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PREFACE

This manual describes the liser Requirements Language (URL) to bhe
used with Version 3.2 of the User Requirements Analyzer (URR).

The manual consists of two parts. DPart I gives a detailed
description of the languags statements available and their use.

Part II is a reference manual which gives the proper syntax for
cach statement.
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FOREWORD

fser Requirements Language (JRL) is a language for describing an
Infcrmation Processing System (IPS). A Problem Statement (PS)
in "RL can be used to describe the "present" system or to state
reanirements that a "proposed" target system is to tulfill,
Describing the "prasent" system is helpful in finding where
redundant information exists, standardizing procedures, etc.,
and also forms the basis for designing “proposed"” systems. In
dascribing a "proposed" system, the Problem Statement can be
considered as the specifications for the succeeding stages in
the system life cycle, i.e., in the physical design and
construction phases.

Requirements for proposed information processing systems are
usually describa2d in the Logical System Design phase sonmetimes
called the "feasibility study." The end result of the logical
system design process is a description of a proposed system ani
a henefit/cost analysis of the value of building it. The
process itself may be accomplished in many different ways but
the particular method chosen does not affect the form of the
final result, W4hat constitutes a satisfactory description of
the proposed svstem is not affected hy whether the process is
carried out manually or with computer aids (except for the fact
that the computer-aided method can result in the description
itself being storel in a computer-aided processable form).

The purvose of the manual is to describe how URL may be used to
describe systems. Tt may be used as an introduction to the usa
of TRL and is also used as a text in URL courses. It contains
the complete syntax and semantics of URL as well as providing
quidelines on how these are intended to be used. A more precise
statement >f URL is given in the User Requirements Language,
Lanquage Reference Manual, Part II. Additional information in
the use of URA givan in the User Requirements Analyzer User's

: Manual.
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1. INFORMATION PROCESSING SYSTEM DESCRIPTION

Infermation Processing Systems of all types exist in
organizations today. They serve to store, retrieve, manipulate
or organize information in some manner to meet a particular
organization's neeis., For this reason, the design and operation
of one of these systems are particular to a given organization.
To conform with th2 changing environment, an organization must
davelop new systems, modify 2xisting systems and terminate
obsolete ones. This can require a major effort of the
organization to design systems and maintain documentation of a
system once it is operational.

1.1.1 System Life CZycle

An information processing system has a life cycle which bhegins
with the initial conception of need of the system, proceads
through determination of requirements for the system, (logical
system design), physical system design, detailed design and
construction, operation, modification and maintenance and
finally, termination of system operation.

1.1.2 Documentation

At each step of the life cycle, some form of documentation is
neaded by the organization. The documentation consists of a
complete and comprehensive description of the proposeei (or
target) system. TIn addition, the organization of which the
system is part must be at least partially described; and the
pro ject defining and designing the system must also be
described.

1.1.2.1 ®What has to be Documented

No matter what typs of system is to be designed or who is
designing it, there exist some features or components which are
common to all systems and that must, therefore, he included in
its documentation. Togethar, these common characteristics can
be reqarded as constituting a model of the system. This model
is shown in Figure 1,

The basic purpose for constructing a system is to serve some
organization. Usually, a new system is required to solve some
"nroblem”" within the existing systen.

PART™ T USER REQUIREMENTS LANGUAGE MANUAL
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Pigure 1: The Problenm

The task of the system builders is to accurately define the
problem so that a solution may be implemented. The problen,
therefore, has three basic components or elements:

= An environment in which the problem occurs. Those parts of
the organization which directly interface with the problems must
bhe included in the description.

- The tarqget system which is being described to resolve the
problem. The word "target" connotes a "proposed" rather than an
existing system. The relation between the environment and the
target system is shown in Figure 1.

- The Project assigned the task of defining the problea,
idequately documenting the requirements, designing, coastructing
and installing the systenm.

All cf the elements must be documented in sufficient datail to
meet the needs of the organization. To accomplish this, the
clements must be broken down to smaller components. These in
turn must be broken Adown or subdivided into smaller elzments.
The elements at all levels are called the "system description
clements."

1.1.2.2 Purposes of Documentation

The description of the problem throughout the life cycle is
nsually referred t> as "documentation." Such documentation must
serve a number of different purposes:

= The system builders must have a record of what they have done.
- The organizations within the environment of which the system

is to serve must have a description to assure themselves that

PART I USER REQUIREMENTS LANGUAGE MANUAL
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the prepared system will satisfy their needs.

- The management of the organization that is providing the
resources must know what they are approving.

- The system buildars who will continue the development,

construction, operation and maintenance of the system must all
have documentation from which to carry out their tasks.

1.17.2.3 Forms of Documentation

To serve their needs, most organizations have developed standard
documentation procedures consisting of very general to very
specific guidelines in producing documentation. Some
organizations use commercial documentation packages or
documentation techniques in hopes of producing more complete,
correct and consistent documentation.

Tt is standard practice to record the description of the systenm
in formal documents corresponding to various stages of the lifs
cycle known by such names as the system definition report,
system requirements report, system design report, programming
documentation, user's manual, etc.

These documents are normally in narrative form, supplemented by
diagrams, flow charts, lists, glossaries, cross references, etc.

1.1.2.8 Characteristics of System Documentation

Information Processing Systems are large and complex and
regardless of who produces the documentation or what graphical
aids, such as flow charts are used, it will have several
features that make the process of documentation different.

- Size. Comple*te documentation of a system may consist of many
thousand of pages of charts, tables, code listings, user qguides,
project plang, etc.

- Complexity. Any piece of information about some aspect of the
syvstem Or the project may be related to many other pieces.

- Multiple users with different needs. Each of the users of the
documentation, as noted above, need the documentation 2f some
aspects of the system at different levels of detail.

- Changeability. The documentation must be constantly updated
as changes occur in the organization or in the system. Any
change, because of the complexity, can affect the documentation
in many places.

PART T USER PREQUTREMENTS LANGUAGE MANUAL
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1.1.3 process of Dacumentation

1.1.3.1 Manual

Someone must he responsible for this documentation. It is often
the task of the anmalyst to do this., In other cases, it may be a
tachnical writer who must obtain the information from other
sources (analysts, management, memos, etc.) in order to produce
the documentation of the system. The technical writer has the
disadvantage of not being directly involved in the systen
4evelopment effort., The analyst has the advantage of being
directly involved with the system yet is sometimes too close to
it to present a complete dsscription. The documentation is
usually praoduced manually reqgardless of who is doing it.

A computer-aided approach to system documentation can be an
improcvement over the manual methods by using the power of the
computer to store large quantities of data and to manipulate
complex relationshi ps.

To take advantage of the potential benefits, a computer-aided
documentation system should have the following characteristics:

a) A formal language flexible enough to describe any type of
information processing systenm.

b) A translator which takes the formal language statements as
input and stores it in some processable form in the computer
(i.e., on disk or tape).

c) A data-base in which the information interpreted from the
language statements is stored.

d) A report generator which allows information in the data-base
to be retrieved, analyzed and formatted as reports.

e) An update facility which allows information in the data-base
to be added to, modified, or deleted. Before any information in
the data-base is updated, checks must be made for consistency
and correctness so that accuracy of the information in the
data-base is maintained.

The advantages of using such a computer-aided technigu2 versus a
manual method are:

1) Though information is interrelated with other information,
there is only one occurrence of each piece of information in the
data-base., If this piece of information is modified, the
contents of the data-base are modified to reflect the change.

PART I USER REQUIREMENTS LANGUAGE MANUAL
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b) The Langnage has a finit> number of statements which may ha
specified and syntax and semantic rules for each of theso
statements. This allows persons documenting systems to qgive
precise descriptions which are much less subject to
misinterpretation.

c) Once the data-hase has been modified, all reports generated
using it are up-to-date.

1) The reports generated are designed to view the system (as
described in the data-base) at various angles. One particular
report mav nresent hiagh level structural information, another
miy present the manner in which low level data is manipulated in
the system, arnd still others may present lists of names,
dictionaries, etc.

e) Some reports may present results of complex analysis based
on the contents of the data-base. Analysis may consist of
checks for completeness or consistency in the system description
at any rpoint in time.

1.1.3.3 URL/URA

URL is a computer-processable language designed primarily to
describe a target system during its formative stags (i.e.,
during the determination of requirements phase in the systen
life cycle) ., It also contains facilities for describing those
parts of the organization interfacing with the system and those
vparts of the project which are relevant to the description of
the target system. The URL description of a system consists of
a combination of formal statements (allowed hy the language)
sunplemented by narrative descriptions.

The 0User Requirements Analyzer (URA) is a software package which
processes the URL statements and acts as an interface hetween
the probhlem definers and the information stored as the URL
description.

Oorganizations usually require that the documentation of a
proposed system include a "system requirement report." This
document contains a2 detailed description of the target systen,
information about the manner in which the system interfaces with
the organization, and some description of the project designing
the system including estimates of costs, resources required and
completion time, etc. URL is designed to state the type of
information which appears in the system requirement report and
when a problem is completely described, essentially all the
information for the system requirement report is contained in
the 0RA data-base.

1.1.4 Introduction

PART I USER RFQUIREMENTS LANGTAGE MANUAL
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The description of a system involves describing "ob jects," the
“properties" of these objects, and the "relationships" among the
objects.

In Section 1.1.2 these "ohjects" were referred to as "system
description elements" representing some physical or conceptual
thing in the target system., Examples of "objects" are "logical
collections™ of data, the "processes" which define how the data
is derived, etc, Fach "object® defined in the target systenm
must be assigned a unique name and classified by the "type" of
ohbhject which it is, URL, for example, allows approximately 30
Aif ferent types of "objects."

"Properties" of an "object" consist of statements describing
that "object."

"Relationships," on the other hand, describe connections among
"objects." To say that object A uses objects B and C specifies
"relationships" among these objects. There are approximately 75
dif ferent "relationships™ that may be used in URL.

An example of a description of a (very simple) system is given
in Section 1.2, A full description of the types of "objects"
that may be defined in URL, their purposes and usages, is given
in Section 1.3. The "relationships" allowed in URL are given in
Saction 1.4 along with information on how these relationships
relate to the overall system description and special
considerations involved wha2n using them.

1.2 Example

This section illustrates the fundamental concepts of ob jects,
names of objects, tvpes of objects and relationships aaong
objects throuqgh the use of a simple example., The process of
conputer-aided documentation is also shown. (Properties of
objects are not illustratel in this example.)

1.2.1 Narrative Description

The following is a typical narrative description of a particular
system:

"A system called pavyroll processing takes employee
information which comes from departments and employees ani
produces outputs which go to the departments and employees.
The system also maintains payroll master information."

The information in such a narrative description is usually shown
graphically as in Figure 1.2.1 or in Pigure 1.2.2.

PART I USER REQUIREMFNTS LANGUAGE MANUAL
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Figure 1.2.2
System Flowchart for PAYSYSTEM
Using Standard Flowchart Symbols

1.2.2 Identification of Objects

The first step in using URL is to identify the objects in the |
svstem heing described, This can be done for the abov2 example i
bv underlining them in the narrative description:

information which comes from departments and employees ani
produces outputs which go to the departments and employees

. The system also maintains payroll master informationm ."

'.2.3 ohject Names and Iypes

Zach of the Jdefined cbjects has a unique name and each of these
ohjects is described in a different context; "employee
information" represents information passing from "departments
and employees" to "payroll processing," "payroll master
information" represents information manipulated by "payroll
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processing," etc. 1In effect, each of these objects represent
dif ferent types or classes of objects., For example, in URL, the
type of object corresponding to that suggested by "employee
infcrmation" is an INPUT, "payroll master information" is a SFT,
etc. The following table relates each of the objects 1efined in
the rnarrative description with a corresponding URL name and
object type:

JRL
Object
Nacrative URL Nape Iype
payroll processing payroll=-processing PROCESS
employee information ~employee-information INPOT
departments ani emplcyees departments-and-employees INTER-
FACE
outputs paysystem-outputs ogTPUT
payrcll master information payroll-master-information SET

UJRL does not allovw blanks in the names of objects; dashes are
normally used to connect names consisting of more than one worid.
In an effort to keep the names used as meaningful as possible,
"qualified" names such as "“paysystem-outputs" (instead of
"outputs") are ancouraged.

1.2.4

I}

dentificatior of Relationships

The next step in using URL is to identify the relationships

among the obijects which have been identified. The relationships
implied in the 2xample narrative description are underlined:

"A system called payroll processing takes employee
information which comes from departments and employees and
produces outputs which go to the departments and employees.

——— = ——

The following relationships have been identified:

Relationship Between and

takes payroll processing employee information
comes amployee information departments and employees
produces payroll processing outputs

go outputs departments and employees
maintains payroll processing payroll master information

There are a finite number of relationships that may be described
by UFL. By taking into account the types of objects defined in
the above example and the relationships that URL allows among
those objects, the following correspondence between the
narrative description relationships and the URL relationships
can ke made:
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Narrative relationship URL relationship
takes RECEIVES
comes GENERATED BY
produces GENERATES
qo RECEIVED BY
maintains UPDATES

The description of the system using YRL terminology is:

Obiect Pelationship Object

payrcll-processing RFCEIVES employee-information
emplovee-information GENERATED BY departments-and-employees
payroll-orocessing GENERATES paysystem-outputs
paysystem-outnuts RFCEIVED BY departments-and-employees
payroll-processing . UPDATES payroll-master-information

1.2.% UBL Pormat

The object tvpe of a particular named object can be explicitly
defined by a "PL statement. For the above example, the
following UFPL statements may be used to define the object type
of "payroll processing," "employee information* and "“departments

and employees," J
DRCCESS payroll-processing; i
INEUT emplovyee-information;

INTERFACE department s-and-employees;

Since a particular object may be involved in several E
relationships the format for specifying relationships is made as
simple as possible, For any object defined via a statement
declaring its object type (as above) those relationships the ;
object is involved in may be listed after this statement along
with the corresponding objects in the relationship. The URL
format to specify the relationships "payroll processing" is |
involved in is: |

PROCESS payroll-processing;
RECEIVES employee-informaticn;
GENEPATES paysystem-outputs;

UPLATES payroll-master-information;

1.2.€ URA Qutput

One complete URL problem statement for the example is shown
below. (There are many ways in which all of the information
could be stated. They are all equivalent as far as URA is
concerned.)
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INEOT employee-information;
OUTPUT pavsystem=outputs;
SET payroll-master-information;
INTEEFACE department s-and-employees;
GENERATES employee-information;
RECEIVES paysvstam-outputs;
PRCCESS payroll-processing;
UPDATFS payroll-master-information;
FECEIVES enployee~informations;
GENERATES paysystem~-outputs;

Once these statements have heoen entered into the URA data-base,
TRA can be used *to generate a number of "standard" outputs.
Figqure 1.2.3 shows one of these outputs called the FORMATTED
PROBLEM STATEMENT. This report contains all information storei
about selected objects in the data-base. 1In this instance, the
report has bheen generated for all the objects defined in the
data=-base.

The format of the information in the FORMATTED PROBLEM STATEMENT
is the same as that specified when describing the example in
TRL. The report also presents all implied relationships as well
as the explicitly defined ones. This is the reason that, thougn
only five relationships were given in the example, ten ar=
presented in the FOFMATTED PROBLEM STATEMENT. To say that
'payroll-processing' RECEIVES 'employee-information' implies
that 'employee-information' is RECEIVED BY 'payroll-processing,’
etc. These are called complementary statements and when
describing a system in URL, the choice of which of the two
complementary relationships to he used is arbitrary. (The
information stored in the data-base is exactly the same.) The
follewing are the corplementary relationships used in the
axample:

Belationship Complementary Relationship
RECEIVES RECEIVED BY

GENPEATE®ES GENERATED BRY

UPDATES UPDATED BY

Figyure 1.2.4 presents an example of a graphical output that may
be ottained from URA. This vparticular example shows the
relationships 'pavroll-processing' is involved in. All objects
are represented by rectangles with the name of the object within
the rectangle and “he type of the object is given on the top
line of the rectangle.

The rectanagle for the name for which the output is being
generated is placel at the center of the diagram. All other
objects are placed along the left and right margins if involveil
in "flow" relationships, and along the top or bottom margins if
invclved in "structure" or "updating" relationships. The type
of relationship the center object has with bordering objects is
given on the hottom line of the rectangle for each of the horder
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objects. Tn the diagram, 'payroll-processing' RECEIVES
'‘employee-information,' etc.

Tn this example, names of objects have been shown in lower case
letters and Types of Objects and Relationship in upper case
letters. Tt is, therefore, easy to distinguish user assigned
names for objects from wordls which are part of URL. The ability
*o distingunish lower and upper case letters depends on the
facilities available in the installation in which URA is being
us2d., If the installation does not support lower case letters,
all words and names will appear in upper case.

1.3 DRL Objects

A URI object is anything given a URL name by the user of
URL/UPA. FEach object is given a unique name so it can be
identified each time it occurs in the system description.
Consequently, all occurrences can be collected and analyzed. A
TRL pame is one that conforms to the rules of name formation in
the NRL/UPA system (Section 1.,6). Once any particular object
has been given a name it can be included in relationships only
by srecifving its name.

ZTach object must be a certain object type. The complete list of
permissible types in alphabetical order is given in Figure 1.3.1
together with the allowable abbreviations for each object type.
0f these, two are "special" types: SYNONYM and UNDEFINED, If
the object type of an object is not declared explicitly, URA may
he able to deduce the object type from the manner in which the
object is used, otherwise, the object type for the rame will be
"ONCEFINED." A Problem Statement is not complete if it contains
any UNDEFINED names. A SYNONYM is a special type of object that
can te used only as an alias or pointer to one other name, e.g.,
an chject that has been assigned the name 'validation-
processing' might be given synonym 'valpr.'
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Object Type Abbreviation
ATTRIBITF ATTR
ATTIRIBUTE=-VAL'F ATTY
CLASSIFICATION CLS
CONDITION CCND
EFLFMENT FLE
ENTITY FNT
EVENT rvT
GROUP GR
INENT INP
INTERFACE INTIF
INTERVAL INT
KEYWORD KEY
MAILBOX ROX
M EMO -anan
ouTenT onT
PRCBLEM=DEFPINER PD
PRCCFSS PRC
PRCCFSSOR PRCR
REIATICN FLN
P ESOURCE RSC
RFSOUFCE~-USAGE-PAPRPAMETER RUP
SECUFITY SEC
S (RCE SRC
SET ——
SNBSETTING-CRITFRTON SSCN
SYNONYM SYN
SYSTEM=-PARAMFTER SYSP
TRACF=KEY TKEY
UNDFFINED S
UNIT 3 -——
Fiqure 1.3.1 OCbject Types and Abbreviations
1.3.1 Classification of Object Types {
i

For ease of describing the purpose and characteristics of each
type of object with respect to the system documentation, it is
convenient to group the types into classes. The list of classes
and object types within each class if shown in Pigure 1.3.2. It
must be emphasizel that classification is for exposition only
and plays no role in *he formal syntax or semantics of URL. The
major cateqories of classification are the following:

Orqaniza;ion for obhjects used to descrihe the

organizaticn or environment in which th2
target system is to operate.

"araget Systen for objects used to describe ths target
systen.
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Project Management for objects used to describe the project
developing the target system.

Properties for objects used to describe thz objects
in the above three categories.

The purpose and characteristics of each object type is described
helow in the order in which listed in Figure 1.3.2. The
relationships in which an object of a given type can be included
is outlined in Section 1.4, and given in more detail in Sections
2 and 3. (The precise syntax is given in the "User Requirements
Language, Lanquage Reference Manual."!) A discussion of the role
of each object type and situations in the system description
process whether it should or should not be used is given in
Section 4.

1.3.2 Organization QObjects

The URL object used to describe scme part of the organization or
anvironment with which the target system interacts is called an
INTERFACE (or REAL-WCRLD-ENTITY). INTERFACES are oftea used to
Aascribe departments in an organization or other information
processinag systems which interface with the target systenm.
Interfaces are sometimes called by such names as "stations,"
"organizational units," etc., in other documentation systems.

Interfaces are objects which, as far as the target system being
leveloped, may receive data from it or transmit data to it. For
axarple, if a warehouse stock control system were bheing
dasiqgned, inter faces might be suppliers, customers, the
accounting department, etc. They are not part of the target
system, but have important relationships with it. Though the
faunctions of an interface may be complex, only the description
nertaining to its relationships with the target system are of
importance. Tnterfaces should be described if they generate
information to the target system, receive information from the
target system, or are responsible for information within the
target systen,

1 part II of this document
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CLASS QF OBJECT IYPES QBJEZT IYPES
INTERFACES OR ORGANTZATIONAL UNITS INTERPACE (REAL-
WORLD-ENTI TY)

CCILECTIONS OF INFOEMATION
(EXTERNAL) INPUT
ouTrPUOT
(INTERNAL) ENTITY
CCILFCTIONS OF INFORMATION INSTANCES SET
REIATIONSHIPS AMONG COLLECTION OF
INFORMATION RELATION
DATA DFFINITION GROUP
ELEMENT
DATA DERIVATION PROCESS
SIZE AND VOLUME SYSTEM-PARAMETER
INTERVAL
DYNAMIC BEHAVIOR EVENT
CONDITION
SYSTEM ARCHITECTURE PROCESSOR
RESOURCE
RESOURCE-
USAGE-PARAMETER
UNIT
PROJECT MANAGEMENT PROBLEM~DEFINER
MAILBOX
PROPERTIES SYNONYM
KTYWOPD
ATTRIBUTS
ATTFIBUTE-VALUE
CLASSIFICAT ION
MENO
SOURCE
SECURITY
TRACE-KEY
NTHER UNDEFINED

Fiqure 1.3.2 Classification of 0Objec* Typ=s
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1.3.3 Target System Objects

Target svystem objects are used to describe the targyet systenm
with respect to forms of information, processinag of the
infcrmation, behavior of the system over time, etc.

1.3.3.1 Collections of Information

Information related to, or pertaining to, one particular type of
thing or concept is thought of as a collection of information.
Por exanmple, "employee information" may be a collection of all
information pertaining to a particular employee. This
information would be derived when an employee is hired by the
company, used to produce paychecks for the employee, updated to
ref lect changes in the employee's status, address, etc. The
collection is to bhe thought of as a whole (in the above exampla,
everything that had to be known about an employee) though in
being processed by the tarjet system, only portions of the
collection might be used at any one time. There are three types
of collections of information that may be defined in ORL:
INPUTS, OUTPUTS and ENTITIES. The difference among these types
of collections is related to their role in the target systenm.

INPUIS

An INPUT is a collection of information produced external to the
target system, but used by the target system. For exaaple, in
an inventory svstem, a customer order may be considereil an INPUT
to the systen,

QUTRYIS

An OUTPYUT is a collection of information produced by the target
system, but which is rsed external to the system. For example,
the paychecks oroduc.d by a payroll processing system could be
thought of as NUTPUTS as they are eventually used by employees
out side of the system. Once the collection has left the systenm,
no further reference may be made to it.

ENTITIES
An ENTITY is a collection of information which is maintained
internal to the system, ENTITIES are initially "produced" and
then "maintained" using informaticon from INPUTS and then OUTPUTS
are produced using information from ENTITIES. The "employee
information" described above in the definition of "Collections
of Tnformation" is an example of an ENTITY.

All cf the above types of collections of information may belong
to larger collections and may re broken down into smaller units
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of information. Consequently, there may be "structural®"
relationships hetween particular obijects of these types.

A number of instances of one cr mcre collections of information
is called 2 SET. For example, a SET might be defined to
describe all instances of "“employee information" in the target
system. There is an important distinction to be made between a
collection of information and an instance of this. Information
called "employee information" is a collection of information,
but employee information about JACK SMITH is an instance of the
collection of information. A numher of instances together may
constitute a SFT of "employee information." Likewise, if two
collections of employee informaticn were maintained (one for
current employees and one for retired employees) a SET could be
Jefined to contain instances of both collections as well as
defining a separats SET for each collection of information about
] the different tvpes of employees.

The common exambnls of a SET is a master file consisting of
records, i.e., ENTITIFS, for each employee. However, SZT may
also consist of INPUTS and OUTPHTS, This permits SETS ¢o
represent collections of INPUTS, e.g., queues of messages to b2
processed.

Collections of information maintained internal to the systen
(FNTITIES) are oftan "related" to each other in that there is
information which is not inherent to either yet is associated
with both. 1In the example of a warehouse stock control systen,
information about inventory items may be related to information
about their sypoliers, etc. RELATIONS are used to describe
logical connections among ENTITIFS.

1.3.3.4 Data De€inition

Collections of information (INPUTS, OUTPUTS and ENTITIES)
"contain" values of information called ELEMENTS and GRQAUPS,

ELEMENTS are the basic unit of information and, therefore,
cannot be subdivided., An ELEMENT is used to describe a data
object which may take on a value., For example, if "employee
information" was defined to be an ENTITY it would not, in
itself, have a value., The TLEMENTIS making up “employea
information" such as "“age," "sex," "salary," etc., might have
values for a marticular instance of "employee information."
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GEQUPS

GRNOUOPS are used to describe a collection of ELEMENTS and/or
other GROIPS. GPROUPS allow the problem definer to logically
relate one or more ELEMENTS and/or GROUPS together and refer to
them collectively by the GROUP name.

GRQUPS can be thought to be synonymous with the names of the
GRONP's compnrents, In the example of "employee information,"
the "name" of the employee may be defined as a GROUP where the
constitutents of the GROUP, "first name," "midile initial,"
"surname" may ha defined as ELEMENTS. The use of GROUPS is
primarily a3 notational convenience.

1.3.3.5 Data Derivation

An information processing system exists to process data, i.e.,
to produce data values from other data values. This
transformation is known by different names such as process,
orocedure, function, operation activity, etc. In URL, a PROCESS
is5 tha type of object used to describe this transformation.

The total target svstem can be regarded as a PROCESS at the
hioghest level. A PPOCESS is defined by specifying the
information upo>n which it operates and the information which it
oroduces.

1.3.3.f Size and ¥Vplume

Ddbjects which relate information pertaining to the amount of
information maintained by the system and volume of information
to bhe processed are described to estimate the size of the target
svstem.

Tnformation ahout the size of a proposed target system is
usually stated in terms of numbers. E.qg., 500 employe= changes
occur each pay period or production analysis report consists of
190 rages.

In DPL, the "parameters" af fecting the size of the system are
considered obhjects and each given a unique name: two types of
obhjects are oermitted:

SYSTFM=PARAMETERS and time INTERVALS

The lasic purpose of treating these parameters as objects is
that each occurrence can be uniquely identified. Consequently,
all cccurrences can be identified. Also, only one assignment of
numerical values need he realy, the assignment can be as "late"
as possible, and sensitivity-analysis can be carried out.
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SYSTE¥=-PARAMETER

A SYSTEM=PARAMETER is used to represent a value relevant to
characterizing "system" size, A SYSTEM-PARAMETER may be used to
describe the number of instances of a particular ELEMENT in a
particular instance of an ENTITY, for example.

- e—————

An INTERVAL is used to describe a unit of time. In defining
frequency of an occurrence in the system, the frequency must be
defined with respect to some unit of time. A "year" is an
example of an interval, as is "work week."

1.3.3.7 Dynamic Behavior

The description of the dynamic behavior of the system indicates
requirements on processing order and the relationships between
processes and objects that initiate, terminate, or interrupt
them,

— — ——

An EVENT is used to describe possible occurrences during the
operation of the target system. An occurrence of an EVENT is
associated with a specific point in time, but the same EVENT may
occur more than once during target system operation. For
examrle, "“error recognized" may be an EVENT that causes normal
processing to be suspended while an error processor is
initiated.

CONDITION

A CONDITION is used to describe some aspect of the state of the
target system., A CCONDITION may be either true or false. For
example, "input data valid" could be a CONDITION. A change of
this CONDITION from true to false might cause an EVENT (such as
"error recognized") or might directly initiate error processinjg.

1.3.3.8 System Architecture Objects

PROCESSOR

An object that can "perform" a PRCCESS is a PROCESSOR., In other
words, a PROCFSSOF is an "agent" that physically acts to perform
a PROCESS. A computer system, a department in an organization,
a person, can all be modeled as a PROCESSOR.
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The total target system can be regarded as heing performed by a
single PROCFSSOR at the highest level. This highest lavel
PROCESSCR 1s the collection of all the physical entities
(including human beings) that actually carries out all the
information processing functions in the systenm.

RESCURCE
A\ PFSOURCT is something that the physical elements in the target
system consume 1in order to carry out informatior processing
functions. A RESOUERCE is consumed , and once an amount of
RESCURCE is consumed, it is considered unrecoverable because it
is "used up." For example, a certain amount of RESOURCE called
electricity is consumed by an electrical appliance in a given
time period. The amount of electricity thus consumed is not
recoverable because it is used up.

It is important to note this somewhat specialized meaning of
RESOUERCE. In the general usage of the term, "resource" could
mean something that is needed for a task to be performed, but
which is returned after it is finished. For example, an
2lectrical apnpliance can b2 regarded as a resource in this
sense: when it is beinqg used by someone, nobody else can use it;
hut when it is no longer used, it is available for use. In URL
this seconi meaning of "resource” is modeled by PROCESSOR, and
the term RESOURCE is exclusively used for the first meaning.

Since it is necessary to handle quantities of RESOURCEs, units
are needel to measure RESOURCEs. The object UNIT is used for
*his purpose. A UNIT is used to measure RESOURCEs. For
example, electricity may be measured in a UNIT called
"kilowatt-hour."

RESCUPCE-USAGE=DPARAMETER

A RESOURCE-USAGE-PAPAMETER is an object that defines a measure
of the RESOURCE usage for a PROCFSS. It is introduced in URL as
a way of expressing resource consumption of a PROCESSOR
performing a PPOCFSS independent of what PROCESSOR performs it.

For example, one can assign values for a RESOURCE-USAGE=-
PARAMETER "no-of-fortran-steps" to a set of PROCESSes. The
values of the RESOTRCE-USAGE~PARAMETER for a PROCESS might
signify the number of FORTRAN steps if the PROCESS is to be
performed by a computer and FORTRAN is to be used to write the
program. The actual amount of RESOURCE consumed in orier to
carcrty out this PROCFESS depends on the particular PROCESSOR's
ability, which is expressed in terms of RESOURCE consumption par
RESOURCE=~IJSAGE-PARAMETER.
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1.3.4 Project Management Object

Project management objects are used to provide information ahout
the individual writing the URL description of the target system.
TRL is not intended to be a project management system, but it
provides for two types of objects.

PROBLEM-DEF INER

PROBLEM=-DFFINER is an object used to describe a person who
writes the problem statement (URL statements) for the target
system or vho has the responsibility of maintaining the URL
descriptions for one or more other URL objects. For exaaple,
PROBLEM=-DEFINER, "Jane Smith," may be responsible for the URL
description of the objects, "emplcyee information," "payroll
processing,"™ etc., while other people on the project may be
responsible for other objects in the target system's
description.

A MAILBOX is used to describe the location where gquestions
and/or information about the URL description of a particular
target system may be sent. Usually a MAILBOX is related to a
PROBLEM=-DEPINER,

1.3.5 Property Objects

Por an accurate description of a target system, special
properties of certain objects must be defined. PFor example, in
describing a large information processing system, it may be
necessary to define which functions (PROCESSES) are to be done
manually, run batch, or on-line, etc. The URL object types that
are available are SYNONYM, XEYWOED, ATTRIBUTE, ATTRIBUTE-VALUE,
CLASSIFICATION, MEMO, SOURCE, SECURITY and TRACE-KEY.

SYNCNYM

A SYNONYM is used to define an alternative name (alias) for a
given name in the URL description of the system. The SYNONYM
may simply define an abbreviation of a long name or sp2cify a
totally different name for an object, depending on who looks at
the object (i.e., several people may think of the same thing,
but call it several different names).

KEYWORD
A KEYWORD is an object type used to identify one or more objects
in the target system description for selection and analysis
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pur poses, For example, if all functions (PROCEFSSES) described
as beinq manual procedures in the target system were td bhe
listed and analyzed together, the KEYWORD "manual" could be
attached to each PROCESS for this purpose.

——— o ——— — g~ ———_ ——— . — —— i ———— ——

ATTRIBUTES and ATTPIRUTE-VALUES are used to describe
characteristics of particular objects in the target system
description that mav not be described by any other URL
statements. For example, to describe that the length of an
ELFMFNT is six characters long, the ATTRIBUTE "length" could be
defired and, for a particular ELEMENT, the corresponding
ATTRIBUTE-VALUE could he mg."

CLASSIFICATION

CLASSIFICATION may be associated with data objects, PROCESSES
and PROCESSORS in the target system. A value may also be
associated with th2 CLASSIFICATION. 1In order for a PROCFESS or
PROCESSOR to be allowed access in the target systesm to a data
ohject, it must have all the CIASSIFICATIONS that are associaten
with the data object, and the value must be qreater than or
equal to the value associated with the data object.

