
expressed in URL, possibly by a single analyst working
independently. ORA can still be used to genarate reports to
evalnate the consistency and completeness of the data base. At
this point, however, a large number of errors and omissions are
likely to be discovered, which had not been detected by manaal
analysis techniques. Thus, careful coordination between the
analysts must take place to correct the errors, which may be
more difficult to handle due to their volume in later stages of
systen development and numerous interrelationships.

It is not necessary that CADSAT be used for all projects within
an organization. While this is certainly feasible, there are
benefits to a vilot project approach. The use of CADSAT could
begin with one or a few projects within an organization. Upon
completion of these projects, an evaluation should consider
questions such as the following:

1) fere the facilities provided for CADSAT use adequate, or

was there a need for more terminals, more storage space,
etc.?

2) Do any changes in the mechanics of CADSAT seem advisable?
Should large batches of URL input be keypunched anl entered
in batch, rather than being input by the analyst
interactively? Should scme reports that have been produced
interactively be produced in batchk mode, or vice versa?

3) Is the organization's method for requirements analysis
compatible with the CADSAT environment? Could a change in
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this method proauce better results?

4) If DRA was not used directly by designers, might it have
teen ef fectively used that way? If it was used, were the
results different from what might have been expectad from
previous methods?

The answer to these questions should be valuable in providing a
smooth transition to the CADSAT environment for additional
analysts and system develcpment projects.

2.7 Benefit/Cost Analysis of CADSAT Application

The major benefits claimed for computer-aided documentation are
that the "quality" of the documentation is improved and that the
cost c¢f design, implementation and maintenance will be reduced.
The "quality" of the documentation, measured in terms of
pracisaness, consistency and completeness is iancreased because
the analysts must be more precise. The CADSAT software perforas
th2 checking, and the output reports can be reviewed for
remaining ambiguitiss, inconsistencies and omissions. While
completeness can never be fully guaranteed, one important
feature of the computer-aided method is that all the
documentation that "exists" is in the data base, and, therefore
the gaps and omissions are more obvious. Consequently, the
orjanization knows what data it has, and does not have to depend
on individuals who may not be available when a specific item of
data about a system is needed. Any analysis performed and
reports produced ar2 up-to-date as of the time it is per formed.
The ccordination among analysts is greatly simplified since each
can werk in his own area and still have the systenm
specifications consistent.

Development will take less time and less cost because errors,
wvhich usually are not discovered until programming or testing,
have teen minimized. It is well recognized that one reason for
the high cost of systems development is the fact that errors,
inconsistencies and omissions in specifications are frejuently
not detectel until later stages of development: in design,
programming, systems test or even operation., The use of URL/URA
Auring the specification stage reduces the number of errors
which will have to be corrected later., Main*enance costs are
considerably reduced because the effect of a proposed change caa
@asily be isolated thereby reducing the probability that one
correction will cause other errors.

The cost of using a computer-aided method during logical system
design must be compared with the cost of performing the
operations manually. In practice the cost of the various
analyst functions of interviewing, recording, analyzing,

etc. are not recorded separately. However, it can be argued
that direct cost of documenting specifications for a proposed
system using URL/URA should be approximately equal to the cost
of producing the documentation manually. The cost of typing
manual documentation is roughly equal to the cost of entering
ORL statements into the computer. The computer cost of using
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URA should not be more than the cost of analyst time in carrying
out the analyses manually. (Computer costs, however, are much
more visible than analysts costs.) Even though the total cost of
logical system design is not reduced by using computer-aided
methods, the elapsed time should be reduced because the computer
can perfora clerical tasks in a shorter time than analysts.

2.8 Impact on the Systems Department

URL/UEA, if used properly, should improve the productivity of
systems analysts by replacing clerical tasks in manual
documentation methods with coaputer-~aided facilities. It is not
intended to replace analysts or reduce the number required in an
organization. It is also not intended to enable untrained or
unqualified analysts to do systems analysis. It should permit
qualified analysts, adequately trained in URL/URA and with the
right computing facilities and management support, to isprove
the quality of their work.
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3. EXPRESSING THE PROJECT TASK IN UBL

(for systems analysts)

An information proca2ssing system usually originates with the
pecception of a need. In many cases, this comes from the peoples
who will make use of the system. It may, however, come from a
service group, which perceived a common need of sevaral units
within an organization. In either case, the initial user's
request or proposal for a new system should contain the sanme
basic ipformation about the target systean.

After a user's request or an offer of a service group has been
aporoved, it becomes the project task or contract statement of
work . Since everything that will be conceived, designed,
implemented and put into operation during the target systea's
life cycle should be compared and evaluated against the project
task, the information both on the former and the latter must be
2xpressed in URL, if CADSAT is intended to b2 used throughout
tha next stage of the system life cycle. Otherwvise, a
meaningful computer assisted analysis of user requirements woull
not ke feasible.

3.1 Basic Principals
The project task should consist of the following parts:

eh) The sub ject of the regquest or task.

2) The main objective of the user which is to be achiaved by
means of the implementation and operation of a systea,
expressed in terms of an effect measurable outside of the
target systaa.

3) The main function of the target system defined by cne verb
with only indispensible modifiers limiting the type of
activities the user expects the system to perform. These
should be expr2ssed without any suggestions to their
gquality and how they should be done in order not t>
constrain the inventive creativity of the project teaa.

4) Cefinition of requirements and constraints, imposed by the
user on the solution of the prcblem, whica concern the
target systeama'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, quality, form, and time requirements,

- Its size (amount per time or distribution in time),

- Its changes over time, seen from the point of user's
needs external to the target systea.

All requirements and constraints must be placed into one of
two categories - mandatory and optional. Mandatory means
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that the project will be abandoned or rejected if any one
of this kind of requirement could not be met. For each
optional requirement the user is obliged to indicate the
upper value of the worth he assigns to it. It should be
expressed in terms of additional cost or decreased amount
of main effect that he is willing to tolerate, if it is
met. The user should be aware that each additional
requirement or constraint imposed on the solution never
improves it, but usually deteriorates it in respect to cost
and performance. Therefore, he should specify only those
requirements that are indispensable and worthy, coansidering
only the outside of the target system and trying to limit
their number and improve their clarity.

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

- time (earliest date on which full operational
capabilities are supposed to be achieved and the minimum
period of its operation without major alternations) and,

space (for each input and output mentioned in previous

rarts - where it originated, and where it is destined to
ful £ill the retuirements of the target systeam.)

6) A synthesized svaluation criterion of the targat systea's
rroject and operation in the form of a function relating
the value of the system to the accomplishment of its main
cbjective and fulfillment of all requirements and
constraints, according to the user's scale of prefarences.

7) Cotional suggestions on subdivision of the target systea
into subsystems, in cases where external organizationmnal
reasons, as se2n from the user's point of view mak2 such
subdivisions indispensible. But then the user is obliged |
to specify all the above parts of his requirements for each
subsystem, he singled out,

3.2 Example of a Project Reguest in Plain Endlish

A user's request for a modification of a payroll system will be
used as a simple example. Assume it has been formulated by a
very demanding user. He is not going to pay for anythiang which
Aoes not comply with his mandatory requirements. He is fully
avware of his ojectives and knows exactly waat he wants to
achieve, He is a user vho possesses the necessary manajerial
and systems engineering skills to foraulate thea clearly but
does not want to unwillingly constrain the freedoa of the
project team in their search for effective solutions. He states
only what matters to his business outside of the information
processing system and refrains from saying anything about the
internal solution of the system, since he has no organizational
reason to do so.

"The subject of the following request is the improvement of a
payroll system which is in operation at Organization X. The

———————————————————————seestesii
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main business objective is to reduce the present overall
operation costs., Therefore, the main kinds of improvemants
which can justify any computerization project in that field is
the reduction of the weekly operation costs of payroll system
from the present lavel of $1.00 per employse. In order to be
approved this project must be competitive to other
computerization projects currently under study (see objective
function).

The main function of the payroll system is to derive the payroll
outputs from the payroll inputs. The size of the main function
is measured by the number of eamployees for whom it is performed.

Tha fcllowing requirements and constraints are imposed on the
solution of the problem. If not otherwise explicitly stated,
all of them are considered to be mandatory. That means that the
project will be abandoned or rejected if any one of these
requirements could not be met,

The mandatory outputs to be produced each week are: paychecks
for all elegible employses (within the range from 15,000 to
27,0C0), payroll r2port, hired-employee-report and
terminated-emoloyee~report for the payroll-department. All
these outputs must contain the content of the present reports.,
Tha payroll report may Qptionally be enhanced by an
automatically produced pay-exception-messages presently produced
manually at the cost cf not more than $.10 per message.

The pavroll processing must update the payroll master
information weekly. The programmed procedure must comply with
present federal, state, company and union contractual
regulations.

The payroll system is constrained to utilize the company's
computer facility. The investment expenses of the project will
be augmented by $300C per discharged employee. The present
company's cost of capital is at least 15%.

The time and space boundaries of the payroll system are defined
as fcllows: The system is due to be implemented by the 2nd of
the current year and is expected to be in operation for at least
five years. The payrcll inputs have to be delivered to the
payrcll department by all company's organizational units not
later than 4 p. m, on the last work-day of =2ach week. The
payrcll outputs should be delivered at the risk and expense of
tha payroll system to the receiving departments or mailed to the
eaployees, if requested.

The present value of the investment involved with the project
will bte considered as the combined evaluation criterion of the
project. The value of the reduction of the operation costs of
the payroll system shculd be computed for the present (15,000),
maximum (20,000) and average number of employees according to
the following formula:

R = E(Cp=Cr) + 0.1 ¢+ Pe [dollars per week] where:
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R = reduction of the operation costs of the payroll systea, the
project is going to produce in dollars per wveek,

E = number of employees,

Cp = present operation costs of the payrcll systea in dollars
per week and employee(without derivation of the pay
exceptions),

Ct ~ total operation costs of the target payroll system in
dollars per week and emplayee,

Pe - number of pay 2xceptions automatically produced per week,

9.1 - cost of manual derivation of pay exceptions in dollars per
' message.

No subdivision of the payroll system is necessary from the
organizational point of view.

3.3 The Same Zxampla Stated in User Requjrements Laangquaje (URL)

The example of the project task statement described above can be
expressed in a1 set of JRL statements. Subseguently, most of
them can be automatically enhanced by statements obtained from
interviews, wvhich can be analyzed for consistency with thé
previously stored statements. Also most of the final logical
specificatinon of th2 system can be thoroughly analyzed with the
assistence of the computer for compliance with the project task
stored in the URA data base. Where the computer is not yet
feasible, the stataments can be automatically presented to the
analyst for manual checks.

:

The method presented for the project task description in ORL is
based on the following assumptions and rules:

a) The task payroll system description should be storad in the
same data base but in clear distinction to the present
payroll system and the target payroll systea description.
The latter will be the outcome of the project teanm's
efforts and can be considered at the highest level of
abstraction as a PROCESSOR which PERFORMS the necessary
EROCESS payroll=-processing, which in turn RECEIVZS some
payroll=inputs and GENERATES the payroll-outputs f>r users
specified in the project task.

b) All system objects mentioned in the project task should be
described only to the extent that the comstraints anad
requirements specified therein concern thenm.

c) As far as possible, all user requirements should be
expressed in standard ORL relations. URL coament antries
useful for the documentation generator should also be
expressed in computer analyzable form. The comment entries
later can be checked manually by the analyst to determine
vhether they comply with other statements about the same
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cbjects.

d) The comaon SOURCE of all the following URL statements is
the user's request.

e) The naming convention amust prcvide for a clear distinction
cf all objects about which the project task contaias any
statements significant for the final specification of the
target system. Here the adjective "task", where possible,
or its abbreviation "t"™ will be used throughout th2 example
as the leading term in all analyst defined names.

Later, this naming convention makes feasible automatic checking
by the URA (when combining the object names used in project's
task description’with the same semantic names finally used by
the project team) of whether the final statements made by the
project team are not contradicting the statements waich
represent the user's requirements in the project task. It also
ensures that they 3o not later interfere with similar statements
put into the data base by members c¢f the project teanm.

All further explanatory comments will be enclosed in /*...*/
according to the URL convention in order to provide the
necessary explanations without hindering +their use as conputer
input for 'IRA.

/*Project Task for Payroll System expressed in URL for
documentation purposes and for computer assisted analysis where
possible*/

/*1.1 Subjec* of the Request x/
MEMO0 subject-of-the-reguest; DESCRIPTION; /*for documentation
generator*/

Improvement of the payroll systea in operation at Organization
)

PROC ZSSCR task-payroll-system; ATTR: for-organization x,

to-be-an~-iaproved-version-of payroll-system-in-operation;
SYNONYM IS: tprs; SEE=MEMO subject-of-the=-request;

/*%a jer components of the previous DESCRIPTION statement

exoressed in OURA analyzable form*/

/* 1.2 Main Objective of the Task */

¥ZY0 task-main-objective; DESCRIPTION;

Mandatory reduction of the weekly payroll operation costs of the
present payroll system from the level of $1.00 per employee in a
competitive vay with other computerization projects. (See
section: Objective Function) ;

APPL 1ES TO task-payroll-system; /* for documentation generator
and manual analysis, whether the consumption rate of operation
costs later declared by the project team (after the feasibility
study) meets the user's main obijective */

/* 1.3 Main Functicn of the System */

M
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MEMO task-system-main-function; DESCRIPTION; /*for documentation
genectator*/

To derive the payroll outputs from payroll inputs. (The

intensity of the main function is measured by the nuamber of
legitle employees for whom it is performed);

APPLIES TO task=-payroll-system;

PROCESS task-payroll-processing; DERIVZES task=-payroll-outputs
USING payroll-inputs; PEEFORMED BY task-payroll-system;
ATTRIBUTE IS: t-measure-of-intensity t-number-of=-eaployees;

/* (lescription of the system's main function in a fora
analyzable by URA) *x/

/* 1.4 Design Reguirements and Constraints ;
(impcsed on system's outputs, processes, inputs and meaas)

ey
CITPUT task-payroll-outputs; GENERATED BY payroll-processing;
RECEIVED BY t-departments-and-employees; HAPPENS 1 TIME-PER
week; :

/*nust have*/ SUBPARTS: t-pay-checks, t-payroll-report,
t-hired-employee-report, t-terminated-employee-report;

OUTPUT t=pay-checks; RECEIVED BY t-employees; CONSISTS OF
t-nuaber-of-eaployeses=-syspar t-present-pay-check=content;

DEFINE t-number-of-employees-syspar AS SYSTEM~PARAMETER; VALUES
ARE 150CC THROU 20C00;

ONMTPUT t-payroll-raport; RECEIVED BY t-payroll-department;
CONSISTS OF t-present=payroll-report-cont;
t-optional-exception-messages;

GROUP t=-optional-exception-messages; KEYWORD t-optional;
CONSISTS OF t-number-of-pay-exceptions
t-present-exception~ccntent; ATIRIBUTE IS:
t-increases-objective~value-by ten-cents-per-message;

O07TPUT t-hired-employee=report; RECEIVED BY
t-payroll-departaent; CONSISTS OF
t-present-content-on-hired-empl;

PROCESS task=-payroll-processing; UPDATES
t-payroll-master-information; HAPPENS 1 TIME-PER week;
PROCEDUORE;

In ccampliance with present federal, state, company and union
contractual regulations;

TERM INATION-CAUSES operational-objectives-accompl;
INPUTS payroll-inputs; RECEIVED BY task=-payroll-processing;

/*Additional requirements and constrains concerning the use of

e
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means*/

PPOCESSCR task-payroll-system; SUBPART IS:
t-companys-conputer~-facility;

/*t = stands for mandatory component */ CONSUMES
t-operation-costs-per-year AT RAIE OF t-fifteen-percent PER
task-investaent; CONSUMES task-capital AT RATE OF
t-three-thousand-dollars PER t-discharged-employee;

/*1.5.1 System Time Bounderies x/

PROCZSSOR task-payroll-system; ATTRIBUTES ARE:
t-due=-to-be-implemented t=till=-the-end=of-=1977,
t-minimum=operational-period t-five-years;

/*1. 5.2 System Space Boundaries =/

INPJIS task-payroll-inputs; ATIRIBOTES ARE:
t-delivered-weekly-till t-last-work-3lay-dpnm,
t=delivered-weekly-to t-payroll-department-location;

QUTPCIS task-payroll-cutputs; ATTRIBUTZ ARE:
t-jelivered-veekly-to t-receivinj=-orgu=-locations;

CUTPUTIS t-paychecks; ATTRIBUTES ARE: t-delivered-weekly=-to
the~-2amploying-orgunits, t-mailed t-if-requested;

/*1.6 Objective Punction */
MZ40 task-objective-functicn; DESCRIPTION;

The present value of the investment involved with the project
will be considered as the combined evaluation criterion of the
project. The value of the reduction of the operation costs of
the payroll system should be computed for the present (15,000),
maximum (2C,C00) and average number of employeses according to
the fcllowing formula:

P = E(Cp=Ct) ¢+ 0.1 ¢+ Pe [dollars per week ] where:

R - reduction of the operation costs of the payroll system, the
project is going to produce in dollars per week,

Z - number of emplovees,

Co - present operation costs of the payroll sytsm in dollars per
week and employee (without derivation of the pay

excegptions),

Ct - total operation costs of the target payroll system in
dollars per week and eamployee,

Pe - number of pay 2xceptions automatically produced per week,

0.1 = cost of manual derivation of pay exceptions in dollars per
message;

APPLIES TO: task=-payroll-system;
/*1,7 Optional Subdivision */

M72M0 task=-subdivision; DESCRIPTION;

i
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No subdivision of the task-payroll-system is necessary froa the
orJanizational point of view;

APPLIES TO; task-payroll-systea;

/%*1,8 Other General Statemeants %/
DEPINE user-request AS SOURCE, none AS SECURITY; APPLIES TO:

subject-of-the-request, task-payroll-systenm,

task-main-ob jective, task-system—=main=-function,
task=-objective-function, task-payroll-cutputs, t-paychecks,
t-number~-of-employees, t-payroll-report,
t~optional-exception-messages, task-payroll-processing,
t-hired~employee-report, t-terminated-employee-report,
task=-subdivision;

DESCRIPTION;

If not otherwis2 explicitly stated by the adjective "optional"”
us2d as the first term of the analyst defined names, all UEL
statements which refer to the SOURCE user-request are consideredl
as mandatory. It means, that the project will be abandoned or
rejected if any of this kind of requirements could not be met by
the project teanm;

/*In this case, the common SOURCE for all previous URL
statements is the user's request. Similarly no security
requirements are declared

- The End of Project Task Expressed in ORL = */

Of course, in real situations many users are not able to
formulate their reguests in a rigid way. But then, the analyst
should know what is missing, and what in addition he should ask
for during the interviews.