¥EMO

A MZMO is used to describe a note (text) relevant to some aspect
of the target system descripticn. Por example, a note
concerning unresolved problems in describing a select number of
fR0O0UPS in the target system description could be defined as a
¥EMO and then related to each of the appropriate GROUPS.,

A SONRCFE i3 used to describe an object, outsid: of the problem
s*tatement, relevant to the dascription of one or more ohiects in
the target system description. For example, a feasibility study
of the target system being designed may have information
relevant to whv one alterniative of describing the target system
#as chosen over another. The feasibility study could be
designated as an object of type SCURCE.

Ia

ECURITY

SECTYRITY is wsed to identify what objec: descriptions can be
reviewed by a qiven class of perscns. Some types o>f information
maintained by the target system may be considered confidential,
sno the descrip*ion in the problem statement on how this
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information is maintained may be restricted to high level
management and a few select programmers.

TRACE-KEY

A TRACE-KEY is used to correlate objects which exist in

dif ferent data-bases, For example, the logical system design
and physical system design of a security control system may
exist in two different data-bases. An object called a security
level may exist in the logical design data-base, and a field of
numbers called a security level number may exist in the physical
desiqn data-base. A TRACE-KEY called a security level key may
be applied to hoth objects to display the correlation bhatween
then.

1.4 DRL Relationships

The previous section presented the types of objects that must be
defined when Aescribing an information processing system.
Organization obijects define the environment in which the target
system is embedded, Target System objects describe the
components of the target system, Froject Management objects
Aescribe the project in which the target system is being
developed, and Property objects describe properties of all types
of objects.

In addition to identifying particular objects (by giving then
names), the relationships among these objects must be stated.
For example, if "employee-information" is defined to be an INPUT
and "payroll-processing"™ as a FROCESS, a relationship connecting
these two objects may be specified. 1In URL terminology, if
"employee-information" is an input to "payroll-processing," the
relationship can be stated "payroll-processing" RECEIVES
"employee-information" or "employee-information" is RECEIVED by
"payroll-processing."

Figure 1.4.1 presents a listing of all relationships allowed in
URL in alphabetical order along with legal abbreviations for
these statements. (A dash in place of an abbreviation
designates that there is no acceptable abhreviation for that
statement.) This section gives an introduction to the
relationships. They are defined in detail in Section 2 and 3.

1.4.1 Complementarity

One characteristic of most relationships between two names is
that it may he specified in both directions. For example,
specifying that an OUTPUT is GENERATED by a PROCESS is
equivalent to specifying that the PROCESS GENERATES th2 OOTPUT.
GENERATED and SENERATES ar2 called complementary relationships.
Figure 1.4.2 pres2nts a list of all complementary crelationship
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pairs. (A dash designates that the relationship does not have a
complement.)

1.4.2 Relationships Between Different Classes of Objects

MRI. allows a number of relationships to "connect" ohjects
whather they are of the same class as defined in Section 1.3 or
in different classes, For instance, in the above example, two
Target System objects were related via the RECEIVES
relationship. Since Organization obhjects, Project Manigemernt,
and Property objects also contribute to the description of the
system, they, too, must be related to defined Target Systen
obhjects. Therefore, there is another set of relationships to
connect Target System objects with Crganization ohjects, ancther
for Target System objects ani Property objects, etc. The
possible s2ts of relationships are shown in Figure 1.4.3

Relationships may be classified in the same way as objects were
classified in Section 1.3. The first row of Figure l.4.3
presents relationships that an Organization object may have with
other Organization chijects, with Target System objects, Project
Yanagement obijects and Property objects. The second 1ow
oresents relationships that a Target Systemr object may have with
Nraanization objects, other Target System obijects, Project
Yanagement objects and Property objects. The third row presents
relationships that a Project Management object may have with
dOrganization objects, Target System objects, other Project
Management objects, and Proparty objects. The fourth row in
"iqure 1.4.3 presents relationships that a Property objact may
have with 2rqganization objects, Target System objects, Project
“anagement objects and other Propertv objects.
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Abbre- Abbre-
Relationship viation Relationship viation
APPLIES APP PROCEDURE PRCD
ASSFRT ASRT RECEIVED RCVD
ASSOCIATED ASOC RECETVES RCVS
ASSQOCIATED=-DATA ASOD RELATED REL
ATTRIBUTES ATTR RESQURCE=-USAGE RU
BETWFEN BTWN RESOURCE-USAGE-PARAMETER=-VALNZ PUPY
CARPDINALITY CARD RESPONSIBLE FESP
CA/TSED CSh RESPONSIBLE-INTERFACE RINT
CATISES CSss RESPONSTBLE-PROBLEM=-DEFINER RPD
CLASSIFICATION CLS SECURITY SEC
CONNFCTIVITY CONN SECURITY=-ACCESS=RIGHTS SAR
CONSISTS CSTS SEE=MEMO SM™
CONSUMFD CNSD SOlUECE SRC
CONSUMES CNSS SUBPARTS SUBP
CCONTAINED CNTD SUBSET SST
DEFIVATION " DRVN SUBSFTS SSTS
DERIVED DFVD SUBSETTING=CRITERIA SSCA
DERIVES DRVS SUBSETTING=-CRITERTION SSCN
DESCRIPTION DTSC SYNONYM SYN
GENFEATED GEND TERMINATED TRMD
GENFRATES GENS TEFRMINATES TRY¥S
HAPPENS HAP TERMINATION TE RY
IDENTIFIED IDD TEPRMINATION=CAUSES TERC
IDENTIFIES IDS TRIGGERED TRGD
INCEPTION INCP TRIGGEFS TRGS
INCEPTYON-CAUSES INCC UPDATED npDD
TNTERRUPTED INTD UPDATES gPDdS
INTERRUPTS INTS USED -
KEYWORD KFY USES -
MADE - UTILIZED UTLD
MAKES MAK UTILIZES UTLS
MAT LEOX BOX VALUES VAL
MAINTATNED MNTD VOLATILITY VoL
MAINTAINS MNTS VOLATILITY-MEMBER VOLM
MEASURED MSERD VOLATILITY-SET ) VOlS
MEASURES MSRS WHILE - WHL
PART -
PERFORMED PRMD
PER FOPMS PRMS

Figure 1.4.1
List of URL Statements in Alphabetical Order with Abbreviations
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Relationship

ASSERT
ASSOCIATFD
ATTRIBUTES
CARDINALITY
CAUSED
CONNFCTIVITY
CONSUMFD
CONTAINED
DERIVED
GENFRATED
HAPEENS
IDENTIFIED
INCEFTION
INTERRUPTED
KEYWORD

MADE

MATLEBCX
MAINTAINED
MTASURFD

PART
PERFORMED
RECEIVED
RELATED
RESOURCE-NUSAGE
RESFCNSIBLE~-INT ERFACE
RESPONSIBLE=-PROBLEVN=-DEFINEP
SECURITY
SEE-MENO
SOURCE

SUBSET
SUBSFTTING=-CRIT™ERIA
SYNOINYN
TERUINATED
TEPMINATION
TRACF=-KFY
TRIGGERED
UPDATED

USED

UTILTIZED
VALUES

26

ASSOCIATED=DATA
CAUSES

CONSUMES
CCNSISTS

DERIVES
GENERATES
1DENTIFIFS
INCEPTION-CATISES
INTERRUPTES
APPLIES

MAKES

APPLIES
MAINTAINS
MEASURES
SUBPAERTS
PERFORMS
RECEIVES

BETWEEN
PESOURCE-TSAGE-PARAMETE R-VALUE
RESPONSIBLE
RESPONS IBLE
APPLIES

AEPLIES

APPLIES

SUBSETS
SUBSETTING-CRITERION
DESIGNATE
TERMINATES
TERMINATION=-CAUSES
APPLIES

TRIGGERS

UPDATES

USES

UTILIZES

Figure 1.4.2
List of 211 URL Relationships with Complementary Relationships
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OEGANIZATION OBJECTS TARGET SYSTEM OBJECTS

ORGANIZATION SURPARTS/PART GENERATES
OBJECTS RESPONSIBLE
RECEIVES

TARGET GENERATED ASSOCIATED/
ASSOCIATED=-DATA
SYSTEM RECEIVED CARDINALITY
OBJECTS RESPONSIBL E~INTERFACE CAUSED/CAUSES
CLASSIFICATION
CONNECTIVITY
CONSUMED/CONSUMES
CONTAINED/CONSISTS
DERIVED/DERIVES
GENERATED/GENFRATES
HAPPENS
IDENTIFIED/IDENTIFIES
INCEPTION/
INCEPTION~CAUSES
INTERRUPTED/INTERRUPTS
MADE/MAKES
MAINTATNED/MAINTAINS
MEASURED/MEASURES
PART/SUBPART
PERFORMED/PERFORMS
RECEIVED/RECEIVES
RELATED/RELATES
RESOURCE-UUSAGE/
RESOURCE~-USAGE-
PARAMETER=-VALUZ
SECURITY-ACCESS=RIGHTS
SUBSET/SUBSETS
SUBSETTING=CRITERIA/
SUBSETTING=-CRITERION
TERMINATED/TERMINATES
TERMINATION/
TERMINATION-CAUSES
TRIGGERED/TKIG SERS

TPDATED/UPDATE S
UTILIZED/DTILIZES
VALUES

PEOJECT FPESPONSIBLE RESPONSIBLE

MANAGFMENT

OBJECTS

PROPERTY APPLIES APPLIES

OBJECTS

Fiqure 1.4,3 Relationships among Classes of Objects
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PROJECT MANAGEMFNT OBJECTS  PRORERTY QBJECTS
ORG ANTZATION PRSPONSIBLE=-PROBLEM=DEPINER ATTRIBUTES
' I3JFCTS KEYWORDS
SECURITY
SEE-MEMD
, SOURCE
SYNONYN
| TRACE-KREY
TARGFT RESPONSIBLE-PROBLEM~DEFINER ATTRIBUT®S ;
SYSTEM KEYWORDS
OBJECTS SECURITY
S EE=MEM)
SOURCE
SYNONYM
TRACE=KE ¥
PROJECT MAILBOX /APPLIES ATTRIBOTZSS
MANAGEMENT KEYWORDS
OBJECTS SECURITY
S EE-MEMO
SOURCE i
SYNONY#H
TRACE=-KEY

PROPERT Y APPLIES ATTRIBUTES

OBJECTS KEYWORDS /APPLIES
SECURITY /APPLIES 5
SEE-MEMO/APPLIES
SOURCE/APPLIES
SYNONYH
TRACE=-KEY

- — - AR e G D GG D DGR - YR S S VS WS S e S S S WD R G WS D N W e -

Figure 1.4.3 Relationships among Classes of Objects
(Continued)
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Any information which is needed to describe an object and which
cannot be specified by using one or more relationships can be
specified in a narrative or text description called a comment
antry. These comment entries are not named (as objects are
name) and, therefore, apply to only one particular name. A
numter of different types of comment entries may he defined
depending on the type of object they pertain to. The types of
narrative and free-format descriptions that may be defined in
NMRL according to the class of objects being described is given
in Fiqure 1.4.5.

1.4.4 Classification of Relationships by System Aspects

The relationships may be grouped into nine major groups on the
basis of the "aspect" of the system which they describe. Thes2
nine major aspects are:

System Flow

System Structure

Data Structure

Data Derivation

System Size and Volume
System Dynamics

System Architecture
System Properties
Prcject Management

Fach is defined helow. Specifying information about each of
these aspects involves one'or more object types and
relationships. PFigure 1l.4.6 presents a summary of these nine
aspects with corresponding objects and relationships.

1.4.4.7 System Flow

The System Flow aspect of the system deals with the interaction
between the target system and its environment. This involves
describing those obhjects (INPUTS) which are supplied by the
environment (INTERFACFS) to the target system, those objects
(OUTPUTS) which are produced by the target system and accepted
by the environment, and the responsibility of the environment
for information (SETS) within the systenm.

Any transfers of data within the system are not considared as
part of System Flow because there is no interaction with the
environment.

1.4.4.2 System Structure

System Structure is concerned with the hierarchies inherent 1in
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most types of systenms, (This includes information structures as
vell as processing structures.) Structures may also be :
intreduced to facilitate a particular design approach such as
“top down,™ In this context all information may initiilly be
grouped together and called by one name at the highest level,
and then gradually broken down. System structures can represent
high-level hierarchies which may not actually exist in the
Ssystem as well as those that do.

| CLASS OF OBJECT TYPES COMMENT ENTRY FELATIONSHIP
L ORG ANIZATTION OBJECTS DESCRIPTION
TARGET SYSTEM OBJECTS DERIVATION
DESCPIPTICN
PROCEDURE
VOLATILITY
VOLATILITY-MEMBER
VOLATILITY-SET
WHILE
PRCJECT MANASGFMENT DESCRIPTION
NOBJECTS
PROPFRTY NO8JECTS DESCRIPTION

Pigure 1.4.5 Types of Comment Entries
for each Class of Otjects
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SYSTEM ASPECT URL OBJECTS MTRL RELATIONSHIPS
SYSTFM FLOW INTERFACE RECEIVES/RECEIVED
INPODT GENERATES/GENERATED
onTeNT UPDATES/UPDATED
EROCESS RESPONSIBLE~-INTERFACE
SET
SYSTEM STRNCTURE INTERFPACE SUBPARTS/PART OF
INPUT SUBSET/SUBSETS
OUTPUT UTILIZES/UTILI ZED
PROCESS
SET
DATA STRUCTURE GROUP CONSISTS/CONTAINED
ELEMENT IDENTIFIES/IDENTIFIED
ENTITY SUBSETTING-CRITERIA/

SYBSETTING-CRITERION
ASSOCTIATED/ASSOCIATED-DATA

- e R W A ® - - D D e - TP D G W G D D G e P e P D D S D W D W e e

DATA DERIVATION INTERFACE USES/USED |
INPUT DERIVES/DERIVED ;
OUTPUT UPDATES/UPDATED !
PROCESS MAINTAINS/MAINTAINED |
SET PROCEDURE *
GROUP DERIVATION %
: ELEMENT CLASSIFICATION
ENTITY SECJRITY-ACCESS~
CLASSIPICATION RIGHTS
SYSTEM SIZE SYSTEM~PARAMETER CONSISTS
i INTERVAL HAPPENS
CONNECTIVITY
CARDINALITY
VALUES

VOLATILITY *
VOLATILITY-SET *
VOLATILITY-MEMBER *

SYSTEM DYNAMICS EVENTS CAUSES/CAUSED
CONDITION INCEPTION-CAUSES/
ON INCEPTION
INTERRUPTS/INTERRUPTED
MAKES /MADE
TERMINATES/TERMINATED
TERMINATION=-CAUSES/
ON TERMINATION
TRIGGERS/TRIGGERED
WHILE *
* comment entry
Figure 1.4.6
NRL object and Statements Crganized According
to Aspect of Target System Described
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SYSTEM ASPECT URL OBJECTS URL RELATIONSHIPS
SYSTFM ARCHITECTURF PPOCESSOR CONSUMES/CONSUMED
RESOURCE PEFORMS/PERFORMED
FFSOURCE~USAGE~ RESOURCE-USAGE/
PARAMETEF RESOURCE=-USAGE-
[ONIT PARAMETER-VALUE
MEASURES/MEASURED
PROJECT MANAGEMENT PROBLEM-DEFINER RESPONSIBLE/
MAIL BOX RESPONSIBLE-
PROBLEM=DEFINEE
MAILBOX/APPLIES
PROPERTIES ATTRIBUTE/ ATTRIBUTES/APPLIES
ATTRIBUTE-VALUE KEYWORDS/APPLIES
CLASSIFICATION SEE~-MEMO/APPLIES
KEYWORD SYNONYMS/DESIGNATE
MEMO DESCRIPTION *
SYNONYM SOURCE/APPLIES
SOURCE SECURITY/APPLIES
SECURITY T RACE=-KEY/APPLIES
TPACE-K EY A SSERT

- Y - G R G TR S G PR AD G WS S S D W D e P D S WD G AP e S D Wt WS A D W D D e e = e

* comment entry

Figure 1.4.6 (Continued)
URL Object and Statements Organized According
to Aspect of Target System Described
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1.4.,4.3 Data Structure

Data Structures represent the relationships that exist among
data used and/or manipulated by the system as seen by the
"users" of the system. Data Structures also exist in the way
data is grouped in collections of information such as documents.
The description of Data Structures also involves specification
of relationships among logical collections of data and the data
asscciated with such relationships.

The Data Derivation aspect of the system description specifies
the way in which data is manipulated or derived by the system.
It specifies what information is used, updated and/or derived,
how this is done, and by which processes. This aspect differs
from System Flow, since System Flow only designates the inputs
to th system and the end results (OUTPUTS), without specifying
what actions take place to bring these transformations about.
Data Derivation can deal with the very lowest transformations of
data, whereas, System Flow deals with high level collections of
infcrmation (i.e., INPUTS ani CUTPUTS).

The System Size is concerned with the size of the systam and
those factors that influence the volume of processing that will
be required., To describe system size, the parameters involved
are named as obijects.

1.4.4.6 System Dynamics

The dvnamic analysis aspect of system description presants the
manner in which th2 target systenm behaves over time. EVENTS and
CONDITIONS are usel to help lescribe when PROCESSES are
performed and under what conditions.

1.4.4.7 System Architecture

The System Architecture aspect deals with the physical
components ani structures that are necessary in order to realize
the given user requirements.

1.4.4.8 Project Management

In addition to the description of the target system bheing
designed, documentation of the group designing (or documantinq)
the target svstem is needed. This involves identification of
perscns involvel and their resvronsibilities, atc.
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1.4.4.9 Properties

All objects (of a particular type) used to describe the target
system have characteristics that distinquish them from other
objects of the same type. Therefore, the properties of
particular objects in the system must be described. 1In general,
bProperties involve any description particular to a given object.

1.5 System Documentation Using URL/URA

The Process of using URL/URA to describe an information
processing system includes the following steps:

1) Gathering information about the systen.

2) Expressing the information in URL,

3) Formatting URL as required by URA.

4) Converting the Problem Statement into computer processable
form.

5) Entering the data into the project data-base.

6) Generating outputs from the data-base,

1.5.1 Gathering Information About the System

This step can be carried out as with present manual methods.
However, the URL structure (sections and statements) can be us24d
as a structure for which information is collected. URA outputs
can also be used as a checklist of missing information.

The use of URL consists of:

- Tdentifying obhiects, naming them and assigning a unigque type
to each.

- Determining the relationships among the objects.

- Stating appropriate properties for each object.

Any information which cannot be expressed in this formal syntax
can te given as text in comment entries.

1.5.3 Formatting URL as Required by URA

IRA requires only minimal formatting as described in Section
1060
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The rroblem sta*ement can be read by URA from whatevar form of
computer processahle input is desired. The usual procedure will
be to punch the prohblem on cards or to enter it via a terminal.

The data can be entered on cards anywhere in the first 72
columns.

When data is entered via a terminal, it will normally firs* be
entered into a file,

1.5.5 Entry of the Data into the Project Data Base

In ISDOS terminology, the description of a proposed Information
Processing System is called a Problem Statement in the sense
that it repres2ants a "problem" to be solved. The physical
system designer then has the problem of finding the best systen
to accomplish the requiremants implicit in the description of
the proposed Information Processing System. (The proposed
system can be considered a solution to an earlier problem,
namely, the prohlem of what outputs are necessary to satisfy the
"ysers" needs for information.) The URA data-base contains the
problem statement as it has been given up to that time.

The problem statement will bhe built up over a period of time,
possibly by a number of probhlem definers working simultaneously.
Three aspects of a problem statement and its use during logical
system design need to be considered:

1) The documentation of the problem statement available to the
problem definer based on the URL information in the
data-base.

2) The problem statement as it exists in the data-base.

The data-base contains information about all the objects that
have been identified, and all the relationships among those
objects that have been specified. It also centains narrative
statements to be used in the final documentation. Except for
the narrative statements, the data is stored in "coded" form and
not as a copy of the FORMATTED PROBLEM STATEMENT.

3) The method by which the problem statement is added to or
modified.

When the problem definer wishes to add to the data-base or

mod ify it in some way, input is prepared according to the syntax
of URL, i.e., in the same form as the FORMATTED PROBLEM
STATEMENT. However, only new data or changes to the data need
to be entered, Any data not affected by the input will remain
unchanged.
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The use of URL, therefore, differs from present methods in two
significant ways: the information about a proposed system can be
entered in any order and only new data or changes need be
entered.

1.5.€ Generating Outputs from the Data Base

At any time problem definers can obtain outputs based on all or
part of the data in the data-base., These outputs would be used
by the problem definers in their own work (Data Collection,
Analysis, Desiqgn, Fvaluation or Improveament) or in conferring
with users and others. The complete statement containing all
the data in the data-base is called the FORMATTED PROBLENM
STATFMENT. The other outputs contain subsets of the total
documentation, summaries, rearrangements and analyses., The URA
User's Manual gives a complete description of each report
available to the problem definer.

The FORMATTED PROBLEM STATEMENT is based on all the data in the
data-base, It is not merely a listing of the data that has been
entered but includes, in addition to the relationships
explicitly stated, those that have been implied (i.e.,
complementary relationships) . The FORMATTED PROBLEM STATEMENT
is "syntactically" correct, i.e., it can be processed by URA.

Tn practice problem definers would use the FORMATTED PROBLEM
STATEMENT in conjunction with cther reports from URA.

1.6 User Regquirements Lapguage; Syntax Structure

Since URL is a language which must be understood by a computer
program, (URA), it must have a formal structure, usually
raferred to as syntax. In this section, the syntax structure of
URL is outlined, A more destailed statement of the syntax for
JRL appears in "User Reguirements Language, Language Reference
Manual, "1

1.6.1 Lanquage Struct
JRL consists of several levels:

Syntax Level URL Description Constitutents

Target System Description

RL Section

JRL Statements

R2served Words, Names, Numbers
Characters

N E W =

A description at each level consists of one or more units of the

1 Part II of this dAocument.
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succeeding levels. A systam description consists of one or more
URL sections. A NRL section consists of one or more URL
statements., Fach URL statement is formed hy some combination of
Reserved Words, Names, and/or Numbers. Finally, the Reserved
Words, Names and Numbers consist of characters allowed hy the
URL character sat,

The syntax of the constituents at each level are defined in th2
remainder of this section.

1.6.2 Problem Statement Format

URL is a free-format lanquage in contrast to "fixed-format" or
"tabular." 1In particular, this means that URL descriptions can
appear anywhere on the physical medium, such as punched cards
and that within fairly wide limits, information can be entered
in any order.

The program which "reads" the Problem Description understands or
decodes the descriptions by reorganizing a delimiter the
semi-colon (;) and Reserved Words. The latter are defined in
1.6+ €.

The major advantages of free format are that complex problem
statements can be made with relative ease and the problenm
statements can be made fairly concise.

Forms can be designed if a more structured method of recording
the problem statement is required. One possible organization of
the forms is given in Section 3.

1.6.3 Target System Identification

Orly one NMRA data-base is needed to store all information about
a given System. This data-base represents the up-to-date
version of the system description. URA has facilities for
specifying the name of the system being described on all reports
generated from the data-base,

1.6.4 URL Sections

A URL description or Problem Statement consists of one or more
URL sections. Zach section consists of one or more URL
statements. The first statement in a section (and the only
required one) is called the Section Header. A Section Header is
a URL statement that identifies a section and specifies:

1 That the user defined names given in the section header are
a particular object type (e.g., PROCESS or SET, etc.).

2) That any URL statements (up to the next Sectidn Header)
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oresent some description about the name(s) given in the
header and/or form relationships between names in the
header and other user-d2fined names in the problem
statement.

There are a finite number of URL statements that are defined as
Section Headers and are given in Table 1.,6.4.

CONDITION MFMO

DFFIN® OUTPUT

DESIANATE PRORLEM~-DEFINER

ELEMENT PROCESS

ENTITY PROCESSOR

EVENT FFLATION

GEOUP RESOURCF

INPUT RESOURCE-USAGF-PARAMETER
INTERFACTE SET

INTERVAL [INIT

Table 1.6.4. Section Header Statements

4ost ohject types are defined in sections of the same time,
i.e., a PROCESS would be defined in the PROCESS section.
Therefore, ther2 is a one to one correspondence between types of
ohjects and section headers except that the following types of
ohjects are all defined in a DEFINE section:

ATTRIBUTE SECURITY
ATTRIBUTE-VALUE SOURCE
CLASSIFICATION SUBSETTING-CRITERION
KEYWORD SYSTEM-PARAMETER
MAILBOX TRACE-KEY

and a SYNONYY is assigned to an object by a DESIGNATE seaction.
This distinction between Type of Object and Section Header is
immaterial conceptually and is introduced only to simplify
entering TRL information into the data=-base since all the Types
of Objects described in a DEFINE section allow essentially the
same set of statements,

For each type of section header there are a finite number of
different URL statements that can be specified after it. For
example, if the section defines a name to be an INPUT it may be
desirable to say what GENERATES and what RECEIVES the INPUT, but
it would be illogical to say that the INPUT MAINTAINS other
information. Therefore, thare are a select set of URL
statements *that may be used in conjunction with a particular
Section Header. The Section Summaries in Section 3 and in "User
Requirements Lanquage, Language Reference Manual,"! present a
list of which URL statements which can appear in each type of
section.

1 part TI of this Aocument.
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1.56.5 UBL Statements

There are three basic types of URL statements:

1 Section Header statement - This type of statement is used
to define one or more names (objects) to be a particular
object tyoe (e.g., PROCESS or GROUP) as described ibove.

2) Relationship statement - This type of statement is used ¢o
specify relationships between or among objects. 1In
specifying th2 target system description, it is necessary
to describe which INTERFACES supply which INPUTS to which
PROCESSES, what data (GROUPS and ELEMENTS) are used by what
PROCESS®S, what EVENTS cause which PROCESSES to be
triggered, and how often, etc. For each typ= of ohiject
particular relationships can be specified as outlined in
1.4 and described in more detail in Section 2 and 3. For
example, 2 relationship hetween an OUTPUT and the PEOCESS
which produces the OUTPUT would be specified by the
GENERATES statement. A PROCESS can GENERATE an OUTPUT.
Likewise, an JUTPUT may be GENERATED by a PROCESS.

3) Comment Entry statement - This type of statement is used to |
relate a narrative (or text) description (comment entry) to
a particular object. Text descriptions, thereforz, may be
used to supplement relationships; this means that any
information which cannot be directly specified in one or
more relationships (relationship statements) can b2
presented in a narrative format.

All URL statements begin with a reserved vord and are terminated
by a semi-colon (;). If the statement specifies a relationship
(one of the tvpes of statements defined previously) then the
statement must also consist of one or more user defined names
and wmay not require one or more reserved words. Optional words
may te inserted in the statements. For exanmple:

RECEIVED BY employee-processing;

hegins with the reserved woris, RECEIVED, which is followed by
an optional word, BY, then by a user-defined nanme,
"employee-processing" and finally, terminated by a semi-colon.
Blanks are used to separate words and names in the statement.
Any number of blanks may be used where one blank is allowed.

If the statement is a comment entry type statement, then the

first line of the statement may only consist of reserved words 4
and the semi-colon. Succeeding lines of the statement are

interpreted as the comment entry text until a semi-colon is

encountered, Therefore, a semi-colon may not be used in the

text of a comment entry statement. For example:

DESCRIPTION;
The tim2 card is the record of hours an hourly
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employee worked in any given week,

Any characters, except the sami-colon, may appear in the tex’ =
A comment entry such as the period (.) in this exasple., The
comment entry text may not begin on the same line as the
reserved word for the statements.

In many statements which specify relationships among obj ¢t
list of user defined names may be given. For axample:

JSES: fica=-tax, federal-tax, state-tax;

designates that the names in the section header, %“c which v..
statement belongs, USE fica-tax, federal-tax and state-t: -,
Blanks may be used on either side of the commas soparating ¢t
user defined names.

Abbreviations of raserved words may be used in place of the
reserved word. For example:

RECEIVED BY: employee=processing;
may also be qiven as:
RCVD employee-processing;
Tha allowable abbreviations (which are also designated as heing

reserved vords) are given in Appendix D of "The User's
Requirements Language, Language Reference Manual."t

1.6.6 Reserved Word

n

» Names and Numbers

RPeserved words are combinations of letters and dashes used tc
identify URL section headers, URL statements and optional words.
"here is a limited number of reserved words as given by Appendi x
B of "The Us=2r's Paquirements Language, Language Reference
Manual, "t All reserved words are defined by the URL/URA systen
and may not bhe changed by the user.

7ptional wordis may he used by the problem definer to improve the
readability of the problem statement. Words like BY, A, ARE,
2ND, etc., are leqal URL optional words. Appendix C of "The
Nser Requirements Language, Language Reference Manual™ is a list
of all URL optional words. In the following URL statement:

NSFD BY employee-processing TO DERIVE paycheck;
the words, USZD, BY, TO and DERIVE are 0URL reserved wvords.

MTser defined names are any names (words) used in a URL statement
that are not URL reserved words. Restrictions on user d=fined

1 Part 1II of this document.
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names are that they may only begin with a letter, consist of
only letters, digits and dashes, and be no longer than thirty
characters in lenath. The names "employee-processing" and
"paycheck™ in the previous example are instances of user defined
names.

Numbers used in a UFL statement may only consist of the digits 0

through 9 with no decimal points plus or minus signs, etc.,
allowed.

1.6.7 Character set

All Feserved words, names and numbers must be composed of
characters in the "RL character set. The attached list gives
for each ASCII character a code of 1 to 4 classifying the
characters into the following categories:

Code 1: Nonprinting operating System and transmission control
characters to be treated as punctuation, hut will always be
illeqgal.

Code 2: Puncutation, delimitars, etc. which are not allowed in
names.

Code 3: Characters allowed at any position in a name.

Code U4: Characters allowed at any position in a name after the
gicst.

There are t hree versions of this categorization:
1. A one page summary.

2. Sorted by DOctal representation.
3. Sorted hy code, then by Octal representation.
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All others

"EYE, 1527

4

ABCDEFGH IJKLMNOPORSTUVWXYZ

abcdefqghijklmnopqrstuvuxyz
188%¢) -\ M

0123456789
=, /<>-v__
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CHAR
nul
s oh
stx
etx
pf
ht
) e
del

smm
vt
Ef
cr
so
si
dle
ic1
dc2
tm
res
nl
bs
il
can
am
cc
cul
ifs
igs
irs
ius
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NANE
null or time fill char
start of heading

start of text

end of text (FECM)
punch off

horizontal tab

lower case

delete

start of manual message
vertical tabhulation (VT)
form feed (FORM)

carriage return (RETURN)
shift out

shift in

data link escape

device control 1 (X=0N)
device control 2 (TAPE)
tape mark

restore

new line

backspac=2

idle

cancel

end of medium

cursor control

customer use 1

interchange file separator
interchange group separator
interchange record separator
interchange unit separator

=
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e ng
ack
hel

pn
rs
nc
2ot

cu3
dct
nak

PART I

NAME

digit select

start of significance
field separator

bypass

line feed

end of transmission block
escape

set mode
customer use 2

enquiry
acknowledge
bell

synchronous idle

punch on

reader stop

upper case

end of transmission

customer use 3
device control 4
neqative acknowledge

substitute
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CODE  HEX  CHAR NAME
2 40 skp space
1 41
1 2
1 43
1 uy
1 45
1 46
1 47
1 48
1 49
1 4a ¢ cent sign
: 4 43 . period
I u uc < less-than siagn
| 2 4D ( left parenthesis
’ 4 4E + plus siqn
! 2 4r | logical OR
2 50 & ampersand
1 51
1 52
[ 1 53
i 1 54
1 55
1 56
1 57
1 58
- 1 59
3 S5A ! exclamation point
3 58 % dollar sign
2 5C * asterisk
3 5D ) right parenthesis
2 58 : semicolon
3 SF - logical NOT
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12

NNDWWN WD D dd B aafE & W = e ddd oD

{[E:]

HEX
60
61

63
64
65
66
67
68
59
6A
6B
6C
6D
6F
6F
70
71
72
73
74
75
76
77
78
79
7
78
7
)
7°
77
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CHAR NAMF
- minus siqgn, hyphen
/ slash

comma
percent
underscore

> greater-than sign
? question mark

a~

colon

number sign

at sign

Prime, apostrophe
equal sign

" quotation mark

i = e
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CODE HEX CHAR NAME
80 cmd command operand indicator 1

8 <}
n
QMDD a0 goe

D D D DWW W INWWW W W S e e bW WWW W W W W W -2
Vel O
N (=]
QT OS2 38 X
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-

10
10
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Im

= iz
m

<

n

I=

Ix>

I

=z

3

=

Im

P
N
N< XSSO

|
1
BS |
|
|
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HEX
co
1
c2

Cc3
(o

céh
c?
c8
c9
CA
CB
cC
CcDh
CE
Cr
DO
D1
D2
D3
Dy
DS
D6
D7
D8
na
DA
DB
ncC
no
DE
D¥
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CHARE  NAMF
A
B
C
D
E
-

G
H
>
J
K
L
M
N
0
P
0
R
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10
ix
1>
1o
Iz

-4
=
Lo}

N >xx<go3Wn

0
1
2
3
u
5
6
7
8
9
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CODE  HEX CHAR NAME
1 00 nul null or time fill char
1 01 soh start of heading
1 02 stx start of text
1 03 etx end of text (ECHM)
1 04 pf punch off
_ 1 05 ht horizontal tab
I 1 06 lc lover case
' 1 07 del delete
1 N8
1 09
i 1 0A sam start of manual message
1 08 vt vertical tabulation (VT)
1 0c ff form feed (FORM)
1 1 0D CE carriage return {(u. 'RN)
t 1 ()] so shift out
f 1 OF si shift in
' 1 10 dle data link escape
1 11 dct device control 1 (X-ON)
1 12 dc2 device control 2 (TAPE)
i 1 13 tm tape mark
1 14 res restore
1 15 nl nevw line
1 16 bs backspace
1 17 il idle
1 18 can cancel
1 19 em end of medium
1 1A cc cursor control
1 1B cul customer use 1
1 1c ifs interchange file separator
1 1D igs interchange group separator
1 1E irs interchange record separator
1 1F ius interchange unit separator
]
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enqg
ack
bel

syn

pn
rs
uc
eot

cu?l
dcy
nak

sub
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NAME

digit select

start of significance
field separator

bypass

line feed

end of transmission block
escape

set mode
customer use 2

enquiry
acknovledge
bell

synchronous idle

punch on

reader stop

upper case

end of transmission

customer use 3
device control 4
negative acknowledge

substitute
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10
10

Bl e T T T W G i S S\ S S S S S g g g gy | ]
[[S]

N

N

1<

CHAR  NAMF

4a '] cent sign
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10
1o

D D d D D D ed D D ed wd ed D ed ed e d e D e ed e d ed e b - - |OD
Im

[Ve} ’:
9] £y
(Ea]

9}

I

>

o

=

k<

Iy

80 cnd command operand indicator
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HEX CHAR NAME

EF

FA

FB

FC

FD

FE

FF

40 skp space

UFr | logical OR

50 & ampersani

5C * asterisk

5E - semicolon

6B v comma

6F ? question mark

7A s colon

7D ' prime, apostrophe
7E = equal sign

7F " quotation mark
4p ( left parenthesis
5A ! exclamation point
5B $ dollar sign

5D ) right parenthesis
S5F - logical NOT

6C 7 percent

79

78 ] number sign

c 3 at sign

81 a

32 b

83 (o-

84 d

85 e
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HAR NAME

WWWwWwwWwwWwHwNIWWUNDWNWWWRDWWWOWWWWNWWWwWwWw

86
87
88
89
91

93
94

96
a7
98
99
A2
A3
AU
AS
A6
A7
A8
A9
c1
€7

of!}
€5

c7
Cc8
ca
D1
D2

T

D

c
£
g9
h
i
1
k
1
m
n
o
p
q
s
t
u
v
v
X
Y
z
A
B
€
E

B
G

=

PART I USER REQUIREMENTS LANGUAGE MANUAL




R T P

IBM360/370/VS/TSO URL USER'S MANUAL 58

([}

HEX
D3
D4
DS
D6
D7
D8

CHAR NAME
L
M
N
0
P
Q
Dpa B
S
it
4]
v
]
X
Y
2

B2
=3
EU
E5
E6
B7
ES
£9
4B o period

4c < less-than sign

4UE * plus sign

60 - minus sign, hyphen
51 / slash

6D underscore

6F greater-than sign
FO
Pl
F2
F3
F&
F5
F6
7
P8
F9

L ST EF P S EEEFEEFRFEFecErrFwwwwwwwwwwwwwww|o

O DDA NE WN =2 OV

The one exception to this is that any characters may be used in
the text of a comment entry statement.

1.6.R Format Restrictions

while URL is a free format lanquage, there are certain
restrictions that have been incorporated into the impl2mentation
of NRA to facilitate entry of Problem Statements.

One restriction is concerned with length of the statement.
Though a statement may extend over any number of lines, only the
first 72 columns of a card, or characters in a message of each
line may be used. Anything over this will be ignored.
Therefore, the statement:

RECEIVED BY: employee-processing;

mavy also be given as:
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L

RECFIVED
BY

employee~processing

.
’

with no effect on how this statement is interpreted by URA. The
only restriction is that the statement may only bhe split where a
blank is allowed and not in the middle of a reserved word or
user defined nanme,

A second restriction is the one mentioned above for comment
entries. The type of Comment Entry such as DESCRIPTION or
PROCEDURE must appear on a separate line, followed by the text
ending in a semi-colon.

A third restriction is the use of ECF as a special type of
statement that designates the end of a collection of URL
sections to be usel as input to URA. This statement specifies
that there are no more URL statements following and that URA may
stop processing of the URL statements., The EOF statements nmust
be used whenever UFL statements are given as input to the
INPUT-PSL or DELETE-PSL commands in URA.

1.7 Comparison of Manual and Computer-Aided Documentation in |
logical Systems Design

7.7.1 Description in a Structured Lanquage Compared to Manual
Methods gg;gq Narrat;lg, Forms and Charts

A number of desirable properties of documentation were outlined

in Section 1.1. The present manual and computer-aided methods
may be compared, as follows:

Present
Manual Computer-Aided
Documentation Documentation

Hard to Nnderstand Understandable

Ambiguous Precise

Inconsistent Consistent

Incomplete Comple te

Tncorrect Correct

Difficult to Analyze Computer-Aided Analysis
and Evaluate and Evaluation

Hard to Modify Computer-Aided-Updating

A more comprehensive description of how desirable
characteristics of computer-aided documerntation can bhe achievel
is given in Section 5. The contribution of the structured
description lanquage is outlined in 1.7.2 and the contribution
of the outputs available for URA is outlined in 1.7.3.
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1.7.2 The Advantage of a Structured Description Language

The major characteristics of URL for describing systems are:

1) Each object has a unique nanme,

2) Fach relationship has a precise format, i.e., syntax.

3) Only a specified number of relationships may exist among
objects of given types.

4) Any number of properties may be defined for objects of a
given type but each property must be uniquely nanmed.

The differences between URL and the usual method of
documentation with narrative text and manual flow charts are
shown in the following table:

Narrative UR
Object Names unlimited unique
Number of sbijects unlimited essentially unlimited -

limi ted only because names
must not bhe more than 30
characters and the first
letter character must be

a letter
TYpe of objects not necess- relatively small nuaber
arily stated of explicitly defined
types
Relationships unlimited and relatively small number
not necess- of explicity defined

arily expli- types
citly defined
Properties unlimited and unlimited but
not necess- explicitly defined
arily expli-
citly defined

- - - - G G . T M R D TR WD W G D D MDD D D P D ED @ D D A D R YD WS W W W e

1.7.2 Qutputs Available from URA

JRA provides a number of standard outputs which can be used to
satisfy the documentation requirements for aiding the:

Problem Definer in His Own Work

Problem Definer in Communication with Users
Coordination in Project

Final Documentation

1.7.4 changes in Logical Design
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The use of a computer-ajided System allows changes in the way
logical desian is carried out. Table 1.7.1 summarizes the

dif ferences between the manual and computer-aided methods and
the resultinj improvements in the various logical system desiqn
Activites: data collection, analysis, design, evaluation and
improvement .
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Difference Between Manual and Computer-Aided

Me thods
Dat a Forms of standard "RL format cap he used to
Collection racordi collected data.
Analysis Analyses for correctness, comrpleteu=3s and

consistency of data are done whea inputrtin
data to URA and on dermand from URZ.

Dasign of Though design is a creative process, U2a cen

Proposed System make more data available to the dezig &i zn® “a
a formatted matter.

Fvaluation IFA generates accurate, standard i(eports to i
in the evaluation process.

Improvement Modification of the problem statesent Iz easji’;

made throngh availability cof data-base
modification commands,

- D W - P W S S e TE S W VRGN R D EEED W W W R e e M Gh s WD e N W WS D W D G e R e e WS e B AL A 3T A5 e

Improvement 1in Computer-Aided Methods

- O - D D D D P DA TR A s S G R R O M R DU G A S T S G O N D S AR WS R G VR AR A e

Data Outputs from URA can provide a checklist for
Collection daciding what additional information is neeied,
Analysis Ise of the "URA data-base" insures that

analysis is always performed on an up~to-date
varsion of the problem statement, As new
analysis methods are developed, they can be
inccrvorated into URA. |
Dasign of Nse of the URA reports allows the designer to
Proposed System loock at particular aspects of the system of
interest, Simple modifications to the
data~-base can present alternatives in design.
Zvaluation JRA provides some rudimentary facilities for
computing volume or work measures from the data
in the problem statement. As additional
methods are developed, they can be
incorporatedi.
Improvement Father than "starting from scratch" to
incorporate changes in the problem ststement,
improvements can be made on the original URA
dat a-base.

. - D S G Y S A W - - ——— - - - e - - -~

Table 1.7.1
Changes in Logical Desiqn Procedure and Value of Change
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2. PROBLEM STATEMENT FACILITIES BPY SYSTEM ASPECT

To accurately describe a system it is necessary to describe all
aspects identified in 1.4, The following sections present the
2L objects and URL statements that pertain to each aspect of
the system descripticn:

System Flow

System Structure
Data Structure

Data Derivation
Svstem Size

System Dynamics
System Architecture
System Properties
Prciject Management

Suidelines are also provided to aid the analyst in describing a
particular system in 0ORL, including quidelines to help map the
objects, as they exist in the real world, into what they may be
called in UJPL terminology. The Analyzer outputs relevant to
each aspect of the description are also presented to aid the
analyst in making the description consistent and complete.

The explanations of URL statements are given at three levels of
precision:

"mnast" - denotes that this is checked by URA and not enteresd
into the data~hase unless correct. Note the "must"
does not necessarily imply in this sense that the
particular statement has to bhe in the data-base.

"can" - denotes that a choice is available. Each choice
selectel is check2d by URA and not entered into the
data-base nnless correct.

"should" - denotes that this is not checked by URA before storad
in the data-base but is necessary for a complete
descrioption of the target system. Some of these
“completeness"™ checks are made when producing URA
raeports and warning messages are produced. Others
can be made by the analyst using URA reports.

"implies" -denotes the semantic meaning of the statement.

ani This is not checked by URA nor necessary for a

"may" complete description. Interpretation is to be
decided by the Problem Definer and organization.

Input/Output Flow

e
-

2.1 System Boundaries and

One URA data-base describes one Information Processing Systenm
and objects associated with it. The descriotion of a system can
beain by describing its boundaries. (Identifying the boundary
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of a system is not always easy; considerations involved in <nis
process are discussed in 4,1.) This section describes the 0URL
facilities in specifying system boundaries and flov to and from
the system.

2.%.1 System Flow Objects

The bhoundary of the target system is described in terms of ¢ @
objects which flow across the boundaries.

INPUT - an object which contains data and flows into the
target system from an external object (i.e.,
INTFRFACE) to an internal object, (i.e., & PROCRSSj.

NMTPOT - an object which contains data and flows from the
target system to an external object from an internal
object (i.e., a PROCESS) to an external objsct (:.e ,
an INTERFACE) .

SET = an object which designates a collection of jdata
containers and is stored and updated by an internal
object, (i.e., PROCESS).

INTERFAC® (or REAL-WORLD-ENTITY) - an external object which can
prodiuce an TNPUT, receive an OQOUTPYT or be RESPONSIBLE
FOR a SET.

PRCCFSS - an internal object which can accept an INPUT or
produce an OUTPUOT or UPDATE a SET.

2.1.2 System Flow Relationships

The verbs in t
relationships

w»oo

1 ©
)
o
o]
<
@D
j= "
@®
2
'do
=
.—l-
r-'
H.
(o]
=
0
-
f=2
)
c*
[+
r
P
)
8
=2
<%}
[
a
=
|

GENEFATES/GENERATED BY

An INTERFACE must GENERATE an INPUT or the INPUT must be
GENERATED BY an INTERFAC¥, A PROCESS must GENERATE an OUTPUT or
the CUTPUT must he GENERATED BY a PROCESS,

RECRIVES/REWCFIVED BY

An INTFRFACT must RFCLIVE an OUTPUT or the OUTPIUT must be

PECIEIVEFD BY an INTTRFACE, A PROCESS can RECEIVE an INPUT or the
INPUT can he RECFIVED BY a PROCESS,

"PDATES /TPDATED RY
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A PRQOCFSS must "PDATE a SET or the SET must be UPDATED BY a
PROCESS .

RESPCNSIBLE FOR/KES PONSIBLE~INTERFACE

An INTERFACE must be PESPONSIBLE FOFR a SET. A SET must have a
RESBCNSIBLE-TINT ERPACE,

2.1.3 Systep flow Syntax and Semantics

The ohjects and relationships involved in describing system flow
Aare shown pictorially in Fiqure 2.1.1 and in tabular form in
m™able 2.1.1. The direction for reading the table is from the
left object to the desired r=laticnship and then up to the
particular object.

An INTERYACE can GENERATE any number of INPUTS, RECEIVE any
number of DUTPUTS, and he RESPONSIBLE for any number of SFETS.

An INPUT can he GFNFRATED by any number of INTERFACES (implies
any one of +them must GFNFEPATZ it) and be RECEIVED BY more thar
one PROC®SS (implies that all of them must RECEIVE it).

A STT may have any number of RESPCNSIBLE-INTERFACES (this
implies that all are) and may be UPDBATFD by any number of
PROCRESSES (implies that all do).

2.1.4 System Flow Common Egquivalents and Usage

The object-tvpes and relationships corresmond closely to those
in ccmmon usaqge when anplisd to an information processing
system. The main difference involved is that in most manual
documentation methods, the name INPUT is related to any obiject
which is used by a PROCESS and likewise, an OUTPUT is related to
anv object which is derived by a ERCCESS. 1In general, no effort
is made to distinguish between different levels of data when
INPUTS and OUTPUTS are thonaght of in this way.

INPITS and CNTPHTS are the names for logical collections of data
whose values may eventually appear on physical media which
contain data values =-- such 1s forms, cards, tapes, messages,
reports. Fach individual inout or output document is usually
one of a number of instancas. The INPUTS and QUTPUTS being
described in WFL may have multiple instances. In URL the
amphasis is on th= lcaical definition rather than the physical
and hence, th2 media or the physical format need not be
snecified,

The use of PECETIVES implies that some physical process will be

required to receive or accapt the input "document."™ Similarly,
GENERATES implies a pnrocess will ke required in the implemented
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tarqget system to nhysically produce the QUTPUT.
INTERFACF INPUT onTenT SET PROCESS
INTERFAC® GENERATES
FECFIVES RESPCN-
SIBLE FOR
INPUT GENTRATED RECRINED BY
BY
QuTPyUT R ECEIVED GENERATED bY
BY
SET RFSPONSIRLE-
INTERFAC'E UPDATED
PRACFSS RECRIVES GENFYRATES
TPDATES

Table 2.1.1
JRI. Statements for System INPUT/OQOUTPUT Flow
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A SET can bhe interpreted as a master-file or data-base, or more
broadly to include very volatile master files such as, for
example, open-order files., UPDATE implies an operation in which
some data values in the SET are changed. The RESPONSIBLE FOR
statement carries the common connotation of a data-base
“belcnging™ to some unit in the organization,

A REAL-WORLD-ENTITY (or INTERFACE) is an object not part of the
system being described, but interacts with the system in sose
vay. Examples are: employees, departments, companies, etc.

2.1.5% System Flow Jutputs

The PICTURE report (with PLOW option in effect) can be used to
present the system flow relationships (RECEIVES, GENERATES,
etc.) among INPUTS, OUTPOUOTS, INTERFACES and PROCESSES in a
graphical format.

The PROCESS=-INPNT/QOUTPUT report presents the same information as
described above for PROCESS names, but in an alternate format.
This report will also present any DESCRIPTION statements related
to the EROCESS names.

Check

/]

2.1.€6 System Flow Completenes

The completeness checks that can be made for system flow
completeness are:

Every INTERFACE should either (i) GENERATE some INPUT or (ii)
RECEIVE some OUTPUT or (iii) be RESPONSIBLE for some SET.

Bvery INPUT should be GENERATED by at least one INTERFACE,
Every OUTPUT should be RECEIVED by at least one INTERFACE.
Every INPUT should be RECEIVED by at least one PROCESS.
Every OUTPUT should be GENERATED by at least one PROCESS.
The last four checks can ba made by using the DATA PROCESS
report.

2.2 System Structure

Defipition of Structure

A number of the objects in the description of systems are
related to> each other by one object being a "component" of one
or mcre other objects or "belonging”" to it in some way.
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Reasons for Structure

Structural relationships may be defined for one of two reasons.
Structural relationships are said to arise from the "real worli"
if they are part of the description of the target system and its
associated objects, i.e., if they really exist. Structural
relationships are said to be "definitional" if they are made for
convenience in the process of describing the target system but
do not exist for other reasons. Real world structure must be
maintained as part of the system description but definitional
relationships may be discarded when no longer needed.

The description of structure permits "summarization” of the
Problem Statement at various levels of the structure ang,
therefore, facilitates top-down or bottom-up problem definition
and approval at various levels of completion.

Structural relationships are usually called trees or directed
networks and represented as shown in Pigure 2.2.1. The objects
are represented by dots called nodes and the (structure)
relationships by the lines, called arcs, connecting them. Trees
and netvorks are "directed" in that the nodes are identified by
the level. Por example, A is a higher node than B, C or H. A
node may have immediate successors or lower nodes, e.g., the
immediate successors to J are E, F and G, Similarly, a node may
have immediate predecessors or higher nodes, e.g., Q has
immediate predecessors N and P.

Types of Structures

A node which has no predecessors, i.e., the highest node is
called the root of the structure, e.g., A and M.

- A tree or hierarchical structure is one in which each node
except the highest node has one and only one immediate
pradecessor (Pigqure 2.2.1a).

- A directed network structure is one in which each node except
the highest node may have more than one immediate predecessor.
If the structure contains no cycles, it is said to be acyclic
(Piqure 2.2.1b) .

A node which has no successors is called a leaf or a terminal
node .

In some cases, a structure may contain objects of different
types. A structure containing objects of only one type is a
"homogeneous" structure; one containing more than one type is
called "non-homogeneous.'
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A terminal node may be assigned to the highest possible level or
the lowest possible level, e.g., node D may be regarded as being
on the same level as J or on the same level as E, P and G.

A M
0 0
BO 0 C N O oP
L ] . o L] [ ] . L] °
L L . . 0 0 0 Q @
D O J 0 0 . o & 0T
e e o H L] L] L ] L] -
* L] L] o I - - L] @
e 0 00 0
0 0 0 R S 4] v
E P G
(a) (b)
Tree Structure Directed Network Structure

Pigure 2.2.1
Tree and Network Structures

Structure in URL

In ORL, nodes represent objects and arcs represent structural
(and other) relationships. Two major types of structural
relationships are available. Data structure relationships
involve objects which are data elements or combinations of data
elements. All other structure relationships are called system
structure statements. System structure statements are described
in this section, data structure statements in Section 2.3.

Table 2.2.1 shows possible nodes, source of relationship, type
of structure, lowest unit and level of lowest unit for each type
of obiject.
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object

Interface
Input
Input

Out put
Output

Set
Set
Set
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Group
Group
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Process
Processor
Interval

Node
object

Interface
Input
Input
Output
Output
Set

Set

Set

Entity

Group
Group
Process
Process
Processor
Interval
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Systen
or Data
Structure

Systen
Systemn
Data

Systen
Data

System
System
System

Data

Data
Data
System
System

Network
Network
Network
Network

Network

Network
Network
Tree
Network
Tree
Network

Possible
Lower
Nodes
ITnterface
Inputs
Groups/
Elempents
Outputs
Groups/
Elements
Sets
Entities
Inputs/
Outputs
Groups/
Elements
Groups
Elements
Process
Process
Processor
Intervals

Lowest Unit

Interface
Input
Element
Output
Element
Set
Entities
Inputs/
Qutputs
Groups/
Elements
Element
Element
Process
Process
Processor
Interval

Table 2.2.1

71
Systen
Source of Parameter
Belationship Involved
Real World No
Definitior.l No
Real Worla Yes
Definitional No
Real World Yes
Definitional N
Real wWorlad Yes
Definitional Yes
PDefinitional Yes
Definitional Yes
Lefinitional Yes
Definitional No
Real World No
Definitional N>
Definitional Yes
Statements
SUBPARTS/PART
SUBPARTS/PART
CONSISTS/CONTAINED
SUBPARTS/PART
CONSISTS/CONTAINED
SUBSETS/SURSET
CONSISTS/CONTAINED
CONSISTS/CONTAINED
CONSISTS/CONTAINED
CONSISTS/CONTAINED
CONSISTS/CONTAINED
SUBPARTS/PART
UTILIZES/UTILIZED
SUBPARTS/PART
CONSISTS/CONTAINED

CLASSIFICATION OF STROCTURE IN URL

t A collection of trees, i.e., arborescence, is permitted
2 Acyclic networks
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f= 2.2.1 System Structure Objects
The following types of obhjects may belong to system structures:

INTERFACE
INEOT
OUTPUT
PRCCESS
PROCESSOR
SET

2.2.2 System Structure Relationships

a——————

SUBPARTS ARE/PART OF
"hese statements may be used with:

INTERFACES
INFUTS
OUTPUTS
PFCCESSES
PROCESSORS

F.g., an INPUT may have SUBPARTS which are INPUTS or it may be
PART OF some ot her INPUOT.

SUBSET OF/SUBSETS ARE

A SET may be a SUBSFET of some other SET or it may have other
SETS as SUBSETS.

UTILIZES/OTILIZED BY 4
A PROCESS may UTILIZE another PROCESS or it may be UTILIZED by

other PROCESSES.

2.2.2 System Structure Syntax and Semantics

The objects and relationships involved in describing system
structure are shown pictorially in Figure 2.2.2 and in tabular
form in Table 2.2.2.

A structure defined hy the SUBPARTIS/PART OF statement is a ~
homogeneous, hierarchical tree, i.e., all nodes in a structure
must be of the same type and any object can be PART OF only one
immediate higher node. A node can have any number of SUBPARTS
of the same type.

The relationship in a SUBSET OF/SUBSETS ARE must be homogeneous,
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i.e., only SETS may be SUBSETS of other SETS. The structure may
be a network, i.e., a SET can be a SUBSET of any number of other
sets,

e

The relationship in UTILIZED BY/UTILIZES must be homogeneous,
i.e., only PROCESSES can be UTILIZED by other PROCESSES. The
structure may be a netowrk since a PROCESS can be UTILIZED BY
any number of PROCESSES.

In general, "subdividing" an object through a structare
statement does not directly imply that relationships, of other
types, vhich held for the object also hold for its SUBPARTS.
For example, suppose the problem statement has been defined:

INPUT a-input;
GENBRATED BY a-rve;
RECEIVED BY a=-process;

Then nevw statements are added:

| INPUT a=-input;
SUBPARTS ab-input,ac-input;

et

PART I USER REQUIREMENTS LANGUAGE MANUAL

—— uqﬂﬂmdﬁﬁﬂ.ﬁﬁhi




e e e -
J——

D Y

!
| INTERFACE|..|

D Ty
AN

trvadecaae=

T —

IBM360/370/VS/TSO URL USBR'S MANUAL

bPrccnvecaew$ brmmvcaccaw L T 'Y

§= [ | F |

INPUT |..{ PROCESS |..|
t I L |
Prmmcnccwe=$ LD L R T Y L L Y 3 oo mnmoww-§
AN /N A

L]

| o
ool

e

[ |
| INTERFPACE|..} INPUT PROCESS |)..| OUTPUT
{ | f | | RS
tmsmscsesst tecccccccct becmcccccnt jeccacceews
. A trccmccnaat tommeny
« SUBPARTS ARE ., PART OF | PROCESSOR| | SET |
P " tmmccccnaa} bom———
2 « SUBPARTS ARE . /\ PART OF I
o . = = SUBSETS ARE . .
| PROCESSOR]| | SET |
Pigure 2,2.2
SOME STRUCTURAL RELATIONSHIPS EXPRESSIBLE IN URL
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INTERFACE INPUT OUTPOT SET PROCESS PROCESSOR

A - - - -~ - - > A = . e ww -

INTERFACE PART OF

SUBPARTS
ARE
INPOT PART OF
SUBPARTS
OUTPUT PARTS OF
SUBPARTS
SET SUBSETS
ARE
SUBSETS
OF
PROCESS UTILIZED
UTILIZES
BY
PART OF
SUBPARTS
ARE
PROCESSOR PART OF
SUBPARTS
ARE

S ——— - - —— - ——— e D aP h e O e W

Table 2.2.2
NRL Statements for System Structure

The Analyzer will not automatically assume that ab-input and
ac-input are GENERATED-BY a-rwe and RECEIVED by a-process. If
the analyst wishes to make this statement, he should add this
information explicitly:

INPUT ab-input,ac-input;
GFNERATED BY a-rve;
RECEIVED BY a=process;

In practice if the problem had been definedl from the top-down,

the analyst should also have subdivided the INTERFACE and the
PROCESS when the input was subdivided.

2.2.4 System Structure Common Egujvalents and Usage

The tree structure of INTERFACES corresponds to the hiararchical
structure of most organizations. The tree structure of INPUTS
and OUTPUTS is used for convenience in definition.
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It may also be used to describe:

a) A form with many copies, e.qg.,
INPUT: FORM=-A;
SUBP: PORM=-A=-COPY]1,
FORM=- A-COPY2;

or

b) Document that is generated and goes to different places,
e.g’,
OUTPUT: PORM=A;
SUBP: FORM=-A-DEPT-X, (names chosen according
FORM=-A-DEPT-Y, to purpose of carrier
FOFPM-A-DEPT-Z; | or final destinationj

A PROCESS has tvwo types of structures. The one developed by
using SUBPARTS/PART OF may be used for top-down definition of
the system. Tt may also be used to represent the structure of
modules in a program (e.g., BLOCKS and PROCEDURES in a PL/1
program). In both cases, a tree structure is appropriate.

The structure of PPOCESSES developed using the UTILIZED/UTILIZES
may ke used to represent "calls" to program or a PROCESS which
is used (i.e., called from) in a number of processing sequences.

2.2.% System Structure Reports

The FPORMATTED PROBLEM STATEMENT shows the immediate structure in
which an object is involved, i.e., all those objects of which it
is PART OFP, SUBSET OF or UTILIZED BY and those that are its
STUBPARTS, SUBSETS or it UTILIZES.

The PICTURE report (with the STRUCTURE option in effect)
presents the SUBPARTS/PART OF relationships for INPUTS, OUTPUTS,
INTERFACES and PROCESSES in a graphical format of the immediate
structure of a particular object.

The STRUCTURE report presents the same information but in a list
format which displays all levels in the system structure. (The
reports listed above only presents the structure levels directly
above and directly below the designated object.) Loops in the
system structure are detected by this report.

The STRUCTURE report presents only PART OF/SUBPARTS
relationships. UTILIZES/UTILIZED BY and SUBSET OF/SUBSETS OF is
only shown in the FORMATTED PROBLEM STATEMENT.

2.2.€ System Structure Completeness Checks

All the completeness statements in System Flow apply to each
SUBEART as it is defined.
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At each subdivision, the totality of statements about the
SURPARTS must be consistent with the statement about the objects
to which the PARTS belong.

A structure of INTERFACES, since it represents the real world,
cannot be checked for completeness, i.e., whether the lowest
level nodes have been defined, unless terminal nodes are
designated by an appropriate ATTRIBOTE.

A structure involving INPUTS/OUTPOUTS is not homogeneous since
the lower nodes represent GROUP or ELEMENTS. The following
rules should be observed:

1) All INPUT structures having SUBPARTS should terminate in
INPUTS which have a media ATTIRIBUTE (whose value zan be "TO
BF DETERMINED," TBD) and which contain data values.

2) An INPUT should not have both a SUBPART statement and
CONTAINS statement. 0Only the lowest level INPUT should
CONTAIN FLEMFNTS.

1) All OUTPUT™ structures having SUBPARTS should terminate in
i OUTPUTS which have a mediia ATTRIBUTE (whose value can be
"TO BE DETERMINED," TBD) and which contain data values.

4) An OUTPUT™ should not have both a SUBPART statement and a
CONTAINS statament., Only the lowest level OUTPUT should
CONTAIN ELEMENTS.

¥hen a PROCESS structure is defined using PARTS OF/SUBPARTS ARE
each PROCESS may contain SUBPARTS as well as some PROCEDURE
statement., A PROCESS which the analyst does not wish to
subdivide further should be designated a terminal PROCESS by the
use of an ATTRIBUTE statement.

|
A PROCFSS which does not have any SUBPARTS, should have a
: PROCEDURE statement.

2.3 Data Structure |

As was described in Section 2.2, various structural
relationships can he specifi2d in URL to relate "components" of :
the system., When the structual relationships being specified
are applicable to data objects, the structures presented are
termed "data structures."

% 2.3.1 Data Structure Obijects

2.3.1.1 pata Defipition
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ELEMENT

An ELEMENT is the basic unit of information and, therefore,
cannot be subdivided. An ELEMENT is used to define an object
which may take on a value., For example, if "employee
information" was defined to be an ENTITY, it would not, in
itself, have a value., The ELEMENTS making up "employee
information" such as "age," "sex," "salary," etc., might have
values for a particular instance of "employee inforsation."

GROUP

A GROUP is used to define a collection of ELEMENTS and/or other
GROUPS., This is done so t:at the information names can be
thought to be related within the larger collection of
information (INPUTS, OUTPUTS or ENTITIES). The name of the
GROUP can be thought to be synonymous wvith the names of the

I GROUP's components, 1In the example of "employee information, "
I the "name"™ of the employee may be defined as a GROUP where the
constituents of the GROUP, "first name,” "“middle initial,"
"surname" may be defined as ELEMENTS. The use of GROUPS is
primarily a notatioral convenience.

2.3.1.2 Definition of Collections of Data Values

The definition of an ELEMENT or a GROUP is like a definition of
a word in a dictionary. The definition specifies how a word is
to be used but does not give the instances of its use in hooks,
paraqgraphs, sentences, etc.

In describing information systems, it is necessary to have types
of objects which can represent the things in which, or on which,
instances (values) of ELEMENTS appear. In URL, there 1fe threz
such types of objects: INPUTS, OUTPUTS and ENTITIES. The

1if ference among these types of collections is related to their
role in the target systenm.

INPUIS |

An INPUT is a collection of information produced external to the
target system, but used by the target system. For example, in
an inventory system, a customer order may be considered an INPUT
to the systen.
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QUTPUTS

An CUTPUT is a collection of information produced by the target
system, but which is used external to the system. For example,
the paychecks produced by a payroll processing system could be
thought of as DUTPUTS as they are eventually used by employees
out side of the system. Once the collection has left the system,
no further reference may be made to it.

An ENTITY is a collection of information which is maintained
internal to the system. ENTITIES are initially "produced” and
then "maintained" using information from INPUTS and then OUTPUTS
are produced using information from ENTITIES (and other
sources). The "employee information™ mentioned above would be
defined as an ENTITY.

2.3.1.3 Relationships Amony Collections of Information

Collections of information maintained internal to the systea
(ENTITIES) are often "related" to each other in that there is
infcrmation which is not inherent to either, but associated with
both. 1In the example of a warehouse stock control systenm,
information about inventory items may be related to information
about their suppliers, etc. RELATIONS are used to describe
these logical connections among ENTITIES.

2.3.2 Data Structure Relationships

The relationships that can be specified for data structure are
shown in tabluar forms in Table 2.3.1 and Table 2.3.2. This
information is also presented in Figure 2.3.1 in a graphical
format.
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CONSISTS OF/CONTAINED IN

A SET may CONSIST of ENTITIES, or INPUTS, or OUTPUTS. Lik

—_——————

80

ewise,

An ENTITY may be EELATED to another ENTITY VIA a given RELATION.

A RELATION may be defined to exist BETWEEN two ENTITIES.

SUBSETTING-CRITERIA /SUBSETTING-CRITERION

A GROUP or ELEMENT may be SUBSETTING-CRITERION for a SET a
SET may have GROUPS ard/or ELEMFNTS which are
SIBSETTING-CRITERIA .

IDENTIFIED BY/IDENTIEFIE

wn

nd a

An ENTITY may be IDENTIFIED BY a GROUP and/or ELEMENT and a
GROUP or FLEMENT IDENTIFIES an ENTITY.

ASSOCIATED=-DATA /ASSOCIATED WITH

A REIATION may have GROUPS and/or ELEMENTS as ASSOCIATED=-DATA .
Alsc, a GROUP or ELEMENT may be ASSOCIATED WITH a RELATION.
VALUF IS

An ELEMENT may have a particular VALUE or range of VALUES
associated with it.

2.3.3 Data Structure Syntax and Semantics

A SYSTEM-PARPAMETEPR or numerical value may be specified in the

CONSISTS statement for SETS, INPUIS, OUTPUTS, ENTITIES and
GROUES to denote the number of instances of the components
given instance of the containing object.

for a

An ENTITY, INPUT or OUTPOT may CONSIST of any number of GROUPS

and sor ELEMENTS.

A SET may CONSIST of any number of INPUTS, OUTPUTS, or ENT
but not a combination of these object types. Also, a SET
have any number of GROUPS and/or ELEMENTS as

SUBSETTING=-CRITERIA.
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f An ENTITY can be IDENTIFIED by any number of GROUPS and/or

( ELEMENTS, and be RELATED to any number of ENTITIES. Howvever,
i for each unique pair of ENTITIES, a unique RELATION must be

; defined. E.g., if a RELATION between E1 and B2 is defined as
i Rl, a RELATION between E1 and E3 cannot also be called R1.