In this manner, all of the user's requirements which ars
explicitly stated in the user's request have been expressed in
URL MEMOs for the documentation generator and the manual
analysis and, only when possible, in the form of standard URL
relations suitable for computer assisted analysis. Notice, that
as it used to be, several user requirements have been stated
only by implication by such general terms like
"present-content", "in compliance with present federal, state,
company and union contractual regqgulations® and so like. The
analyst must find out what those statements exactly mean by
studying the relevent sources and interviewing competent
persons.
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3.4 User Reguirements Analysis

Before the analyst can proceed to the logical design of the
system he should convert all of the user's implied requirements
into explicitly stated URL. This step will of course, enhance
the statements which already are stored in the data basas.

3.4.1 Task Assignment by the Project Leader

Tt i35 up %o the project leader to review the project task and to
select thos2 pames which denote the user's implied regquiremeats
as well as all kinds of comment entries which should be 2nhanced
and expressed more specifically. If the task is complex enough
to be performed by a project team, the project leader should
assign to each team member that part of the task he is expected
to perform. Assuming the project leader is generally guite
experienced in the company's organizational matters (or in case
ne is an outsider, he should seek advice from the person
assigned as liaison between the object organization and *he
exterior project team) he can also suggest the most appropriate
SCTRCES in the torm of names of existing documents or
interviewed people, and also indicate the persons he considers
to b2 authorized to approve the approvriate outcomes of that
additicnal study of the target system's requirements. This can
be 2asily achieved by entering into the UORA data base the
follcwing statements.,

DEFINE implied-requirements AS KEYWORD; DESCRIPTION;

To be convertad into explicit requirements after studying and
interviewing SOURCES attacaed to the relevent object names.

Some pnames of the suggested SOURCES begin with the term
'suggested'. Other SOURCES can be interviewed after the anmalyst
has ottained written clearence from the project leader. The
object names assignad for further investigation can be found by
each analyst assigned to them by the NAME-GENERATION coamand
with parameter S='TOTAL AND KEY=the-analyst-the-term-assigned'.

Th2 cutcome of the study should be approved by managers
indicated by the ATTRIBUTE to-be~approved-by and the ATTRIBUTE
VALUE=management=position, which have been attached to the
obj2ct names in question;

APPLIES 7T0: t-present-pay=-check=-content,
t-present=-payroll=-report-cont, t-present-exception-contant,
t-present-content-on-term-eapl, t-payroll-master-information,
task-payroll-processing, t-companys-computer-facility,
t-if-requested; :

DEPINE paycheck=-form AS SOURCE, assigned-analyst-name=-1 AS
KEYWORD; APPLIES TO t-present-pay-check-content;

GROUP t=-present-paycheck-content; ATTRIBUTE IS:
to-be-approved-by payroll-depart-manager—-attv; /=* In URL
ATTRIBUTES and ATTRIBUTE-VALUES can be defined with the DEFINE
3tatement but then they cannot be simultaneously related to
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other objects by the APPLIZS statement x/

DEFINE payroll-report—-content AS SOUEKCE,
suggested-payroll-raport-clerk AS SOURCE,
assigned—-analyst-name=2 AS KEYWORD; APPLIES TO:
t-present-payroll-report-cont; ;

GROUP t-present-payroll-report=cont; ATTRIBUTE IS:
to-be-approved-by pay-roll-depart-msanager-attv;

/* and so on for all concerned names marked with the KEYWORD
implied requirements =/

This way the project leader has marked all requirement objects
which according to his judgement should be investigated more
deeply. This KEYWORD name should be maintained until all
implied requirements have been analyzed and converted into
explicitly stated (and approved where necessary) user's
requirements, and then deleted by the URA command DELETE. When
the project leader decides that all necessary inforaation has
been gathered and aoproved for a specific object name, the
KEYWOEFD should be dropped by using the DELETE-PSL command for
the OFL statement with the folloving fora:

CBJECT=TYPZ object-name-=concerned; KEYWORD implied-requirements;

3.4.2 prepacation of Interviews by the System Analyst

Now, each assigned analyst can select the system objects
assigned to him for further study and generate their hitherto
complete description by giving to URA the following comaands:

NG S='REY=assigned-analyst-last-name'’

/% in order to obtain all possible names, undefined included */
PPS AS /* the option ALL-STATEMENTS (AS) causes also printing of
all permitted statements about the given type of object, which
have not yet been stated*/

Before he goes to interview any person which holds the

management-positions indicated for some object naaes, he should
study the available organizational documentation. On that
basis, he can write down additional URL statements about the
assigned objects, which he considers to be the explicit
description of the implied user's raquirements. The interviews
wvith the assigned persons should not be started before the
analyst has exhausted all available sources in the form of
available documentation and has prepared a preliminary image how
he views the problem. This way, the analyst can later obtain
more e€asily the competent comments and suggestions from the
intervieved persons. If the analyst introduced names of new
objects and separately described thea more in datail (for
instance, data GROUPS and ELEMENTS in payroll-report), they alss
should be marked by the name of the appropriate person to be
intervieved 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 separately
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generate any kind of URA reports containing the statements
concerning only that perscn. Here is a sample of these kinds of
statements, which the analyst made after studying the
appropriate forms and associated organizational documentation:

GROUP t-present-pay-check-content; SYNONYX pay-check; CONSISTS
C?: employee-name, net-pay, check-nuamber, pay-date; ATTRIBUTE:
accompanied-by pay-statement-attv; SOURCE paycheck-fora,
union-regulations; PROBLEM~DEFINER analyst-last~pame; KEYWORD
IS: firste-draft-subject-to-changes;

5R00P pay-statement; CONTAINZED IN: task-payroll-outputs;
CONSISTS OF: employee-name, social-security-number, pay-date,
check=-number, total-hours, gross—-pay, total-deductions, net=-pay,
federal-tax, state-tax, fica-tax; ATIRIBUTE: accompanies
pay-chkeck=-attv; SOURCE pay-statement-form, union-regulations;
KZYWORD iaplied-requirements; AITRIBUTE to-be-approved=-by
payrcll-depart-manager-attv; PROBLEM=-DSFINER: analyst-last-nane;
KEYWCFD IS: first~draft-subject-to~changes;

Similar statements could he made for other names marked by the
XEYWORD implied-requirements. Note that the analyst, while
studying the check-form and related regulations, found Sut that
it must be accompanied by pay-statement, Therefore, he felt
obliged to state it explicitly, describe the pay-statem2nt and
provide it with similar KEYWORD, ATTRIBUTE and ATTRIBUTE=-VALUE.

Now, using the URA commands:
'ATTR=to~be=-approved-by,payroll-depart-manager-attv'
e Ll

P}

S
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He can obtain the complete description of user requirements for
all system objects which have to be presented for approval to
the payroll-department-manajer. This way the interviewed person
is bothered only once and furnished only with reports pertaining
to their field of responsibility.

3.4.3 Geperating URA Reports for the First Interview

(for analysts)

A comprehensive introduction during the interview might be
composad of

a) an overall PICTURE report illustrating the most general
statements about the system's INPUTS, PROCESS and JUTPOTS,
(if applicable) at the highest level of abstractioa,
followed by

b) main-ob jective MEMO,

c) PORMATTED-PROBL EM=STATEMENT reports, vhich represent the
verbal comments to the PICTURE reports.

d) more specific breakdown of most important systams >bjects
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(from the point of view of the external user) such as
CUTPUTS, INPUTS and sometimes INTERPACES and PROCESSES
involved, if the PICTURE reports do not present it clear
enough.

The general introductive report usually can be presented to each
interviewee, if it does not contradict some security
precautions. They should be followed by reports wvhich are the
main subject of the interview. The latter should contain only
those system's objects of interest to the interviewed person.
These groups of URL statements should be printed as separate
sets of URA reports concerning each interviewed person. Por
econcaic reasons, it is wise (one day in advanc2) to order the
URA to produce them in batch mode during the period of lowest
computer charges (usually over night or weekend). The svernight
delay in most organizations is insignificant to the analyst.
Those objectives can be achieved by the following set of UORA
commands embedded into the computer installation dependa2nt job
order commands not shown in this example:

SET C[B=ura-data=-hase-name PNAM=PAYRCLL-SYSTEM ECHO=0FF =
PARAMETERS=0FF PROMPT=0OFF

PICTUFRE N=task-payroll=processing

FPS N=task-payroll-processing AS

PICTURE N=task-payroll=outputs

FPS N=task-payroll-outputs AS

/* The end of general reports */

NG S='ATTR=to-be=-approved=-by,~-
payroll-depart-manager-attv'
FPS AS
/* and so on, for other management positions indicated by ATTV*/
STOP

3.5 Introducing the URL to the Users
(for analysts)

Going to the user for the first interview vith carefully
prepared URA reports concerning a subject which is easily
comprehensible and well-known to the interested user is the best
introduction of URL itself to the prospective user. The
analyst’s introductive oral cosments and explanations given for
the usually self-explanatory URA PICTURE STRUCTURE and FPS
reports simultaneously become an introduction and explanation to
DRL 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
problens.

The more that the analyst keeps using meaningful,

self-explanatory and familiar names to the user, the more he
succeeds in the smooth introduction of the prospective user to
the URL and the OURA reports,

Invariably, all intervievws result in some extentions and
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alterations of the presented material. The analyst should never
forget to ask whether the interviewee has any additional ideas,
suggestions, or recommendations that have possibly been missing
and could improve the present service rendered by the systea and
whet her he wants credit for them., Sometimes this is possible
vithout increasing the operitional cost. Such an approach can
gain tetter cooperaticn from the user'’s staff.

In case the target information processing system is intanded to
support a dacision making process, the analyst should obtain
from the interviewed decision maker an estimate of expected
incremental gains in his objectives which could be attributable
to the system's main outputs. At the present level of URL, that
cculd be recorded by means of ATTRIBUTES and ATTRIBUTE-VALUES.

It is important that all changes uron which an agreement has
bean reached during the intecrview session are iamediately
translated and written down by the analyst into the form of NRL
statepents, This lessens the probability of a misinterpretation
of “he decision maker by the analyst, and minimizes the problems
2f this nature after the revised dccument is prepared. If a
formal record is taken from each interview, its substance should
pe worded as much as possible by using the user~defined names of
objects and URL reserved (basic and auxiliary) vords. Such a
record, after minor editorial changes (putting the auxiliary
text into /*...%*/), when typed cn a computer terminal, can
siaultaneously produce an input file for URA INPUT-PSL coamand.
An overnight production of the appropriate part of the URA
rfeports revised by the analyst, and their presentation to the
usar the next day after the 1nterv1ew has many significant
advantages:

- The user appraciates prompt reaction to his coaments by the
analyst and that he is asked for verification, correcti>ns and
additions.

~ He remembers exactly what he agreed upon.

- He gets involved in the develcopment of the system when he
feels his comments are seriously included into the design
requirements.

- Without a conscious effort, the user starts to think in URL
conventions and benefits from them,

After all necessary user requirements concerning the target
system in development have bean gatherea, approved, and stored
in the URA data base, the project team using URL/URA can proceed
to the second stage of systeam development - a computer-assisted
investigation of the object system and present information
processing systen.
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4, TINVESTIGATION AND ANALYSIS OF THE OBJECT SYSTEM AND THE
PRESENT INFORMATION PROCESSING SYSTEM

{for analysts)

The target information processing system is intended to serve
the object system which may be any kind of organization. Befor2
the systems analyst can proceed to the logical design of the
target system he must get acquainted with the object systen.
The URA Language is particularly well suited to coamputer
assisted description, investigation and analysis of object
systems. This includes present information processing systeas
that are described by any of the known analysis and description
methods, such as IB¥'s Study Organization Plan (SOP) and
Business System Planning (BSP), INFOTECH's Structured Analysis
and Design Technique (SADT), WARNIER's Logic of Informatics
(LI) , or the Swedish ISAC'’s Information Analysis (IA) ([see
Teichrcew, Gackowski, 1277).

According to some authors, system investigation! and analysis?
is 3 precise diagnosis of the problem or need, and a
determination of objectives and performance requirements. This
is the case, when the user is unable to state his own needs and
objectives. However, even in our example, where th2 major
performance requirement is stated explicitly, there are still
several other aspects of the target system which must be
determined by investigating the object system. For instance,
our hypothetical user left the payroll-inputs as subject to
change by the system designer. This is not the case with
payrcll=outputs whare only thair form may be subjact to changes.
However, it makes a considerable difference in respect to the
systea's perforamanc2 and scope as to hov many types and
instances of input data per employee must be processed in order
to produce the required paychecks. This can be discovered only
by investigating the present information processing system.
Similarly, the kind of organizational changes that may and
should be made after the implementation of the target system in
order to achieve the desired reduction of operation costs, can
be determined only by studying the object system within which
the target system will operate. UOntil the necessary facts are
gathered, a logical design, a meaningful feasibility study, and
an impact analysis of the target system on the object systeam
cannot be undertaken.

However before starting this task, the systeas analyst should
get acquainted with some useful conventions in assigning the
real-vorld object types to URL objects and wvith the naming of
these objects.

! Inyvestigation - is used throughout this guidebook in the
meaning of study and fact gathering about the object system and
the present information processing systeam.

2 Analysis - is used throughout this guidebook in the m2aning of
decomposition of a larger object into smaller parts and studying
their interrelations.
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4.1 Assigning URL Qbject Nase Iypes to System Objects

URL requires that each system object named by the analyst must
be assigned a certain OUORL object type. There are 27 types
available of which 18 can be defined by their own UJRL (section
headers) statement of the following form:

URL~reserved-word-for-object=-type
anal yst-defined-name (s) ~of-system=ob ject (s) ;

The other 9 can be defined by the DEFINE statement. In

addition, SYNONYMS can be defined for each object type using the
DESIGNATE statenment,

The assignment of a URL-object type to a system's object via its
name is crucial. Statements that can be made about an object
and its relationship to other objects are limited to those
available in tha object section cf the TRL manual, In som=2
situations the cnoice of a type for a particular system object
is clear; in othar situations there may be several legitimate
choices. This saction discusses the situation in which there
are alternatives,

4.1.1 INTERFACES versys PEOCESSES and PROCIS30RS
In very general terms, a PROCZSS is an activity which is part of
the target system. A PROCESS is performed on collections of
data values reprasanted by names of ELEMENTS, GROUPS, ENTITIES,
SETS and INPUTS which 0USES them to DERIVE new collectioas of
values, The PRCTESS can also UPDATE internal data. The data
wnich is used by a PROCESS can come "from" any other PROCESS,
and the internal data which is DERIVED can be USED by any other
PROCESS.