A RELATION may only be defined to be BETWEEN a single pair of
ENTITIES. A different RELATICN must be defined for each ENTITY
pair. A RELATION may have any number of GROUPS and/or ELEMENTS
as ASSOCIATED=-DATA.

Y T TR

A GROUP may be CONTAINED in any number of GROUPS, ENTITIES,
INPUTS and/or OUTPUTS. A GROUP may also IDENTIFY any number of
ENTITIES, be SUBSETTING~-CRITERION for any number of SETS and be
ASSOCIATED WITH any number of RELATIONS. In additiomn, a GROUP
may CONSIST of any number of GROUPS and/or ELEMENTS.

INPUTS ONTPUTS SET ENTITY GROUPS ELEMENTS
INPUTS CONTAINED CONSISTS CONSISTS
IN OF OF
0UTPUTS CONTAINED CONSISTS CONSISTS
IN OF oF
SET CONSISTS CONSISTS CONSISTS
OF OF OF |
i ENT ITIES CONTAINED CONSISTS CONSISTS |
IN OF OF |
GROUPS CONTAIN- CONTAIN=- CONTAIN- CONSISTS CONSISTS
ED IN ED IN ED IN OF OF
CONTAINED
IN
ELEMENTS
CONTAIN- CONTAIN=- CONTAIN- CONTAIN=-
ED IN ED IN ED IN ED IN

- D D T s W S e S WD D P D D DD D ED DG D W D D e e W e

Table 2.3.1
TRL Statements for Data STRUCTURE Relationships
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SET ENTITY RELATION GROUPS ELEMENTS
SPT SUBSETTING~ SUBSET-
CRITERIA TING
CRITEKIA
ENTITIES RELATED TO R/VIA IDENTIFIED IDENTI-
BY FIED BY
RELATION BETWEEN ASSOCIATED~ ASSOC-
DATA IATED
DALA
GROUPS SUBSET_ING- IDENTIFIES ASSOCIATED
CRITERION WITH
ELEMENT SUBSETTING- IDENTIPIES ASSOCIATED VRLUES
CRITERION WITH

- W SR G D @ D S D ERE B T ED D D e WP D S W WD W D D D D W ED D WD TP Gw B WD D S S e G W e S G Y WD ED W WS

Table 2.3.2
DRL Definitional Statements Relating
SETS, ENTITIES, RELATIONS, GROUPS and ELEMENTS

An ELEMENT may be CONTAINED in any number of GROUPS, ENTITIES,
INPUTS, and/or OUTPUTS. An ELEMENT may also be used to IDENTIFY
any number of ENTITI®ES, be SUBSETTING-CRITERION for any nunmber
of SETS, and be ASSOCIATED WITH any number of RELATIONS. 1In
addition, an ELEMENT may take on a particular numerical VALUE or
a range of VALUERS.

2.3.4 pata Structure Common Eguivalents and Usage

The names URL uses to define data structures are very close to
most terminology in this field. For example, ELENENTS are often
referred to as "items," "data items," or “fields"™ in other data
structure terminologies. GROUPS are sometimes referred to as
"segments" or "data aggregates." ENTITIES are sometimes called
"racords" and SETS sometimes "files" or "data-bases."

If a SET is intended to represent a "file" where ENTITIES are

"records,” the following options are available in desecribing the
file structure,

a) If the SET CONSISTS of only one type of ENTITY, then:

- ENTITY occurrences within the SET may be ordered and so a
RELATION to represent this ordering may be defined.?

- ENTITY occurrences within the SET may not be ordered. A
RELATION to represent this need not be defined.

1 Tf more than one RELATION is to be defined for ENTITIES within

a given SET, a SET (which is a SUBSET of the given SET) should
be defined for each RELATION,
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- ENTITY occurrences may be RELATED to each other based on
some criteria. A RFLATION should be defined to daescribe
this relationship.

b) If the SFT CONSISTS of more than one type of ENTITY:

= ENTITY occurrences may be ordered. A RELATION should be
defined for each ordering, 1!

- ENTITY occurrences may not be ordered.

- ENTITY occurrences may be RELATED to other ENTITY types

(for each other). A RELATION should be defined t> describe
each of these relationshirps.

The IDENTIFIES statement for GROUPS or ELEMENTS may be used to

define keys. It is meant that the designated GROUP or ELEMENT
may be used when searching for a particular ENTITY (record)
occurrence,

i HOW TO USE THE RELATION SECTION
TO EXPRPSS LOGICAL CONNECTION IN PROBLEM STATEMENT

1) Determine symbolic (URL) name for the RELATION. It is
reconmended that the name denotes the type of connection
that it will supply.

b) Determine which ENTITIES the RELATION connects and the
; direction of the connection. Use the URL BETWEEN and
CONNECTIVITY statements to state this information.

f Example:

Suppocse the analyst has the following (logical) view of his
data:
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The URL statements that define the two RELATIONS are:

REIATION dept-to-hourly-employees;
BEIWEEN dept AND hourly-employees;
CCNNECTIVITY IS 1 TO max-dept-hourly-employment;

RELATION dept-to-salaried-employees;
BETWEFN dept AND salaried-employees;
CCNNECTIVITY IS 1 TO max-dept-salaried-employment;

Step

a)

b)

Determine if any data has been defined to be CONTAINED in
hoth ENTITIES.
ASSOCIATED DATA statements.

Analyze this data and determine ENTITIES or

Deteraine if any additional data is needed to describe the
FRELATION and,
ASSOCIATED DATA.

if so, this data should be defined as
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Fxample:

85

A more refined and detailed logical view of the data given above

might be:

L T D T R 2

I I
I I
I DEPARTMENT I
I T
I I

tomcccacccacel

bommm = e wmmm——
I 1last date I
Iemployee hiredI
Ior terminated I

L Lk ey

$rccmmccmna =y
i I
I HOURLY I
I EMPLOYEES I
I I

trmvcmmccene =)

T etk |
I last date I
Yemployee hiredI
Ior terminated I

frmcnccccccreeee $

.

L TS
I I
I SALARIED I
I EMPLOYEES I
I I

fevcavaveaes ¢

a) Determine the FRELATION's CARCINALITY

h) Determine the PROCESSES that utilize the RELATION and those
PROCESSES that add, d2lete or modify the connection
occurrences of the RELATION.

Results:

The analyst has information that is required for physical
design. There is a connection between the programming
requirement and the data-base. The data-base may have to be
revised to be receptive to the processing restrictions.

For an example, see RELATION Definition Fora,

2.3.% Data Structure Outputs
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The CONSISTS COMPARISON REPORT presents the lowest level data
objects (usually ELEMENTS) in the data structure of the data
objects used as input to the report. This information is
presented in matrix form with several redundancy and
completeness check diagnostics in a summary.

The CONSISTS MATRIX REPORT presents data structure at a given
level relative *to the data objects used as input to the report.
For example, if an ENTITY name is used as input to the report
and the CONSISTS parameter is specified, all GROUPS and/or
ELEMENTS the FPNTITY CONSISTS of will be presented. If the
ENTITY name and the2 CONTAINED parameter is specified, all thos=
SETS the ENTITY is CONTAINED will be presented. All information
in the report is presented in a matrix format.,

The CONTENTS RPPORT presents the data structure at all levels

for a given data object as input to the report. The CONTENTS
REPORT presents the data structure going down to the lowest
specified in the problem statement.

The IDENTIFIER INFORMATION REPORT presents those ELEMENTS and/or
GROUPS defined as IDENTIFIERS for a particular ENTITY oc
presents the ENTITITES IDENTIFPIED by a particular GROUP or
ELEMENT. This information is presented in a matrix format.

The four reports are summarized in Table 2.3.3.
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CONSISTS
COMPARISON  CONTENTS CONSISTS MATRIX  EBS
CONSIST CONTAINED
SET X X NO X
ENTITY X X X X
INPUT X X X X
OUTPOT X X X X
GROUP X X X X
FLEMENT X X
ROW ID HIGHEST coL ROW OBJECT
LEVEL 1D ID
ID
LOWEST NODE 0 NEST HIGHER NODE 0
tmmm———t 5 e P LY
HIGHFST | I « « . LOWER | $o o
NODE i I 0 . . NODE | § s
| | 0 . | | 0
I | S @ % | g "
| | 0 . . | | .
O + e b " z T T
g 6 W . 0
0

TABLE 2.3.3
Data Report Summary
Checks

A1l SETS shouldl "eventually " consist of INPUTS, OUTPUTS or
ENTITIES.

All INPUTS at the lowest level shculd consist of GROUPS and
FLEMPNTS. Any GROUPS should be reducible to ELEMENTS.

ALl CUTPUTS at the lowest level should consist of GROUPS and
ELEMENTS. Any GROUPS should be reducible to ELEMENTS.

2.4 Data Derivation

An information processing system exists to process data, i.e.,
to produce values of data elements, or groups of data elements,
from values of other data elements or groups. This
transformation is known by different names such as process,
procedure, function, operation, activity, etc. In URL the term
PROCESS is used.

The term "data derivation"™ includes the actions of USING,
NPDATING and DERIVING data objects. The data objects that are
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involved can be INPUTS, QUTPGTS, SETS, ENTITIES, GROOPS and

FLEMENTS.

2.4.1 Data Derivation Obijects

The objects involved in data derivation are:

PROCFSS

SBI

INFUT

QUTPUT

ENTITY

GROUP

ELEMENT
RELATION
CLASSIFICATION

SECURITY-ACCESS-RIGHTS

2.4.2 Data Derivation Belationships

USES/USED

WPDATES/OPDATED

DERIVES/DERIVED

MAINTAINS/MAINT AINED

PROCEDURE

DERIVATION

CLASSIFICATION

- A PROCESS may USE a SET, INPUT, ENTITY,
GROUP or ELEMENT. Likewise, a S2T,
INPUT, ENTITY, GROUP or ELEMENT may be
USED by a PROCESS.

- A PROCESS may UPDATE a SET, ENTITY,
GROUP or ELEMENT, and a SET, ENTITY,

PROCESS.

- A PROCESS may DERIVE a SET, OUTPUT,
ENTITY, GROUP or ELEMENT, and a SET,
0UTPUT, ENTITY, GROUP or ELEMENT may be

- A PROCESS may MAINTAIN a RELATION, ani
a RELATION may be MAINTAINED by a
PROCESS.

associated with it. The PROCEDURE is a
comment entry and may consist of any
text.

- A RELATION or SET may have a DERIVATION
associated with it in the form of a
comment entry.

- A data object may have a
CLASSIFICATION,

SECURITY-ACCESS-RIGHTS - A PROCESS or PROCESSOR may have
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SECURITY-ACCESS-RIGHTS,

2.4.3 Data Derivation Syntax and Semantics
The objects and relationships involved in describing "data
derivation® are shown pictorially in Figure 2.4.1 and in tabular
form in Table 2.4.1, Table 2.4.2 shows how the different types
of objects can appear in the data derivation statements. Table
2.4.3 contrasts the syntax and semantics of the System Flow
Statements (RECEIVES and GENERATES) with that of the data
derivation statements.

Whenever INPNT, OUTPUT, ENTITY or SET are used in a data ;

derivation statement, these objects are interpreted to mean the
data values contained in thenm,

A PROCESS may TSE any number cf INPUTS, SETS, ENTITIES, GROUPS
and FLEMENTS. An optional UPDATE or DERIVE clause can be used
in ccnjunction with the USE statement in the following manner:

USES E1 TO DERIVE E2:

Where E2 is any number of data objects that can be DERIVED by a
PROCESS. |

‘ A PROCESS can NTPDATE any number of SETS, ENTITIES, GROUPS and
ELTMENTS. An optional USING clause can be used in conjunction
with the NPDATE statement in the folloving manner:

UPDATES E1 USING E2;

Where E2 is any number of data objects that can be USED by a
3 PROCESS.

A PROCESS can DERIVE any number of OOTPUTS, SErS, ENTITIES,
GROUPS and ELEMENTS. An optional USING clause can be used in
con function with the DERIVE statement in the following manner:

3 DERIVES E1 USING E2;

Where F2 is any number of data objects that may be USED by a &
PROCESS, !

An INPUT, SET, ENTITY, GROUP or ELEMENT can be USED by any
number of PROCESSES. An optional DERIVE or UPDATE clause may be i
us2d in conjunction with the USED statement in the following 1
manner: i

OSED BY P1 TO DERIVE E2;

Where E2 is any number of data objects that can be DERIVED by a |
PROCPSS.
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|

e mmnccaee ¢ L L L T Y

! | | !

tremccmnm—-y

| !
| RELATION |

| ENTITY | | ser
| | | | | |
trrmmcccvens § Q——--------Q trmmmc o on-y
. USES 13 . USES ©3 -
A ns®s 02 . USES U2 :
. DERIVES m . DERIVES 01 ;
. UPDATES U1 . UPDATES 01 . MAINTAINS
. . . . k.
e rcr e} f'--"‘----; torer mccmnn
| ! | ( | |
' INPUT ' $e0cce oo ‘ PROCESS ' ®eecscss e e ' DUTPUT '
i )} USES 02 | { DERIVES G1 |
tencecsssnnt PSES 03 t-voccssanas D
o. 'o ‘]
UPDATES 01 ., . USES U3
DERIVES 01 . . USES 02
USES U2 . . DERIVES U1 3
UsSEs ©v3 |, . UPDATES U1
E
tommcccaneay b mmcacc———y
| | | |
| ELEMENT | { GROOP {

{ | ! |

trmnccnccewy

71, U2 and U3 are optional
71 using ELEMENT, GROUP, ENTITY and INPUT

U2 to derive ELEMENT, GROUP, ENTITY, SET and OUTPUT

U3 to update ELEMENT, GROUP, ENTITY and SET

Figure 2.4.1

URL STATEMENTS FOR DATA MANIPULATION
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Object
Name in
Statement
Section
Type INPOT OUTPUT SET ENTITY
INPOT TO DERIVES3 TO DERIVE/UPDATE3 TO DERIVE/UPDATE3
ouTPROT OSING* USING* " USING*
SET USINGS _
TO DERIVE3 TO DERIVE/UPDATE3 TO DERIVE/UPDATES3 ]
USINGS USINGS
ENTITY USINGS
TO DERIVE3 [USINGS USINGS
TO DERIVE/UPDATE3 TO DERIVE/UPDATES3
GROUP USINGS
TO DERIVE3 (OSINGS USINGS :
TC DERIVE/UPDATE3 TO DERIVE/UPDATE3
ELRMENT USINGS
TO DERIVE USINGS USINGS
TO DERIVE/UPDATE3 TO DERIVE/UPDATES3
PROCESS USING?
DERIV. “ERIVES DERIVES
TO DERIV. 5ES USES
PDATES UPDATES
USING? USING?
TO DERIVE/UPDATE® TO DERIVE/UPDATES®
RELATION GROUP ELEMENT
INPUT TO DERIVE/UPCATE3S TO DERIVE/UPDATE
QUTPOT USING* USING®
SET TO DERIVE/UOPDATE3 TO DERIVE/UPDATES3
USINGS USINGS
ENTITY USINGS USINGS
TO DERIVE/UPDATE3 TO DERIVE/UPDATE?
GROUP USINGS USINGS
TO DERIVE/UPLCATE3 TO DERIVE/UPDATE3
ELEMENT USINGS JSINGS
TO DERIVE/UPDATE3 TO DERIVE/UPDATES
PROCESS MAINTAINS DERIVES DERIVES
USES USES
UPDATES UPDATES
USING? USING?

TO DERIVE/UPDATE® TO DERIVE/UPDATE®
{see folloving page for footnotes)
Table 2.4.1 URL Statements Related to Derivation Definition
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PROCESS
INPUT USED BY
OUTPUT DERIVED BY
SET USED BY
UPDATED BY
DERIVED BY
SNTITY DERIVED BY
UPDATED BY
USED BY
RELATION MAINTAINED BY
GROUP DERIVED BY
UPDATED BY
USED BY
ELEMENT DERIVED BY
UPDATED BY
USED BY

PROCESS UTILIZES
UTILIZED BY

e R e > S R S ARG D WD DD D S DGR D e e WD S G D WS WD D G - . A WP - ———

Table 2.4.1
URL Statements Related to Derivation Definition
(Continued)

Footnotes:

3 Used in conjunction with the USED BY statement.

¢ Used in conjunction with the DERIVED BY statement.

S Used in conjunction with DERIVED BY and UPDATED BY statement.

7 Used in conjunction with DERIVES and UPDATES statement. -

8 Ised in conjunction with USES statement.
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USES

ELEMENT GROUP INPUT QUTPUT  ENTLIIY  SET

| 1o

NS®ES X X X X X
SES TO DERIVE X X X X X

USES TO UPDAT®E X X X X X

- . R P . - W e D R TP D D D D S S e RS S S D D A AN e e 4

DERIVES

DERIVES/USING X X X X X

UPDATES

UPDATES/USING X X X X X

DERIVES or UPDATES

TRl e e i Y
uses 10 weoATE X x x  x
L AR T L e Y
bERIves/USING X e
weoates e R T ) ‘

Table 2.4.2
Data Derivation Relationships for
USES, UOPDATES and DERIVES Statements

at
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ELEMENT GROUP INPUT
RECEIVES Not Allowed Not Allowed Every INPUT
should be
RECEIVED by
at least one
PROCESS
GENEFATES Not Allowved Not Allcwed Not Allowed
USES Every ELFMENT At least one At least one
should be used ELEMENT in ELEMENT in the
by at least the GROUP is INPUT is used
one PROCESS usad by the by the PROCESS
PROCESS
DERIVES Value of an Value of at Not Allowed
ELEMENT is least one
derived by ELEMENT in the
the PROCESS GROUP is de-
rived by the
PROCESS
UPDATES 1) Vvalue of an 1) value of at Not Allowed
ELFMENT is least one
updated by ELEMEMT in
the PROCESS the GROUP is
updated by
PROCESS
2y ELEMENT 2) GROUP should
should be he CONTAINED
CONTAINED in at least
in at least one ENTITY

one ENTITY

S e e S T WA S S DGR D R R et D D WD D Ge e W D GO P G D G . - - ——— . - . DS - -

Table 2.4.3
Data Derivation (PROCESS) Semantics

PART I USER REQUIREMENTS LANGUAGE MANUAL

94

v erre




RECEIVES

GENERATES

IBM360/370/VS/TSO URL USER'S MANUAL

QUTPUT ENTITY SET

Not Allowed Not Allowed Not Allowed
Fvery ONTPUT Not Allowed Not Allowed
should bhe

GENFRATED by
at least one

PROCESS
JSES Not Allowed At least one At least one
ELEMENT in ELEMENT in the
the ENTITY SET is used by
is used by PROCESS
the PROCESS
DERIVES Value of at At least one At least one
least one ELEMENT in ELEMENT in the
ELEMENT in the ENTITY SET is derived
OUTPINT is de- 1is derived
rived by the
PROCESS
UPDATES Not Allowed Value of at Value of at least
least one one ELEMENT in the
ELEMENT in SET is updated by
the ENTITY the PROCESS
is updated
by the
PRDCESS

e ——— - (.= e D YR G WD DGR G R A G G e D D S S v WD WP S G D = e S En oS e -

Table 2.4.3
(Continued)
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A SET, ENTITY, GROUP or ELEMENT may be UPDATED by any number of
PROCESSFS. An optional USING clause ray be used in conjunction
with the UPDATED statement in the following manner:

TPDATED BY P1 DSING F2;

Where E2 is any number of data objects that may be USED hy a
PROCESS.

An OOTPOT, S®T, ENTITY, GROUP or ELEMENT may he DERIVED by any
number of PROCESSES. An optional USING clause may be used in
conjunction with the DERIVED statement in the followingy manrner:

DERIVED BY P1 USING E2;

Where E2 is anv number of data objects that may be USED by 2
PROCFSS.,

A RFLATION may be MAINTAINED by any number of PROCESSES, and
PROCFSS may MAINTAIN any number of RELATIONS.

o

A PROCESS may have any number of EROCEDURE comment entries
specified, but all the comment entries will be combined into one
PROCFDURE comment entry when presented in any URA report.

A SET or RELATION may have any number of DERIVATION comment
entries specified, but all these comment entries will be
combined into one DERIVATION comment entry when presented in anvy
IIRA report.

When a collection of data (e.g., an ENTITY or GROUP) is USED,
this implies that at least one ELEMENT within the collection
(assuming the collection is, or will be, broken down to one
ELFMENT level) is USED.

When a collection >f data is UPDATED, this implies that at least
one ELEMENT within the collection is UPDATED.

When a collection of data is DFRIVED, this implies that at least
one FLEMENT within the collection is DERIVED.

Whenever PROCESSES or PROCESSORS access data, whether deriving,
updating or using it, the CLASSIFICATION of the data and the
SECUFITY-ACCESS~RIGHTS of PROCESS or PROCESSOR should match. 1In
order to match, the PROCESS or PROCESSOR should have
SECUORITY-ACCESS~-PIGHTS at a level greater than or equal to the
CLASSIFICATION of the data object.

2.4.4 Data Derivation Common Eguivalents and Usade

In most manual Aocumentation methods, the information related to

"data derivation" is usually implicitly included in flow charts.
Flow charts usually contain more than just the "data
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derivation, " and, consequently, data derivation may not bhe
clearly presented,

A PROCESS that is UTILIZED represents some function within the
system that is incorporated by two or more higher level
PROCESSES. For example, a validation routine might be a PROCESS
UTILIZFD by several other PROCESSES to perform their defined
functions.

The PROCEDURE comment entry within the PROCESS description may
be used to describe the algorithms required to define the
PROCESS. Since the PROCEDURE is text, decision tables may be
included.

The DERIVATION comment entry within the SET or RELATION
descriptions may be used to define the rules to derive an

occurrence of a RELATION between two ENTITIES, or occurrences of
a member within a SET.

2.4.5 Data Derivation Qutputs

The PICTURE report (with the DATAR option in effect) can be used
to present data derivation relationships (USES, UPDATES, and
DERIVES) among SETS, INPUTS, OUTPOTS, ENTITIES, GROUPS, ELEMENTS
and EROCESSES in a graphical format.

The EXTENDED PICTURE report (with the DATA-FLOW option in
effect) can be used to present the all data derivation
relationships (USFS, UPDATED, DERIVED, GENERATED, and RECEIVED)
amonqg SETS, INPUTS, OUTPUTS, ENTITIES, GROUPS, ELEMENTS,
PROCESSES, and INTFPFACES in a graphical tree-structured format
looking FORWARD or BACKWARD in the tree.

The PROCESS-INPUT/O0UTPUT report presents most of the information
as described above for PROCESS names only, but in an alternate
format, This report will also present any DESCRIPTION and
PROCFDURE comment 2ntries related to the PROCESS names.

The DATA PROCESS report presents the interaction of data objects
with PPOCESSES in a matrix format, This has the advantage of
present ing the dependencies ot data by PROCESSES for the entire
system., A second matrix is also produced to present the degree
in which PROCESSES interact with each other; i.e., to produce
data that other PRDCESSPS use or to require data that other
PROCESSES prodnce.

2.4.6 Data Derivation Completeness Checks

1 Fvery PROCESS should acquire some data either by USING or
UPDATING.

2) Fvery PKOCESS should produce data by DERIVING or by
UPDATING.
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3) Every SET should be USED or UPDATED by some PROCESS.
u) Every ENTITY should be USED or UPDATED by some PROCESS.
5) Every ELEMENT in an ENTITY should serve at least one
purpose:
- IDENTIFIFR of the ENTITY
- USED by some PROCESS, or
- UPDATED by some PROCESS.
2) Processing statements in which GROUPS appear should apply
to at least one ELEMENT in the GROUP.
7) Every ELEMENT CONTAINED in an INPOT should be USED in soms
vavy.
8) Every ELEMENT CONTAINED in an ENTITY should serve a .
purpose. |
9) Every ELPMENT CONTAINED in an OUTPUT should be DERIVED by
some PROCFSS.
10) An ELEMENT CONTAINED in an INPUT should not be DERIVED.
11) An ELEMENT should only be DERIVED once.
12) Every ELEMENT USED by a PROCESS should be available from
some source:
i) INPUT
ii) DERIVED by some other PROCESS
iii) From an ENTITY.

2.5 gystem Size |

The complete specification of requirements for the target systaa

requires statement of parameters that specify the volume of work |
that the system will have to do and the amount of resources that §
it will require. Two types of data should be given.

Size =~ number of members in each SET, number of repetitions
in each repeating GROUP in an INPUT, etc.

Volume = number of instances of INPUTS and OUTPUTS, number of
times PROCESSFS will be executed, etc. in 3 given
period of time.

In URL, the parameters which characterize size are called
SYSTEM=-PARAMETERS; they can be name symbolically and their
values expressed numerically.

2.5.1 System Size Objects

SYSTEM=-PARAMETER =~ an object which affects the size of the

system. It is given a name and may Le
given a numeric value.

TNTERVAL =~ an object representing some time period

such as a week, year, millisecond,
planning period, etc.
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2.5.2 System Size Relationshirs

VALOES

A SYSTFM~PARAMETER may have a VALUE, or a range of VALJES. An

ELEMENT may also have a VALUE or range of VALUES associated with
it.

CARCINALITY

An ENTITY, or SET, or RELATION may have a CARDINALITY.

CONNECTIVITY

A RELATION may have a CONNECTIVITY defined by specifying two 1
SYSTEM=PARAMETERS, |
HAPPENS

An INPUT, OUTPUT, EVENT, or PROCESS may HAPPEN a
SYSTEM=PARAMETER (number) of times in a given INTERVAL.

CONSISTS

A SET may CONSIST of a SYSTEM-PARAMETER (number) of ENTITIES,
INPOTS, or CUTPUTS., An INPUT, OUTPUT, ENTITY, or GROUP may
CONSIST of a SYSTEM-PARAMETER (number) of GROUPS and/or
FLEMENTS. An INTERVAL may CONSIST of a SYSTEM-PARAMETER
(number) of INTERVALS.

2.5.3 System Size Syntax and Semantics

The objects and relationships involved in describing system size

are shown pictorially in Fiqures 2.5.1, 2.5.2 and 2.5.3, and in
tabular form in Table 2.5.1.

The VALUE or VALUES associated with a SYSTEM=-PARAMETER or
ELEMENT must be numeric and once a VALUE (or VALUES) has been
assigned, no other VALUES may be given to it.

CARDINALITY specifies a number of occurrences. With respect to
SETS, it specifies the number of ENTITIES, INPUTS, or OUTPUTS
that may be CONTAINED in the SET at any one time. With respect
to ENTITIES, it specifies the number of occurrences of a
particular ENTITY in the system at any one time. With respect
to PELATIONS, it specifies the number of connections made
between ENTITIES via a particular RELATION. A particular
ENTITY, SET, or RELATION may have only one CARDINALITY.
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CONNECTIVITY specifies the structure and magnitude of a
RELATION. A particular RELATION may have only one CONNECTIVITY.

The HAPPENS statement specifies the number of occurcences of an
INPUT, OUTPNOT, EVENT, or PROCESS in a given time interval. A

particular INPUT, JUTPUT, EVENT, or PROCESS may have only one
HAPPENS statement.

The CONSISTS statement used in conjunction with a SYSTEM~-
PARAMETER specifies that for each occurrence of a given SET,
e.g., the data CONTAINED in it occurs the designated namber of
times, Any particular data object may only consist of another
data object, one given SYSTEM=-PARAMETER number of occurrences.

2.5.4 System Size Common Equivalent and Usage

In the usual methods of system documentation, description of
size and volume aspects are incorporated into the descriptions
of cther objects as numerical values.

One important feature of URL in specifying size is that it
permits, and in fact encourages, all such specifications to be
syabolic, i.e., each parameter is given a name. Conseguently,
all situations in which a given parameter appears can bhe
collected and examined., Numerical values need only be assigneil
at the time at vhich they are definitely needed. For example,
when a system is initially being described, it may only be known
that the group "job-data" CONSISTS of the element "occupation."
It may not be known or not specified until much later that
job-data CONSISTS of 3 or 6 occurrences of "occupation.”
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Figure 2.5.1 Relation of Objects to a SYSTEM PARAMETER
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Figqure 2.5.2 Relation of Objects to an INIERVAL
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L L L LY
| |
| SET |
| |
toemeea e—————p
\4
COQEiSTS QP
e BeRE
temcrc e mnaa + temecmccaaaa + tremccana c——t
| ENTITY, or|l | ENTITY, or| | ENTITY, or]
| Input, or | | INPUT, or } « « » o« INPUT, or |
{ J0TPUT L { OUTPUT ] | OCTEJIT |
tomm - - ————— LR e + drecmncccaeay
Vv
CONSISTS OF --
si o iy,
L et tmmrmcmccaaa; e Ry s temme e +
| I | | i |
{ GROUP, or | | GROUP, of |+ o & .| GROUP, or ) | SROOP |
1 1 1 ELEMENT | | ELEMENT | ] ELEMENT | ! |
: | P | | { | |
LR TR 4t bemcccmccaaa + LET L e T P s L +
& N
CINSISTS )JF
: e
R L + becccccccccct feemmeaea -———
\ | | 1 l
| GROUP, or | | GROUP, or |..| 3ROJIP, or |
| ELEMENT | | ELEMENT | | ELEMENT f
| I 1 [ |
Pmmmcmea memmd femccccccnaa + L L +
Pigure 2.5.3 Relation of Objects via a SYSTEM-PARAMETER
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SYSTEM
INTERVAL PARAMETER PREQUENCY VALUE
INPUTS CONSISTS OF HAPPENS/
TIMES
0NTPUTS CONSISTS OF HAPPENS/
TIMES
SBETS CARDINALITY VOLATILITY-
CONSISTS OF SET *
VOLATILITY-
MEMBER *
ENTITIES CARDINALITY VOLATILITY *
CONSISTS OF
RELATION CONNECTIVITY
CARDINALITY A
GROUES CONSISTS OF
ELEMFNTS VALUE
PROCESSES HAPPENS/
TIMES
EVENTS HAPP ENS/
TIMES

- - D T T TS TR TS R DGR W S D ED D W GPED WP D W= D D D S D D ) R D D S e W e

INTERVAL CONSISTS CONSISTS OF

OF
SYSTEM- VALUE
PARAMETER

* comment entry

Table 2.5.1
JRL Statements Related to Size and Volume
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2.5.5 System Size Jutputs
To oktain information specifically about one or more
SYSTEM=-PARAMETERS, the FORMATTED EROBLEM STATEMENT may be
generated. Since very few of the statements involving :
SYSTEM=PARAMET®RS have complementary statements, much of the
information presented in the FORMATTED PROBLEM STATEMENT will be
in ccmment format.

2.5.6 System Size Completeness Checks
The following checks c

1 Every INPUT should have a HAPPENS/TIMES statement,

2) Every OUTPOUT should have a HAPPENS/TIMES statement.

3) Every SET should have a CARDINALITY statement.

4) Every ENTITY should have a CARDINALITY statement.

5) Every PROCESS should have a HAPPENS/TIMES statement.

6) Fvery EVENT should have a HAPPENS/TIMES statement.

7) Every INTERVAL should be used in some statement.

8) Every SYSTEM-PARAMETER should be used in some statement.

2.6 System-Dynamics :

The description of the contents of INPUTS, OUTPUTS, ENIITIES,
GROUPS and structures of PROCESSES, and the relationships amongy
these objects produced up to this point, gives a "static"
description of the system. This does not in itself state the
requirements for the dynamic behavior of a system. To do this,
one must describe those inputs, conditions and events which may
influence what processing is performed, or the order in which it
is performed.

2.6.1 System=Dynamics Objects

CONDITION - a statement which can be in one of tws states,
TRUE or FALSE (YES or NO, etc.). The statement
is given a unique nane.

EVENT - an object used to describe a happening,
external or internal to the system, or an
occurrence which causes something else in the {
system to happen.

2.6.2 System=Dynamics Relationshigps

CANSES/CAUSED

An EVENT or INPUT, or a CONDITION BECOMING TRUE or FALSE, CAUSES
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an EVENT. An EVENT is CAUSED by an EVENT, an INPUT, or a
CONDITION BECOMING TRMNE or PALSE.

INCEPTION-CAUSES/ON INCEPTION

INCEPTION of a PROCESS CAUSES an EVENT, or an EVENT occurs ON
INCEPTION of a PROCESS.

INTERROPTS/INTERRUPTED

A PROCESS, EVENT or INPUT, or a CCNDITION BECOMING TRUE or
FALSF, INTEERRUPTS a PROCESS. A PROCESS is INTERRUPTED by a
PROCESS, EVENT or INPUT, or by a CONDITION BECOMING TRUE or
FALSE.

MAKES/MADE

An EVENT, IVPOT or PROCESS MAKES a CONDITION TRUE or FALSE. A
CONDITICN is MADE TRUE or FALSE by an EVENT, INPUT or PROCESS.
TERMINATES/TERMINATED

A PROCESS, EVENT or INPUT, or a CONDITION BECOMING TRUE or
FALSE, TERMINATES a PROCESS. A PROCESS is TERMINATED by a
PROCESS, EVEN™ or INPU™, or by a CONDITION BECOMING TRUE or
FALSE.