In contrast, an INTERFACE is a unit outside the boundary of the
target system which can produce data for the target systea
(GENEFATE an INPUT) and/or receive data from the target systea
(RECEIVE an CUTPUT).

An object therefore, should be assigned an INTERFAC® type only
if it interacts with the targat systea, namely, that it will
PECEIVE or GEVERATE data. Othervise, the organizational units
(objects) which will perform PROCESSES (activities) within the
target system should be assigned the type PROCESSOR.

4.1.2 INRPUTS, QUIPOTS and ENIITIES

INPTIS, OUTPUTS, and ENTITIES are URL types of objects which
"contain" or "carrcy"” collections of data values. Conceptually,
that type of name can represent both the "container" or the
collection of data values contained in that container.
Purthermore, tha container can be regarded as physical, that is,
a card, a tape, a recerd on a disc, etc., or it can be regarded
Aas a logical construct which may or may not be physically
implenented in that foras.
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A system object should be designated as an INPUT if what is to
be specified is a container with data values coming into the
target system from outside, i.e., from an INTERFACE.

Another distinqguishing characteristic of INPUTS and QUTPUTS is
that they are temporary as far as the target system is concerned
wvhen interpreted as "containers" of data values. There may be
multiple instances of the particular INPUT coming in, but once
it is received by a PROCESS, the particular instance disappears.

For example:
INPUT time-card;

implies that the system will receive objects of type INPUT which
are called time-card. The number of individual *time-cards’
which arrive is specified by the HAPPENS statement.

Similarly, an object should be designated an QJTPOUT if it is a
"container" of data values ani if it is specified to leave the
target syst2m. Again, there may be nultiple instances, each ona
of which has *o be GENSRATED and each leavas the systeam. Once
individual instances of the OUTPUT have left the target system,
they are not considered part of, or accessiblas to, the target
systen.

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

(1) eventually th2 physical medium on which they appear and
their representation will have tc be specified,

(2) the source and destination can be related to INTERPACES,

{3) time and volume can be specified for INPUTS and OUTPUTS but
not for GROUPS.

An ENTITY is a "container"™ of data values; in this respect it is
equivalent to an INPUT or OUTPUT. Howvwever, it differs from
INPUTS and JUTPUTS in that it is internal to the system and it
is permanent, Therefore, an individual instanc2 of an ENTITY
must te created, i.e., DERIVED, with the exception of ENTITIES
which are conceived to contain ELEMENTS with constant values.

Again, the ENTITY may be a "logical" collection of data values
or it may be a "physical" collection. When it is designated as
a physical collection, it will probably be implemented as a
logical record or physical record which is maintainea by the
system in some way.

Therefore, an object which is a collection of data values that
is internal to the target system and is maintained within the
system should be designated an ENTITY rather than as an INPUT or
OUTPOT.
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4.,1.3 ENTITIES versus GROUPS and ELEMENTS
= -i--- -—— - o R . i T e

An ENTITY is a logical collection of data GROUPS or ELEMENTS
that are specified by CONSISTS statements. A GROUP may also
CONSIST of other GROUPS or ELEMENTS But a range of data values
can be specified only for EL“”ENTS.

The major distinction between ENIITIES and GROUPS lies in that
an ENTITY is a container of the values of the ELEMENTS of which
it CONSISTS. A GROUP, on the other hand, is merely a nitational
convenience for naming a collection of ELEMENIS. Whenever the
analyst finds *hat a2 set of data ELEMENTS appear in a namber of
situa+tions together, he can save his writing time and analysis
time Lty defining the collection as a GROUP,

Other differences between ENTITIES and GROUPS are the fsllowing:

1) GROUPS can he CONTAINED in ENTITI®ES, INPUTS, and 00TPOTS,
tut ENTITIEZS cannot.,

2) ENTITIES (and INPUTS and CUTPUTS) can be CONTAINED in SETS,
tut GRO0UPS cannot.

3) ENTITIES can CONSIST of GRCUPS but not of other ENITITIES,

GRC TIPS can CONSIST of other GROUPS, but of course not of
ENTITIES

4) GROUPS can be'used as SUBSETTING CRITERIA of 'SETS and to
IDENTIFY ENTITIES, but ENTITIES cannot. ENTITIES can be
RELATED via RELATION statements and have ASSOCIATED data
consisting of GROUPS.

5) As far as PROCESSES are concerned, the same statements that
can be made about ENTITIZS can also be made about 3ROUPS,
though when thea ENTITY is used in a statement, the
appropriate statement about the ELEMENTS or GROUPS
CONTAINED in the ENTITY must also be made.

£) Both ENTITIES and GROUPS can have SYSTEM PARAMETERS
associated with the CONSISTS statement. In addition, the
ENTITY can have a CARDINALITY and VOLATILITY statement
while a GROUP cannot.

The problem definer should specify am object to be an ENTITY

wvhen he wishes to refer to a number of ELEMENTS or SROUPS and a
collection >f values they can contain as a unit.

4,1.4 Definition of SETS

The highest level TRL object-type =~ which eventually, at the
lowest level of decomposition, contains data values == is a SET.
A SET may be divided into subSETs to any level. The subdivision
need not be hierarchical since a SET may be a subSET of any
nuaber of other SETS and a SET may be subdivided into sanETS in
more than one way.
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There are two ways in which a SET may be subdivided. The first
way is by indicating an ELEMENT name whose value is assigned to
he the SURSETTING-CRITEPION? on which a SET is to be
pairtitioned, e.g. the SET "customer-information™ may be
subdivided by "state":

SET custcmecr-information;
SUBSETTING-CRITERION IS state;

In this case "state" is the name of an ELEMENT. If more than
one ELEMENT is given in the statement, the specification of
vhether all, some, or any are meant should be included in the
DESCRIPTION.

The second way is to define an object type SUBSETTING-CRITERION.
In this case that object is not an ELEMENT and can be defined in
more detail in a DEFINE section. This method should be used
vhen the criterion for subdivision is not an ELEMENT, i.e., if 2
SET is to be subdivided on the basis of ona or more ELEMENTS
which are not contained in the ENTITIES in the SET and these
ZLZ¥ENTS should be used as “tha SUBSETITING-CRITERION.

In top~down development, a SET should be divided into subSETS
until it is clear that ENTITIES have been reached. For exaaple,
in a personnel system the name assigned to all of the stored
information might be "personnel=-information"®. This may be
subdivided into "salaried-personnel-information” and
"hourly=-personnel-information™ and into
"current=personnel-information" and
"inactive-personnel-information” and so on. At some point, a
level will be reach2d at which the units should be defined as
ENTITIES.

In bottom=up definition the ELEMENTS would first be defined
individually, then named as being contained in particular
ENTITIES. These would then be named as being contained in SETS
which could be made to be contained in other SETS and s> on.

Generally the point at which the subdivision of SETS into
SubSEIS is replaced by the definition of ENTITIES is where the
contents of the ENTITY are vell enough defined so that one can
think of a nuamber of instances of the ENTITY containing the same
Z“LEMENTS., Por example, consider the defini*ion of a3 URL data
base which will be used in the design of a physical systea.
During this process the data base will be updated as new
information is obtained. Initially the data base may be named
as:

SET: physical-design-information;

- — s o

1 Yor the purposes of this description GROUPS may be regarded
merely as a shorthand vay of referring to two or more ELENENTS.
Therefore where ever the word ELEMENTS appears in this
description, implying two or more may be used, the word GROUP
can be substituted.
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The information may be then thought of as consisting of
information describing the computer hardware that will be used,
the data base of the target system, the noncoamputerized
procedures, the softwvare, etc. Since different data elements
will be used to describe each one of these types of infaormation
these could be 1e2fined as ENTITIZES or as SETS. If it is clear
that the same data elements will be used for all instances of,
for example, the coamputer hardware description it would be
appropria*ely defined as an ENTITY. On the other hand if at
this point, it appears that hardware may be further subdivided
into CPUs, terminals, etc. which are likely to be described by
lifferent 2lenents it would be better to define the different
tyoes of information as subsets as follows:

ET ophysical-design-information;
ST3S=7S ARE hardware-information,
data-base~-information, noncomputerized-procedures,
software=-intormation;

At this point the hardware information may be thought of as
consistina of information about CPUs, about auxilary meaories,
terainals, etc. If each of these now can be described by the
same collection of ZLEMENTS, these could be defined as follows:

SET hardware-information;
CONSISTS of CcpU-information,
. auxilary-memory-information, terminal-information;

With this definition URA would treat these three new names as
UNDEZFINED since they could be either GROUPS or ENTITIES. If the
problem definer is uncertain as to whether he wants to call thea
SETS or ENTITIES he can leave them in this form until ha
svecifically determines the data content and verifies that it
will in fact be homogenious.

In TRL a particular object of type SET is defined in detail by

spacifying the names of only ENTITIES, only INPUTS or only
onTPOTS.

In particular, a SET may consist of ENTITIES. This definition
means that the SET in the target system will contain some nuaber
of instances of each of the named ENTITIES.

In the target systeam there may be an arbitrary nuaber of the
instances, including zero, of each one of the ENTITIES. The
particular collection of data objects which make up an ENTITY
may vary over time in the target system but the types of data
objects which may occur is fixed by the definition of the SET.
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4.1.5 ENTITIES versus SEIS

ENTITIES and SETS are equivalant as far as data operations are
concerned since both ENTITIES and SETS may be USED, DERIVED or
JPDATED by PRCCESSES. They are also equivalent in information
about their size since CARDINALITY is specified for each by a
SYSTEM=-PARAMNETER and system dynamics infcrmation in that .
VOLATILITY, in each case, is described by a comment-entry.

ENTITIES and SETS however, differ in four very important
respects:

1) ENTITIES cannot be subdivided into other ENTITIES, while
SETS can be subdivided into subSZTS in many wvays.

2) EYTITIES may CONSIST of GROUPS or ELEMENTS while SETS
cannot contain these data object directly.

3) ENTITIZS may be IDENTIFIED by ELEMENTS.
4) ENTITIES may be involved in RELATIONS.

(1) and (2) make it possible to use an ENTITY in the same sense
that E.F. Codd uses "relation", i.e., as a table with many rowvs
identified by the IDENTIFIER, and the same set of columas,
namely the BELEMENTS of which the ENTITY CONSISTS.

(4) makes it possible to describe requirements of storel data

without implying a physical data organization. This is further
described in the section on RELATIONS.

SETS and ENTITIES may be USED, CERIVED and UPDATED. Whenever
one of these statements is made, it is implied that at least one
ELEMENT or GROUP is USED, DERIVED or UPDATED.

An analysis of existing overlaps can be obtained from the URA
CONSISTS COMPARISON report.

4.1.6 Defining RELATIONS Between ENTITIES

URL permits the definition of an object-type called RELATION.
The tasic purpose of this facility is to permit the logical
definition of data as viewed by users of the target system
vithout implying a particular physical implementation. The
problem definer can concentrate on describing the logical view
of the data. The physical designer can be certain that he has
received all the logical requirements in a form he can use to
evaluate physical implementation alternatives.

The fcllowing example will illustrate the use of RELATIONS.

A university wishes to develop a computer aided registration
systes. The purpose of this sytem is to 1) enroll studants in
courses of their choice subject to constraints on eligibility,
2) to produce hard-copy lists of the courses each studeat is
enrolled in, and 3) generate a list of all students emnrolled in
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a course for each instructor. In addition various management
reports are to be produced.

The university has approximately 40,000 students enrollad in
each term. It offers approximately 10,000 courses. Students
are enrclled in an average of five courses and are sn the
waiting list for one additional course.

During the registration period which starts eight weeks before

the beginning of a term and ends four weeks after the beginning
of a term, ther= is a ¢great number of changes. Departaants add
new ccurses and cancel others in response to student interests.
Students change their course preferences based on availability,
time conflicts, etc.

The new system is required to respond to these changes guickly
and to follow through the conseguences of any one change,

In defining the requirements of ¢this sytem, the need for

"stored" data will require the definition of two ENTITIES; one
for s*udents and one for courses.

ENTITY student-information;
CONSISTS OF student~-identification,
other=-student-infermation:
IDENTIFIZED BY student-identification;
ENTITY course-informationg
CONSISTS OF course-identification,
other-course=identification;
IDENTIFIZED 3Y course~identification;

The other information in each case will consist of the lata
necessary to describe each student and each course respectively.

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

If the relational information were included in the ENTITY
student-information, the system may well be implemented with
course-information in the student record. If the system will
alwvays be used to produce ou*put containing all or some courses
in which a studant is enrclled or on the waiting list, these may
be ASSOCIATED=-DATA.

4.2 Naming Conventions of Systea Objects

TRL requires that all objects have unique names. This is one of
the features which makes a description in URL more precise and
unambiguous. In the URA analysis, the name itself is not
important - it could just as easily be replaced by an
arbitrarily assigned number - it is the relationships in which
the name appears that is important.

For human understanding, however, the name itself is very
important since it permits the reader to associate the osbject
with something in the real world with vhich he is familiar - the
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name means something to him. It is, therefore, very desirable
to ensure that the names are as meaningful as possible and that
the meaning be as consistent as possible to all readers.

This can best be accomplished by establishing and consistently
following conventions and standards. Unfortunately, thare are
no universally accepted conventions and standards. This section
contains some suggestions and guidelines.

Since the different types of otjects play different roles, the
guidelines for naming for each type are different,

Since each URL object must be of a specific type it is usually
desirable to be able to identify the type from the name itself.
This is incorporated in the guidelines given for each type of
name tkelow.

Names are essentially meaningful codes and therefore, the
methods for developing such codes are applicable to the naming
problem.

Naming conventions may irclude the categories of terms which may
be used and the order in which they are to be used. In sone
cases they may also include a list of available terms. The
collection of tarms should always reflect the terminology that
is customary and familiar to the eventual user's staff and
management, and not the analysts preferences, for they are first
of all communication media with the system user.

4.2.1 Data ILEMENTS, GR0U®S,

(s

NTITIES, and

EIS names

A data ELEMENT should be named by a noun which in plain Z2nglish
designates the collection of data values it is intended to
represent, for instance: name, If there are several collections
of values of this type which the analyst wants to distinguish he
can mcdify the noun by any adjective, for instance:
manager-name, employee-name, customer~name.

A higher level collection of data ELEMYENTS should be named
similarly by using more abstract expressions with a broader
meaning such as:

- address~-sp == sp for a data GROUP which CONSISTS OF:
r2cipients-name, house~numbter, street-name, locality=-name,
state-name, zip=-code,

.o employee-record--=for an ENTITY which CONSISTS of data
GROUPS: emplovyee-address and other-information,

e payroll-transactions=-~-for a SET which CONSISTS OP data
ENTITIES: time-card, job-card, leave-of=-absence-card,..,

- payroll-sets=-for a SET which SUBSETS ARE:
payroll=-transactions, payroll-master, payroll-reports, and
which is in turn a SUBSET OF fiscal-data-base == a higher
level SET.
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Generally, names of SETS used to represent a master file or a
data tase should have the last term like ~master and -data-base
respectively.

ENTITIES are best thought of as logical records and therefore,
can have a last term such as -information or =-record if a more
physical connotation is intended.

The OUTPUTS and INPUTS should be named similarly as above, but
in addition with the ending tarm such as =-report, =-output or
-input and so like respectively.

Names of INPUTS may also end in a carrier type term, e.3.,
-card, -message, -document.

4.2.2 Names of RELATIONS between ENTITIES

"L enables the analyst to define some logical relations which
exist betwean different kinds of data ENTITIES. Th2 recommendel
naming convention is +to connect *he names of the separate
ENTITIES with the preposition "tc". For instance,
department-to-employee(s), in plural, if a one to many
CCNNECTIVITY intended.

4.2.3 PPOCESS Names

A PROCESS is an object which represents an action, e.gq.,
deriving data from other data. The hasic part of the name

should be a verb which describes the action. OUsually, the
object of the action should be included. For example:
calculat e=gross=pay

is a meaningful description of a PROCZSS giving both the action
"calculate" and the object or the result "gross-pay".

7hen this convention is followed it is usually clear that the

onpject is a PROCESS. If desired, however, the type can be
included, e.q.:

calculat e-gross=-pay-process.

In assigning the action part it is usually desirabls to avoid
words which have saveral meanings or which may be both nouns and
verbs. For example:

logical~design

is a name which is subject to several interpretations. A better
name would be:

design-logical-systen
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4.2.4 SYSTEM=PARAMETER and ATIRIBUTE~VALUE Names

SYSTEM=-PARAYETERS or ATTRIBUTE=-VALUES should use
self-descriptive names for the values they represent or are
related to, for instance: twenty-five or number-of-employees
respectively.

4.2.% KEY4ORD and ATTRIBUTZ Name

An ATTIRIBUTE may have only one ATTRIBUTE VALUZE for a given
object and, therefore, should be used when the classification is
mutually exclusive. If an object may possess several attribute
values these must be defined as KEYWORDS.

Both KEYWORDS and ATTRIBUTES are used to describe objects and to
facilitate subsequent retrieval of the objects that they modify.
The ATTRIBHTE name, therefore, should be a meaningful English
name for any attrihute that can be of interest to the
prospective user of the system. It may be a symbolic name when
it is intended only for intarnal use within the project tean,
but then the symbols should be subject to some separate standard
convention used by the team, This is relevant both to
ATTRIBUTES and KEYWORDS because KEYWORD names represent only a
simplified notation for ATTRIBUIES which do not have aultiple
ATTRIBUTE=-VALUES but simply exist cr do not exist for some
system objects.

4.2.6 Qther Useful Conventions in Naming Svstem Objects

The project task, the object (organizational) system, the
present system, and, eventually, all of the target system are
investigated, analyzed, designed and described during the
various stages of system development. In URL/URA all the
described system objects are stored in the same data base in
order to enable a flexible ccmparison and analysis. Many of the
objects are often similar or are nearly the same semantically,
with the only difference being that they are part of the
description of either the project task, the object systeam, the
present system, or the target system. PFor retrieval purposes
they can easily be recognized by assigned REYWORD naaes such as
task, object, present, or target. Still, it does not prevent a
misuse of the same system object name in all four system types.
That, of course, could cause the creation of unwanted r2lations
between objects in which abstraction should belong to only one
of the different systeams,

This may be easily assured for the whole project team by

adopting a standard naming convention for all objects balonging
exclusively to one of the mentioned system types in the
tollowing manner:

- all names of objects belonging to the project task
description should use a prefix, like task- or t-,

- all names of objects belonqihq to the object systea
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description should use a prefix, like object= or ob-,

- all names of objects belonging to the present systea
description should use a prefix, like present-, pr-, or
is-,

- all nares of objects belonging to the target systea

description must not use any prefix. The names chosen
should be the siamplest ones without any artificial teras in
order to assure the highest degree of comprehensiveness to
the target user when they are presented in the final
reports.

Some raming conflicts can occur within the description of the
same system. URL, for the sake cf 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 situations. Por instance, semantically, the same
depactment=-manager can be in URL

= an INTERPACE which RECEIVES an 0O0UTPUT,

- a PROCESSOR which PERPORMS a decision-making PROCESS,

- an ATTRIBUOTE~VALUE or a KEYWORD or a SOORCZ name for
instance in a UEL statement,

ATTRIBUTE IS to~be~approved-by department-manager;
KEYWORD IS departmente-manager; ;
SOURC= IS department-manager;

JXA would not accept such a use of the same name in any pair of
the above mentioned situations. This naming conflict can again
be sclved by adopting a naming convention. 1In cases whare it is
necessary to use the same analyst defined name for different URL
types of system objects, the names should be modified by adding
to the chosen name a suffix made of one of the permitted
abbreviations of the appropriate reserved word, for instance,
department-manager-intf, department-manager-prcr,
department-aanager-attv, department-manager-key,
department-manager-src.

In general, it is wise to avoid those names and abbreviations of
names vwhich are not meaningful to the system usar, Therefore,
the system department's standards and conventions should
strictly prohibit the analyst to introducing any artificial
terms (prefixes or suffixes) that are not part of user-friendly
names, except in the case of naming conflicts.

These conventions should be defined before the description of a

system in ORL is begun. The project leader will usually
2statlish these conventions.

KZ2YWORDS and ATTRIBUTES may be used to define the
characteristics of objects which will have meaning in the URA
report generation process. Por example, KEYWORDS level-1,
level=2, etc. could be assigned to objects defined at the
various levels of the requirements description. These KEYWORDS
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.
For example, if organizational-units or documents within an
organization have both names and ccdes, the use of them as
INTERFACES or PRCCESSORS or INPUTS may require that the codes be
us2d as SYNONYHS so that information may be retrieved by code.

Standards may also iictate that a RESPONSIBLE-PROBLEM=-DEFINER be
specified for each URL object defined, or that security
informaiton (either for target system objects or for URL
sections) be defined in a particular way.

The fcllowing references are relevant:

Fraiser, 1971; IBM Data Dictionary; Butterworth, 1975; Simmons,
1976; Flcrentin, 1976; McNamee, 1973.

(1]
o

4.3 Task Assigqnaent for the Project Zaaa

(Eor Project Leaders)

Following again our previous payroll example, the project leader
should define, mark, and assign to the analysts all objects of
the target system and the present-payroll-system which should be
investigated. *'In the example from section 3, "the most important
and interesting objects seem to be 1) the
present=payroll-inputs, 2) the present

orjanizational-units (INTERPACES) which GENERATE parts of the
present-payroll-inputs (perhaps some of them could deliver thea
in ccwmputer readable form), 3) the present PROCESSORS, PROCESSES
and RESOURCES involved with present-payroll-processing. If the
project staff is not familiar with the object system and payroll
system at all, then the project leader should decide to
investigate both the object system and the
prasent~payroll-systen. '

There are also some general but useful rules (see Pigure 4.1 by
Burch and Hod, 1975) :

1 The less adaquate the present information processing
system, the less time the analyst shculd devote to
investigating it, but the more the object system is of
interest.

2) The less modification and the smaller the improvement
scope, the more time the analyst should devote to
investigate the present information processing systea and
the less to tha object systenm.

Pigure 4.2 presents a generalized structure chart for use of
ORL/UEA to describe systeas.

Such an investigation and analysis assignment can be prapared by
the project leader in the form of folloving URL stateaments
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concerning our example:

DEFINE to-investigate AS KEYWORD; DESCRIPTION:;

To investigate and describe the objects denoted by names
marked with this KEYWORD, by studying and interviewing
SQURCES attached to them;/* rest like for the KEYWORD
implied-requirements in s.3.4.1 %/

APPLIES TO: present-payroll-inputs,
present=-prs-inputs-interfaces, present-payroll-processors,
present-payroll-~activities, present-payroll-resources;

INPUTS present-payroll-inputs; ATTRIBUTES ARE:
+to=-be-described~till data-elements, where received-from;
SOURCE ARE present-~forms, payroll-input-checker; KEYWOED IS
assigned=analyst-name-1;

INTERFACIZS present-prs-inputs—-interfaces; ATITRIBUTES ARE;
to=be-also-described as-processors-if-necessary,
to-describe-the~feasibility~of computer-readable-inputs;
SOURCES ARE orgu=-managers; KEYWORD IS
assigned=analyst=name=2;

EROCESSOR presant-payroll-processors; ATTRIBUTES ARE:
to-te-descrivei~with all-performed-activities,
and-with-resource-usage-by SOP-method; SQURCES ARE
all-involved-employees; KEYWORD IS assigned-analyst-name=-3;
EERFOR4AS present-payroll-activities; CONSUMES
present=payroll-resources AT RATE OF x-units PER
activity=-unit;

/* Note, that the definition of object types, investigation
ATTRIBUTES, KEYWORDS and SCORCES for
present-payroll-activities and present-payroll-resources is
not necessary, because they are closely related to the
above defined PROCESSOR and defined by the above stated URL
relations */

In this case, the procedure of using UORL/URA for the
investiqation of the object system and the
present-payroll-processing~system is similar to that described
in section 3.
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4.4 Defining the PPQCESS Structure

The major types of objects in systems are processes and data.
BEach of these are involved in structural and flowv relationships.
The fasic task in describing a system after the most important
data objects have been defined can be statad as identifying the
PRCCESSES, defining their structural relationships and
representing the flow between them.

When the system is described manualiy, it is frequently argued
that one should first define the process structure showing the
data flow between processes, and then separately define the
structure of the data showing the processes which use and derive
€.

In a computer-aided system, this procedure can also be followed
1€ desired, though it is not really necessary since the
consistency of *he two views of the system can be establ ished
and maintained in the data base.

¥ost systems consist of a number of processes vhich are
interrelated in various ways. In URL there are provisions for
describing four types of relationships:

1) Logical 3:ructure. If a system contains a large nuaber of
processes it is usually not very meaningful to list all of
the processes alphabetically. It is much more meaningful
to have them in logical groups so that the systam can be
more @asily understood. This is usually shown in an
indented 1list,

2) Decoaposition Structure. A statement of what processes are
needed to help define other processes in more detail. This
is usually shown in a STRUCTOURE chart.

3) The sequence in wiiich data will flow from one procass to
another. This is usually shown in a flow chart or flow
diagranm.

4) Iime or Triggering Statements. This is usually shown in a

chart in vhich time is one dimension,

It is often beneficial tc combine several of these relationships
to fcrm composite diagrams. The larger the system the more
necessary it is to distinqguish these relationships and showv them
separately.

4.4.17 Logical STRUCTURE

R PROCESS should be included in a logical tree structure by
using the PART OF/SUBPARTS ARE statements.

The purpose of these sStatements is to allov a logical table of
contents to be produced in which each PROCESS appears once, and
only once, and which allows the system to be studied in general
or in detail, or to quickly identify any particular logical
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area.

4.4.2 PRCCESS Decomposition

Zach EFRCCZ3S Jdefinition contains a description, in terms of its

decomposition into lower level PROCESSES. This is accoaplished
using the following statements: DESCRIPTION, UTILIZIES/,UTILIZED,
US2S/DERIVES/UPDATES, PROCEDURE.

DESCRIPTION

The DESCRIPTION should contain information wnhnich can be verified
by the target-system user. The systeas analyst and the user can
check that the dascription is consistent with other URL
statements. The €follcwing, in text form, should be included in
the description:

1) A brief statemernt of the purpcse of the PROCESS. Tiis
should usually be one siaple sentence that can be
consistent with, and elahorate on, the name of the PROCESS.

b) A statement of the lcgical grouping in which the PROCESS
appears based on the PART CF/SUBPARTS ARE statement.

c) A statement of the decomposition in which the PROCESS
appears based on the UTILIZED/UTILIZES statement.

JIILI2ES/UTILIZED and TRIGGERED

Zach PROCESS should be TTILIZED or TRIGGERED by at least one

other PRCCESS or TRIGGERED by some EVENT. These relationships
should be included in the PROCESS definition.

Zach PROCESS definition contains a list of the PROCESSES which
1t UTILIZES; these are given in the UTILIZES statements. These
statements should be consistent with the order of statements in
*he PROCEDURE statement,

If a system has onliy a tree invocation structure, the UTILIZES
statement should be used. The SUBPARTS statemeat need not be
used since a 3TROUCTURE report can be obtained by the UTILIZATION
ANALYSIS report.

PROCEDURE

The PROCEDURE comment entry should be used to show the steps

followed in executing the PROCESS. Usually the steps should
correspond to the PROCESS which is UTILIZED.

This statement is mandatory for the lowest levels of PROCESSES
as a specification for further programming efforts.
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4.5 Using URL/TRA for VYarious Documentation Methods

(for analysts)

Exzmples of the usa of URA to produce doecumentation according
to various standards is given in Part V of the URA Users Manual.

4.6 Checks Carried Qut by URA and the Analyst

The ccopleted investigatiocn and analysis of the object systea
and the present information-processing systems aust be checked
for preciseness, consistency and ccampleteness. The logical
design, th2 physical design and the intermediate and final
documentation of the system must also be checked similarly.
Therefore, the checks performed and facilitated by URL/URA and
Jescribed in this section pertain to all stages and steps of
system development and documentatiocn,

Preciseness, consistency, and correctness are all checked by the
72 Analyzer as n=w information is added to the data base or data
is modified in it., URA can produce several hundred diagnostic
and error messages. Each is identified by a number., The
conplete list is given in the "H6180/Multics/URA User's ¥anual®”
in numerical orier to facilitate correction., In the discussion
below, the error messages are analyzed in tecrams of how they
contribute to good investigation, analysis, design and
documentation,

-

4.6.1 Checks Related to Preciseness Carried Qut-°by URA

A considerable portion of the error detection facilities in the
Analyzer are used to check the ®preciseness"™ of new URL
statemants being added to the data base. (This is done during
the execution of the URA command INPUT-PSL.) The Analyzer checks
that the syntax is correct and that the user-defined names given
in the new statements are consistent with names already in the
data base. If either of these conditions fail, an error
diagnecstic is generated by the Analyzer to infora the user that
*he irformation to be stored in the data base was ambiguous or
inconsistent with the informa*ion already there. No ambiguous
or inconsistent information is permitted into the data base,

a) Syntax Ecrors

Violating any of the syntax rules of URL will cause the

Analyzer t> generate one or more error diagnostics.
Typical syntax errors are:

- use of illegal characters,
- misspelling of URA reserved words,
- omission of a semi-colon to terminate a line.

Table 4.1 presents a complete list of diagnostics produced
vhen a syntax 2rror is encountered.
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Table 4.1 URL Syntax Error ¥essages

Error
Number Diagnostic Message
2 NLEX : NAME TOO LOUG
3 NLEX : 'EQF' NCT FOUND BEFORE END=-OF-FILE
4 INDBS : EFRCS OPENING DATA BASE FOR - data-~basa-name
5 NLEX END=-QF-PILE IN MIDLCLE OF COMMENT
7 SCAN ILLEGAL CHARACTIER = IGNORED
10 REDUCEZ : NCO APPLICABLE EROCUCTION = SYNTAX ERROR = START
SKIPPING
1 STACK ¢ ILLEGAL SY#30L PAIR = SYNTAX ERRCR = START
SKIPPINS
16 COMENT : END=OF-FILE IN COMMENT ENTRY
17 SKIP: END OF PILE JHILE SKI?PING
30 RWLIST : SSCN IS ONLY LEGAL TYPE IN DEPINE SECTION WHYCH
CAN BE MAINTAINED
114 VLIST : ONLY SINGLE VALUE OR RANGE ALLOWED - IGNORED
116 OTHERS ¢ VALURS ONLY LEGAL FCR ELEMENT, SYSPAR,

OR ATTRIBUTE-VALUE
2021 PLIST : NAME NOT PARI OF HEADER

225 EWLIST : CANNOT HAVE KEYWORD FOR KEYWORD

228 RWLIST : CANNOT HAYVE SECURITY FOR SECURITY

27 RWLIST : CANNOT HAVE SCURCE FOR SOURCE

231 RWLIST : SYNONYMS ONLY :APPLIED TC FIRST NAME

232 APPLES : APPLIES STATEMENT ILLEGAL WITH THIS NAME TYPE
256 ILLST ILLEGAL STATZMENT IN THIS SECTION

512 RWLIST: CANNCT HAVE TRACE-KEY POR TRACE~-KEY

b) Naming Ecrors

It is very important that once a name is defined and has an
associited name type along with it (e.g. PROCESS a2r 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 relationships specified by the "User Requirements
Lanquage, Lanquage Refarence Manual"™ can be used t> relate
two objects. For example, a USES relationship between two
FPOCZS5 names is not allowed and any attempt to specify
this would cause the Analyzer to generate the diagnostic:
MUST BZ ZLEYENT, GROUP, INPUT, ENTIITY, OR SET. Table 4.2
presents a complete list of the errors that can be
encountered in relation to nanmes.

bL.5.2 Checks Associated with Consistency Carried Qut by URA

As URL statements are added to the data base, the Analyzer also
checks that the new relationships specified are consistent with
the information already in the data base. 1In the previous
secticn, the Analyzer was shown to check that once a name was
defined to be a given name type, it could not be used in a
conflicting context (i.2., as a different name type). The
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Analyzer also checks that the relationships specified for a
given name 40 not conflict. For example, if an ENTITY was
defined to have a CARDINALITY of 100, it would be illogical to
also say that its CARDINALITY is 5C. The Analyzer detects these
kinds of inconsistencies. The Consistency Error Messages are
listed in Table 4,2, Table 4.4 presents the various
inconsistencies detected by the Analyzer according to name type
and relationships within the existing URL system description.