TERMINATION-CATSES/ON TERMINATION

TERMINATION of a PROCESS CATUSES an EVENT, or an EVENT occurs ON 1
TERMINATION of a PROCESS.

TRICGERS/TRIGGERED

A PROCESS, EVENT or INPUT, or a CONDITION is BECOMING TRUE or
FALSE, TRISGERS a PROCESS. A PROCESS is TRIGGERED by a PROCESS,
FVYFNT or INPUT, or by a CONDITION'S BECOMING TRUE or PALSE.
WHILE

A CCNDITION may be TRUZ WHILE or FALSE WHILE some criteria hold.

2.6.3 System=Dynamics Syntax and Semantics

T™he objects and relationships involved in describing system
dynamics are shown pictorially in Pigure 2,6.1 and in tabular
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form in Table 2.6.1.

INCEPTION or TERMINATION of a PROCESS may CAUSE any nuaber of
RPVENTS, Similarly, an EVENT may occur ON INCEPTION or ON
TERMINATION of any number of PROCESSES. The INCEPTION of a
PROCESS is its beginning, TERMINATION is the completion of the
PROCESS.

Any number of EVENTS, INPUTS, andyor CONDITIONS may CAUSE and
EVENT, However, a separate statement is required for each
CONDITION involved, Similarly, any number of EVENTS may be
CAUSED by a given collection of EVENTS, INPUTS, and/or
CONDITIONS.

Any number of EVENTS, INPUTS and/or PROCESSES may MAKE a
CONDITION TRUE or FALSE. Any number of CONDITIONS may be MADF
TRUE or FALSE by a given collection of EVENTS, INPUTS and/or
PROCESSES. Only one of the values, TRUE and FALSE, may be used
in a given MAKES of MADE statement. The term MAKES implies
setting the value or a CONDITION,

Any number of PROCESSES, EVENTS, INPUTS and/or CONDITIONS may
TRIGGER, INTERRUPT or TFRMINATE a given PROCESS. Any number of
PROCESSES may be TRIGGERED, INTEFRUPETED or TERMINATED by a given
collection of PROCESSES, EVENTS, INPUTS and/or CONDITIONS. To
TRIGGER a PROCESS is to initiate it, A PROCFESS is INTERRUPTED
if it is eligible to be resumed later, while it is TERMINATED if
it is ended (whether complete of not) and is not to be resumed.

A CONDITION may only have one WHILE statement, which is
expressed as a comment entry. Should more than one be specified
for a given CONDITICN, *he comment entries will be coambined (the
second added to the end of the first and so on).
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PROCESS

- - - - - — -

EVENT

- T P D VS B G G A W D e D . D S - - . - U W ;" S - -

CONDITION

BECOMING {TRUE}
TRIGGERS {FALSE)
BECOMING (TRUE}
TERMINATES (FALSE}
BECOMING (TRUE}
INTERRUPTS {FALSE}
{TRUF}
MADE {"ALSE} BY
TRIGGERS
TERMINATES

IBM360/370/VS/TSO URL USER'S MANUAL

PROCESS
TRIGGERS

TERM INATES
INTERRUPTS
TRIGGERED BY
TERMINATED BY
INTERRIUPTED BY

TRIGGERS
TERMINATFS
INTERRUPTS

ON INCEPTION OF
ON TERMINATION OF

INTERRUPTS

INCEPTION-CAUSES
TERMINATION-CAUSES

TRIGGERED BY
TERMINATED BY
INTERRUPTED BY

- — - - — - D G A - - - - -

CAUSES

CAUSED BY

BECOMING (TRUE)
CAUSES ({FALSE}

{TRUE)
MADE {PALSE} BY

D e et

Table 2.6.1
URL Statements for Describing System-Dyanmics

e
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CONDITION INPUT
PROCESS (TRUE}
MAKES =-- ({FALSE}
TRTIGGERED WHEN TRIGGERED BY
{TRUE} TERM INATED BY
--BECOMES (FALSE} INTERRUPTED BY

TERMINATED WHEN
(TRUE}
--BFCOMFS (FALSE}

INTEREUP TED WHEN

{TRUE}
--BECOMES (FALSE)
, FVENT (TRUE}
; | MAKES =-- (FALSE}
é CAUSED WHEN -- CAUSED BY
; {TRUE}
BECOMES (FALSE) :
o o A g sl | o v ) o s o e G O i o e Il }
CONDITION WHILE * (TRUE} |

| MADE (FALSE} BY

- - = - — " . T = = - - - - - - . - - {

INPOT {TRUE}
MAKFS == (FALSE}

e e R e e T TS

! * comment entry only

Table 2.6.1 (Continued)
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2.6.4 System-Dynamics Common Eguivalents and Usage

As is the case with system size, description of system dynaamics
aspects are often not stated explicitly but are incorporated
into the descriptions of other objects. 1In some cases, this
type of information is presented by decision tables or by
decision blocks in flow charting methods.

Since decision tables present a plan of "action®” based on
conditions and events, they may be given in the PROCEDURFE
statement for the appropriate PROCESS, if desired.

A list of EVENTS TRIGGERING a PROCESS implies that each one of
the EVENTS TRIGGERS the PROCESS. Since an EVENT occurs at an
instant in time, the user should not need to say that a
combination of EVENTS TRICGERS a PROCESS, since this would
require that all the EVENTS occur simultaneously.

Even though there is no way to state explicitly that a
combination of CONDITIONS TRIGGERS a PROCESS, this may easily bpe
handled by defining a new CONDITION to represent the
combination., For example, if PROCESS P1 is TRIGGERED when
CONDITION C1 is TPUE and CONDITION C2 is FALSE, the user may
write:

CCNDITION C3;
TRUE WHILE;
C1 AND NOT C2;

PROCESS P1;
TPIGGERED WHEN C3 BECOMES TRUE;

Any EVENT or CONDITICN that affects the system's operation,
should be defined.

2.6.% System=-Dynamics Qutpu

o

The PORMATTED PROBLEM STATEMENT may be generated to obtain
information about one or more CONDITIONS or EVENTS.

The PROCESS CHAIN report will show structures of EVENTS and
PROCFSSES connected hy TRIGGERS and TRIGGERED BY statements.

2.6.6 System=-Dynamics Completeness Checks

1) Fvery EVENT should be associat=2d4 with at least one
CONDITION or PEOCESS.

2) Every CONDITION should be associated with at least ane
EVENT or PROCFSS. )

3) Every CONDITION should have a TRUE WHILE or a PALSE WHILF
statement.
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2.7 System Architecture

The system architecture description deals with the physical
aspects of an information processing systen.

2.7.1 System Architecture Objects

PROCESSOR - an object that can "“perform™ a PROCESS.

RESOUDRCE = something that the physical elements in the
tirget system consume in order to carry out
information processing functions.

UNIT - an obhject used to measure RESOURCES.
RRSOURCE-USAGF- used to define a measure of the RESOURCF
PARAMETER - usage for a PROCESS.

2.7.2 gystem RArchitecture Relationships

CONSOMES/CONSUMED BY - A RESOURCE may be CONSUMED BY a
PROCESSOR, and a PROCESSOR May
CONSUME an amount of RESOURCE PER
RESOURCE-USAGE-PARAMETER.

PERFORMS/PERFORMED BY = A PROCESSOR may PERFORM a PROCESS,
and a PROCESS may be PERFORMED BY a
PROCESSOR.

MEA SURES/MEASNRED IN = A UNIT™ may MEASURE a RESOURCE, and
a RESONRCE may be MEASURED IN a
UNIT.

PESOURCE=-USAGE/RESDURCE=- A PROCESS may have a RESQURCE=-

TSAGE-PARAMETERP=-VALUE = USAGE-PARAMETER-VALUE associated

with a RESOURCE-USAGE-PARAMETER.

2.7.2 System Architecture Syntax and Semantics

Tha objects and relationships involved in describing system
architecture are shown in Table 2.7.1.

A PROCFSS may have an arbhitrary number of RESOURCE~USAGE=-
PARAMETER ani RESOWRCE-USAGE~PARAMETER-VALUE pairs. (But there
can only be at most one such pair for a particular
RESOURCE-USAGR-PARAMETEFR.) This pair is used to describe the
expected resource consumption by the execution of the PROCESS in
a PROCESSCR independent manner. The CONSUMES statement in the
PROCESSOR section specifies the name and amount of RESOURCES
that are consumed per RESOURCE-USAGE~-PARAMETER of the PROCESS it
performs. This measure is translated to a resource consumption
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value by multiplying the RESOURCF~USAGE=PARAMETER-VALUE with the
resource~consumption-value for the RESOURCE-USAGE-PARAMETER in
the CONSUMES statement of the PROCESSOR. For example, suppose
that there is a PROCESS "P1," and a PROCESSOR "PR1," and that
the FESOURCE in question is "CPU-TIME" (measured in UNIT of
“MICRO-SECONDS"), as in Figure 2.7.1.

RESOIPCE-
USAGE~-
PROCESSOR  RESOUDRCE UNIT PARAMETEEK  PKOCESS
PROCESSOR SUBPARTS CONSUMES CONSTIMES PERFORMS
PART OF PER
RESOURCE  CONSUMFD MEASURED
BY IN
INTT MEASURES
RESCURCE RESOURCE-
USAGE USAGE=-
PARAMETER PARAMETER-
VALUE FOR
PROCESS PERPORMED BRESOURCE-
USAGE

- A YR D D SR D AR W Oh GRS T TR G R TS e R D DD G G G et TS G R AR G WP WP S S D e A S WSS e aPas

Table 2.7.1
System Architecture Relationships

PROCESS P13
RFSOTRCE-USAGE: 100 FOR NO-OF-STATEMENT;

PROCESS P2;
RESOURCE~NSAGE: 200 FOR NO=-OF-STATEMENT

PEOCESSOR PFR1;
PFRPORMS P1;
CONSTMES CPU-TIME AT RATE OF 20 PER NO-OF-
STATEMENTS;

Figure 2.7.1
Example of URL statements for
PROCFSSOR and its RESOURCE-usage.

Here "NO-OF=-STATEMENT" is a RESOURCE-USAGE=-PARAMETER. The
PROCESS called P1 has a value of 100 for this parameter. One
possible interpretation of this statement is that the relative
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difficulty or complexity of the PROCESS is such that it would
take 100 "statements"™ on a hypothetical processor. Other
PROCESSes may he given values for the same RESOURCE-USAGE-
PARAMETER, For example, PROCESS P2, which is considered twice
as difficult or complex, is given the value 200 for this
RESOURCE~US AGE~PARAMETER. Note that the RESOURCE~-USAGE=-
PARAMFTEERE and its value are meant to be PROCESSOR independent.
They are used to record estimation of RESDURCF-USAGE independent
of what PROCESSOR performs the particular PROCESS.

In the PROCESSHOR seaction, tha CONSUMES statement is used to
racord the resource-consumption~-value for a RESOURCE-USAGE-
PARAMETER., TIn the example of Fiqure 2.7.1, 20 is the
resonrce-consumption-value of the PROCESSOGR "PR1" for the
RESQURCE-USAGE-PARAMETEF "“NO=-OF-STATEMENT." "MICRO-SECONDS" is
the name of the NNTT that is used to measure the RESOQURCE called
"CPU=-TINME. "

This statement may he interpreted as saying that the PROCESSOR
"PR1" will consume 20 microseconds of CPU time per "number of
statements" (given in the PROCESS description) whenever it
performs a PROCESS. In this example, 2,000 (100 x 20)
microseconds of CPU time is consumed by PROCESSOR "PR1"™ whenevar

it performs PROCESS "p1," and 4,000 (200 x 20) microseconds for
"?2 - n

Tt is possible to associate more than one RESOUKCE-USAGE-
PARAMETER (and its value) for a PROCESS. It may be used to
allow for the possihility of employing two completely different
types of processors (like a computer and a person) to perform
the PROCESS., In this wav, the decision as to what PROCESSOR to
use for a particular PROCESS may be delayed as necessary and
changing the PPOCESSOR for a PROCESS once it is decided is
2asier. Having more than on2 pair of RESOURCE-USAGE-PARAMETEES
and its value mav also be used to describe resource consumption
independently for more than one resource. Only the resource
consumption value, which has the same RESOURCE-USAGE-PARAMETER
in both PROCESS and PROCESSOR sections, is taken as contributing
to the actual resource consuaption. If there are amultiple
instances 2f such PARAMETERs, the net consumption for a resource
is the sum of all the consuamption values.

The PERFORMS/PERFORMED BY statement is to record the
relationship hetween a PKOCFSS and the PROCESSOR that performs
(i.e., carries out, does, etc.) the PROCESS. A PROCESSOR can
perform more than one PROCESSes, but a PROCESS can be performed
by only one PRNCESSOR,

The MEASHPFS/MTASHRFD IN statement is to define relationships
hetween a UNIT and1 a RESOURCE. A UNIT may measure mor2 “than one
PESOURCE, but a PESCOURCE can be measured only in one UNIT. The
UNTT™ name that appears after the resource-consumption=-value in
the CONSUMFES statement of the PROCESSOR section is optional, bat
if it is given it must be tha correct UNIT name for that
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RESOURCE,

2.7.4 System Architecture Completeness Checks

The completeness checks that can be made for SAF objects are:

1 Every PROCESS should be PERFORMED BY a PROCESSOR and every
PROCESSOR should PERFORM at least one PROCESS. At each
subdivision of PROCESS and PROCESSOR SUBPARTS/PART OF
structure, the PERFORMS/PFRFORMED BY relationships of the
subparts should be consistent with the relationships of the
parent objects.

2) If a PROCESSOPFP PERFORMS a PRCCESS, at least one common
RESOURCE-USAGE~-PARAMETER must be defin=2d for the FROCESSOR
(via CONSUMES statement), and for the PROCESS (via
RESOURCE-USAGE statement) .

3) If a SYSTEM~-PARAMETER is used for RESOURCE-USAGE-PARAMETER=~
VALUR or in the CONSUMES statement of the PROCESSOR
section, it must have a single numerical value.

4y Wvery TNIT should MFASURE at least one RESOURCE, and every
RESOURCE should be measured in a UNIT, and CONSUMED BY at
least one PROCFSSOR.

2.8 Properties

The facilities described in this section are available to aid
all aspects of documentation, communication and analysis. These
facilities also provide open-ended classification systams since
these "qualifiers" may be added at any time and used for
retrieval of parts of the problem statement, They can he used
to describe any of the objects whether in the organization, th2
target system or in the project. They may be used in cases
where the analyst wishes to include some information in the
documentation where no formal syntax is available.

2.8.1 Properties Obijects

SYNONYM - is used to define an alternative name (alias)
for a given named object in the URL dsscription
of the systam.,

KEYWCRD - an object associated to one or more names for
the purpose of selection and analysis.

MEMO - an object which represents text relevant to one
or more other obijects.
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ATTRIBNTE and ATTRTBUTE-VALUE - objects used to describe
characteristics of objects not otherwise
allowed in the lanquage.

SOMNRCF = an obhject which is to he referenced for more
information about an object. Examples of
SOURCES are interview-reports, company
procedure manuals, documents, etc.

SECURITY - an object which identifies what points of the
problem statement may be reviewed by what
individuals.

TRACF=KEY = an obhject which is used to correlate sbijects
which exist in different data-bases.

2.8.2 Properties Relationships

DESCRIPTION
Any object defined in the problem statement may have a
DESCRIPTION, which consists of one or more lines of narrative

text. A DESCFIPTINN is not a URL object and does not have & [URL
name.

SYNONYM

Any tvpe of object may have SYNONYMS and a SYNONYM may be
DESIGNATED for a aiven object.

ASSET

Any object which has a relationship with another object may have
an ASSERT statement. An ASSERT statement asserts that one
ohject must have a particular ATTRIBUTE and ATTRIBUTE-VALUE whan
related to another obiject.

ATT RIBUTES

Any object may have ATTRIBUTES with corresponding
ATTRIBUTE-VALUES.,

KEYWORDS/APPLIES

Any object may have KEYWORDS associated with it and a KEYWORD
may APPLY to any type of object.
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A given object may have any number of ASSERT statements which
relate that object to other objects having particular ATTRIBUTES

and ATTRIBUTF-VALUES,

A given object may have any number of SEE-MEMO statements. A

MEMO, however, may not
APPLY to any number of

An object may have any
APPLY to any number of

An object may have any
APPLY to any numbher of

An object mayv have any

have any SEE-MEMO statements. A MEMO may
named cbijects. :

number of SOURCES and any SOURCE may
objects.

number of SECURITIES and any SECURITY may
objects.

numbhber of TRACE-KEYS and any TRACE-KEY

may APPLY to any number of objects.
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Any Type
of
Object * KEYWORD MEMO ATIRIBUTE
Any Type
of FEYWORD IS SEE-MEMO ATTRIBUTE IS
Nbject *
KEYWCRD APPLIES TO * SEE-MFMO ATTRIBOUTE IS
MEMO APPLTIES TO KEYWORD IS ATTRIBUTE IS
ATTRIBUTE KEYWORD IS SEE-MEMO
ATTRIRBRUTE
| VALUE KEYWORD IS SEE=-MEMO
\ SONRCE APPLIFS TC KEYWORD IS SEE-MEMO ATTRIBUTE IS
SECURITY APPLIFS TC KEYWORD IS SEF-MEMO ATTRIBUTE IS

- - S - — . T S G S e T S - TS e R A s W E M G e W Gn G SR W W e

- . - S . - - " - - - - - - - —— - - - - - - - -

VALUE SQURCE SECURITY  IRACE-KEY IS

Any Type

of ATTR IBUTE IS SOURCE IS SECURITY IS TRACE-KEY IS
Nbiject
KEZYWORD ATTRIBOTE IS SOURCE IS SECURITY IS TRACE-KEY IS
MEMO AZTRIBOTE IS SOURCE IS SECURITY IS TRACE-KEY IS
ATTRIBUTE SOURCE IS SECURITY IS TRACE-KEY IS
ATTRIBUTE
VALOE SOURCE 15 SECURITY IS TRACE-KEY IS
SOURCE ATIRIBUTE IS SECURITY IS TRACE-KEY IS
SECURITY ATTRIBUTE IS SOURCE 1S TRACE=-KEY IS
TRACE=KEY ATTRIBUTE IS SOURCE IS SECURITY IS

* other than XTYWORD, MEMO, ATTIRIBUTE, ATTRIBUTE-VALUE, SOURCE
or SECURITY

Table 2.8.1
JRL Statements for Describing Properties
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2.8.4 Properties Equivalents and Usage

The DFSCRIPTION associated with a given obhject is analogous *to
any text description presented in most documentation methods.
It may contain any tables, charts or fiqures which can be
1isplayed by the output device.

A 'RL SYNONYM has the same meaning as commonly used. Its two
major uses in URL are:

1) To reduce the number of characters used in specifying the
problem statement. This can be accomplished by assigning a
very short SYNONYM to each user defined name as it is
defined.

2) To allow different problem definers to reference the same
| object by different names. !

REYWORDS may be used to logically group several objects for
retrieval and analysis purposes, For example, to generate URA
reports for only those PROCESSES which were to run in batch
mode, each of the PROCESSES could have the following KE YWORD
statement:

KEYWORD: BATCH ;

Using the KEY= facility in the NAME-GEN command, all the
PROCESSES with a KFYWORD *BATCH' could be retrieved. Any
desired outputs could be proiuced by URA at this point.

ATTRIBUTES may also be thought of as qualifiers. For 2xample,
to present mode and length information about an ELEMENT, the
following ATTRIBUTFS statement might be used:

ATTRIBUTES: MODE NUMERIC,
LENGTH 8

The ATTRIBUTE statement can be used to fill any number of
requirements for specifying characteristics of objects. For
PROCESSFS, processing mode, duration might be given; for INPUTS
and ONTPOTS, format or size might be given; etc.

The ASSERT statement may be used to present more information
about an existing relationship. For example, if:

PROCESS: get-names DFRIVES name USING number;
an appropriate ASSERT relationship would be:
ASSERT name type char, number type integer;
TRL provides the facility in KEYWORD and ATTRIBUTE statements

for the classification of objects by a criteria which can be
defined and expanded as the project progresses. The additional
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information can be added at any time during the project without
disturbing the 2ata gathered up to that point.

SECURITY and SOURCE refer to the definition of the objects, not
to the security of data or source of data in the target systenm.

The TRACE-KEY statement is used to correlate objects contained
in different data-bases. The security level in a logical system
desiqn data base and a security level number in a physical
system design data-base may both have the statement:

TRACE-KEY: security-level-key;

2.9.5 Propertiss Qutputs
The DICTIONARY report presents SYNONYES, the DESCRPITION and
KEYWORDS for each name given as input.

The NAME-GEN command can retrieve all names with a particular
KEYWORD value by using the KEY parameter. Reports may then be
generated for the selected names by utilizing the default
facilities of MRA,

The ATTRIBUTE report presents information about ATTRIBUTES in
the problem stitement by presenting those objects the particular
ATTRIBUTES are associated with and corresponding
ATTRIBUOTE~-VALUES.

2.8.6 Properties Completeness Checks

None of the properties are "necessary" for a complete
description. It is up to the organization to impose any
requirements for what type of properties are to be incorporated
in the documenation.

However, every property object defined should be used at least
once,

1) Fvery KEYWORD should APPLY to at least one object.
2) Every ATTRIBOTE should APPLY to at least one object.
3) Every M®EM) should APPLY to at least one object.

4) Fvery SOIMRCE should be the source for at least ona object.

5) Fvery SSCURITY should be referenced in at least one object.

6) Every TRACE-KZY should be referenced by at least one
obdject.

2.9 Project Management

A1l object and statement facilities in URL/URA, which are
intended to improve organization and management within the
prcject and present information about the project describing the
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system, is referred to as Project Management.

2.9.1 Proje

PRCBLEM~DEF INFR = an object responsible for the URL
description of one or more of the objects
being described. Usually, the URL names
will be the name of a person in the form
normally used in the organization.

MAILBOX - an object which identifies an address by
which information may be sent to a
particular PROBLEM-DEFINER. In time
sharing systems, which provide such a
service, the MAILBOX would he the
PROBLEM-DEFINER's ID.

2.9.2 Project Management Relationships

RESPONSTIBLE-PROBLEM~DEFINER /JRESPONSIBLE FOR

A PFOBLEM-DEFINER may be RESPONSIBLE for tha description of any
other object, and any object may have a
RESFONSIBLE-PROBLEM~-DFFINER,

MATILBOX /APPLIES

A PROBLEM-DEFINER may have a MAILBOX and a MAILBOX may APPLY to
a PROBLEM-DEFINER.

X a

3
®
)
[+
=
ct+

=

10
n

2.9.3 Project Management Syn

The objects and relationships involved in describing the project
management aspect of a system are shown pictorially in Figure
2.9.7 and in tabular form in Table 2.9.1,

The RESPONSIBLE-PROBLEM-DEFINER statement implies that the given
PROBLEM~DEFINER accepts  ,responsibility for the URL description
of the designated object: it is assumed that any questions
concerning this description can be handled by the
PROBLEM=-DEFINER. A given object may have only one

RES FONSBILE-PROBLEM-DEPINER, btut a PROBLEM-DEFINER may be
RESPONSIBLE for many obfject descriptions.

A PROBLEM-DEFINZER may have only one MAILBOX, but a MAILBOX wmay
APPLY to any number of PROBLEM-DEFINERS.
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; {0Objects other| RFSPONSYBLE- | | | !
{than MATILBOX,|PROBLEM=DEFINER=>] FROBLEM-| MAJLBOX IS=>| MAILBOX|{
| PROBRLENM I<-RESPONSIBLE FOR|DEFINER |<~§PPLIES T0 | |

{ DEFINER ! | ! | |
b e, ————— + trr e —— + L it 3

Fiqure 2.9.1 3L Statements for Cescribing Project Managerment

0ther Obijects o
Except Problem Problem
Definer Definer Mailbox
Other Objects RESPONSIBLE-
PROBLEM~-
DEFINER
Problem Definer RESPONSIBLE FOR MAILBOX IS
Mai iltox APPLIES TO

Table 2.9.1
NRL Statem=ants for Describing Project Managenment
]

Management Commopn Essix!l__‘enit.-‘; and Usage

The meaning of these terms are the same as those in coamon use.
These statements are intended to help the project management.
The implementation (i.e., their use in a particular project)
depends on the particular situation and the standards in use in ;
the organization. i

2.9.4 project

2.9.5 Project Management OQutputs

Information relevant to proj2ct management can be presented in a
FORMATTED PROBLEM STATEMENT for appropriate PROBLEM=-DEFINERS and
MAILBCYES.

The CATA BASE STMMARY report gives the number of each objects of
each type that have been defined, and how many have SYNONYMS and
DESCRTPTIONS. This report can be used by the project leader to
review the degree of progress in the project.

- ——— . ——— - —— _——=aa

1 Fvery PROBLEM-DEFINFR should be RESPONSIBLE for at least
one object.
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2) Every obhject should have one and only one
RESPONSIBLE-PROBLEM-DEFINER.

3) Every MAILBOX should APPLY to at least one PROBLEM~DEFINER.

4) Every PROBLFM~-DEFINER should have a MAILBOX.

3'e DRL SYNTAX AND SEMANTICS BY TYPE OF OBJECTS

The full and detailed syntax of URL is contained in Pact II of
this document. There, Section 3 contains a summary of the
statements in each section with the sections in alphabetical
order. Section 4 contains the description of each statement.
Within a section, statements appear in alphabetical orler by
statement name.

In this section the Sections and Statements are present=d in a
dif ferent order. The paragraphs following each statement
describe the statement and give the syntax for each statement
and an example of their usage,

i As in Section 2, the explanations of URL statements include
three levels of precision:

T T

"must" - denotes that this is checked by URA and not
entered into the data-base unless correct.

i "should" - denotes that this is not checked by URA before
] stored in the data-base but is necessary for a
1 comfrlete description of the target system.

] Some of these "cowupleteness" checks are made
when producing URA reports and varning messages
are produced, Others can he made by the
analyst using URA reports.

“implies" - jenotes the semantic meaning of the statement.
and This is not checked by URA nor necessary for a
"may" complete description. Interpretation is to be

decided by the Problem Definer and
organization.

The URL reserved word in parentheses after the syntax notation:
for a statement, specitfies an acceptable abbreviation for the
long form of the statement's reserved word(s).

The word "section" is used in URL to denote a number of

statements and in this paper to denote a number of paragraphs. .
To avid confusion, the fist le*ter will be capitalized when

referring to a URL Secticn.

3.1 Order of Presentation

3.1.1 order of the Sections
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The rest of Sectiorn 3 specifies the complete syntax of the
statements for <ach URL Section. The URL Sections are present2d
in the order shown in Table 3,1.

3.1.2 order of Statements Within a Section

The facilities of UFL to state an information processing problenm
have heen described in section 2 in order by a sequence of
dif ferent aspects. The particular sequence chosen is a natural
one in which to learn the lanqguage. It is also a natural one
when the problem is being defined in top-down fashion. 1In this
section, within each URL Section description, the corresponding
URL statements are ordered according to the aspect of the systaenm
description to which the Statements apply. The aspects of the
system description are given in the following order:

System Flow g

System Structure

Data Structure

Data Derivation
é System Size
System Dynamics
System Architecture
System Proverties
B Prcject Management

Since System Property and Project Management statements can
appear in almost every section, they are given only once in 3.2.

Regardless of the order in which statements are enterel into the
NTRA data-base, they appear in the FORMATTED PROBLEM STATEMENT in

a standard order. The order is essentially that followed in
section 2 and summarized in Table 3.1. (The order in which the
sections (i.e., the types of objects) appear in the report is

the one in which the types of objects were listed in the file

used as the input to the NAME-GEN command and to produce the %
FORMATTED PROBLEM STATEMENT.)
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INTERFACE or RFAL-WORLD=ENTITY
INPUT
ONTEQT
ENTITY
SET
RELATION
GROUFS and FLFMENTS
PROCFSS
INTEFVRL
CONDITION
FVENT
PROCESSOR
RESCUFRCE 3.15
RESOURCE=-USAGF=-PARAMETER 3.16
UNIT 3.17
PROBLEM=-DEF INER 3.18
MEMC 3.19
DEF INF 3.20
ATTRI BUTE
ATTRIBUTE~- VAL UE
CLASSIFICATION
KEYWORD
MAILBOX
SECURITY
SCURCE
SUBSETTING-CRITERION
SYSTEM-PARAMETER
TRACE~KEY
DES IGNATE 3.2%
S YNONYM

S L0V E W

L ]
-t - D
FWNa0

Wwuwuwwwuwwwwww

Table 3.1 Order of URL Section

3.2 Statements Permitted in Alpost Every URL Section

The OURL statements that may be allowed in a given URL Section
are dependent on the types of objects defined by the section
header. Where it is illogical to say that an ELEMENT USES a
PROCESS, to state that a PROCESS USES an ELEMENT would be
allowed.

There are, however, the URL statements related to Systea
Properties and Project Management that can be used within almost
any Section. These statements are described in this subsection.

SYNONYMS are alternative names, or abbreviations, that may be
used to reference a particular object name. SYNONYHS must be
unqgive within the problem statement, though an object can have
any number of SYNONYMS.
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Syntax:

‘ SYNINYMS (SYN) s —es
(list of synonym names)

Example:

For a long name like "departments-and-employees," it may be
easier to reference it by specifying short synonyms:

SYNONYMS: dept-emp, de;

3.2.2 DESCRIPTION Statement

The DESCRIPTTON statement allows the problem definer to specify
information about an object in a narrative format. Thare are no
restrictions on what is allowed in the narrative description
except that a semi-colon cannot be used inside since it is used
to denote the end of the statement. Any number of DESCRIPTION
statements may be given for an object, but all are combined into
one DESCRIPTION. Any subsequent DESCRIPTIONS are concatenated
to the current DESCPIPTION.

Syntax:

DESCRIPTION (DESC);

——— — — ——————————— T — . ———— - —— - -

’
(narrative description)

Example:

To describe the highest level PROCFSS in the system being
described, the following DESCBIPTICUN statement may be
applicable:

——T

DESCRIPTION;

This is the highest 1level process. It accepts all input to the
system and produces all outputs. H

3.2.3 KEYWORD Statement

The KEYWORD statement can be used to logically relate asbject
names together for retrieval and subsequent analysis purposes.
An ocbject may have any number of KEYWORDS.
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Syntax:
K®EYWORD (KEBY) ____ ___ . __ _ias
; (list of keyword names)
Fxarple:

The following statement may bhe used to identify particular
PROCESSES as lowest-level processes:

KEFYWORD: TERMINAL;
All PROCESSES with the KEYWORD "TERMINAL" can be subsegjuently

retrieved together and analyzed in available URA reports.

3.2.4 ATTRIBUTES Statement

ATTRIBUTES are used to state specific characteristics of given
objects. The ATTRIBUTE name designates the name of the
characteristic and the ATTRIBUTE-VALUE, the value or magnitude
of this characteristic. The ATTRIBUTE-VALUE may be either a URL
name or an integer,

An object may have any number of ATTRIBUTES. A given ATTRIBUTE
can refer to any number of objects not necessarily of the same
type.

Syntax:

ATTRIBUTES (ATTR)

-—— — ’

attribute name attribute-value name
e s i A b e i e e ”
attribute name attribute-value name
= et H
attribute name attribute-value name

Example:

To specify that a particular data element is numeric field of
langth six, the following statement may be used:

ATTRIBUTES: TYPE NUMERIC,
LENGTH SIX

3.2.% ASSERT Statement

The ASSERT statement allows the Problem Definer to assert that
one object must have a particular ATTRIBUTE and ATTRIBUTE=-VALUE
wvhen related to another object. An object may have a number of
ASSEFT statements.

PAFT I USER REQUIREMENTS LANGUAGE MANUAL
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Syntax:

ASSERT (ASRT)

and attribute-values)

Pxample:

If PROCESS get-name DFRIVES name USING number,

an appropriate
ASSEFT statement would be:

ASSERT: name type char,
numher type integer;

1,2.€ PESPONSIBLE-PROBLEM-DEFINEF Statement

The PRESPONSIBLE-PROBLEM~DEFINER statement specifies that one
problem definer person.is responsible for initial preparation
and/or maintenance of an object description. Only one problem

definer may be delegated responsibility for a given Section, but

mav te responsible fcr more than one Section.

Syntax:

RESPONSIBILE~-PROBLEM-DEFINER (RPD)

(name of responsible-
problen-definer)

Txamples

To specify that Michel Bastarache is responsible for the URL
description for a particular object, state:

RESPONSIRLF-PROBLFM~-DEFINER MICHEL-BASTARACHE;

in the URL Section for that object.

o S . ——— ———— ————— —

The SEE-MFMO statement allows a description common to several
objects (and available in a MEMO's DESCRIPTION) to be
ref erenced, This statement may occur any number of times for a

given obdject,
Syntax:

SEE=MFMO (SY)

(list cf memo names)

*xample:

To refer to a particular MEMO on programming conventions
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relevant ta> the description of low %evel PROCESSES, the
follewing may be given:

SFE-MFMO: PROGRAMMING-CCNVENTIONS;

3.2.8 SQURCE Statement

mhe SOURCE statement identifies information not ~-...in=23 J34hin
. v - et S
the system documentation that is reiava .o the understanding

of the system. The SOUNRCF %35 pe a pegéon, a document (such as
a practice or guideline), sts. Any pumber of SOURCES aay be
rolated to an object.