2cror
Nuaber

23

51
53
100

101
1C2
123
202
2C4
206
207
239
219
211
215
217
225
2211
222
224
233

234
235
236
2490
241
246
247
2483
257
267
269
53

HEAD

RWLIST
OPT2W:
NLIST2

NLIST?2
NLIST2
SNAMET
NLIST
DEFN
SETSYN
SEZSYN
CHKCOCN
PRTN DY
OTHERS
OTHZFS
OTHERS
SETS IN
NLIST
CONS UM
ORTRW
DEFN

CPTEW

CPTICN
OPTICN
APPLES
APPLES
APPLES
APPLES
APPLES
FORMSL
ILLST

NLIST

APPLES

47

Table 4,2 URL Name Error Messages

o

iagnostic Yessage

INVALID HTADER STATEMENT - STATZMENTS
WILL BE IGNORED

MUST BE SUBSETTING-CRITERION NAME

NAME LIST TOO LONG = REST IGNORED

TCJ MANY ATTRIBYUTE VALUE PAIRS IN SINGLE
STATEMENT

NAME ALREADY OSFD IN DIFFERENT CONTEXT
NAME ALREADY USED IN DIFFERENT CONTEXT
NAYE ALREADY USED IN DIFFEZRENT CONTEXT
NAME PREVIOUSLY USED DIFPERENTLY - IGNORED
NAMEI ALKEADY USED IN DIFPERENT CONTEXT
UNABLE TO MAKE SYNONYM = TOO COMPLICATED
CANNOT BT MADE SYNONYM - DIFFERZNT TYPES
STACK OVERFPLOW WHILE WALKING CONSISTS STRUCTURE
NC NAMES IN DATA BASE

NAME MUST BE ENTITY NAME

NAME MUST BE ENTITY NAME BEFORE VIA

NAME HMUST BE REIATICN AFTER VIA

CANNOT MAKE A NAME FOR ITSELF

TOO H4ANY NAMES - REST IGNORZED

NAME MUST BE AN INTERVAL

NAME MUST BE AN ELEMENT OR CONDITION

TOO MANY NAMES IN DEFINE HEADER - REST
IGNORED

NAME ALEZADY USED IN DIFFERENT CONTEXT
NAME ALEEADY USED IN DIFFZRENT CONTEXT
NAME LIST TOO LONG - REST IGNORED
KEYWORD CANNOT APPLY TO KEYWOCRD

MAILBOX CAN ONLY APPLY TC PD

SECORITY CANNOT APPLY TO SECURITY

SCUBRCE CANNOT APPLY TO SOTRCE

MEMO CANNCT APPLY TC MEMO

NAME NOT IN DATA BASE =-

NO CURRENT SECTION

NAME LIST TOO LONG, REST IGNORED

TEACE KEY CNANCT APPLY TC TRACE KEY




Errcor
Nusber

22

43
44
€0
61
62
63
115
117
205
212
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Table 4,3 URL Consistency Error Messages

BEWLIS?2

CTHERS
CTHERS
APPLES
RWLIST
RWLIST
RWLIST
VLIST

OTHERS
SETSYN
OTHERS

OTHERS
OTHERS
RWLIS2

OTHERS

RWLIS2
RWLIS2
RWLIS2
PWLIST

FWLIS2

FWLIS2
IWLIS2

RWLIS?
RWLIS2

}WLIS2

Diagnostic
SAME ATTRIBUTE ALRZADY GIVEN WITH DIFFERENT
ATTRIBUTE VALUE

CARDINALITY ALREALY GIVEN AS SYSPAR

CARDINALITY ALREADY GIVEN AS DIFFERENT VALUE

SECOND MAILBOX FORK PD ILLEGAL

ALREADY PART OF SCMETHING ELSE

SECCOND PD POR THIS NAME ILLEGAL

ALR EADY PART OF SCMETHING ELSE

MIN HNOT LESS THAN MAX - IGNORED

DIFFERENT VALUZS ALREADY GIVEN

ALREADY SYNONYM FCK SOMETHING ELSE

RELATION ALREADY BEXISTS BETWEEN TWO OTHER
ENTITIES

CAN HAVE ONLY ONE CARDINALITY

CONNECTIVITY ALREADY GIVEN FOx THIS RELATION

ALREADY CONTAINS WITH DIFFERZINT SYSTEM
PARAMETER ;

RELATION ALREALY EXISTS BETWEEN DIFFERENT
ENTITY

INCCNSISTENCY IN "HAPPENS WITHIN" STATEMENT 91

INCONSISTENCY IN "HAPPENS AFTER"™ STATEMENT

INCCNSISTENCY IN "HAPPENS WITHIN" STATEMENT

CCNNECTION ALREADY EXIST WITH DIFPERENT VALDE

OR NAME

ALREADY GIVEN WITH DIFFERENT ATTRIBUTZ VALUE

INCONSISTENCY IN CLASSIFICATION STATEMENT

INCONSISTENCY INCECURITY-ACCESS=-RIGHT
STATEMENT

INCCNSISTENCY IN RESOURCE-USAGE STATEMENT

INCONSISTENCY IN RESOURCE~USAGE=-PARAMET ER-
VALJE STATEMENT

INCONSISTENCY IN CONSUMES/CONSUMED STATEMENT




CONSISTENCY ERRORS

Systenm Systen Data Da ta
Flow Structure Structure Derivation
%;é.................é;:éé..................................
i&é&%°'°""""°"'éi:85""""°'°°'°°°""°""""°'"'
6bé;6i..............é;:éé..................................
é&éii;............."'..."....'i;i:i;é.‘..'."...."......
ﬁéiiéié§..................i.....E;i:é;é....................
Léé&ééé""'""'°"é§:é§"""""'°""°°"'°""""""
OTHER 265,206 235,206 205,206 90,205,206
569,561

TABLL 4.4
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e




Systen Systen Systea Project
Size Dynamics Properties Management
RWE 62
INPUT 215 52
ourpPCT 215 62
SET 463,44 62
213,215
ENTITY 43,44 62
213,214
RELATION 43,44 62
213,214
GROUP 215 52
ELEMENT TS 62
PROCESS j 62
INTERVAL 215 223,263,264 62
SYSTEM 265,115 223,263, 264 62
PARAMETT R
EVZENI 223,263,264 62
CONDITION 62

CONDITION 62

OTHER 205,206 205,206 22,205,206 60,62,205,206

8 00 00 00 000 0 0000 PPN O P 0N L B0 00 GO OO0 PR PPN PN ST EEOEE OSSP SRS

TABLE 4.4 (continued)
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4.6.3 consistency and Complet2mess Checks Based on URA Reports
and Carried Ont by the Analyst

At scme point in time, the Analyst may want to check tha state
of consistency and/or complet2ness in the development of the
problem statement, The Analyst can pecform these checks by
inspection of various reports available from the Analyzer. This
technique is possible because all informaticn specified in the
data tase can be presented via one or more reports. Even though
the Analyzer has checked all inputs to the data base for syntax
and consistency =rrors, tiae problem statement is not always in a
correct state. It is the role of the Analyst to determine
whether it is totally "consistent® or "complete®,

Table 4,5 presents a suamary of all consistency and completeness
checks tc be carried out by the Analyst.

Table 4.6 presencs a summary of the benefits of particular JRA
reports in identifying inconsistencies and incompletenass in th2
problem statement,




52

Table 4.5 Susmary of Coapleteness Checks to be made by Analyst
1) SYSTEX PLOW

a) All INTERPACES should GENERATE some INPUT, RECEIVE
some OUTPUT, or ba RESPCNSIBLE for soae SET.

b) All INPUTS should be GENERATED by at least one
INTZIPACE.

c) All INPOUTS should be RECEIVED by at least ona
2ROCESS.

d) All 0UTPUTS should be GENERATED by at least 3ne
PRICESS.

e) All 0UTPITS shoald be RICEIVED by at least one

INTERPFACE.,
S ® 9 S S 0P 0 OO P O ST PO ST PP OO OO LY PN e O NSO ECS PO

Iz SYST24 STRUCTURE

a) All PROCZSSES without SUBPARTS should have
PROCZDURES.

b) SETS with SUBSZTS should have SUBSETTING-CRITERIA.

c) All INTITS without SU3PARTS saould be broken iown via
tha CONSISTS stateaeant.

d) ALl 237TPJTS without SUBPARTS should be broken down

via tae SCNSISTS statement,
® 6 9 0 0 00 8 ° 00 0 O TS O BT O P OB OO VO PO OPDE S VT SOOI NOOOS PES P

EEX) EAZX SEDTICTOEE

a) All 3LzZ¥INTS should be available from an INPUT or
£coax a 2I72TY, or DRRIVED by some PROCESS.

k) All SZTS should CONSIST of INPOTS, OQUTPOUTS or
ZNTITIES.

€) ° All ZNTITIZS should be broken down via the CINSISTS
statenent.

d) 111 IYPUTS should be broken down via the CONSISTS
statement if thera are no SUBPARTS.

e) All QUTPUTS should be broken down via tha CONSISTS
s+tatement if there are no SUBPARTS.

£) All RE2LATIONS should have a BETWEZ2X stateaent.

q) All GROUPS should Be composed of EBLIMENTS.

® 5 0 9 O S8 O DSOS P OO T OOV VOO OE VDR O OB OO OIS OO OOIE OSSOV Y
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V) DATA DERIVATION
a) All ELEMENTS should be USED, UPDATED and/or DERIVED
by at least one PROCESS.
b) All PROCESSES should acquire information by
RECEIVING, USING or UPLATING.
c) All PPCCESSES should produce irformation by
GENERATING, DTIRIVING, or UPDATING.,
d) All SETS should be UOSED, UPDATED or DERIVED by at
least one PROCESS.
e) All SETS should have a DERIVATION statement.,
£ All ENTITIES should be USED, UPDATED or DZRIVED.
q) All ELEYENTS within an INPUT should be USED.
h) All ELEMENTS within an CUTPUT should be DERIVED.
i) All ELEMENTS within an ENTITY should be USED, UPDATED
or DSRIVED.
3) All EELATIONS should be MAINTAINED by at least one
PROCESS,
k) All RELATIONS should have a DEFIVATION statement.
V) SYSTEM #SIZE AND VOLDME
a) A1l EVENTS should have a HAPPENS statement.
b) All PRCCESSES should have a HAPPINS statement.
C) All SETS should have a CARDINALITY statement.
d) All SETS should have a VOLATILITY-SET statement.
a) All SETS should have a VCIATILITY-MEMBER statement.,
£) All ENTITIES should have a CARDINALITY statement.
qg) All ENTITIZES should have a HAPPENS statement.
h) All INPOTS should have a HAPPENS statement.
i) All OUTPUTS should have a HAPPENS statemant.
j) A1l RELATIONS should have a CARDINALITY statement.
k) All SZLATIONS should have a CCNNECTIVITY statement.
VI) SYSTEM DYNAMYICS
a) Each EVENT should be associated with at least one
CONDITION or PROCESS.
b) Each CONDITION should be associated with at least one
EVINT or PROCESS.
C) Each CONDITION should have a TRUE WHILE or FALSE

AHILE statement,
VII) SYSTEM PROPERTIES
a) All KZYWORDS, ATTRIBUTES, SOURCES, SECURITIZS and
TRACZ~XEYS should APPLY to some other URL nanes.
VIII) PPOJZCT YANAGEMENT
a) All PROBLEM=-DEFINERS should have a MAILBOX.
b) All PROBLEM=-DEFINERS should be RESPONSIBLE for the
description of at least one URL objects.
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Table 4.6 URA Reports that may be used by Visually CTheck
for Completeness of the Probleam Statement

1

Analyzer Coamands

Completeness Checks
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ATTRIBUTE INFORMATION REPORT
CONSISTS COMPARISON MATRIX
CONTENTS REPCRT

DATA FROCESS REPORT
FORMATTED PROBLEM STATZMENT

FREQUENCY REPORT
NAYE GEN
PICTURE

PROCESS INPUT/00TPOT
PUNCHED COMMENT ENTRIES

ViIa

IIlc, IX1d, IXfe, IIlg

ITfc, IIId, IIle, I1IIXg

Ic, Id; Iva, Ivb, Ivec, IV4d, IVE

Ia=Ie; IIa-IId; IIIa~IIIg;
IVva~-1IvVvf,

IVvi, IVj; Va=-Vk; VIia=-VIc; VIIID

va, Vb, Vh, Vi

ViIIa, VIIIb

Ta, Ib, ¥c, Id, Ie: IIb, TIC,
I1d

Ivk, Ivc

IVe, IVj, V4, Ve, Vg
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JRA Report

CONSISTS COMPARISON

MATFIX

CONSISTS MATRIX

CONTENTS REPCRT

13

3
(&)

DATA ERCCESS ZREPORT

DICTICNARY REPOR

DYNAMIC ANALYSIS

™
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Completeness Checks

All INPUTS, OUTPUTS, ENTITIES and GROUPS
are broken down to ELEMENTS at the lowvest
level.

All necessary ZLEMENTS are definad in the
data structure for 3 particular INPUT,
QUTPUT or ENTITY.

All 5R00PS and ELEMENTS belong to higher
level data structures.

111 SETS brok2n into INPUTS, or JUTPUTS
or ENTITIES!

All INPUTS, OUTPUTS, ENTITIEZS and GRCUPS
are broken down to ZLEZMENTS at the lowvest
level.

All S=2T7S broken into INPUTS, or JUTPOTS
ENTITIES

A1l INPUTS RECEIVED by some PROCESS!

11 IYPUTS USED by some PROCESS!

All OUIPUTS GENERATED by some PRJCESS!
All DUTPUTS DERIVED by some PROCESS?

All ENTITIES and SETS DERIVED by some
P?ROCESS!

All ENTITIES and SETS DERIVED and USED by
some PRCCESS!

All ENTITIES and S=ZTS are UPDATED and
"SED by some PROCESS?

All 3200PS and ELZMENTS are DERIVED or
UPDATZD or USED by some PROCESS!?

All PROCESSES USE data and DERIVE or
TPDATE data?l

All PROCESSES which DEEIVE data also USE
datal

All PROCESSES which UPDATE data also USE
datat

All PROCESSES interact with data in some
way?

All names should have a narrative
DESCRIPTION and
RESPONSIBLE~-PROBLEM=-DEFINER

All the dynamic relations for CONDITIONS,
EVENTS, PROCESS and INPUI'S are broken
down to the lowest level.

Table 4.7

Completeness and Consistency Checks Made by URA Reports

! Computer-aided analysis
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EXTENDED PICUTRE

IDENTIFIER INFOR~

MATICN REPQORT

INTZRVAL CONSISTZINCY

FORMATTED PRQBLEY

STATZIMENT

FREQUZNCY REPORT

KWIC INDZX

NANE GEN

NANE LIST

L)
3

Q
3
[
=i
td

1 Computer-aided
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All SETS are broken into ENTITIES or
INPUTS or SETS

All PROCESS interact with data in some
manner

All INTESFACES generate INPUTS to the
SYSTEM and/or receive Q0UTPOTS

All OUTPUTS are generated

All INPUTS generated must be used in some
manner

All SETS are used, updated or derived
All INPUT, CUTPUT, ENTITY are praduced
and/or used in some manner

All SROUP, ELEMENT are produced and/or
used in some manner

All INPUT, CUTPUT, GROUP, ENIITY are
eventually troken down into elements
All GROUF, ELEMENT are contained within
some larger data.

Determines which ENTITIES have and
do not have ILCENTIFIZERS

All INTERVALS are broken down into
INTERVALS at the lowest level

The description of each name can be

checked against all possible statements
for that nanme.

All INPOTS, CUPTPUTS, PROCESSES and
EVENTS should have a HAPPENS statement

All names of a particular type (2.9.,
PROCESS) have bheen defined for a
particular problem statement

Names which have synonyms in the real
world should have them in the problem
statement

[given in Table 2.1b]

All names should be involved in structure
and/or information flow of the problem
statement!

Table 4.7 (Continued)
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ATTRIBUTE REPORT

PROCESS INPHT/
OUTPUT

PROCESS CHAIYX
IEPORTI

STRUCTURE REPORT
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All ATTRIBUTES have VALUES

All names have appropriate
ATTRIBUTES/ATTRIBUTE VALOES assigned to
them

All PRCCESS interact with data
in some manper

All PROCESSES USE or RECEIVE informationt
All PROCESSES GENERATE, DERIVZE or UPDATE
informationt

All PROCESSES have DESCRIPTION and
PRCCEDURE statements

The absence of any EVENT an'd/or PROCESS
in the chain for a given name should be
rationalized

All of the supbarts of PRCCESSZS, INPUTS,
OUTPUITS, INTERFACES and PROCESSORS are
brocken down into their smallest
constituents.