Syntax:

SOYRCE (SRC) h

- ———— ——— O ——————

(list of source names)

Zxanrple:

To make reference to a paper written by Constantine:
SOUFCE: CONSTANTINF:

™he MRL description of the SOURCE name, CONSTANTINE, would

probtably specify relevant information such as name of paper,
Aate published, etc.

3.2.9 SPCURITY Statement

The SECURITY statement specifies the level of security
associatel with a given object's URL description. Any number of
SRCUFITIES may be related to an object.

Syntaxs

SECURITY (SEC) ;

(List of security names)

mxample:

™o specify that the UPL description for a given object may only
he viewed by company personna2l, the following statement may be
usads

SECURITY: COMPANY;

3.2.10 TRACE=KFY Statement

A TRACF-KEY is used to correlate chjects which exist in
Aif ferent data-bases, An object may have several TRACE-XEYS.
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Syntax:

TRACE-KEY (TKFY) _ .

(list of trace-key names)

"xample:

The security level in a logical system design data~base and a
security level number in a physical system design data-base may
both have the statement:

TRACE-KEY: security-level=key;

3.3 INTERFACE Section
REAL-WORLD=-ENTITIFS or INTERFACES are named objects, outside the
target system, that interact with the system being described.

If the system being described was a payroll system, one possible
INTERPACE would be the employees paid by the system. They could
ha, in one sense, the customers of the systen.

INTEFFACE (INTF)

(list of interface names)

3.3.1 System-Flow Statements for INTERFACES

o —— A ———

The RFCEIVES statement is used to specify that the INTERFACE
accepts information (OUTPUTS) from the target systenm.

RECEIVES (RCVS)

(list of output names)

The GENERATES statement is used to specify that the INTERFACE
produces information (INPUT) which is used by the systen.

GENERATES (GENS)

(list of input names)

The RESPONSIBLE statement specifies that an INTERFACE has the 2
responsibility of maintaining information (SETS) within the
target systenm.

RESECNSIBLE (RESP)

(list of set names)

To insure completeness of the problem statement, the problem g
definer should check that every INTERFACE either GENERATFS some |
INPOT, RECEIVES some OUTPUT or is RESPONSIBLE for some ST®T,

An INTERPACE, therefore, can interact with the systenm only

through RECEIVING OUTPUTS, GENERATING INPUTS or being
RESPCNSIBLE POR SETS. 1In particular, it is not possible to
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describe any processing performed in the INTERFACE. If, in the
systemn description, it is necessary to describe processing in
the INTERFACF, then it should be designated as a PROCESS instead
of an INTZRFACE. See section 4.1 on system boundaries.

3.3.2 System=Structure Statements for INTERFACES

An INTFRFPACFE may be part of one, and only one, larger INTERFACE,
and it may have any number of subparts that are also INTERFACES.

PART = H
(interface name)

SURPARTS (SUBP)

——— -

(list of interface namesf
These statements parmit organization structures to be specified.

This can be used to obtain, from URA, descriptions of the systea
as seen from a particular part of the organization.

3.3.2 Data-Derivation Statements for INTERFACES

In the target system, an INTERFACE may have the right to access
information of certain classifications and categories.

SECURITY=-AZCESS=-RIGHT (SAR) . Szt
(list of classification names
optionally followed by

classification levels)

3.3.4 Proiject-Management Statements for INTERFACES

The PRSPONSIBLE-PKROBLEM=-DEFTNER statement may he used in this
Section. Description and syntax of this statement are given in
section 3.2,

3.3.5 System=-Properties Statements for INTERFACES

The SYNONYMS, DESCRIPTICN, SEE-MEMO, KFYWORDS, ATTRIBOTES,
ASSERT, SFCTRITY, SOURCE and TRACE-KEY statements may be used in
this Section. Description and syntax of these statements are
given in section 3. 2.

TNPUIS are information that is produced (GENERATED) by
INTERFACES and that is brought into (RECEIVED BY) the target
system.
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INPUT (INP) .

—————— o ——— -

(list of Eﬁput names)

The name of th2 INPUT can be considered as the name attached to
either the collection of data values or the physical medium on
which the data values are recorded, i.e., the carrier of the
data values, or to both.

3.4.1 System=-F1

=L O

Statements for INPUTS

The names >f the IMTERFACES providing the INPUT are given in the
GENFFATED statement.

SENERATED BY (GEND)

(list of interface nanmes)

The object in the system which accepts the INPUT is given in the
RECEIVED BY statement:

RECEIVFD BY (RCVD)

(list of process names)

These statements refer only to the logical collection of data
elements value, and provide a way of stating where the INPUT
comes from and what PROCESS must accomplish whatever is
necessary to "accept" it. All operations on the data element
values must be specified separately in the definition of the
PROCESS.

Every INPUT should ba GENERATED by at least one INTERFPACT and
RECEIVED by at least one PROCESS.

3.4,2 System-Structure Statements for INPUTS

An INPOT may be part of one, and only one, larger INPUT, and it
may have any number of subparts that are also INPUTS.

PART S -
(name of input)

SUBPARTS (SUBP)

(1152 of input names)

These statements allow definitional structures (grouping INPYTS
together to call them by a single name) and high level data
structures to he specified. The lowest level of INPUTS normally
will be used for physical documents, messages, cards, etc., that
flow into tha system.

™o describe a collection of INPUT occurrences (SET of INPUTS),
the CONTAINED statement may be used to relate INPUT'S to SETS.
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CONTAINED (CN™D) v

(list of set names)

This SET can then be used in further statement of requirements.
This might be used, for example, to describe a batch of inputs
such as time cards which are to be treated as a unit for
processing.

An INPUT can he contained in any number of SETS.

3.4.3 Data-Structure Statements for INPUTS

The data (GROUPS and ELEMENTS) whose values appear on an INPUT
are defined via the CONSISTS statement. Each data name used in
the statement can he optionally preceded by a SYSTEM-PARAMETEE
to define the number of occurrences of the data value that may
appear on the INPUT, The CONSISTS statement only specifies tha
data on the INPUT and implies nothing about format.

CONSTSTS (CSTS) ___ L :
(list of group and element
each name optionally

presented by a system-parameter.)

A complete nroblem statement should have all INPUTS (which do
not have SNBPARTS statements) broken down into SROTPS and
ELEMENTS.

The USED statements specifies those PROCESSES which use the
information available in the INPUT,

NsSTD

.

(list of rrocess names)

This implies that at least one piece of data (GROUP or ELEMENT)
on the INPUT is being USED. To specify the manner in which th2
INPUT is used more precisely, the DERIVE or UPDATE clause may be
used ir conjunction with the USED statement.

USED BY e
(list of process names)
TO DERIVE (DRV) ______ e
(lList of element, group, entity,
set and output names)
USEP BY

—— — ———— — ——— - ———

(list of process names)

™ UPDATF (UPD)

PART T USER REQUIREMENTS LANGUAGE MANUAL




e |

IRM360/370/VS/TSO URL USER'S MANUAL 135

(list of element, group,
entity and set names)

An INPUT may be USED by any number of PROCESSES. Every INPOT
should be used by at least one PROCESS.

The CLASSIFICATION of an INPUT may be specified with the
CLASSIFPICATION statment:

CLASSIFICATION

(list of cIassfication names,
each optionally followed by
a level number)

Any FROCESSES or PROCESSORS that use the INPUT must have
SFCURITY=-ACCESS-RIGHTS that match the classification of the
INPOUT.

3.4.5 System=Dynamics Statements for INPITS

More than sne individual instance of an INPUT may occur over
some period of time. The number of instances of the INPUT that
occur over time is stated through the HAPPENS TIMES-PER
statement:

HAPPENS (HAP)

(system-parameter)

TIMES-PER (TIMD)

-s

(interval name)

i o

Zvery INPUT should have a HAPPENS statement. An INPUT can have
only one HAPPENS statement,

The arrival of an TNEUT may affect the processing currently
being performed, or it may initiate new processing. This is
described via the TRIGGERS, TERMINATES and INTERRUPTS
statements:

TRIGGERS (TRGS) .

(list of process names)

TERMINATES (TRYS)

(list of process names)

INTERRUPTS (INTS)

(list of process names) !

The arrival of an INPUT may also cause an EVENT or set the value
of a CONDITION,

CAUSES (CSS)
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MAKES (MAK) _ TRUE (T) ;
(List of condition names)

MAKES (MAK) o FALSE (F);
(list of condition names)

An INPUT mav or may not bhe involved in any system dvnamics
relationships.

3.4.6 Project-Management Statements for INPUT

The RESPONSIBLE-PROBLEM-DEPINER statement may be used in this

Section. Description and syntax of this statement are given in
section 3.2

3.4.7 System-Properties Statements for INPUTS

The SYNONYMS, DESCRIPTION, SEE-MEMO, KEYWORDS, ATTRIBUTES,
ASSERT, SECURYTY, SOURCE and TRACE-KEY statements may be used in
this Section. Description and syntax of these statements are
given in section 3. 2.

3.5 CUTPUT Section

ONTPUTS are information that is produced (GENERATED) by the

target system (PROCFSSES within the system) and that goes to
{are RECETVED BY) INTERFACES,

OnTPUT (OUT)

.o

(List of output names)

The name of the OUTPUT can b2 considered as the name attached to
either or the collection of data values or the physical medium
on which the data values are recorded, i.e., the carrier of the
data values or to both.

]

3.5.1 System-Flow Statements for CUIPUTS

The names of the PROCESSES producing the OUTPUT are given in the
GENFRATED statement.,

GENERATED BY (GEND) )

- ’

{list of process names)

The INTERFACES which accept the OUTPUT are given in the RECEIVED
BY statement:

RPECEIVFD BY (RCVD)

(list of interface names)
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These statements refer only to the logical collection of data
elements values, and provide a way of stating what PROCESSES
must produce the OQUTPUT and where it must be transmitted to.
All cperations on the data element values must be specified
senarately in the 1efinition of the PROCESS.

Every OUTPUT should be GENERATED by at least one PROCESS and
RECEIVFED by at least one INTRRFACE.

3.5.2 System-Structure Statements for QUTPUTS

An OUTPUT may be part of one, and only one, larger OUTPUT, and
it may have any number of subparts that are also OUTPUTS.

PART gl 1 H
(name of output)

STUBPARTS (S TUBP)

.o

(list of output names)

These statements allow definitional structures (grouping OUTPUTS
together to call them a single name) and high level data
structures to he specified. The lowest level of OUTPUTS
normally will be used for physical documents, messages, cards,
etc., that flow out of the systenm.

T™o describe a collection of OUTPUT occurrences (SETS of OUTPUTS)
the CONTAINED statement may be used to relate OUTPUTS to SETS.

CONTAINED (CNTD) __ 0 .
(l1ist of set names)

This SET can then he used in further statement of requirements.
This might be used, for example, to describe a batch of outputs
that are to bhe produced as a unit.

An OUTPUT can be contained in any number of SETS.

3.5.3 Data=Structure Statement

<
- —z -

f£or QUTPUTS

The data (GROUPS and ELEMENTS) whose values appear on an OUTPUOT
are definedl via the CONSISTS statement. Each data name used in
the statement can be optionally preceded by a SYSTEM=PARAMETER
to define the number of occurrences of the data value that may
appear on the OUTPUT. The CONSISTS statement only specifies the
data on the O0UTPUT and implies nothing about format.

CONSISTS (CSTS)

(list of group and element names,
each name optionally preceded by
a system parameter)
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A complete problem should have all QUTPUTS that do not have
SUBPARTS statements broken down to GROQUPS and ELEMENTS.

The CLASSIPICATION of an OUTPUT may be specified with the
CLASSTFICATION statment:

CLASSIFICATION

(List of classification names, each
optionally followed by a level number)

Any PROCESSES or PROCESSORS that use the OUTPUT must have
SECTRITY-ACCESS~-RIGHTS that match the classification of the
ouUTeNT.

- mm e amme -

The DEPIVED statement specifies those PROCESSES that derive sone
information presented on the QUTPUT.

DERIVED (DRVD)

e

(list of process names)

This statement implies that at least one piece of data (GROUP or
ELEMENT) on the ONTPUT is DERIVED.

To specify more precisely how the ONUTPUT is derived, the USING
clause may be used in conjunction with the DERIVED statement.

NERIVED BY (DRVYD)

(list of process names)

USING

(iist of input, set, entity, group
and element names)

3.5.5 System=-Dynamics Statements for QUTPUTS

More than one individual instance of an OUTPUT may occur over

some period of time. The number of instances of the OUTPUT that
occur over time is stated through the HAPPENS/TIMES PER
statement:

HADEFNS (UAP)

(sygtem-parameter)

TIMES=PER (TIMP)

?zntervzl name)

“very OUTPUT shoull have a HAPPENS/TIMES statement. An OUTPUT
can have only one HAPPENS statement.
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3.5.6 Project-Management Statements for OUTPUTS

The RESPONSTIBLE-PROBLEM-DEFINER statement may be used in this
Section. Description and syntax of this statement are given in
section 3.2.

3.5.7 System-Property Statements for QUTPUTS

The SYNONYMS, DESCRIPTION, SEE-MEMO, KEYWORDS, ATTRIBUTES,
ASSERT, SECURITY, SOURCE and TRACE~KEY statements may be used in
this Section. Description and syntax of these statements are
given in section 3. 2.

3.6 ENTITY Section

An ENTITY is a collection of information manipulated (USED,
DERIVED and UPDATED) by the target system. An ENTITY differs
from an INPUT or OUTPUT in that it is information maintained
entirely internal to the system and can never cross the system
boundaries (i.e., be GENERATED or RECEIVED).

INPUTIS, OUTPUTS and ENTITIES are similar constructs, though only
ENTITIES can be logically connected through RELATIONS.

ENTITY (ENT)

In many applications. the usage of ENTITIES is synonymous with
logical records. For example, if an employee payroll processing
system were being designed, the information needed about
salaried and hourly employees might be stored on records which
would be defined as ENTITIES.

3.6.1 System Structure

To describe a collection of ENTITY cccurrences (sometimes also
called a file) the CONTAINFD statement may be used to relate
ENTITIES to SETS.

CONTAINED (DNTD)

(list of set nanmes)

This SET can then be used in further statement of requirements.
This might be used, for example, to describe a file of employee
records which are to be treated as a unit for processing.

— —— - ———— — - —— ——— - — -

The data (GROUPS and ELEMENTS) whose values appear in an ENTITY
are defined via the CONSISTS statement, Each data name used in

PART I USER REQUIREMENTS LANGUAGE MANUAL




IBM360/370/VS/TSO URL USER'S MANUAL 140

the statement can be optionally preceded by a SYSTEM~-PARAMETER
to define the numher of occurrences of the data value that may
apopear on the ENTITY.

The CONSISTS statement only specifies the data on the ENTITY and
implies nothing about its format.

CONSISTS (CSTS} __ ... . ’

optionally preceded hy a system parameter)

A complete problem statement should have all ENTITIES broken
down to GROUPS and FLEMENTS.

To specify that each ENTITY occurrence may be uniquely

identified by one or more keys, the IDENTIFIED statement is
used.

IDENTIFIED (1IDD)

(List of group and element nausg)

The RFLATED statement specifies a logical connection between two
ENTITIES,

PZLATED (REL)

<
-
b

-t

(name of relation)

This implies that given one of the two ENTITIES, information
from the other can be found.

3.6.3 Data-Derivation Statements for ENTITIES

The USED statement specifies those PROCESSES which use the
information availahle in the ENTITY.

JSED

(List of process names)

This statement implies that at least one piece of data (GROUP or
ELRMENT) in the FNTITY is being USED.

To specify the manner in which the ENTITY is USED more
precisely, the DERIVE or UPDATE clause may be used in
con junction with the USED statment,

NSEC BY

(list of Srocess names)

TO DERIVE (DRV)

(l1ist of element, group, entity
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set and output names)
or "SED by a PROCESS to UPDATE data:

USED BY ___

(Iist of process names)

. ' TO UPDATE (UPD)

j (list of element, group,
| entity and set names)

The DERIVED statemant specifies those PROCESSES which derive
some information presented in the ENTITY.

DERIVED (DRVD)

-

(list of process names)

This statement implies that at least one piece of data (GROUP or
ELEMENT) in the ENTITY is DERIVED. To specify the manner in
which the ENTITY is derived more precisely, the USING clause may
be used in conjunction with the DERIVED statement.

; DEPIVED BY (DRVD)

- ————

(115? of process names)

MSING

(list of element, group, entity,
set and input names)

The UPDATED statement specifies those PROCESSES that modified
some information presented in the ENTITY.

1 TPDATED (UPDD)

-e

(list of_process names)

This statement implies that at least one piece of data (GROUP or
FLEMENT) in the ENTITY is UPDATED.

To specify more precisely the manner in which the ENTITY is
updated, the USING clause may be used in conjunction with the
UPDATED statement,

"PDATED BY (UPDD)

(list of process names)

; USING

(list of element, group, entity,
set or input names)

Every FNTITY defined should bhe USED, DERIVED or UPDATED by at
least one PROCESS.

The CLASSIFICATTION of an ENTITY may be specified with the
CLASSIFICATION statement:
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CLASSIFICATION

(Iist of classification names,-each
optionally followed by a level number)

Any PROCESSES or PROCESSORS that use the ENTITY must have
SECURITY-ACCESS~-RIGHTS that match the classification of the ,
ENTITY.

3.6.4 System=Size Statements for ENTITIES

The CAEDINALITY statement specifies the maximum number of
occurrences of a particular ENTITY in the target system at any
time,

CARDINALITY (CARD) ____ _____ - e ARSE
(system parameter)

Every ENTITY should have a CARDINALITY.

3.6.5 System-Dynamics Statements for ENTITIES

The VOLATILITY statement specifies the manner in which an ENTITY
changes over time. Since there are many different ways in which
an ENTITY may be changed, this information is entered via a
comment entry., The type of information specified in this
statement might bhe the number of times a particular ENTITY
occurrence would he updated in a given time interval, how often
ENTITY occurrences would be deleted, and often created, etc.

VOLATILITY (VOL);

(Eomment entry)

Every ENTITY should have a VOLATILITY.

3.6.6 Project-Management Statements for ENTITIES

The RESPONSIBLE-PROBLEM-DEFINER statement may be used in this
Saction. Description and syntax of this statement are given in
section 3.2.

3.6.7 System=-Propertiss Statements for ENTITIES

The SYNONYMS, DESCRIFTION, SEE-MEMO, KEYWORDS, ATTRIBUTES,
ASSERT, SECURITY, SOURCE and TRACE-KEY statements may be used in
this Section. Description and syntax of these statements are
given in section 3. 2.
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3.7 SET Section

A SET is a collection of one or mcre ocurrences of objects that
contain or carry data values. A SET may represent a collection
of ENTITIES, INPUTS, or OUTPUTS, but not a combination of these
obiect types. That is, a SET cannot consist of both INPUTS and
ouT PUTS.

SET

(list of set names)

Where ENTITIES may be thought of as logical records, a SET may
be thought of as a logical file, Tn any case, a SET should be
us=2d according to the algebraic sense of the word "set,"

3.7.1 System-Flow Statements for SEIS

The RESPONSIBL7=-INTERFACE statement specifies those INTERFACES
that have the responsibility of maintaining the information in
the SET.

RESFONSIBLE-INT ERFACE (RINT)

e

(list of interf;ce names)

Every SET should have at least one responsible INTERFACE.

3.7.2 System=Structure Statement

—— i -— —— —

for SEIS

The SUBSETS and SUBSET statements specify the manner in which a
particular SET is related (in the algebraic sense, again) to
other SETS in the target system.

A SET can be a SURSFT of a larger (or equivalent size) SET:

SUBSET (SS5T) 3

———— o ——— —— ————— ———

(list of set names)

A SET can also have a number of SUBSETS:

SUBSETS (SSTS) *LS :
(l1ist of set names)

For example, a data-base may be defined to describe all the
information maintained by the target system. The data-base may
be defined to be a SET. Smaller collections of data in the
data-base such as files, etc., would then be defined as SUBSETS
of the Adata-base,

The SUBSETTING-CRITERIP statement specifies what data determines
how a SET is to be subsetted.

SUBSETTING=CRITERIA (SSCA) ;
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(l1ist of subsetting-criterion,
element, and group names)

If a SET has SUBSETS, its SUBSETTING-CRITERIA should be defined
also.

The CONSISTS statement specifies the data contained in the SET
and, optionally, the number of occurrences of this data in the
SET.

CONSISTS (CSTS)

output names, optionally
preceded by system~
parameters)

Every SET should CONSIST of at least one ENTITY, INPUT, orc
ONTENT.

?.7.4 Data-Derivation Statements for SETS

The USFD statement specifies those FROCESSES which use the
information available in the SET.

USED

—— ———— — —— - S ——

(lList of process names) K

This implies that some data within the SET is being USED.

To specify the manner in which the SET is USED more precisely,

the DEFIVE or NTPDATE clause may be in conjunction with the USED
statement.

USED BY

(list of grocess names)

TC DFRIVE (DRV) _ e bl —

(list of element, group,—entity,
set and output names)

or DSED by a PROCESS to UPDATE data:

NMGED BY=w=ewecccecca~= crmem s e mccr - ———

(list of process names)

TO UPDATE (UPD)===mmmmmmeen e T T

(list of element, group, entity,
and s2t names)

The DFFIVED statemant specifies those PROCESSES which derived
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some information presented in the SET.

DEPIVED (DRVD) ~=mm= = emme e emm e e e e et
(list of process names)

This statement implies that at least one piece of data (ENTITY
or OUTPOUT) in the SET is DERIVED. To specify the manner in
which the ENTITY or QUTPUT is derived more precisely, the USING
clause may be used in conjunction with the DERIVED statement,.

DFRIVED BY (DRVD)

————————— o —— -— ———

(list of process names)

PSTING==== == s e e e e e e e e e mc————————

(list of element, group, entity,
set and input names)

The NPDATED statemant specifies those PROCESSES that may modify
informa tion in the SET,

IPDATED (UPDD)

(list of process names)

‘This statement implies that at least one piece of data (ENTITY)
in the SET is MPDAEED,

To specify more pra2cisely the manner in which the SET is
undated, the TSING clause may be used in conjunction with the
UPDATED statement,

MPDATED BY (1UPDD)

(list of process names)

USING==mm e m e e e e - e —————e— :
(list of element,group, entity,
set or inpunt names)

®very SET defined should be USED, DERIVED or UPDATED by at least
one FROCESS.

The DEEIVATION statement should be used to specify the rules for
deriving occurrences of data in the SET. Since there are many
dif ferent ways in which this data may be derived, this
information is presented via a comment entry. The type of
information specified in this statemnt might be what value a
particular FELEMENT in an ENTITY must have to be entered into a
SFT, etc.

DERTIVATION (DRVN);

- — —————— ——— ———— -

(comment entry)

Fvery SET shonld have DERIVATION specified.
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The CLASSIFICATION of a SFT may be specified with the
CLASSIFICATION statement:

CLASSIFICATION=~===~ ———————— e T et g
{list of classification names,
each optionally followed by
a level number)

Any EFOCESSES or PPOCFSSORS that use the SET must have SECURITY=-
ACCESS-RIGHTS that match the classification of the SET.

3.7.% System=-Size Statements for SETS

The CARDINALITY statement specifies the maximum number of
occurrences of data objects in the SET at any one time.

CARDINALITY (CARD) -
(system parameter)

Every SET should have a CARDINALITY.

3.7.6 System=-Dynamics Statements for SETS

The VOLATILITY-SET and VOLATILITY-MEMBER statements specify how
a SFT changes over time. Since there are many different ways in
which a SET may b2 changed, this information is presented via a
comment entry.

"he VOLATILITY-SET statement specifies the manner in which the
en*ire set changes over time. The type of information specified
in this statement might be the number of times members are added
to the SET, members are updated, etc.

VOLATILITY~-SET (VOLS);

- — - ————— - —— ——— o S cP o .

(conment entry)

The VOLATILITY-MEMBFTR statement specifies how the members of the
SE™ change over time., The type of information specified in this
statement might be the number of additions to the SET of a
particular ENTITY type, the number deleted, etc.

VOLATILITY~MEMRER (VOLM) 3

(Eomment entry)

Every SET should have VOLATILITY-SET and VOLATILITY-MEMBE?®
statements given for them,
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3.7.7 Project-Management Statements for SETS

The RESPONSIBLR~PROBLEM-DEFINER statement may be used in this
Section. Description and syntax of this statement are given in
section 3.2.

———— i e, s i S o ——— ———— — —

The SYNONYMS, DESCRIPFTION, SEE-MENO, KEYWORDS, ATTRIBUTES,
ASSEFT, SECURITY, SOURCE and TRACE-KEY statements may be used in
this Section., Description and syntax of these statements are
given in section 3. 2.

3.8 BELATION Section

A EELATION is a named logical connection between two ENTITIES
perceived by the Problem Definer. Any URL name may be used; the
most meaningful name to the Problem Definer should be sne which
d=anotes the connected ENTITIES.

RELATION

(list of relation names)

If a system were being described that consisted of ENTITIES for
women and ENTITIFS for men, a possible RELATION to connect these
ENTITIES might be "spouse."

3.82.1 Data-Structure Statements for RELATIONS

A BETWFFEN statement specifies the names of the ENTITIES that the
RELATION connects and the direction of the connection. The
direction is determined by the order of the ENTITY names in the
statement: from the left (first) ENTITY to the right (second)
ENTITY. The first ENTITY can be considered the owner o2f the
RELATION and the second ENTITY the member of the RELATION.

BETWFEN

————— v ——

(name—of Entity)

AND

(Eame of entity)

“xample: BETWTEN DEPARTMENT-RECORD AND HOURLY-EMPLOYEE-RECORD:

The PELATION, DFPARTMENT-TO-HCURLY-EMPLOYEE, denotes a logical
connection hetween two ENTITIES, DEPARTMENT-RECORD and
HOURLY=-EMPLOYE®~RFCORD, The direction is from DEPARTMENT=-RECORD
to HCMRLY-FMPLOYEF-RECORD, The DEPARTMENT-RECORD is the owner
and HOURLY-EMPLOYMENT-RECORD the member of the RELATION.

Only one BETWREN st atement can be given for a particular
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RELATION, but 2ach RELATION should have a BETWEEN statement
given for it,

The ASSOCIATED-DATA statement specifies those GROUPS and
ELEMFNTS that contain information specifically about the
RELATION and are not necessarily CCNTAINED in either ENTITY.

ASSOCIATED-DATA IS h I -
(list of element and group names)

3.8.2 Data-Derivation Statements for RELATIONS

A MAINTAINED RY statement designates those PROCESSES which adg,
delete or modify the connection occurrences between the ENTITIES
that are connected by this RELATICN.

MAINTAINED BY

X}

(lzst of process names)

A RELATION can be MAINTAINED by several PROCESSES, and every
RELATION should be MAINTAINED by at least one PROCESS.

The DERIVATION statement should be used to specify the rules for
deriving occurrences of the RELATION between the ENTITIES .
Since there are many different ways in which this data may be
derived, this information is presented via a comment entry. The
type of informa tion specified in this statement might be what
are the restrictions in relating two ENTITIES, which PROCESSES
may forma the relation, etc.

DER IVATION (DRVN);

(comment entry)

“very RELATION should have a DERIVATION specified.

3.8.3 System~-Size Statements for RELATIONS

A CONNFCTIVITY statement specifies the number of ENTITY
occurrences of the first (right) ENTITY that are related to a
number of ENTITY occurrences of the second (left) ENTITY.

CONNECTTIVITY IS

3
Qo

—— —— — ————————— -~ ——

If a particular ENTITY occurrence may be related to only one
other ENTITY occurrence, the CONNECTIVITY is 1 to 1. If a
particular ENTITY occurrence may be related to one or more

PART I NSER REQUIREMENTS LANGUAGE MANUAL




™

I8M360/370/VS/TSO URL USER'S MANUAL 149

FNTITY occurrences the CONNECTIVITY is one to many. The right
and left SYST=ZM-PAPAMETERS in the CONNECTIVITY are intanded to
correspond to the right and left ENTITIES given in the BETWEEN
statement.

Every RELATION should have one, and only one, CONNECTIVITY.

A CARDINALTTY statement specifies the maximum number of
connection occurrences for this RELATION.

CARDINALITY IS

o

—— —— ————— — -—— ————

(system-parameter)

Every RELATION should have one, and only one, CARDINALITY.

3.8.4 Project-“anagement Statements for RELATIONS

The RESPONSIBLZ-PRORLFM-DEFINER statement may be used in this
Section. Description and syntax of this statemnt is given in
section 3.2.

3.8.% System-Properties Statements for RELATIONS

The SYNONYMS, NDESCRIPTION, SEZEE-MEMO, KEYWORDS, ATTRIBUTES,
ASSERT, SECURITY, SOURCE and TRACE-KEY statements may be used in
this section. Description and syntax of these statements are
given in section 3.2,

3.8.¢ Example of a Complete REIATICN Section

RELATION department-to-hourly-employee;

ASSOCIATED=-DATA is last-department-change;
ATTRIBUT® IS frequency~-of-use: high;
BETWEEN d=partment-record AND hourly-employee-record;
CARDINALITY IS number-of-hourly-employees;
CONNECTIVITY IS 1 TO max-de artment-employement;
DERIVATION;
new-employze=-processing adds connections while
terminating-employee-processing deletes connections;
DESCRIPTION;
this relation connects an hourly-employee-record for
each employee in a department to the department-record
for that department;
KEYWORD department-information;
MAINTAINED BY new-employee-processing AND
terminating-employee-processing /* USING
department AND employee-identif ication-number */;
RESPONSIBLE-PROBLEM=-DEFINER john-proctor;
SECURTY Adepartment-heads, department-secretaries;
SEE-MEMO company-organization=chart;
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SOURCE employee~application-form,
employee-termination-form,
department-employee-list;

SYNONYM dept-to-emp, d=-e;

3.9 GROUP and ELEMENT Sections

An ELEMENT is the lowest level data object that can be defined
*o describe data. PRecause of thic property, an ELEMENT has one
or mcre possible data values associated with it, whethsr it be
alphabetic, numeric or otherwise. In many instances an ELEMENT
may bhe thought of synonymously with "field" or "item."

ELEMENT (ELE) o e e e S e el 5
(lList of element names)

A GFOUP represents a collection of ELEMENTS and/or GRQUPS, The
use of GROUPS is definitional which means that referencing a
particular GROUP by its pname is equivalent to referencing the
individual ELEMENTS which the GROUP consists of.

GROUP (GR)

(iist of group na;es)

GROUPS can be broksn down into smaller GROUPS and ELEMENTS, but
FLEMENTS cannot be subdivided. ELEMENTS may take on values
vhere GROUPS may not. The value of a GROUP is defined to be
equivalent to the individual values of the ELEMENTS within the
GROUP.

3.9.1 System-Structure Statements for GROUPS and ELEMENTS

The SUBSETTNG-CRITERION statement specifies those SETS which are
subsetted based on the data values in the GROUP or ELEMENT.

SUBSETTING=-CRITFRION (SSCN) - -
(list of set names)

The CONTAINED statement is used to relate the data structure
relationships of GROOPS and ELEMENTS to ENTITIES, INPUTS and
ONTPUTS. Data is most often thought to be part of some large
unit of data such as a logical record, input form, or output
report, which can be represented by the ENTITY, INPUT and
0TPUT, respectively.

CONTAINED (CNTD)

(list of group, entity,
input ani output names)
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GROUPS and ELEMENTS may bte defined to be CONTAINED in some
larger GROUP,.

The CONSISTS statement is used to specify those lower level
GROUPS and EL®WMINTS a GPOUP may consist of. By definition of
"RLEMENT," an ELEMENT cannot CONSIST of any other data objects.
The CONSISTS statement only specifies the data in the GROUP and
implies nothing about its format.

CONSISTS (CSTS) :

—————— — —— — ——

(list of group and element name;, optionally
preceded by system parameters)

A complete problem statement should have all GROUPS broken down
to sraller GROUPS and/or FLEMENTS.

The ASSOCIATED statement specifies those RELATIONS that the
GROUPS or ELEMENTS are associated with. This implies that the
information in the GROYP or ELEMENT is in neither of the
ENTITIFS the FELATION is BETWEEN.

ASSOCIATED (ASOD)

({list of relation names)

The IDENTIFIES statement specifies those ENTITIES for which the

GRONP or ELEMFNT is used as an identification key. This implies
that the possible values of the GROUP or ELEMENT are all unigue.
For example, the TFTLFMENT which represents social security number
in ar employese tecord might be used as an identifier.

IDENTIFIES (IDS)

.
- ——— ———— ——— ’

(list of entity names)

A GROUP or ELEMENT may identify any number of ENTITIES.

3.9.3 Data-Derivation Statements for GROUPS and ELEMENTS

The USED statemant specifies those PROCESSES which use the
information in the GROUP or ELEMENT.

{list of process names)

This statement implies (in the case of a GROUP) that at least
one piece 2>f data in the GROUP is being USED.

To specify the manner in which the GROUP is USED more precisely,

the DFRIVE or DPDATFE clause may be used in conjunction with the
NSFD statement.
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USED RY _

—— ——— -~ ——— -~ -

{list of process names)

TO DERIVE (DRV) ’

———— - —— -

(List of element, group, entity,
set and output names)

or USED by a PROCESS to UPDATE data:

USED BY H
(l1ist of process names)

TO UPDATE (UPD)

(lList of element, group, entity,
and s=t names)

The DERIVED statement specifies those PROCESSES that derived
some information presented in the GROUP or ELEMENT.
DERIVFD (DRVD)

(list of process names)

This statement implies (in the case of a GROUP) that at least
one piece of data (GROUP or ELEMENT) in the GROUP is DERIVED.
To specify more precisely the manner in which the GROUP or

ELEMENT is derived, th= USING clause may be used in coenjunction
with the DERIVEDN statement,

DERIVED BY (DRVD)

- ————— ——— —

(list of process names)

JSING

- ———— ———— - —

(list of element, group, entity,
set and input names)

The TPDATED statement specifies those PROCESSES that modify some
infcrmation presented in the GROUP or ELEMENT.

UPDAT®D (UPDD)

(list cf process names)

This statement implies (in the case of a GROUP) that at least
one piece of 4Aata (GROUP or ELEMENT) in the GROUP is UPDATED.

To specify more precisely the manner in which the GROUP or

ELEMENT is updated, the USING clause may be used in conjunction
with the UPDATED statement.

JPDATED BY (UPDD)

(list of process names)

USTNG

.
———— .

(list of element, group, entity,
set or input names)
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“very GROUP and ELEMENT defined should be USED, DERIVED or
UPDATED by at least one PROCHSS.

The CLASSIFICATION of a GROUP or FLEMENT may be specified with
the CLASSTIFICATION statement:

CLASSIFICATION ____ .

(1ist—of classification names,-each
optionally followed by a level number)

Anv EROCESSES or PROCESSORS that use the GROUP or ELEMENT must
have SECUPITY-ACCESS~-RIGHTS that match the classification of the
GROUP or ELEMENT,

3.9.4 System-Size Statements for ELEMENTS

The VALUE statement is used to define numeric values an ELEMENT
may have. A GROUP cannot have a VALUE directly associited with
it. The VALUZ statement may only specify numeric values and
does not imply anything about storage format, etc. The
ATTRIBUTES and DFSCFIPTION statement should be used to present
this type of information as well as to specify character values.
VAL UF (VAL)

-
- ——— M

(int eger value)

Only positive integer values may be specified. Decimal numbers,
negative numbers, etc. are not acceptable.

A range of values may also be specified.

VALUOES (VAL) _ THRU :

———— ———— — o ——

(minimum value) (maximum value)

Again, the values must be positive integers. POSINF and NEGINF
may te used to represent positive and negative infinity,
respectively,

Only one VALUT statement, of either of the forms, may be given
to describe a particular ELEMENT.

3.9.5 Proj

(11

nt Statements for GROUPS and ELEMEINTS

ci=Hapagen
0

The RESPONSIBLE=-P
Section., Descrip
section 3.2.

¢t

BLEM~-DEFINER statement may be used in this
ion and syntax of this statement are given in

Properties Statements for GROUPS and ELEMENTS

The SYNONYMS, DESCRIETION, SEE-MEMO, KEYWORDS, ATTRIBUTE,
ASSERT, SECURITY, SOURCE and TRACE-KEY statements may be used in
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this Section. Description and syntax of these statements are
given in section 3.2.

3.10 PROCESS Section

The EPROCESS is used to define the function, or functions of the

target system. At the highest level, the function of the target
system may be defined as a single PROCESS. This PROCESS, could

in turn, be broken dcwn into more detailed PROCESSES. It is the

task of the PROCESS to refarence and manipulate data in the
target systenm.

PROCESS (PRC)

(list of Erocess names)

-s

3.10.1 System-Flow Statements for PROCESSES

e - ——  c——— - ——————

The RFCEIVES statement is used to specify that the PROTESS
accepts information (INPUTS) from outside the target system.

RECEIVES (RCVS)

(list of input names)

This statement onlv specifies that the INPUTS are accepted by
the FROCESS and does not imply that the information in the
INPUTS are USED or how it is USED by the PROCESS

The GENERATF¥S statement is used to specify that the PROCESS
produces information (OUTPUTS) for use outside the target
systen.

GENFRATFS (GENS)

{List of output names)

This statement only specifies that the OQUTPUTS are distributed

by the PROCESS, and does not imply that the information in the
20T PUTS is DERIVED by the PROCESS.

These statements imply that some physical processing or
translation may be necessary. The RECEIVES statement means that
the physical media containing data must be accommodated.
Similarly, the GENFRATES statement means that data must be
reccrded in whatever medium has been chosen.

3.1C.2 System-Structure Statements for PROCESSES

A PROCFSS may be part of one, and only one, larger PROCESS, and
it may have any number of subparts that are also PROCESSES.

PART

.
- - - ——— v

(process name)
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SUBPARTS (SUBP) ___ e |

(list of process names) ‘

These statements permit organization functions and programming
structures to be defined for the problem statement.

PROCFSS represents a function used by several other PROCFSSES.
Definition of "WTILIZED implies that the PROCESS is common to

f more than one other PROCESS. If not, the PROCESS should be
f defined as a S'"TBPART.

l
1
|
The UTILIZED and PNTILIZES statements are used to specify that a %

UTILIZED (UTLD)

(1i§€ of process names)

g NTILIZES (UTLS)

- e 1

(list of process names)
A giver PROCESS may have any number of SUBPARTS and UTILIZE any

number of other PROCESSES. A PROCESS may be a SUBPART of only
one other PROCESS, but be UTILIZED by any number of PROCFSSES.

- ————— —— — - —— — ——— —————

The USES statement specifies those SETS, INPUTS, ENTITIES,
GROUPS anid EL"MENTS from which some information is taken and
used by the PPOCESS to perform its designated function.

USES

(IIst of s;t, input, entity, group and element names) 1

In the case where SET, INPUT, ENTITY or GROUP names are given,

this statement implies that at least one ELEMENT within these
are US¥D by the PROCESS.

To specify the manner in which the PROCESS USES the data more
precisely, the DFPIVE or UPDATE clause may be used in
con junction with the USES statement.

USES
(list of set, input, 2ntity, group and element names)
TO DERIVE _ - s
(list of set, output, entity,
qroup and el2ment names)
USES

——— ———— - — -

(l1ist of set, inpat, ;Etity, group and element names)

TO UPDATE

.

—— - — - - - -t

(list of set, entity,
group and element names)
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The DERIVES statemant specifies those SETS, ONUTPUTS, ENTITIES,
GRCUPS and ELEMENTS for which some information is derived by the
PROCESS to perform its designated function.

DERIVES (DRVS)

(Iist of get, output, enEIE}T""”""
group and element names)

In the case where SET, OUTPUT, ENTITY and GROUP names are given,
this statement implies that at least one ELEMENT within these
are DERIVED by the PROCESS,

To specify the manner ian which the FROCESS DERIVES the data more
precisely, the USING clause may he used in conjunction with the
DERIVES statement.

DERIVES (DRVS)

- ——— -— — -———

U SING

e

———— - -

group and element names)

The 0UPDATES statement specifies those SETS, ENTITIES, 3ROUPS and
ELEMENTS for which some information is updated by the PROCESS in
per forming its designated function.

MPDATES (1IPDS)

oo

(Tist of Eet, entity,
group and element names)

In the case whare SET, ENTITY and GROUP names are given, this
statement implies that at least one ELEMENT within these are
NTPDATED by the PROCFSS,

To specify the manner in which the PROCESS UPDATES the data more
precisely, the USING clause may be used in conjunction with the
UPDATFS statement.

UPDATES (UPDS)

(list of sgt, entity,
group and element names)

USING

- ——————— - ——————— - - -

(list of set, input, entity,
group and element names)

The MAINTAINS statement specifies those RELATIONS or
S5UBSPTTING-CRITERION which are maintained by the PROCESS.
Maintenance of RELATIONS normally involves addition and deletion
of ccnnections bhetween ENTITIES whereas maintenance of
SUBSETTING-CRITERION deals with placement of ENTITIES, INPUTS
and OUTPUTS in proper SPTS according to the values of the
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ELEMENTS and GRNOUPS contained within those designated as
SUBSETTING-CRITERION names.

MAINTAINS (MTNS)

.

(list of relation and
subsetting criterion names)

Svery PROCESS should be defined to interact with d4data in some
manner (DERIVES, USFS, UPDATES or MAINTAINS).

The PROCEDURE statement is used tc specify an algorithe of the
function of the PROCESS. The PROCEDDRE statement is a comment
entry statement thus allowing any form of procedure
specification to be given such as decision tables, actual
program code, narrative format, etc.

PROCEDURE (PRCD) ;

(comment entry)

Every PROCESS that does not have SUBPARTS or does not UTILIZE
any other PROCFSSES should have a PROCEDURE statement that
specifies, in sufficient detail for implementation, the rules
for carrying out its function.

The SECURITY-ACCESS~-RIGHTS of a PROCESS may be specified with
the SECURITY-ACCESS~RIGHTS statement:

SECURITY-ACCESS=-RIGHTS - G e :
(list of classification names,
each optionally folloved

by a level number)

A PROCESS that uses, derives or updates data must have
SECURITY-ACCESS-RIGHTS that match the classification of the
data.

3.10.4 System-Size Statements for PROCESSES

The HAPPENS statement is used to specify the frequency of a
PROCESS in a given time interval.

HAPPENS (HAP) TIMES-PER (TIMP) RIS IR
(systam parameter) (interval name)

Zvery PROCESS should have one, and only one, HAPPENS statement
asscciated with it,

3.10.5 System=Dynamics Statements for PROCESSES

The TRIGGERED, TERMINATED and INTERRUPTED statements are used to
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specify those EVENTS, INPUTS, PROCESSES and CONDITIONS that
affect the initialization of processing, or the halting of
processing.

TRIGGFRED BY (TRGD) :

(list of event, input and/or process names)

TRIGGEFED WHEN (TRGD) BECOMES TRUE (T) ;
(condition name)

TRIGGFRED WHEN (TRGD) ________________BECOMES FALSE (F)3;

(condition name)

TERMINATED BY (TRMD) __ :

(list of event, input and/or process names)

TERMINATED WHEN (TRMD) " BECOMES TRUE (T):
(condition name)

TERMINATED WHEN (TRMD) ===eece~ececcww=we==<-BECOMES FALSE (F):
(condition name)

INTERRUPTED BY (INTD)==cemecmcmeceeccmcmme e em e e =
(list of event, input and/or process names)

INTERRUPTED WHEN (INTD) BECOMES TRUE (T);

—

(condition name)

INTERRUPTED WHEN (INTD) __BECOMES FALSE (F);

{condition name)

PROCESSES may also TRIGGER, TERMINATE and INTERRUPT other
PROCESSES.

TRIGGERS (TRGS)

(list Bf process names)

PR RN T T Y o o ;
{(list of process names)

INTEREUPTS (INTS) _ -
(list of process names)

PROCESSES may als> generate EVENTS and set values of CONDITIONS.
An EVENT may be generated either at the initiation of a PROCESS
or when it finishes.

INCEPTION-CANSES (INCC) _ '

(list of event names)

TERMINATION=CAUSES (TFRC) s

(list of event ;ames)

MAKES _ TRUE (T) ;
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(list of condition names)

MAKES _ —_FALSE (F);

(list of condition names)

A PROCFSS may or may not be involved in any system dynamics
relationships.

3.10.6 System-Architecture Statements for PROCESSES

The PERFORMED statement specifies the physical PROCESSOR (e.g.,
hardware or organizational unit) which performs the functions
described by the PROCESS.

PERFCRMED (PRMD) Al .
(name of processor)

Every PROCESS should be PERFORMED by some PROCESSOR.

The RESONRCE-USAGE statement indicates resource consumption
associated with the PROCESS.

RTSOURCE-USAGE (RU) e FOR 4
(system parameter) (name of resource-

usage-parame ter)

The RESPONSIBLE~PROBLEM-DEFINER statement may be used in this
Section. Description and syntax of this statement are given in
section 3.2.

3.10.8 System-Property Statements for PROCESSES

The SYNONYMS, DFSCRIPTION, SEE-MFMO, KEYWORDS, ATTRIBUTE,
ASSERT, SECURITY, SOURCE and TRACE-KEY statements may be used in
this Section. Description and syntax of these statements are
given in section 2.2.

3.11 INTERVAL Section

An INTFRVAL is used to define a segment of time, A week or day
are simple examples of INTERVALS.

INTFRVAL (INT)

(1i§2 of interval names)-

It is important to note that unless defined as a SYNONYM, WEEKS
is not the same as WEEK, In most cases, it is desirable that
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both names represent the sam2 interval.

3,11.1 System=Structure Statements for INTERVALS

The CONSISTS statement specifies the smaller INTERVALS that the
INTEFVAL can be broken down tc.

CONSISTS (CSTS)

rY}

- ———— ———

(list of interval names, each
cptionally preceded by
a system parameter)

The SYSTEM=-PAFAMETER should be specified to make the
relationship between intervals meaningful. It makes little
sense to say that a year consists of weeks without the
quantitative property.

3.11.2 Project-Management Statements for INTERVALS

The RESPONSIBLE-PPOBLEM-DEFINER statement may be used in this

Section. Description and syntax for this statement are given in
section 3.2.

- ———

The SYNONYM, DESCRIPTION, SEE-MEMO, KEYWORDS, ATTRIBUTE, ASSERT,
SECURITY, SOURCE and TRACE-KEY statements may be used in this

Section. Description and syntax of these statements are given
in section 3.2,

3.12 CONDITION Section

A CONDITION designates some situation that the problem definer

vants to identify because it influences the requirements for the
system.

e ———

CONDITION (COND)

(list of condition names)

.o

; The first of the month may rapresent some CONDITION for which

action of the tarqget system would occur depending on the state |
of the CONDITION.

3.12.1 System-Dynamics Statements for CONDITIONS

; { The TRUE WHILE and FALSE WHILE statements specify those
| situations when the CONDITION is in the TRUE state, or in the

l FALSE state, respectively. This information is presented in a
| | comment entry format,
|
r
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TRUE WHILE;

-Tconnent entry)

FALSE WHILE;

(coiment entry)

Every CONDITION should have a TRUE WHILE or a FALSE WHILF
statement.

A CONDITION can be set by a PROCESS, an EVENT or the arrival of
an INPUT.

MADF TRUE BY ______ :
(list of processes, events and/or inputs)

MADE FALSE BY

(List of processes, events and/or inputs)

The change in state of a CONDITION may also affect the
processing being parformed, or may initiate new processing.

BECOMING (BECG) TRUE (T) TRIGGERS (TRGS) s
(List of procass names)

BECCMING (BECG) FALSE (F) TRIGGERS (TRGS) - b
(list of procass names)

BECOMING (BECG) TRUE (T) TERMINATES (TRHMS) :

(lList of process names)

BECOMING (BECG) PRLSE (F) TERMINATIES (TRMS) :

(list of process names)

BECCMING (BECG) TPOFE (T) INTERRUPTS (INTS) s
(list of process names)

BECOMING (BECG) FALSE (F) INTERRUPTS (INTS) :
' (list of process names)

The change in stats of a condition may cause an EVENT.

BECCMING (BECG) TRUE (T) CAUSES (CSS)

(list of event names)

BECOMING (BECG) FALSE (F) CAUSES (CSS)

(list of event names)

A CONDITION should interact in some way with at least one EVENT
or FFOCESS.,
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3.12.2 Project-Management Statements for CONDITIONS

— —— — e — - —— — ————— ——— — - T — T . S T —

The RESPONSIBLE-PROBLFM-DEFINER statement may be used in this
Section. Description and syntax of this statement are given in
section 3.2.

- . — — —— - ————— T —— o —

The SYNONYMS, DESCRYPTION, SEE-MEMO, KEYWORDS, ATTRIBUTE,
ASSERT, SECURITY, SCURCE and TRACE~KEY statements may be used in
this Section. Description and syntax of these statements are
given in section 3. 2.

————— — ——

An ZEVENT defines an occurrence of something within the system.
The state of a CONDITION, initiation of a PROCESS, etc. may be
defined as EVFNTS.

ZVENTS (EV)

{list of event names)

An FVENT occurs at a given instant in time and is used in the
nroblem statement to relate the things that go on in the system
with time.

3.13.1 System-Dynamics Statements for EVENTS

An EVFNT may be caused by a PROCESS (either on inception or on
termination), a CONDITION, an INPUT or another EVENT.

CAUSED BY (CSD) :

- —————— -

(list of event and/or inEut name s)

CANSED WHEN (CSD) __ BECOMES TRUE (T) ;
{condition name)

CA"SED WHEN (CSD) _ BEFCOMES FALSE (F);:
(condition name)

CN INCEPTION (INCP)

I
|
[}
!
|
\
I
I
|
-

(list of process names)

ON TERMINATION (TFRM)

- —— -

(list of process names)

An EVENT may cause another EVENT or set the value of a
CONDITION,

CAUSES (CSS)

———— - —————. - — - — - ——

(l1ist of event names)
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MAKFS (MAK) ks TRUE (T);
(list of condition names)

MAKES (MAK) e FPALSE (F);
(list of condition names)

An EVENT may affect processing, or initiate new procesing.

TRIGGEPRS (TRGS) ’
(list of process names)

TERMINATES (TRMS)

(list of process names)

INTERRUPTS (INTS)

zlist of process names)
An TVENT should interact with at least one CONDITION or PROCESS.

The HAPPENS statement specifies the frequency of the EVENT in
the target system for a given time interval.

HAPPENS (HAP) ___ o _____ TIMES=PER (TIMP)=-~--- ————————ey

(system parameter) (interval name)

Fvery EVENT should have one, and only one, HAPPENS statement.

3.13.2 Project-Management Statements for EVENTS

The RESPONSIBLF=-PROBLEM-DEFINER statement may be used in this
Section. Description and syntax of this statement are given in
section 3.2.

3.13.3 System-Properties Statement

for EVENTS

The SYNONYMS, DESCRIPTION, SEE-MEMO, KEYWORDS, ATTRIBUTE,
ASSFRT, SECURITY, SOURCE and TRACE-KEY statements may be used in
this Section. Description and syntax of these statements are
given in section 3.2.

3.14 PROCESSOR Section

A PROCFSSOR is an object that can "perform" a PROCESS. That is,
a PROCESSOR is an "agent," such as a computer systen,
organizational unit, or person, that physically acts to perform
a PROCESS.

PROCESSOR (PRCR) __ * . :
(list of processor names)

3.14.1 System=Structure Statements for PROCESSORS
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A PROCESSOR may be part of one, and only one, largqer PROCESSOR,
and it may have any number of subparts that are also PROCESSORS.
PART __ :

(processor name)

SNBPARTS (SUBP)

(list of processor names)

3.14.2 Data-Derivation Statenments for PROCESSORS

In the target system, PROCESSGOR may have the right to access
information of certain classifications and categories.

SECORITY-ACCESS=RIGHT (SAR) H

{list of classificgzzgn na;;;_-
optionally followed by
classification levels)

3.14.3 System-Architecture Statements for PROCESSORS

A PFCCESSOR may CONSUME RESOUYRCES, such as CPU-time, el apsed
time, or memory.

CONSUMES (CNSS)

(name of resource)

RATE

(system:parameter)

PER

(name of resource-usaqge-parameter)

A PROCESSOR is the object, group or person that p=arforms the
functions specified by one or more PROCESSES.

PERFCRMS (PFMS)

e

—— - — — —— ———— - — - ———

(List of process names)

3.14.4 Project-Management Statements for PROCESSORS

The RFESPONSIBLE-PROBLEM-DEFINER statement may be used in this
Section. Description and syntax for this statement are given in
section 3.2,

3.14.5 System-Property Statements for PROCESSORS

The SYNONYMS, DESCRIPTION, SEE-MEMO, KEYWORDS, ATTRIBUTE,
ASSEFT, SECURITY, SOURCF and TRACE-KEY statements may be used in
this Section, Description and syntax for these statemants are
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given in section 3.2.

A RESOURCE is something that the physical elements of the target
system consume in order to carry out information processing
functions.

REZSOURCE (R SC)

(name of resource)

3.15.1 System-Architecture Statements for RESQURCES

A RESOURCE may be consumed, or used up, by a PROCESSOR.

CONSUMED (CNSD)
' (lList of processor names)

RATE PER=ec—ecrccmcc cc e :
(system parameter) (name of resource-
usage-parameter) .

Resource usaqge must be measured in some unit, such as
milliseconds or feet.

MEASURED (MSRD)

—— -

{(name SE unit)

3.15.2 Project-Management Statements for RESQURCES

The RESPONSIBLE-PPOBLEM-DEFINER statement may be used in this
Section. Description and syntax for this statement ars given in
section 3.2,

3.15.3 System-Pro

The SYNONYMS, DESCRIPTION, SSE-MEMO, KEYWORDS, ATTRIBUTE,
ASSERT, SECURITY, SOURCE and TKACE-KEY statements may be used in
this Section. Description and syntax for these statements are
given in section 3.2.

2.16 RESOURCE-USAGE-PARAMETER Section

A PESOURCE-USAGE-PARAMETER is an object that defines a measure
of the RESOUPCE usage for a PROCESS. It is used to express
resource consumption of a PROCESSOR per forming a PROCESS
independent of what PROCESSOR performs it.

RESOURCE=USAGE-PARAMETER (RUP)

PART I USER PREQUIREMENTS LANGUAGE MANUAL




e ———— S —

IBM360/370/VS/TSO URL USER'S MANUAL 166

(name of resource-
usage-parameter)

3.16.1 System-Architecture Statements for RESQURCE-USASE:
PARAMFETERS

A particular value for RESOURCE usage may be associated with a
given PPOCESS,

RESOURCE~-USAGR~-PARAMETER=-VALUE (RUPV)=~=—reer——c== e e o o o e
(system parameter)

FOR

-—

(n;me of pfgcess)

————— - — | —— ————— ——— ————— ——— i —

PARA MZTE RS

The RESPONSIBLF-PFOBLEM=-DEFINER statment may be used in this
Section., Description and syntax for this statement are given in
section 3.2.

3.16.3 System-Property Statements for RESOURCE-USAGE-PARAMETERS

™he SYNONYMs, DESCRIPTION, SEE-MEMO, KEYWORDS, ATTRIBUTE,
ASSERT, SECURITY, SOURCE and TRACE=-KEY statements may be used in
this Section. Description and syntax for these statements are
given in section 3,2,

3.17 UNIT Section

A UNIT is used to measure RESOURCES. For =2xample, possible
UNTTS would include inches and kilowatt hours,

UNIT :
(name of unit)

3.17.1 System=-Aichitecture Statements for UNITS

A UNIT™ must be associated with the RESOURCES it is used to
measure,

MEZASURES (MSRS)

-———————

(list of resource names)

———— - ————— _— — - ————— . 7

“he PFSPONSIBLF-PRORLFM=DEFINER statement may be used in this
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Section., Description and syntax for this statement are given in
section 3.2.

3.17.3 System-Proparty Statements for UNITS

——— - ———

The SYNONYMS, DESCRIPTION, SEE-MFMO, KEYWORDS, ATTRIBUTE,
ASSERT, SECURITY, SOURCE and TRACE-KEY statements may be used in
this Section. Description and syntax for these statements are
given in section 3.2.

3.18 PROBLEM-DEFINER Sectioan

The PROBRLEM=DFFINFF is that person responsible for one or more
sections of th> URL Problem Statement. 1In most cases, this is
*+he rperson who originally wrote those URL statements.

PROBLEM-DERINER (PD)

(list of problem definer names)

3.18.1 Project-Management Statements for PROBLEM

The PESPONSIBLT statement is used to specify those URL sections
for which the PROBLEM=-DEFINER is responsible.

RESPCESIBLE (RESP)

-

(list of names)

A PROBLEM-DEFINER cannot be RESPONSIBLE for other
PROBIEM-DEF INERS.,

A PROBLEM-DEFINEP should be RESPONSIBLE for at least one name.

The MAILBOX statement specifies an address for the
PROBLEM=DFFINZR to which comments or questions concerning the
problem statement can be sent.

MAILROX (BOX) ________ - ;
(name of mailbox)

A PROBLEM-DEFINEPR may have only one MAILBOX.

3.18.2 System-Properties Statements for PROBLEM=DEFINERS

The SYNONYMS, DESCRIPTION, SEE-MTMO, KEYWORDS, ATTRIBUTES,
ASSERT, SECURITY, SOURCE and TRACE-KEY statements may be used in
this Section. Description and syntax of these statements are
given in section 2.2.

3.19 HEMO Section
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A MEMO is a narrative description which applies to more than one
name in the problem statement,

MEMO

——————— — ————— - —— ——— ——

(memc name)

i The text of the MEMO should be put in the DESCRIPTION statement.

3.1%.1 Project-Management Statements for MEMOS

The RESPONSIBLE-PROBLEM=-DEFINER statement may be used is this
Section. Description and syntax of this statement are given in
I section 3.2.

3.19.2 System-Properties Statements for MEMOS

The SYNONYMS, DESCRIPTION, KEYWORDS, ATTRIBUTES, ASSERT,
SFCORITY, SONRCE and TRACE-KEY statements may be used in this
Section, Description and syntax of these statements are given
in section 3.2.

The APPLITS statem2nt specifies those URL names to which the
MEMC pertains.

APPLIES (APP)

(ligt of names)

A MEMO cannot APPLY to another MEMO name.
A MEMO should APPLY to at least two names. Otherwise, the

infcrmation could be presented in the DESCRIPTION statement for
the name,

3.20

-3
D

he DEFINE Section
The DFFINE section is used to specify information about special
types of names that do not have their own URL sections.

The format of the DEFINF section is:

DEFINE (DEF) name=type;

—— —— i ——————— - ——

(URL names)

where the name-type may be one of the following:

ATTRIBUTE (ATTR) =~ defines a characteristic or mode of
the target system.

ATTRIBUTE-VALNE (ATTV) = defines a particular value for an
associated ATTRIBUTE.
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CLASSIFICATION (CLS) - can te associated with data
processes and processors.
KEYWOFD (KEY) =~ can be related to names for
retrieval and analysis purposes.
MAILBOX (BOX) - defines an address for a
PROBLEM-DEFINER.
SECURITY (SEC) - defines security status for one or

more URL names.

SOTRCE (SRC) = defines a reference for additional
information related to objects
being described.

SUBSETTING-CRITERION (SSCN) -

defines some data objects whose
value is used as the criterion for
segmenting a SET of data.

SYSTFM=-PARAMETER (SYSP) - defines an object whose value

influences the size of particular
aspects of the systenm.

TRACE-KFY (TKEY) - can be used to relate names which
exist in different data-bases.

3.20,1 System-Structure Statements for the DEFINE Section

SUBSETTING-CRITERION names may be defined to apply to one or
more SFTS via the SUBSETTING-CRITERION statement.

SUBSETTING-CRITERION (SSCN)

(list of set names)

No other name types in the DEFINE section may use this
statement.

2,20.2 Data-Derivation Statements for the DEFINE Section

The MAINTAINZED statement specifies those PROCESSES that maintain
SUBSETTING-CRITERION for organization of a SET.

MAINTATINED (MNTD)

(list of process names)
Maintenance of SUBSETTING-CRITERION involves placement of
ENTITIES, INPUTS and OUTPUTS in proper SETS according to the
values of the SUBSETTING-CRITERION contained within then.

No other name types in the DEFINF section may use this
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statement.

——— ———

SYSTFM=PARAMETERS and ATTRIBUTE~VALUES may be defined to have a
VALOZT or range of VALUES associated with them.

The VALUE statement is used to define the numeric values a
SYSTEM=-PARAMETER may have,

VALU® (VAL)======- et L ]
(integer value)

Only positive integer valuss may be specified. Decimal numbers,
negative numbers, etc., are not acceptable,

A range of VALUES may also ba specified.

VALU®RS (VAL)

- ————————— —— T ———

(minimum value) (maximum value)
Again, the VALUES must be positive integers. The minisum value
must be less than the maximum value. PCSINF and NEGINF may be
us>d to represent positive and negative infinity, respectively.

Only one VALUE statement, of either of the forms, may b= given
to Aescribe a particular SYSTEM-PARAMETER.

No cther name types in the DZFINE section may use this
statement,

3.20.4 Project-Management Statements for the DEFINE Section

The RFSPONSIBLE-PROBLEM-DEFINEF statement may be used in this
Section. Description and syntax for these statements are given
in section 3.2.

3.2C.5 System-Proparties Statements for the DEFINE Section

The SYNONYMS, DESCRIPTION, SEFE~MEMO, KEYWORDS, ATTRIBUTES,
ASSERT, SECNHRITY, SOURCE and TRACE-KEY statements may be used in
this Section. Description and syntax of these statements are
given in section 3.2,

The APPLES statement may be used for MAILBOXES, SECURITIES and
SOUYRCFES to specify the URL names that they apply to.

1)
Spppe——————

APPLIES (APP)

—— ——— ——— — ——— - — -

(list of names)

Exceptions are that SECURITY may not have SECURITY, and SOQURCES |
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may not have a SOQURCE.

3.21 The DESIGNATE Section

The DESIGNAT® section consists of one statement which specifies
that a given name is to be made a SYNONYM of another name.

This facilitates the advantage of using short abbreviations when
referencing a particular object.

DESIGNATE (DESG) AS A SYNONYM (SYN);

(@ name)

A name can have any number of SYNONYMS, but a name can be a
SYNCNYM for only one other name.

No other statements are allowed in this section.

4., STRATEGY IN USING TJRL

TRL is a very flexible and comprehensive language. Most
situations can bhe represented or expressed in URL in more than
one way; each of which is syntactically correct. However, the
dif ferent representatives may imply dif ferent semantics vhich
may or may no* be what the analyst intended. This section
describes a number of situations in which alternative methods of
2xpression are possible and outlines the implications of

dif ferent strategies,

b.1 Specifying the "System" Boundary

In URL, a URA data-base contains the description of one systenm.
Fach system has a boundary and the system description may be
thought of as consisting of two parts:

- the specification of what goes on inside the systen.

- the specification of what crosses the boundary.

Alternative strateagies are possible in the order in which these
parts are specified. One possibility is to delineate the

boundary first. The second is to describe the "interior" of the
system without identifying the boundary.

1 Specifying the Boundary First

A firm boundary is obtained when INTERPACES are defined and
their communication with the system is specified by naming
INPUTS and ONUTPUTS., It is assumed here that INPUTS enter the
system, and OUTPUTS leave the system, in some physical form
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containing data values. The constraint in URL i1s that an INPUT
can only come from an INTERFACE and OUTPUTS only go to an
INTERPACE. Inside the system, a number of PROCESSES may be
names, each one of which uses data from the available sounrces -
INPUTS, ENTITIFS or ST®TS, or from unspecified sources - GROUPS
and FLEMENTS, to derive and update data. A PROCESS may USE data
from any of these sources or DERIVED from any PROCESS; and
similarly, data DEFIVED by one PROCESS may be USED by any number
of other PROCESSES.

One benefit of this approach is that the problem statement can
be checked for completeness, e.q., that each INPUT is FENERATED
by some INTERFACE and RECEIVED by at least one PROCESS and that
each OUTPUT is GENFFATED by some PROCESS and RECEIVED by at
least one INTER¥ACF. Another benefit is that the description of
the INPNTS and OUTPUTS can be agreed to by the relevant
INTEFFACE,

A disadvantaqge of this approach is that an INTERFACE is not a

PROCESS and an obiject that is an INPUT to the system cannot also
be an OUTPUT.

2)  specifying the Interior of the System First

In some cases, it may be desirable to delay specifying the
system boundary until the interior of the system has been
described, This can bes done by not identifying any INPUTS and
09T PUTS, but instead, defining those PRNCESSES that USE and

DEP IVE data and defining data in terms of ENTITIES, SEr'S, GROUOPS
and ELEMENTS. What would be an INTERFACE in the previous case,
now can be identified as a PROCESS, and therefore, the object in
the real world can use data from any source-derived data which
can te used by any other PROCESS,

The advantige of this approach is that any of the objects, e.g.,
PROC®SS, can hoth USE data and DERIVE data and that a given
collection of data identified as an ENTITY can be both USED by a
PROCFESS and be DERIVED by a PROCFSS (in addition of course to
being UPDATED).

4.2 Assignment of Name Typas

TRL requires that 2ach name (obhiject) used in the systenm
description be of a certain type. There are 29 types available
of which 20 are defined hy their own sections and the other 9
are defined by the DEPINF section.