Table 4.7 (Continued)




URA Report

CONSISTS COMPARISON

MATRIX -

CONT ENTS REPORT =

DATA BRCCESS REPORT =

DICTICNARY REPORT =

DYNAMIC ANALYSIS
REPORT

EXTENDED PICUTRE

IDENTIPIER INPFPOR~
MATION R2ZPORT

INTERVAL CONSISTENCY =
REPORI

PORMATTED PROBLEY
STATEMENT
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Consistency Checks

Similarities in data structures 2f INPUTS
QUTPUTS and ENTITIES can be rationalized
for a particular probleam statement.

Determines whether or not the use of the
CONSISTS statement in describing
structure is consistent.

Determines whether or not the use of the
CONSISTS statement in describing
structures is consistent.

Petermines whether or not the use of
RECEIVES and GENERATES stateaents in
describing the system flow aspect of the
system is consistent.

Determines whether or not the use of
USES, UPDATZS and DERIVES statemant in
describing the data derivation aspect of
the system is consistent,

Synonyams and descriptions should apply to
each name accurately

Deterzines whether two names
participating in two dynamics
relationships with each other are
consistent

Determines whether or not the name the
EXTENDED-PICTURE is generated for relates
to the structure and information flow
aspects of the problea statement
correctly

Deteraines whether or not the

use of IDENTIFIERS is consistent through
the problem statement.

Determines whether the CONSISTS
structure for INTERVAL is coasistent
regarding the VALUE of all the different
paths in the network

Determines whether the complete

URL description is accurate for a
particular name (e.g., check that the
DESCRIPTION matches what is given by
other URL statements)

Table 4.7 (Continued)




FREQUENCY REPORT

RYIC INDEX

NAME CGEN

NAME LIST

PROCESS INPUT/
OUTPUT

PROCESS CHAIN
FZPORT
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Determines whether or not the manner in
which frequencies (HAPPENS statement) are
assigned is consistent.

Determines whether or not conventions
used in assigning names is consistent

Determines whether or not naming is
consistent

Determines whether or not name types have
been assigned correctly.

Determines whether or not naming is
consistent

Determines whether or not name types have
been assigned correctly

Determines whether or not SYNONYMS have
peen assigned correctly

Determines whether or not the name the
PICTURE is generated for relates to the
structure and information flow aspects of
the problem statement correctly

Determines whether or not the coaventions
of assigning ATTRIBUTES is consistent

Determines whether or not the

manner in which PROCESSES are described
is consist*tent

Determines wvhether or not the name
the PROCESS=CHAIN is generated for
relates to the dynamic aspects of the
problem statement cocrectly.

Table 4.7 (Continued)
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8 LOGICAL DESIGN JOF INFORMATION PROCESSING SYSTZMS
(for designers) -

5.1 Centant, Porm and Ma2thod of Svstem Representation

Before the analyst starts to define the target information
processing system, he shoull determine what concep*tual model he
is gecing to use to define and then to describe it. The final
fora cf the logical design is invariably some kind of
documnentation, Xuch of the difference of opinion ragariiang the
documentation subject arises out of the failure to distinguish
between "content"™ of documentation and the "form™ in which it is
presented. Contant refers to what has to be described, what has
to be said, how detailed th2 description must be, etc. Porm on
"the cther hand rcefars to the manner in w#hich ths infocmation is
pr2sented, In many cases the same content can be preseated or
£ant

ncesented in mora2 than one form.

The information that is documented, i.e., presented in soae
fora, must son2how be obtained or groduced. Tha term ma2thod
4ill be used +to describe the manner in which tha information
suoports the creative process of the gsystem development and its
documention in content and form. ORL is a very flexibla and
comprehensive language. Most situations can be represented or
expressed in URL in more than one -way:; each of which is
syatactically correct. However, the different rerresentations
may imply d1ifferent semantics which may or may not be what the
analyst intendiad. Ihis section describes a nuaber of situations
in which alternative methods of expressicn are possible and
outlines the implications of some different strategies for
analyzing and expressing the logical system design.

Systems are composed of parts which interact and are
interdepend2nt, Systems may naturally exist, or they may be
man-mnade, #hat is defined to be in a system, i.e., its scope,
is essentially arbitrary, at least until an appropriate
criterion is given. The definer decides what the boundaries of
his systen are; anything that is not within the system is
outside or irc the environment.

The system may frequently be divided into subsystems and other
compcnents, These are further subdivided and so on until no
further subdivision is desired. The lovest level of components
in any decomposition will be referred to as elesents in this
guidetocok. The parts of the systea interact through
interconnections or interfaces.

There are usually many different vays in vhich a given systeam
can be divided into subparts or elements. There are a nuaber of
ways in which a given number of elements can be intercoanected
to form systems. The discussion below will impose a methodology
for the analysis of information systams.

The subparts of a system (subsystems and coamponents) are the
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composition of a system. The structure of a systea encompasses
the interactions or interrelationships of the subparts. The
process of subdividing a system is called decompositioan or

factoring. The process of combining smaller systems into larger
systems is called synthesis.

Some interrelaticns, under certain conditions, form hicrarchical
or tree structur2s, which play an important tole in the study of
systems. A structure is hierarchical if and only if each
subsystem is a part of one and only one other system except for
the top system. The head, or root-systea, i5 not part 2f any
other system. This structure can be represented in various
forms as shown in Figure 5.1.

Hiararchical structures play a central role because many systems
exhibit this characteristic. Some argue that the fundaaental
#ay ir which human beings deal with coamaplexity is by
hierarchical subdivision, Simon (1S62).

Systems are frequently organized hierarchically for control.
Yany crganizations, for exampnle, have a hierarchical
organization structure in which each organizational unit is part
of another organizational uanit and is itself subdivided into
other organizational units. This structure may therefore be
r2presented by an organizational chart., The same structure also
represents some information flow, the information that is
necessary to issue instruction (downwards) and receive reports
(upwards). This organizational structure does not repr2sent
material flow, since only the lowest level units are involved in
actual operation on material. Thus the flow of information
concerning materials does not follow the structure lines. 1In
order to understand what a given system component does in
detail, it is helpful to separate it into its constituent parts
or subsystems. However, to understand what a systeam does, it is
necessary to know, not only what each subsystem does, but how
they interrelate.

Secticn £.2 presents a system description model that will serve
as the basis for succeeding sections. Section 5.3 outlines the
sulti-dimensional character of the structure of the information
processing systenm.,




Figure 5.1
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5.2 General Conceptual Model of Systems Description

As the basis for comparing a number of existing and proposed
methods for developing and documenting systems, one must start
with a system's description model comprehensive enough to
encompass all the variety and complexity of information
processing systeams, and one that has been proven to be
operationally complate. In order not to be biased for or
against any of the methods described below, it is necessary to
use a model that is defined independently of the methoddlogies.
It is widely recognized and generally accepted that such a
"model" shouldi be based on systems theory. For exaaple, Couger
and Knapp (1374) begin their survey of system analysis
techniques with a section on "The Systems Perspectives." Katzan
(1978) begins his book on System Design and Documentation with
chapter containing an "Introduction to System Theory" and a
"Taxonomy of System Concepts."

Many models of systems have been proposed and used for various
purpcses. Among the ones that have been reviewed, and froa
which ideas have been incorporated into the model ocutlined
belo«, are the following:

1) General systaas theory models described, for example, by
Bertalanffy(1372).

2) Models of organizations as systems as described by Simon
(1962), Anthony (1965), Emery (1969).

3) Systems engineering models as described by Hall (1962) and
Machcl (1965).

4) The industrial sngineering approach to system developmeat
operation and maintenance, which has, in numerous examples,
convincingly proven its practical capability to deal with very
complex real-world probleas, without falling into redundant
formal considerations. An example is the model proposed by
Na®ler (1967,1969) modified in content, definition and
interpretation by Gackowski (1969,1974,1976) .

5) Simulation models including those of Forrester (1961) and
other models implied by various simulation languages (SIMSCRIPT,
SIMULA, etc.).

The complete description of any existing or hypothetical systenm
should cover the topics (rows) arnd aspects (columns) summarized
in Table 5.2 independent of the size of the systenm.

A system is considered to be any entity, consisting of parts or
elements and the interactions among them, that produces a
measurable effect in spite of the interference (within
determined limits) of its environment., This definition
therefore excludes from consideration systems which do aot do
anything of interest or are only abstract constructs. In an
active, objective-driven organizational environment, a system
must te defined in relation to the effect it produces.

Therefore, the first and major topic in the description model is
the objective, mission, effact or purpose of the system (row 1
in Table 5.2). For man-made systems it is the reason for the
development, operation and maintenance of the described system.
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The system's functions (see row 2 in Table 5.2) delineates the
type of system activities froam which the effect is obtained, and
thus gualitatively iistinguishes the type of the systeama, If
these functions are changed, a different type of system should
be described. For instance, improved profitability of an
organization can be achieved by more advertising, manufacturing
a different product, by providing information on more baneficial
investment opportunities, etc. If the main function of a systea
is information processing then it is called an information
Brocessing systen.

The next most important topic in the description of systems is
the outputs (see row 3 in Table 5.2) it produces, for eraaple,
materials, goods, services, energy, information, persons like
graduate students from a university, patients from hospitals,
etc. Of a particular interest are the systea's majn outputs,
wvhich directly contribute to achieving the systaa's main effect.
When the acting system's main output is information (always in
“h2 fcrm of some kind of data, messages or signals), it is an
information systenm.

In principal there is no direct connection between information
processing and producing information as output of a system, An
engine during a test run is a classic example of an infaormation
system which does not process information at all. It is run
exclusively in order to produce information about its beshavior
but not to produce power. An inter-continental missile defense
system is a good example of the opposite. This type of systenm
processes only information gathered by warning radar systems but
th2 mrain outputs are not warning information but the guided
intercepting missilss. Only the missiles contribute to the main
objective (effect) of an effective active defense systea to
destroy the ICBMs before they reach the targets. Othervise it
would he only a warning system, which would be both an
information processing system and an information system. Of
course, there also exists other possible outputs, and some of
them may even be very undesirable.

The next aspect of the system is the method and processes or
mode cf operation by which the main outputs are obtained (called
basic and all others, the auxiliary ones wvhich contribute only
to the accomplishment of the basic process (see row 4 in Table
5.2) « In man-made systems, the auxiliary methods and processes
are those that contribute to the accomplishment of the basic
process in compliance with all additional constraints and
requirements imposed on the system's operation. For instance,
all checks made to assure the correctness of output data,
uninterrupted operation of the system, and privacy protection
for sensitive data are auxiliary methods. This topic covers all
the dynamic interactions between system parts such as the flow,
of control system data derivation, and system's management in
information processing systenms.

The method of producing the outputs and performing the systea's
function calls for some necessary jpputs (see row 5 in Table
5.2) of similar variety as specified for outputs. Por
information processing systams, the main inputs are usually all
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kinds of data carrying information into the systeam.

The method of transforming inputs into outputs calls for some
means (facilities, equipment, tools, space, financial funds and
other resources) (see row 6 in Table 5.2) with which the systenm
is equipped in order to perform the necessary processes.
Contemporary information processing systems in which many
functions (not necessarily all) are performed by a computer are
called computerjzed cr computer-based information processing
systems. Since this paper deals mainly with the development and
documenting of such systems, the tera information processing

system refers to computer-based information processing systea.

Any man=-made, not fully automated, system needs some personnel
for its operation and maintenance, as well, of course, as
personnel for its development. The system personnel does not
include persons who are the objects of action of the systeam such
as university students, hospital patients, persons trained by a
computerized instruction system. Information=-processinj-systenms
perscrnel encompasses:

- during the operational stige of its lifecycle:

system managers, system operators, hardware-sof tware
operators, data base administrators, system and sof tware
librarians, hardware and communication facilities,
maintenance engineers,

- during the development stage of its life cycle:

project leaders, system analysts, system architects, data
base designers, software designers, module programmers,
project librarians.

Systems cannot be described in isolation of their environment.

A system is capable of handling and managing only certain kiads
of environments, while resisting the interference. The
characteristics of the environment is the last topic of the
system description model (see row 8 in Table 5.2) covering such
factors as: dust, temperature, humidity, vibrations, noise,
chemical active atmosphere, danger of violations of data
privacy, system's security, and so on. Man-made systems usually
operate in an economics-driven environment., This fact aakes it
nacessary to include all aspects c¢f the system's economics.

In order to make the system description model complete, each of
the above mentioned topics aust cover tlhe following aspects:

- The appearance form of objects covered by each of the above

specified topics, its composition (qualitatively by type, and
quantitatively by instances of each type) and its composition or
decomposition structure (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 continuous phenomena, frequency or distribution in time for
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discrete phenomena) (see column 2 in table 5.2). Por instance
the number of transactions or inquiries per time interval, their
distribution in time to deduct the pickloads, etc.

- Their tendency *o change with time (second derivative of
Juantity function of time for ccntinuous phenomena and
qualitative changes) . For instance, is the systeam in a state of
decline or growth, or should it be able to cope with an
increasing amount of transaction processing (see column 3 in
Table 5.2)?

The system's description model given above, is comprehensive
enough to cover all important objects, relations, factors and
aspects which are necessary to completely document a systea.
This does not mean that always, for all purposes, the whole
description should be carried to the lowest possible level of
detail. Rather, this description model should be considered as
a reference model which when used as a check list, 2liminates
th2 possibility that important aspects are omitted. For some
purposes the description of only some particular aspect of the
system may be needed. However, even if a coamplete description
is necessarv, the general rule stating what should and what
should not be includled in the description of a specific systenm
is as follows:

Only those objescts, relations, factors and aspects should
te entered into the description which causes an impact on
the main effect of the system and/or on the assessmaent of
its quality, efficiency, or effectiveness (according to a
predetarmined 2valuation criterion) of a magnitude
exceeding the predetermined tolerance liaits.

In general, any system can be considered as being represented by
a conplex graph which includes all objects and celatioms
necessary according to the above rule. The complete graph can
be stored in a computerized data base and can be presented
graphically in the form of 3 network, in matrix, or in set fora.
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Table 5.2 OUTLINE OF THE SYSTEM DESCRIPTION MODEL
Aspects 3
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

5. Inputs

6. Means

7. Personnel

8. Environment
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5.3 Information Processing Systems Description Model

Man-made systems, in particular, should be defined first of all
with respect to the main effect that they are expected to
pcoduce, and, secondly, to their components and the functions
thay perfora. Accordingly, the structure of any information
processing system consists of all the relations between the
system's parts, the system itself, and its environment, which
produces an impact (of magnitude exceeding the pre-letermined
tolerance) on the expected system's effect on the organization
it serves,

In URL the Jocumentation content can be expressad by means of

several types of language objects (such as nouns, verbs,
adjectives, etc.):

a) To daesignate precisely:
= objects activelvy or passively interfacing with the systea
cn its boundaries, such as organizational units, software
units, etc.
- data us24, usually system's outputs.
= intermediate and auxiliary data, often system's 3ata
kase.
= processes pecrformed and procedures followed.
- facilities or means used.
(all at various levels of detail or generality).

b) To distinguish them uniguely by some naming convention.

c) To relate them with some kinds of properties.

d) To describe their size and volunme.

e) Io relate them mutually by a set of typical and specially-

defined relations in a consistent system structure in all
its aspects (subdivision, flow, etc.).

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

q) To describhe the resource consumption by them during the
developnment and operation of the system.

h) To facilitate the comprehension of the system, and the
management of its development, operation and maintenance.

To adeguately represent organizational systeas and information
processing systems one must provide in the description for a
number of different kinds of objects and relations. A
conceptual a0d21 of the documentation of information processing
systems include the following types of aspects:

1) The system's effects, especially the expected effect of
operating the information processing system on the srganization
which it serves, expressed as a function of the system's output
data. At present the most convenient object type for this
purpose is a MEMO with an adequate DESCRIPTION (see example in
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section 3.3)

2) The systen's flow which consists of all interactions between
the information processing system and its environment including
111 ccnstraints and requirements imposed on it.

The system's environment itself can be described by INTERPACES;
its interactions with the system via INPUTS and OUTPUTS and the
URL relations RECZIVES/RECEIVED BY and GENERATES/GENERAT ED BY.
Renquirements concerning the INPUTIS and OUTPUTS in respect to

- their conteat can be stated via SUBPARTS ARE and CONSISTS
C? relations,

- their occurrence via HAPPENS relation,

- cther aspects via KEYWORDS, ATTRIBUTES with

ATTRIBUTE=-VALUES and DESCRIPTION.

3) The hirearchical structure of all kinds of systeamas ob jects
asoecially the data which the system acts upon: SEIS, ENTITIES,
33077 PS, ELEMENTS; PROCESSES which are PERFORMED by various types
of PROCESSORS (orgamizational units, manageaent and staff
rositions, coaputiny equipment, etc). All data objects can be
decomrosed in NRL via the CONSISTS OF (except ELEMENTS) and
CONTAINED IN relations. In addition, INPUTS and OUTPUTS can be
lecoaposed via the PART OF/SUBPARTS ARE relations, and SETS via
373SET OF/SUBSETS ASE relations. PRCCESSES and PROCESSJORS can
bhe decomposed only via PART OF/SUBPARTS ARE relations.

4) The systen's data derivation in which OUTPOUOTS and all
intermediate results in the form of SETS, ENTITIES, GROUPS and
ELZMENTS can be precisely expressed as a function of INPUTS or
other intermediate data objects via three types of URL iata
derivation relations:

=~ DERIVED BY process-name USING input-, set-, entity-, group-
cr element-name,

- USED BY process-name TO DZIRIVE output=-, set-, eatity-,
group-, element-name (not applicable for OUTPUTS)

- UPDATED BY process-name using input-, set-, entity-,
group=-, <lement-name (not applicable for OUTPUTS),

- or the raespective complementary URL relations to those

mentioned above and used with PROCESS.

S) The systam's siza2, especially the volume of processing, and
other properties of system objects which have any impact on the
expected system's 2ffect on the organization it serves can be
expressed in URL via SYSTEM-PARAMETER names or values with the
CONSISTS OP, CARDINALITY, VOLATILITY, CONNECTIVITY and HAPPENS
statement or attribute-names with appropriate attribute values.

6) The systam's dyramics which describe the relations batween
all ctjects in the system and time can be expressed in URL by
using the event-, condition-, and interval-object-type-names via
the TRIGGERS, ON INCEPTION OF, ON TERMINATION OF relations and
the WHEN condition-name BECOMES either TRUE or FALSE statements.

7) The systam's facilities in relation to flow, data derivation,
dynamics and size can be described in ORL by means of defining




70

different kinds of PROCESSORS involved and related via PERFORMS
relation with appropriate process=nanmes.

8) The system's management during the development and operation

stages can be supported by using names of URL object types such
as PROBLEM-DEPINERS, SCURCES, MZM0S, MAILBOXZES.

9) The system's economics. The CONSUME statement for all
PROCESSOES, PERFORMED and RESOURCE=-USAGE with
RSSCURCE=USAGE-PARAMETER-VALUES statements for all PROCESSES,
and MFASURED IN statements £or RESCURCES, form a complete basis
for a thorough analysis of system cperational costs. However
the ccomparison of costs and expected benefits and respective
calculation of effactiveness indicator have to be perforaed
manually at this tinme.

The atove mentioned aspects constitute different dimensions of
information processing system description. These are nat
necessarily all of the aspects, but they are the most important.

5.4 ordeziny of Design Activities and Description of th2 Systenm

Defining th2 orler in which to ask questions about the target
system until the spacification is complete is not a trivial
task. It is the major subject of most system development
methodology studies. There is no common agreement on the order
in which to perform the system development, and thus its
description.

“hile the approach that should be used in a particular

organization will normally be selected by management, it may be
helpful to review a few alternatives.

Information processing systems and software system development
certainly are separate branches of systems engineering, but not
so much different that it could not apply and profit from some
advances in its other branches and the aore general achievements
in systems engineering methodology. However, it seems they are
wiiely ignored. 5Still, there are some rules which have been
proved to be generally valid, which never compromise but
statistically considerably improve the effectiveness of the
system development process.

5.4.1 The Elow-up Engineering Approach

According to the present state of system engineering, ary systes
development method should facilitate and increase the
effectiveness of carrying out the following important dasign
steps:

1) A thorough analysis followed by the determination of what (in
content, form, quantity, distribution in time) should be the
systes's main outputs, that is, those which directly and
quantitatively contribute to the attainment of the systea's
objective, and vhera and how the outputs should be effectively
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used. This can be done by a systematic analysis of the decision
situations of the potential users of the system's outputs, and
thus determining the value of information conveyed to them.

2) A thorough analysis of the available methods of obtaining (if
they are not already available) the previously determined
outputs, and the determination of the preferred ones in the
light of the system evaluation criterion.

3) If the output data must be computed (they are not available
in ready form) an analysis is necessary to find out where and at
what cost the inpnt data required by various methods could be
acyuired. Again, the evaluation of the conceivable coabinations
of methods and input data (alvays by the same criterion) to
produce the desired outputs should be used to determine (at the
naxt step of approximation) what outputs should be derived from
inputs, and the particular procedures necessary.

The major outcome of these first three design steps is a fairly
accurate logical specification of the procedures necessary to
derive the determined output data from the determined input
jata. At this stage, all of the system's constituents are
specified only in logical terms. The final specification of the
systena's data and procedures aust additionally take into
consideration such factors 2s the means to be used, the staff to
be employed and any applicable environmental circumstances.
However, these factors can also call for sSome modification of
the lcgical specification of system's data and procedure.

4) The analysis of available Jdata processing facilities, their
impact on the cost performance factor for the determined
processing methods (not yet procedures), and the amount of
input-output data in confrontation with other user's
requirements should indicate how the data processing should be
perfcrmed, that is, which part ¢f the processing should be
computerized, and which part should be done in other ways,
including manually., Only at this point is it feasible to start
the development of the necessary user dedicated application
software systenm.

S) Having determined the methods and means of processing, the
system designer is now prepared to analyze all human factors
related to the information processing system development and
oparation., These factors included the kind of staff that will
be necessary in order to operate the system's hardware and
software, and to perform all computerized and non-computerized
(manual) procedures of transfcrming the input data into output
data.

6) The specification of the means and methods embedded in the
system design that are responses to various aspects of
environmental circumstances within which the systeam is intended
to be operated, for instance: privacy, security and auditing
regulations.

The order of the design steps presented above has not been set
arbitrarily. Of course, there are almost no physical or logical
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constraints that prevent performing the design process in any
order, but not without advers=2 impact on its effectiveness.

The order "input=process~output" which seems to be natural
bacause it is flow oriented, appears to be the correct order of
system design but it severely ccmpromises effectiveness. A
system designer following this sequence often starts with
specifying the input data. This way, he subconciously limits
the potential processing method alternatives only to those
dealing with the previously specified input data. In further
consequence, he also limits the scope of output data
alternatives to be considerad. What often results is the design
of a system that fails to meet its main cbjective. This maybe
doas not much harm in case of simple data processing system but
can have serious alverse impact on decision supporting
information processing systems. Most descriptions 30 nat go
beyond the output data and considers them at the very end of
their design efforts. They substitute the achievement of
measurable affects within th2 organization by sophisticated
forms of outpu* data.

Similarly, the system designer, who first makes up his mind nupon
computing facilities is later heavily restricted in data design
and process design. Again, the system designer, who since the
very baginning is concerned about environmental constraints
before he has elaborated a solution meeting the main objective,
can hardly ever find a satisfactory solution, because ha2 is
over-constrained in his search for adequate solutions.

Assua@ing initially that there are no severe constraints imposed
on the system being designed, the crder of the system dasiagn
will be summarized. The system is defined in relation to the
main effect. The main effect is the major determinant 2f the
system's outputs which contribute to produce this effect; the
main outputs - for the methods used to obtain them; the main
outputs and methods of deriving them determine the necessary
inputs, and th2 chosen method of processing determines the
necessary means of processing. The latter determines the staff
necessary to operate the system. Eventually, the entirs
specification of the system must be adjusted to the requirements
and constraints imposed on the system by its environment. Any
attempt to chang2 this order of design steps leads to
unnecessary constraints on the designer's fr2edom to exert his
creativeness, which inevitably results is a decline of
effectiveness of the design process.

'5.4.2 The Top=Down Approach

The top-~down approach dictates that the entire PROCESS performed
by the system be divided functionally into a few large pieces.
Inputs to and outputs from these pieces are described. Each of
the pieces is then regarded as a function to be subdiviled
similarly. The division process is continued until the smallest
pieces can no longer be partitioned in a logical fashion. The
pacrtitioning process may be accomplished easily by means of URL
PROCESSES and the SUBPARTS statements. An adaptation of this
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approach is illustrated in the URL/URA Training Exaample, ISDOS
working Paper No. 156.

S.4.3 The Bottom=Up Approach

The becttoz=up approach is normally used when it is expected that
the system will be constructed froam a number of predefined, and
pre-existing components. The compcnents are grouped into larger
packages, which are in turn grouped among themselves to perform
more complex— functions., Th= grcuping process is continued until
the entire systam is constructed.

5.4.4 The 3oundary Approach

A ORA data base contains the description of one system. Every

system has a boundary and a systeam description that may be
thought cf as consisting of twc parts:

- th2 specification of what crosses the boundary,
- the specification of what goes on inside the systen.

Alternative strategies are possible with regard to the srder in
which these parts are specified. OCne possiblity is to delineate
the system boundary first, The second is to describe the
"interior” >f the system without identifying the boundary (see
Figure 5.3).

A) Specifying the boundaries first

A distinct boundary is obtained when the INTERPACES are
defined and their communicaticn with the systea is
specified by naming the INPUTS and OUTPUTS. It is assumed
here that the INPUTS enter the system and the OUTPUTS leave
the systam in some physical form containing data values.
The constraint in JRL is that an INPUT can only coame from
an INTERFACE and CUTPUTS may only go to an INTERFACE.
Inside the system a nuaber of PROCESSES may be named, each
cne of which uses data from the available sources = INPUTS,
ENTITIES, or SETS, or froam unspecified sources = GRQOUPS and
ELEMENTS, to derive and update data. A PROCESS may OSE
data from any of these sources or data that are DERIVED
from any PROCESS; and similarly, data DERIVED by one
EZCCZISS may be USED by any anumber of other PROCESSZS.

One benefit of this approach is that the problem statement
can be checked for coampleteness, e.g., that each INPUT is
GENERATED by some INTERFACE and RECEIVED by at least one
PROCESS, and that each OUTPUT is GENERATED by some PROCESS
and RECEIVED by at least one INTERFACE. Another banefit is
that the description of the INPUTS and OUTPUTS can be
agreed to hy the relevant INTZRFACE.

B) Specifying the interior first

In some cases, it may be desirable to delay specifying the
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system boundary until the interior of the systam 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 defining data in terms of ENIITIES,
SETS, GROUPS and ELEMENTS. What would be an INTERFACE in
the previous case, can now be identified as a PROCESS, can
use data from any source-derived data that can be used by
any other PRCCESS.

The advantage of this approach is that any of the s>bjects,
e.d., PROCESS, can both USE and DERIVE data, and that a
Jiven collection of data identified as an ENTITY 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 2f this
approach, that the analyst pays too much attention to the
inside details of the system at the expense of its duty to
Flease the outside user.

O+ther examples of ordering the analysis, design and the

descripticn process for data bases are outlined in Pigure
5.“.

Several other approaches are possible. UORL is sufficiently
flexible to allow its users many options in the methodology
used.

e
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Figure 5.3 Defining Objects and Relationships
in Relation to System Boundaries

femccccc s s crcrs et e e ceccecces seescens « ee

| Have the boundaries of the systenms, |
|tc be described in URL, been determined?]

broconeovaceccaoenvcececacee - - -—oed

YES N0

Define as:

-INPUIS the types of obijects
containing data which enter
the system, i.e., cross the
boundary

-0JTPUTS the types of object {Cefine all objects
containing }
containing data which leave (data as ENTITIES or
GROUPS. }
the system, i.2., cross the (Use ENTITIES whenever there may
be}
boundary. {many instances of the type
of }
{object in the target
systen. }

Define as ENTITIES all objects
containing data which reside
permanently inside the

system.

Define as PROCESSes the

types of objects which Same

operate on data inside the

systenm.

Define as INTERFACES the Define as PROCESSes all

types of objects, outside objects which operate on data.
the system, that send Therefore, real world objects

INPUTS to the system or such as people, organizational
receive OUTPUTS from it. units, information processing

systems, etc. will all be defined
as PRCCESSes.

Us2 RECEIVES/RECEZIVZD BY Do not use RECEIVES/RECEIVED
statements to show flow BY statements.
of INFOUOTS to PROCESSes




and OUTPUTS to INTERFACES.

Jse@ GENERATES/GENZRATED BY
statements to show
production of OQUTPUTS by
DPROCESSes and INPUTS by
INTERFACES,

Use USES, DERIVES and
UPDATES statements for
opa2ration by PROCESSes on
ELEMENTS, GROWPS, ENTITIES,
INPUTS, OUTPUTS and SETS,

Define as SETS all
collections of (multiple
instances of) INPUTS,

C7TPOTS, TNPITITS,

In all other respects,

D0 not use GENERATES/GENERATED
BY statements.

Uses USES, DERIVES and OUPDATES
statements for operation by
PROCESSes on ELEMENTS, GROOPS,
ENTITIES and SETS,

Define as SET5 all collections
of (multiple instances of)
ENTITIES.

the process of describing

the system is exactly the same in both cases.
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6. PHYSICAL DESIGN OF INFORMATION PROCESSING SYSTEMS

An individual having overall responsibility for the entire system
development process must also concern himself with the effects of
utilizing CADSAT data on the physical design and programming portions
of the system life cycle. Two approaches are possible at the end of
the requirements analysis phase that would solve the problem of
transforming from the logical design to the physical design which must
be provided to the programmers.

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 familjar 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 URA 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 summarizing and analyzing the requirements
are made available to a larger portion of the system life cycle.
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7. CCMPUTER-~ASSISTED GENERATION OF SYSTEM DOCUMENTATION
(Eor project leaders, systems analysts and designers)
Documentation of information processing systems is used for many

purposes and by different users during the sytem's life cycle.

7.1 pifferentiation of Documentation with System Life Cycle

In the early application of computers, documentation was
undifferentiated and one report or one document had to serve all
individuals involved at all stages of the life cycle. Gradually
it has become clesar that several different (though related)
systems are of interest and should be documented. The first
system to be described is the present form of the organization
in which a new or proposed information processing system is to
be emtedded. The next system is the proposed information
processing system as seen from the organization in which it is
embedded. This now is frequently called the functional
description or the logical view. Next is the physical
information processing system. This includes a number of
components on=2 of which is software. Software itself may exist
in several different stages: functional specification, source
modules, "compiled" mcdules, and executable coda (modules which
have teen linked and loadeqd).

As documentation has evolved, the coantent and form has been
differentiated to suit the needs at the differant stages.
However, the <¢raansformation from one form to another has, up to
now, had to be undertaken manually except for source code to
object code. Current developments are directed toward providing
manual aids for verifying and validating these transformations
and eventually for performing these operations by computer.

7.2 Differentiation of Documentation for Different Users

Along with the diffsrentiation of the documentation to represent
different views at different stages of the life cycle, it has
also teen recognized that individuals associated with systeams
development need a variety of documents of dissimilar content
ani format for their particular purposes. Most systenm
develcpment preccedures and documentation standards now specify
that particular documents be developed for the various classes
of users.

Tha following classes of users of documentation may be
identified:

- Individuals who perform some task on the basis of previous
ef forts or other 2fforts in order to continue it but it must
be documented.

- Reviewers who must review do:umentation for correctness,
completeness, etc.

- Implementors who use documentation as the specification for
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their own tasks.

- Approvers who must approve the dccumentation.

- Documentors who must prepare and maintain the actual
documentation,

- Maintainers of the system which is documented. They use
documentation to locate and carrect errors or make changes
for other reasons.

- Readers who are interested in obtaining a general
understanding of the system.

- Computer which can assist the process of system development
and perform all the autcmated procedures.

The complete documentation of a system includes the executable
cbject code. Therefore, at least this part of the docuaentation
must te in a form acceptable to the computer. However, since
the computer is increasingly being used to store and analyze
other documentation and produce, on request, hard-copy
documentation for human use, one of the factors to be used in
evaluyating the forms of the presentation and methods is their
suitability for use in a computer-aided systems development.

The trend to produce documentation for svecific groups of users
is being continued particularly for computer-aided systams. Th2
documentation with appropriate content and form can be aore
readily produced for a particular user.

7.3 characteristics of Good Documentation

This section outlines some major attributes of good
documentation and indicates how an analyst may use URL/URA to
achieve them. Figure 7.1 outlines some characteristics of
present manual documentation and scme desirable charactaristics
that are achievable with computer-aided documentation.

Present Manual Desirable Characteristics

Documentation of Computer-Aided Documentation

Aabiguous . Precise

Inconsistent Consistent

Inconmglete Corplete

Incorrect Correct

Difficult to Analyza Computer can be used to Analyze
and Zvaluate and 3valuate

Hard to Modify Computer can be used to update

Pormat Varying Pixed Format

Pew Standards Enforced Standards

Pigure 7.1 Characteristics of Documentation

To achieve the potential benefits of computer-aided
documentation requires:

- a formal language which permits relationships to be
precisely defined,
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- a computer program which provides a method for enfarcing
correct use of the formal language,

- qood procedures to be followed by the analyst.

The last of these is important since no matter how good the
language and the computer software, the benefits will naver be
attained unless the methods are used properly.

Documentation with this characteristic is in an easy-to-read
format and is presented at a level general enough so that
persces, no matter what their backgrcunmd, can read and
comprehend the material, Reports can be generated from the
problem statement in several common formats, (e.g., flow
diagrams and matrices) and at different levels of detail. For
example, it is often desirabple to initially present high level
objects. GSubsequent reports will present more and more detail
ahout these objects until everything is described in terms of
their lowest level constituents. The analyst can choose the
ordering and content of the r=2ports.

Preciseness

Documentation with this quality must have all relevant
terminology explicitly defined so that information presented
cannot be misinterpreted. A computer interpreted language must
have an accurately defined syntax. The reserved words in the
syntax of URL are used to describe different system objects and
the relationships between the objects. Definitions of all
reserved words allowed in the syntax are fixed so that all
relationships presented in the documentation (ORA reports) are
exactly the same as those initially specified by the analyst
i.2., thera can only be one interpretation of the information.

consistency

Documentation which is "consistent™ presents all the material in
proper context and does not have statements that are conflicting
or contradictory. The context in which a particular object is
to be used is defined by the user via URL statements that will
be stored in the URA data base, Any attempts to use the
previously defined object in a conflicting context will result
in an error diagnostic. Therefore, use of URA maintains
consistency throughout the documentation.

completeness

To be "“complete" the documentation must present the matarial in
sufficient detail so that no reference to outside sources is
need2d for a thoronyh understanding of the subject matter.
Every necessary pisce of information must be available and no
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relationship must be left dangling.

DRL allows a number of relationshifrs and objects to be defined
to describe an Information Processing System. The URL
statements offered provide a thorough outline of what should be
incorroratad into the documentation of an information processing
system. The statem2nts in URL facilitate the enforcement of
completeness.

te]

7]

Correctnes

To be "correct"™, the analyst must insure that all relationships
specified in the documentation are valid, and that all of the
information recordsd is true. The syntax rules enforced by URA
insure that all relationships in the documentation are valid.
Though it is impossible to know whether the information recorded
is true or not, many of the reports availaple can present the
information in a format that assists the analyst with his search
for errors 2.9., misspellings, incorrect narrative descriptions,
etc. .

Analyzability

Documentation which is analyzable must be organizated ia such a
way that any information nbt explicitly stated in it must be
easily derived through some procedure. Since all URL statements
are stored in a Jdata base, all data can be efficiently accessed
and presented in the form of a URA report. In addition, any new
developments in analyzing the information (e.g., Cost/Benefit
Analysis, etc.) can be incorporated into the existing URA
package.

Ease cf Modification

Documentation which is easy to modify must have sutfficient
indexing facilities so that all occurrences of a given item in
the documentation may be referenced if and when a change to the
item is required. Because the information used in deriving OURA
reports is contained within the URA data base, any modifications
to the data base will be reflected in reports produced after the
change. 0ORA offers several coamamands to modify the data base.
Any reports generated after the modification will be up-to-date.

Attractiveness

A report should be an attractive, legible document. Id2ally, it
should be typed in a large legible font on bond paper with
figures drawn in color. In practice this is usually not
feasible, particularly since the report should be produced, as
much as possible, directly as computer output. However, the
document should be as attractive as possible.

URA outputs are designed to print an 8 1/2 by 11 page s> that
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the ccmputer-printed output is the same size as pages prepared
manually. !

Computer outputs frequently have two features, other than
awkward size, which is undesirable: upper case lettars only and
poor reproducibility. Computer output is difficult to read when
only upper case letters arte available. Whenever possible,
printers with both upper and lower case should be used. Even
wvhen lower case is available, the type font is frequently hard
to decipher. Since documents must usually be produced in
multigple copies, tha2 computer printed master must be of aighn
quality in order to produce lagible copies. The Figure 7.2
presents the standard format for Analyzer Reports.

Figure 7.2 Standard Format for Analyzer Reports

Analyzer Version producing the repcrtt,2 Date and Time
produced?,? Page Numher!t,b2

Name of the Informaticn Processing System?
Name of the Report

Parameters in effect in the production and printing of the
report.?

—

Line npumbers2 Body of the reporf3,°

-—-e . W S @ W W e - -

e e o o
e @ o o

Bnd of report

! This information is supplied by the operating system and
appears at the top of each page.

2 Optional.

3 URL reserved words are printed in upper case and the systenm
description is printed in lower case.

4 The body of the report may contain information not initially
expressed in OURL; this is enclosed in /* and */.
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7.4 The Automated Documentation System

The Automated Documentation System is a separata, stand-alone
facility that can be used to produce a complete requirements
document from a UFA data base. The final document consists of
TRA reports and additional text, formatted as desired. A
complete description of this facility and instructions for its
use are found in Part V of the URA User's ¥anual.

The way in which the physical design should be produced from the
requirements will da2pend heavily on how the process of paysical
design has been carried out ia the organization in the past.
This will frequantly determine the methods to be used.

In general, the designer who is trying to determine the
structure of the system, in terms of modules and the functions
which they nmust accomplish, should concentrate on PEOCESSES. If
2ach PROCESS at the lowest level is to become a module, a
Formatted Problaem Statement for the PROCESS, which shows all
information concerning the PROCESS that is stored in the data
base, may b2 of use to both designers andi programamers. On the
other hand, there are many reasons why modules may not correspond to
PROCESSES on a one-to-one basis. In this case, a general view
of the system, perhaps as shown by the Structure report, may be
of help in deternmining the decomposition into modules.

ystem Life Cycle

7hen ORL is used to describe a system, all of the description is

placed in a URA data ftase. This data base may be used during
the life of the system for various purposes:

7.5 UFA Reports in

(9]

1)) During requirements development activities (while data is
teing added and modified by analysts and project leaders)
to:

-~ verify additions and changes,
- analyze systen,
- determine what more is needed.
2) After requirements are completed, for:
- final documantation (functional requirements reparct),
- understanding,
- specifications for succeeding activities.
3) furing systems maintenance, in order to:
- determine effect of changes,

- change evaluation and authorization procedure,

- change implementation.
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7.6 System Definition Report Using URA Data Base

This section is concerned with the second use, namely, the
production of a complete, human-readable statement of the systea
d2scribed in the data base. Usually, such a document will be
necessary after the requirements definition is complete in orzder
to receive approval of the proposed sys*t2m from its potential
users, from management, and from others.

It may be necessary to produce this document at other times, but
whenever it is oroduced, it saould be based on all the data in
the data base and the material 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 ORL
or with URA reports. Therefore, there must be a full
explanation of the content of the document and the form in which
it is presented.

In cases where the System Definition Report is presentel orally,
it is possible to vary the order and content as desired during
the presentition if appropriate display equipment is available.
Another case where the order and content may be varied is where
the reader is familiar with U2A and its command lanjuage and can
choose the order in which he studies the system to suit himself.
In these cases, the order suggested in this appendix may be
varied., For the purposes of this paper it is assumed that the
System Definition Report must be produced in hard copy and will
be read and evaluated by many individuals with different

back grounds, interests and knewledge of *the system, computers
and1 UFL/URA.

The suggested order of text for the System Definition Raport,
when using URL reports is given in Table 7.3.

Data Base Summary shows the number of objects of a particular
type in the data base, the number and percentage of these which
have synonyms, and the number and percentage which have
descriptions for each object type which exists in the data base.
Totals over all object types are also given. This information
enables management to monitor the progress in describiny the
requirements, Summaries may be compared with earlier oanas to
estimate the rate of progress and large efforts in particular
areas, such as describing processing requireaments or defining
data itenms,

Picture Report gives, for each name specified, a graphical
report, or "picture®™, shoving structure, flow, and/or data
relationships between that name and other names in the iata
base, While the same information could be obtained from a
Formatted Problem Statement, the Picture Report shows the
important relationships at a glance, and, therefore, is a better
form cf presentation for many purposes.

Structure Report can show the full breakdown into smaller parts
of any PROCESS, INPUT, or OUTPUT in the data base. This is
nseful in verifying that the overall structure of the system is

P —y
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correct, and that all required processing has been included
somevwhere in the system. It may also be used to verify that
INPUTS and OUTPUTS have been broken down correctly.

Fornatted Problam Statement Raport, for each name specified,
this report will show all information related to that name which
is currently stored in the data base. 1In particular, this
report could be used to show information about all names
presently stored in the data base. The analyst may generate a
Formatted Problem Statement with the ALL-STATEMENTS option for a
collection of names and may use this to determine what
information about those names is needed, but has not yet been
supplied. This may indicate additional questions which must be
answered by the user.

Contents Report shows, for all INPUT, OUTPUT, ENTITY, and GROUP
names specified, th2 partitioning into lower level objects
specified by the CONSISTS relationships. This is particularly
helpful to the user in determining whether inputs to and outputs
from the system have been properly described.

Extended Picture Raport may show either structure or data flow
information in a graphical format. In particular, it may be
used to demonstrate the hierarchy of PROCESSES, or to show data
flow Ltetween PROCESSES,

Process Chain Report presents in a graphical format the sequence
of EVENTS and PROCESSES which cccur as a result of each name
qiven as input, This report may be used to trace the bzhavior
of the systenm ovar tinme,

Dynamic Analysis Report shows the INPUTS, EVENTS, CONDITIONS,
and FROCZESSES that influence the activities (PROCESSES) that
will be performed and the order in which they are performed in
the target systam. It also indicates the dependencies of the
system dynamics on the condition cf the other system objects.

Process Input/Output Report can be used to show, for each
PROCESS name specified, the function of that PROCESS and the
data items with which it interacts.

Prequency 2epoct shows the frequencies at which INPUTS arrive,
PROCESSES are performed, and OUTPUTS are produced. It may be
reviewed by the user to verify that these frequencies are
accurate.

Dicticnary Report can show any of the following information: the
perscn who defined the name, any KEYWORDS associated with it, a
list of all SYNONYMS, and the DESCRIPTION stored in the data
base for that name. A Dictionary Report showing at least names
and DESCRIPTIONS can be an effective tool for communication
between the systems analyst and the user. It enables the user
to verify that the definitions stored in the data base for
various data objects and PROCESSES correspond to the information
As thke user knows it, If not, he may not be effectively
communicating his requirements to the analyst.




Table 7.3 Table of Contents of System Definition Report

System Overview
Text
General Format of URA Reoorts
Text
Suamary
SUMMARY
NAME LIST in Alphabetical Crder
NAME LIST in Object Type Order
System Structure
PICTURE
Highest level PRCCESS
Highest level INPUT
Highest level OUTPUT
Aighest level INIZRFACE
PROCESS
STEROCTURE
FPS of PROCESS in Structure Order
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SUBSET Report
FPS for SETS
0NTPOT
STIROCTUr =
FPS for OUTPUT in Structure Order
CORTENTS
CONSISTS- COMPARISON
INPUT
STRUCTUORE
FPS Por INPOT in Structure Order
CONTENTS -
CONSISTS COMPARISCN
ENTITIES
FPS for ENTITIES
CONTENTS
CONSISTS COHMPARISON
EELATIONS
FPS for RELATIONS
PELATION STRUCTURE
Data
FPS for ELEMENT and GFOUPS (or DICTIONARY)
Data Plow
CATA PROCESS for INPUTS, OOTPUTS, ENTITIZ=S
CATA PRCCESS for ELEMENTS and GROUPS
EXTENDED PICTURE
Dynamic Analysis
PYNAMIC ANALYSIS
INTERVAL CONSISTENCY;
FREQUENCY
PROCESS CHAIN
SYSTEM Size and Volume
FPS for SYSTEM PARAMETERS
QOQther
~ PPS for KREYWORDS, ATTRIBUTES, SOURCE, SECURITY, PROBLEN
CZFINER, MEMO
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8. PFROJECT MANAGEMENT

# 8.1 Tools and Coanventions in Using URL/UR or Project

Mapagement

This portion of the Guidebook is directed toward people who
directly supervise the systems analysts who perform the analysis
and description of the requirements for a system. Such a person
may have overlappiny duties. He may actually be a member of the
overall management for the software development effort, or he
may be a working systems analyst assigned to coordinate the work
of the group of analysts. If he has duties in addition to those
of project leader, he should read all of the relevant sections
of this Guidebook.

The Project Leader is interested in

- fro ject oraanization,

- keeping a record of work assignments given to the project
team member,

- assuring intercommunication links between 111l projact-tean
members, even those working in remote sites of the object
organization,

- monitoring the overall work in progress, g

- - monitoring the individual performance of team membars,

- detecting incompleteness and inconsistencies between the
UXL statements made by variocus analysts,

- the content and form of the final documentation generated
for the external (in relation to the team members) users,

- monitoring the project progress against budget and time

schedules.

In order to obtain full benefits of URL/URA assistance in
project management, some standards for the use of
analyst-defined names of KEYWORDS, ATTRIBUTES, ATTRIBUTE-VALUES,
SOURCES and PROBLEM-DEFINERS have to be established before the
team effort is begun on the project (see Section 4.1 ani 4.2).
Table 8.1 identifies reports available for the project leader,
and their purpose., Since a single report may have multiple
uses, sowme of the raports are listed under more than one
category. Several examples of task assignment to project teanm
members by the project leader have been given in sections 3.4.1
and 4.3,
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Table 8.1 URA Reports for Project Leaders

Purpose

Complete information about specified objects

Display of provoerties of objects

Lists and dictionaries

Display and analysis of data structure

Display and analysis of data usage

Display of processing functions
and structure

Analysis of dynamic aspects

Project Monitoring

Reports

Formatted Problem
Statement

Attribute Report

Dictionary Report

KWIC Index

Name Genaration

Name List

Punched Comment
Entries

Consists
Comparison
Report

Consists Matrix
Report

Contants Report

Identifisr
Information
Report

Picture Report

Data Process

* Report

Extended Picture
Report

Picture Report

Process Input/
Output Report

Security Analysis
Report

Extended Picture
Report
Picture Report
Process Input/
OQutput Report
Structure Report

Frequency Report

Process Chain
Report

Dynamic Analysis
Report

Data Basa2 Summary
Projected Cost
Report
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8.2 Project Organization for CADSAT Use

The project organization appropriate for a particular project
wvill depend on the size of that project, for example, the number
of analysts involved and, ¢to a lesser extent, on the type of
application. In general, where several analysts are working on
the same system, it is probably wise for a single person to have
the responsibility for locating and correcting inconsistencies
among the requirements stated by various analysts, and for
finding indications that more information is needed. Depending
on the size of the project, this person may be one of the group
of analysts, the project leader, or an analyst assigned solely
to the coordination function. The use of CADSAT should reduce
the amount of direct interaction between the analysts. Rather
than directing questions to each other periodically, they may
simply refer to the data tase for information on other portionas
of the systen.

8.3 Mcnitoring the Qverall Work ir Zrogress
The Data Base Sunmacy report gives an overall view of the
quantity of information in the data base. PFor sach objact type,
it presents the number of names of that type in the data base,
the number and percantage of those which have synonyms, and the
number and percentage which have descriptions. Totals over all
object types are-also presented. Comparing this week's Data
Base Summary with last week's will give some idea of the volume
of information which has been put into the data base in the past
weak . In addition, it mav indicate where most of the effort has
occurred. For example, if a sudden increase in defined data
objects occurs, it will be clear that most of the effort has
gone into data definition, while a great increase in th2 number
of PROCESSES or in the percentage of PROCESSES having
descriptions indicates a large effcrt put into processing
definitions.

8.4 Mcnitoring Individual Performances

Th2 RESPONSIBLE=-PROBLEM=DEPINER statement in URL enables the
project leader to monitor the work of a particular analyst. If
the statement is used consistently, the NAME~-GEN command can be
used with the parameter:

SELECTION='PD=analyst-name"‘

to select the names of all URL objects which have been defined
by the analyst specified. These names can then be used as input
to another report, for example, a Formatted Problem Statement,
showing all URL for which that analyst is responsible. Or,

NAME=-GEN SELECTION='PD=analyst-name AND PROCESS'
PROCESS=-INPUT=-QUTPUT DESCRIPTION PROCEDURE

will clearly present the PROCESSES that the analyst has defined.