The assiqgnment of a type to a name is crucial. Statements that
can be made about an object and its relationship to other
objects are limited to those available in the object's section.
In some situations the choice of a type for a particular object
is clear; in other situations there may be several legitimate
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choices. This section discusses the situation in which there
are alternatives,

4,2.1 INTERFACES Versus PROCESSES

Tn very general terms, a PROCESS is an object which is part of
the target system, and which operates on data values which it
USES to DERIVE new data values. The PROCESS can also UPDATE
data. The data which is used by a PROCESS can come "from" any
other PROCESS, and the 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 systenm
(GENFRATE an INPHT) and/or receive data from the target system
(RECFIVE an ONUTPUT) .

An object, therefore, should be assigned an INTERFACE type name
only if it interacts with the target system, namely, that it
will either RECEIVE or GENERATE data. Otherwise, the obhject
should be assigned the name type "PROCESS."

4.,2.2 INPUTS, QUTPUTS and ENTITIES

INPUTS, OUTPUTS and ENTITIES are types of objects which
"contain" or '"carry" sets or collections of data values.
Conceptually, the name can represent both the "container" or the
collection of data values contained in that container.
Furthermore, the container can be regarded as physical, that is,
a card, a tape, a record on a disc, etc., or it can be regarded
as a logical cons*ruct which may or may not bhe physically
implemented in that form.

An object should be designated as in 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 distinguishing characteristic of INPUTS and OUTPUTS is
that when interpreted as "containers" of data values they are
temporary as far as the target system is concerned. There may
be multiple instances of the particular INPUT coming in, but
once it is received by a PROCESS, the particular instance
disappears.

FPor 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’
wvhich arrive is specified by the .statements such as HAPPENS.
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Similarly, an object should be designated an QUTPUT if it is a
"container" of data values and if it is specified to leave the
target system. Again, there may be multiple instances, each one
of which has to be GENERATED and each leaves the system. Once
individual instances of the OUTPUT have left the target systen,
they are not considered part of, or accessible to, the target
system.,

The reasons for distingquishing INPUTS and OUTPUTS from ENTITIES
and GROUPS is that (1) eventually the physical medium on which
they appear and their representation will have to be specifieq,
and (2) the source and destination can be related to INTERFACES,
and (3) time and volume can he specified for INPUTS and OUTPOTS
but not for GROUPS.

An ENTITY is a "container" of data value; in this respect it is
equivalent to an INPOT or JUTPUT. However, it differs from
INPUTS and OUTPUTS in that it is internal to the systes and it
versists., Therefore, an individual instance of an ENTITY must
be created, i.e., DERIVED.

Again, the FENTITY 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 maintained by the
system in some way.

Therefore, an object which is a collection of data valuas that

is internal to the target system and persists in the systen,
should be designated an ENTITY rather than as an INPUT or
onTrenr,

4.2.3 ENTITIES Versus GROUPS

An ENTITY is a logical collection of data values. Data values
are particular instances of ELEMENTS or GROUPS. The data values
included in the collection are specified by the CONSISTS of
statement, A GROUP is also specified as CONSISTING of a number
of GROUPS and/or data ELEMENTS.

The major distinction between ENTITIES and GROUPS lies in that
ENTITY is a container of values of the ELEMENTS of which it
CONSISTS, A GROUP, on the other hand, is merely a notational
convenience for naming a set of data of which it CONSISTS.
Whenever the analyst finds that a number of data ELEMENTS appear
in a number of situations together, he can simplify his writing
time and analysis time by defining the collection as a GROUP.

Other differences between ENTITIES and GROUPS are the following.

1) GPOUPS can be CONTAINED in ENTITIES, INPUTS and OUTPUTS,
but ENTITIES cannot.
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2) ENTITIES (and INPUTS and OUTPUTS) can be CONTAINED in SETS,
but GROUPS cannot.

) ENTITIES can CONSIST of GROUPS but not of other ENTITIES.
GROUPS can CONSIST of other GROWUPS, but, of course, not of
ENTITIES.

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

5) As far as PROCFSSES are concerned, the same statements that
can he made about ENTITIES can also be made about GROUPS,
though when the ENTITY is used in a statement, the
appropriate statement about the ELEMENTS or GROUPS
CONTAINED in the ENTITY must also be made (See Table 4.1).

F) Both ENTITI®S 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 Aef iner should specify an object to be an ENTITY
when he wishes to refer a number of ELEMENTS as a unit.

4.3 Selection of Felationships

A1l relationshios in TRL are precisely defined by statemants.
In many cases, only one statement will be legitimate. In some
cases, however, there may be a choice. These situations are
outlined in this section.

4.3.1 RECEIVES/GENEFATES Versus USES/UPDATES/DERIVES

1) RECEIVES/GENFRATES can only refer to INPUTS/OUTPUTS
whereas, JSES/UPDATES/DERIVES can only refer to "jata."

2) JSES implies that the data value of what is being USED must
be available.

UPDATES implies that the data value must be CONTAINED in an
ENTITY. DERIVES implies a value is computed.

3) When INPOTS are USED, OUTPUTS are DERIVED,
SETS are NWSFD, UPDATED or DERIVED, i
ENTITIES are NSED, UPDATED or DERIVED
this implies that the data values in these "containers" of

data values are being referred to.
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4) When 3ROUPS are USED, UPDATET or DERIVED at least one
2lement in the GROUP is referred to.

5) The allowable syntax for which statements can affect which
objects is shown in Table 2.4.2. The meaning of the
statements is shown in Table 2.4.3.

S. ACHIEVING GOOD DOCUMENTATION

Documentation of the target system, of its interfaces with the
organization and its environment, and of the system development
project is used for different purposes. PFiqgure 5.1 outlines
some characteristics of present manual documentation and some
desirable characteristics that are achievable with
computer-aided documentation.

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

- a formal language which permits relationships to be precisely
defined.

- a computer program which provides a method for enforcing
corract use of the formal languagqge.

- good procedures to he followed by the analyst.

’ The last of these is important since no matter how good the 'J
language and the computer software, the benefits will never be
attained unless the tools are used properly.

In Section 5.1 the characteristics of good documentation are
Aescribed and methods are suggested by which the analyst can
achieve them using NRL/URA. Section 5.2 summarizes the checks
for preciseness and consistency which are performed by the
Analyzer. Checks which the analyst can perform using the
outputs available from the Analyzer are described in Section
5630

Ss+1 Characteristics of Good Documentation

Usually, the analyst is responsible for producing documentation.
This section outlines some major attributes of good
documentation and indicates how an analyst may use URL/URA to
achieve them.

5.1.1 Understandability

NDocumentation with this characteristic is in an easy-to-read
format and is presented at a general enough level so that
persons, no matter what their background, should be able to read
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and comprehend the material within.

Reports can be generated from the problem statement in several
common formats, e.g., flow diagrams, matrices and at different
levels of detail. For example, it is often desirable to
initially present high level objects and have subsequent reports
present more and more detail about these objects until
everything is described in terms of their lowest level
constituents. The analyst can choose the ordering and content
of the reports.

Present Desirable Characteristics

Manual of Computer-Aided

Documentation Documentation

Hard to Understand OUnderstandable

Ambiguous Precise

Inconsistent Consistent

Incomplete Complete

Incorrect Correct

Difficult to Analyze Computer-Aided Analysis
and Evaluate and Evaluation

Hard to Modify Computer-Aided Updating

Figure 5.1 Characteristics of Documentation

5.1.2 Preciseness

Documentation with this quality must have all relevant
terminoloqy explicitly defined so that information presented
cannot be misinterpreted.

A computer interpreted language must have an accurately definel
syntax., The reserved words in the syntax of URL are used to
describe different 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 (0URA reports) are exactly the same as those
initially specified by the analyst (i.e., there can only be one
interpretation of the information).

5.1.3 Consistency

Documentation which is "consistent" presents all the material in
proper context and does not have statements that are
conflicting, contradictory or inconsistent.

The context in which a particular object is to be used is
defined by the user via URL statements which will be stated in
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the DRA 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.

To be "complete,"™ documentation must present the material in
suf ficient detail so that no reference to outside sources is
needed for a thorough understanding of the subject matter.
®very necessary piece of information must be available and no
relationship must be left dangling.

TRL allows a number of relationships and objects to be defined
to describe an Information Processing System. The URL
statements offered provide a thorough outline of what should be
incorporated into the documentation of an IPS. The statements
in URL facilitate the enforcement of completeness.

5.1.5 Correctness

To be "correct," the analyst must insure that all relationships
specified in the documentation are valid, and that all
information recorded is true.

The syntax rules enforced by URA insures 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 available can presant the information in a format easy
for the analyst to check for errors (e.g., misspellings,
incorrect narrative descriptions, etc.) .

5.1.6 Analyzability

Documentation which is analyzable must be organized in such a
way that any information not explicitly stated in it must be
easily derived through some procedure.

Since all URL statements are stored in a data-base, all data is
easily accessed and can be presented in the form of a URA
report., In addition, any new developments in analyzing the
information (e.gqg., Cost/Benefit Analysis, etc.) can be
incorporated into the existing URA package.

5.1.7 Ease of Modification

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

5.2 Checks Carried Qut by the Analyzer

For the most part, the characteristics of good documentation can
be realized when the documentation is generated by
computer-aided means. Preciseness, consistency, and correctness
are all checked by the Analyzer as nev information is added to
the data-hbase or data is modified in it.

TRA can produce several hundred diagnostic and error messages.
Fach is identified by a number. The complete list is given in
the "Oser Requirements Analyzer User's Manual" in numerical
order to facilitate correction. Here the error messages are
analyzed in terms of how they contribute to good documentation.

5.2.1 Checks Related t

Preciseness

A considerabhle portion of the error detection facilities in the
Analyzer are used to check the "preciseness" of new URL
statements being added to the data-base. (This is done each
time IP-URL is initiated.) The Analyzer must check 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, TIf either of these conditions fail, an errcor
diagnostic must be generated by the Analyzer to inform the user
H that the information to be stored in the data-base was ambigquous

or inconsistent with the information already in the data-base.
No ambiquous or inconsistent information is stored in the
data-base.
a) Syntax Frrors
Breaking any of the syntax rules of URL will cause the
Analyzer to generate one or more error diagnostics.
Typical syntax errors are:
- use of illegal characters.
- misspelling of ORA reserved words.

- omission of semi-colon to terminate line.

Table 5.1 presents a complete list of diagnostics produced
vhen a syntax error is encountered.

b) Incorrect Use of Names
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It is very important that once a name is defined and has an
associatedl name type along with it (e.g., PROCESS or SET),
the name can only be used in the context in which it was
defined. Therefore, a name defined to be a PROCESS cannot
also be used to define a GROUP of data. Likewise, only
those relationships specified by the "User Requirements
Language, Lanjuage Reference Manual" can be used to relate
to objects. For example, a USES relationship between two
PROCESS names is not allowed and any attempt to specify
this would cause the Analyzer to generate the diagnostic:

MUST BE EFLEMENT, GROUP, INPUT, ENTITY OR SET
Table 5.2 presents a complete list of the errors that can

be encountered when incorrectly using names.

5.2.2 Checks Associated with Consistency

As URL statements are being added to the data-base, the Analyzer
also checks that the new relationships being specified are
consistent with the information already in the data=-base. 1In
the previous section, 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.e., as a different name type). The
Analyzer must also check that the relationships specified for a
given name do 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 50. The Analyzer will detect
these types of inconsistencies., The Consistency Error Messages
are listed in Table 5.3. Table 5.4 presents the various
inconsistencies detected by the Analyzer according to name type
and relationships within the system description.
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Error
Number Diagnostic
2 NLEX NAME TOO LONG
3 NLEX *EOF!' NOT FPOUND BEFORE END~-OF-FILE
4 INDBS FRROR OPENING DATA BASE FOR -
5 NLEX END-OFP-DILE IN MIDDLE OF COMMENT
7 SCAN ILLEGAL CHARACTER - IGNORED
10 REDUCE NO APPLICABLE PRODUCTION - SYNTAX ERROR = START
SKIPPING
1 STACK ILLEGAL SYMBOL PAIR - SYNTAX ERROR = START
SKIPPING
16 COMENT END=-OF-FILE IN COMMENT ENTRY
90 RWLIST SSCN IS ONLY LEGAL TYPE IN DEFINE SECTION WHICH
CAN BE MAINTAINED
114 VLIST ONLY SINGLE VALUE OR RANGE ALLOWED = IGNORED
116 OTHERS VALUES ONLY LEGAL POR ELEMENT, SYSPAR,
OR ATTRIBYUTE~-VALUE
g 119 CLRCA PUNCH= NOT ALLOWED IN THIS IMPLEMENTATION
: 201 PLIST NAME NOT PART OF HEADER
E 225 RWLIST CANNOT HAVE KEYWORD FOR KEYWORD
[ 228 RWLIST CANNOT HAVE SECURITY POR SECURITY
k 229 RWLIST CANNOT HAVE SOURCE POR SOURCE
E 231 RWLIST SYNONYMS ONLY APPLIED TO PIRST NAME
232 APPLES APPLIES STATEMENT ILLEGAL WITH THIS NAME TYPE
266 ILLST JLLEGAL STATEMENT IN THIS SECTION

Table 5.1
DRL Syntax Error Messages
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Error
Number

25

51
101
102
118
202
204
207
209
210
211
216
217
219
234
235
236
240
241
246
247
248
257
267

HEAD

RWLIST
NLIST2
NLIST2
CLRCA
NLIST
DEFPN

SETSYN
CHKCON
PRTNUN
OTHERS
OTHERS
OTHERS
CLS ECA
OPTRW
OPTION
OPTION
APPLES
APPLES
APPLES
APPLES
APPLES
FOR MSL
ILLST
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Diagnostic

INVALID HEADER STATEMENT - STATEMENTS
WILL BE IGNORED

MUST BE SUBSETTING-CRITERION NAME

NAME ALREADY USED IN DIFFERENT CONTEXT

NAME ALREADY USED IN DIFFERENT CONTEXT

FILE= NOT ALLCWED IN THIS IMPLEMENTATION

NAME PREVIQUSLY USED DIFFERENTLY - IGNORED

NAME ALRFADY USED IN DIFFERENT CONTEXT

CANNOT BE MADE SYNONYM - DIFFERENT TYPES

STACK OVERFLOW WHILE WALKING CONSISTS STRUCTURE

NO NAMES IN DATA BASE

NAME MUST BE ENTITY NAME

NAME MUST BE ENTITY NAME BEFORE VIA

NAME MUST BE RELATION AFTER VIA

FILE= NOT ALLOWED IN THTS IMPLEMENTATION

NAME ALREADY USED IN DIFFERENT CONTEXT

NAME ALREADY USED IN DIFFERENT CONTEXT

NAME LIST TOO LONG - REST IGNORED

KEYWORD CANNOT APPLY TO KEYWORD

MAILBOX CAN CNLY AFPLY TO PD

SECURITY CANNOT APPLY TO SECURITY

SOURCE CANNOT APPLY TO SOURCE

MEMO CANNDT APPLY TO MEMOD

NAME NOT IN DATA BASE =

NO CNRRENT SECTION

Table 5.2
URL Name Error Messages
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Error
Number

218
265

RWLIS2

OTHERS
OTHERS
APPLES
RWLIST
RWLIST
RWLIST
VLIST

OTHERS
SETSYN
OTHERS

OTHERS
OTHERS
RWLIS2
OTHERS

RWLIST

Diagnostic

SAME ATTRIBUTE ALREADY GIVEN WITH DIFFERENT
ATTRIBUTE VALUE

CARDINALITY ALREADY GIVEN AS SYSPAR

CARDINALITY ALREADY GIVEN AS DIFFERENT VALUE

SECOND MAILBCX FOR PD ILLEGAL

ALREADY PART OF SOMETHING ELSE

SECOND PD FOR THIS NAME ILLEGAL

ALREADY PART OF SOMETHING ELSE

MIN NOT LESS THAN MAX - IGNORED

DIFFERENT VALUES ALREADY GIVEN

ALREADY SYNONYM FOR SOMETHING ELSE

RELATION ALREADY EXISTS BETWEEN TWO OTHER
ENTITIES

CAN HAVE ONLY ONE CARDINALITY

CONNECTIVITY ALREADY GIVEN FOR THIS RELATION

ALEEADY CONTAINS WITH DIFFERENT SYSTENM
PARAMETER

RELATION ALREADY EXISTS BETWEEN DIFFERENT
ENTITY

CONNECTION ALREADY EXIST WITH DIFFERENT VALUE

OR NAME

Table 5.3
URL Consistency Error Messages
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CONSISTENCY ERFORS

System Systenm Data Data
Flow Structure Structure Derivation

| R T S
e R e e T R
ourent e nahe Aok S GRRTIET LR T
Wenial . " Wl e piedwnd g 0 (0
BRLAWION. ts skt wogie Stbigamadpi i
BHdeRis . s oo SfOMEG R

OTHEF 205 205 205 90,205

Systen Systen Systenm Project
Size Dynamics Properties Management

E RWE 62

INPOT 215 62

OUT PUT 215 62

SPmT 43,04 62
213,215 1

RELATION 43,44 62
213, 214

crome 215 WAL RN T |
gLemewt 147,115 S e = |
e R R i

INPERE . K PR i

syster 265,115 2 e B i e |
PARANETE® 3
BERY o r oy o T R |
COBERROR & .\ vl i
concrrron e e PG S5 %
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OTHER 205 205 22,205 60,62,205

TABLE 5.4
CONSISTENCY ERRORS
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5.3 (Consistency and Completeness Checks Carried Out by the Analyst

At some point in time in the development of the problem statement, the
Analyst may want to check its state of consistency and/or completeness.
The Analyst can perform these checks by inspection of various reports
available from the Analyzer. This technique is possible because all
information specified in the data-base can be presented via one or more
reports. Since the Analyzer has checked all inputs to the data-base for
syntax and consistency errors, the problem statement presented is always
in a correct state. It is the role of the Analyst to determine whether
it is totally "consistent" or "complete".

Tables 5.5a and 5.5b presents a summary of all consistency and completeness
checks to be carried out by the Analyst.

Tables 5.6a and 5.6b presents a summary of the benefits of particular URA

reports in identifying incompleteness and inconsistencies in the problem
statement.
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i) SYSTEM FLOW

a) All INTERPACES should GENERATE some INPUT, RECEIVE
some OUTPUT, or be RESPONSIBLE for some SET.

b) A1l INPUTS should be GENERATED by at least one
INTERFACE,

c) A1l INPUTS should be RECEIVED by at least one
PROCESS.

d) All OUTPUTS should be GENERATED by at least one
PROCESS.

e) All OUTPUTS should be RECEIVED by at least one
INTERFACE.

IT) SYSTEM STRUCTURE

a) All PROCESSES without SUBPARTS should have
PRPROCEDURES.

b) SETS with SUBSETS should have SUBSETT ING-CRITERIA.

c) All INPUTS without SUBPARTS should be broken dAown via

the CONSISTS statement.
d) All OUTPOTS without SUBPARTS should be broken down
via the CCONSISTS statement.

- B E G TS - - e - - N T e e - -

ITI) DATAR STRUCTUEE

a) All ELEMENTS should "lable from an INPUT or
from a3 ENTITY, or DER. y some PROCESS.

b) All SFTS should CONSIST INPUTS, OUTPUTS or
ENTITIES.

c) All ENTITIES should be broken down via the ZONSISTS
statement.

d) All INPUTS should be broken down via the CONSISTS
statement if there are no SUBPARTS.

e) All ONTPUTS should be broken down via the CONSISTS
statement if there are no SUBPARTS.

£) All RELATIONS should have a BETWEEN statement.

q) All GPOUPS should be composed of ELEMENTS.

Table 5.5a

Summary of Completeness Checks to be made by Analyst
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Iv) DATA DERIVATION

a) All ELEMFNTS should be USED, UPDATED and/or DERIVED
by at least one PROCESS.

b) All PROCFSSES should acquire information by
RECEIVING, USING or UPDATING.

C) All PROCFSSES should produce information by
GENERATING, DERIVING, or UPDATING.

d) All SETS should be USED, UPDATED or DERIVED by at
least one PROCESS.

e) All SETS should have a DERIVATION statement,

f) All ENTITIES should be USED, UPDATED or DERIVED.

q) A1l ELFMENTS within an INPUT should be USED.

h) All ELEMENTS within an OOTPUT should be DERIVED.

i) 211 ELEMFENTS within an ENTITY should be USED, UPDATED
or DERIVFD.

i) All RELATIONS should be MAINTAINED by at least one
PROCESS.

k) All RELATIONS should have a DERIVATION statement.

- D IR S S D e T G D D D G D D ST S P S S e e W o G G S -

D P - D D D D S W D D D P DD DD - D S YD -

V) SYSTEM SIZE AND VOLUME

a) R11 EVENTS should have a HAPPENS statement.

b) All PROCESSES should have a HAPPENS statement.

c) A1l S¥TS should have a CARDINALITY statement.

d) All SETS should have a3 VOLATILITY-SET statement.

e) All SETS should have a VOLATILITY-MEMBER statement.

£) All ENTITIES should have a CARDINALITY statement.

q) All ENTITIES should have a HAPPENS statement.

h) All INPUTS should have a HAPPENS statement.

i) All QOUTPUTS should have a HAPPENS statement.

) All RELATIONS should have a CARDINALITY statement.

k) All RELATIONS should have a CONNECTIVITY statement.

vI) SYSTEM DYNAMICS

a) Each EVENT should be associated with at least one
CONDITION or PROCESS.

b) ¥ach CONDITION should be associated with at least one
EVENT or PROCESS.

c) Each CONDITION should have a TRUE WHILE or FALSE

WHILE statement.
VITI) SYSTEM PROPEPTIES
a) All REYWORDS, ATTRIBUTES, SOURCES, SECURITIES and
TRACE-KFYS should APPLY to some other URL nines.
VITII) PROJECT MANAGEMENT
a) All PROBLEM=-DEFINERS should have a MAILBOX.
b) All PROBLEM~-DEFINERS should be RESPONSIBLE for the
description of at least one URL objects.

Table 5.5a (continued)
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Analyzer Commands

ATTRIBUTE INFORMATTION REPORT
CONSISTS COMPARISON MATRIX
CONTENTS REPORT

DATA PROCESS REPORT
FORMATTED PROBLEM STATEMENT

FRECUENCY REPORT
NAME GEN
PICTURE

PROCESS INPUT/OUTPOT
PUNCHED COMMENT ENTRIES

Completeness Checks

VIiIa

IXIc, ITId, IIIe, IIIg

I1Ic, ITId, IITe, IIIXg

Ic, 1d; Iva, IVb, IVc, IVvd, IVE

Ia=-Ie; ITa-IId; IIIa-IIIqg;
Iva-IVf,

IVi, IVj; va-Vk; VIa=-VIc; VIIIb

va, Vb, Vh, Vi

ViIIa, VIIIb

Ta, 'Th, Tc, T4, Ie: IIb, IIC,
I1d

IVb, IVc

IvVe, IVj, vd, Ve, Vg

Table 5.5b
URA Reports that may be used to Visually Check
for Completeness of the Problem Statement

(See Table 5.5a)
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Table 5.6a
URA PReport

CONSTISTS COMPARISON
MATRIX

CONSISTS MATRIX

CONTENTS REPORT

DATA PROCESS REPORT

DICTICNARY REPORT

IDENTIFIER INFOR-
MATICN REPORT

FORMATTED PROBLEM
STATEMENT

Completeness Checks

All INPOUTS, OOUTPNTS, ENTITIES and GRQUPS
are broken down to ELEMENTS at the lowest
level.

All necessary ELEMENTS are defined in the
data structure for a particular INPUT,
CUTPUT or ENTITY.

All GROUPS and ELEMENTS belong to higher
level data structures.

All SETS brokem into INPUTS, or OUTPUTS
or ENTITIES?!

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

All SETS broken into INPUTS, or QUTPUTS
ENTITIES

All INPUTS RECEIVED by some PROCZESS!

All INPUTS USED by some PROCESS!

All OUTPUTS GENERATED by some PROCESS!
All OUTPUTS DERIVED by some PROZESS!

All ENTITIES and SETS DERIVED by some
PROCESS!?

A1 ENTITIES and SETS DERIVED and USED by
some PROCESS!

All ENTITIES and SETS are UPDATED and
USED by some PROCESS?H

All GROUPS and ELEMENTS are DERIVED or
UPDATED or USED by some PROCESS!

All PROCESSES USE data and DERIVE or
UPDATE datatl

All PROCESSES which DERIVE data also USE
datat

All PROCESSES which OPDATE data also USE
datat

A1l PROCESSES interact with data in some
way!

All names should have a narrative
DESCRIPTION and
RESPONSIBI E~-PROBLEM~-DEFINER

Determines which ENTITIES have and
do not have IDENTIFIERS

The description of each name can be
checked against all possible statements
for that name,

! Computer-aided analysis
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FREQUENCY REPORT

KWIC INDEY

NAME GEN

NAME LIST

PIC TURE

ATTRIBUTE REPORT

PROCESS INPUT/
NuTPOT

PART I

- All INPUTS, OUPTPUTS, PROCESSES and
FVENTS should have a HAPPENS statement

- All names of a particular type (e.gq.,
PROCESS) have been 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 sStructure
and/or information flow of the problenm
statement!?

= All ATTRIBUTES have VALUES

= All names have appropriate
ATTRIBUTES/ATTRIBUTE VALUES assigned to
them

- All PRCCESS interact with data
in some manner

- All PROCESSES USE or RECEIVE information!?

- All PROCESSES GENERATE, DERIVE or UPDATE
informationt

- All PROCESSES have DESCRIPTION and
PROCEDURE statements

Table 5.6a
(Continued)
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Table 5.6b
URA Report Consistency Checks

CONSISTS COFPPARISON Similarities in data structures of INPUTS
MATRI X - OUTPUTS and ENTITIES can be rationalized
for a particular problem statement.

‘ CONSISITS MATRIX Determines whether or not the use of tha
i CONSISTS statement in describing
structure is consistent.

CONTENTS REPOPRT

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

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

- Determines whether or not the use of
USES, UPDATES and DERIVES statement in
describing the data derivation aspect of
the system is consistent,.

DATA PROCESS REPORT

DICTIONARY REPORT

Synonyms and descriptions shoull apply to
each name accurately

YDFNTIFIER INFOR- Determines whether or not the
MATION REPORT use of IDENTIFIERS is consistent through
the problem statement.

FORMATTED PROBLEM Determine whether the complete
STATEMENT PSL description is accurate for a
particular name (e.g., check that the
DESCFIPTION matches what is given by
other PSL statements)

PRECUFNCY REPORT Determines whether or not the manner in
which frequencies (HAPPENS statement) are

assigned is consistent.

KWTIC INDEX - Determines whether or not conventions
used in assigning names is consistent

NAME GEN - Determines whether or not naming is
consistent
~ Determines whether or not name types have
been assiqned correctly.

NAME LIST - Determines whether or not naming is
consistent
- Determines whether or not name types have
been assigned correctly
- Determines whether or not SYNONYMS have
been assigned correctly
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PICTURE - Determines whether or not the name the
PICTURE is generated for relates to the
structure and information flow aspects of
the problem statement correctly

ATTRIBUTE R:XDPORT - Determine whether or not the conventions
of assigning ATTRIBUTES is consitient
PROCESS INPUT/ - Determine whether or not the
OUTPUT - manner in which PROCESSES are described

is consistent

Table 5. 6b(con't)
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Index

computer 4, 19, 20, 34, 35, 36, 113, 163, 176, 177

data-base 4, 5, 11, 23, 34, 35, 3¢, 37, 38, 62, 63, 68, 85, 116,
121, 124, 125, 131, 143, 171, 178, 179, 180, 186

function 18, 87, 97, 154, 155, 156, 157

language 4, 5, 36, 37, 58, 59, 115, 125, 171, 176, 177

systems 1, 5, 14, 29, 60, 68, 78, 114, 122

APPLI®S 25, 26, 27, 28, 32, 115, 116, 119, 122, 123, 168, 170,
181

ASSERT 25, 26, 32, 115, 117, 120, 128, 129, 132, 136, 139, 142,
147, 149, 153, 159, 150, 162, 163, 164, 165, 166, 167, 168,
170

ASSOCIATED 25, 26, 27, 31, 80, 81, 82, 84, 151, 175

ASSCCIATED-DATA 25, 26, 27, 31, 8C, 81, 148, 149, 151

ATTRIBUTE 13, 15, 21, 22, 25, 26, 28, 32, 38, 77, 114, 115, 116,
117, 119, 120, 121, 126, 128, 132, 136, 139, 142, 147, 149,
153, 159, 160, 162, 163, 164, 165, 166, 167, 168, 170, 183,
188, 189, 191, 193

ATTRIBUTE-VALUE 13, 15, 21, 22, 32, 38, 114, 115, 116, 119, 126,
128, 168, 181

BECCMES 109, 110, 158, 162

BECCMING 104, 105, 108, 161

BETWEEN 25, 26, 80, 81, 82, 83, 84, 147, 149, 151, 183, 187

Command 47, 5S4, 120, 121, 125

CARDINALITY 25, 26, 27, 31, 85, 99, 103, 104, 142, 146, 149,
175, 180, 183, 188

CAUS¥D 25, 26, 27, 31, 104, 1C6, 108, 109, 162

CAUS¥sS 25, 26, 27, 31, 104, 105, 108, 135, 161, 162

CLASSTIRICATTON 13, 1570 20, 22, 25, 21, 31, 32, 38, 711, 88, 96,
126, 135, 138, 141, 142, 146, 153, 168

CONDITION 13, 15, 19, 31, 33, 38, 104, 105, 106, 108, 109, 110,
126, 135, 157, 158, 160, 161, 162, 163, 184, 188

CONNECTIVITY 25, 26, 27, 31, 83, €4, 99, 100, 103, 148, 149,
183, 188

CONSISTS 2%, 26, 27, 3%, 71, 80, 81, 82, 83, 85, 86, 87, 99,
100, 103, 134, 137, 139, 140, 144, 151, 160, 174, 175, 182,
187, 189, 190, 192

CONSUMFD 25, 26, 27, 32, 111, 112, 114, 165

CONSUMES 25, 26, 27, 32, 111, 112, 113, 114, 164

CONTAINED 25, 26, 27, 31, 71, 80, B1, 82, 84, 86, 87, 94, 98,
a9, 100, 133, 137, 139, 1us, 150, 174, 175

CONTENTS R6, 87, 189, 190, 192

DEFINF 38, 126, 168, 169, 170, 172, 181

DELETE-PSL 59

DERTYATION 15, 25, 20, 31, 88, 96, 97, 145, 148, 149, 188

DERIVE 40, 88, 89, 91, 93, 134, 140, 144, 151, 152, 155, 172,
173, 190, 199

DERIVED 25, 26, 27, 31, RB, B9, 92, 96, 97, 98, 138, 139, 141,
14us, 145, 152, 153, 154, 156, 172, 173, 174, 175, 176, 187,
188, 190

DERIVES 25, 26, 27, 31, 88, 89, 91, 92, 93, 94, 95, 97, 120,
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129, 155, 156, 157, 175, 192
| DESCRIPTION 1, 25, 30, 32, 39, 59, 68, 97, 115, 116, 120, 127,
1 129, 132, 136, 139, 142, 147, 149, 153, 159, 160, 162, 163,

164, 165, 166, 167, 168, 170, 190, 191, 192

DESIGNATE 26, 32, 38, 126, 171

DICTIONARY 121, 190, 192

ELEMENT 13, 15, 17, 18, 19, 22, 31, 38, 39, 77, 78, 80, 81, 82,
83, 86, A7, 88, 89, 91, 92, §3, 94, 95, 9, 97, 98, 99,
103, 120, 126, 134, 137, 138, 139, 140, 141, 145, 148, 150,
151, 152, 153, 155, 156, 172, 174, 175, 180, 181, 184, 187,
188, 190

eNTITY 13, 15, 16, 17, 19, 31, 38, 78, 79, 80, 81, 82, 83, 84,
86, 87, 88, 89, 91, 92, 93, 94, 95, 96, 97, 98, 99, 103,
104, 126, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148,
189, 150, 151, 155, 156, 169, 172, 173, 174, 175, 180, 182,
183, 184, 187, 188, 190, 192

EVENT 13, 15, 19, 31, 33, 38, 39, 99, 100, 103, 104, 105, 106,
108, 109, 113, 126, 135, 157, 158, 161, 162, 163, 184, 188,
190

FALSF 104, 105, 106, 108, 109, 110, 136, 158, 159, 160, 161,
162, 163, 188

FORMATTED=-PROBL EM~STATEMENT 87

TREQUENCY 103, 189, 190, 192

GENERATED 10, 11, 23, 25, 26, 27, 31, 39, 64, 65, 66, 68, 73,
7%, 95, 97, 132, 133, 136, 137, 139, 172, 174, 187, 190

GENEFATES 10, 11, 23, 25, 26, 27, 31, 38, 39, 64, 65, 66, 68,
89, 94, 95, 131, 154, 175, 192

GroOP 13, 15, 17, 18, 22, 31, 138, 39, 77, 78, 80, 81, 82, 83,
8¢, 87, 88, 89, 91, 92, 93, 94, 96, 97, 98, 99, 103, 104,
126, 134, 137, 138, 133, 140, 141, 148, 150, 151, 152, 153,
155, 156, 172, 174, 175, 176, 180, 184, 187, 190

HAPPENS 25, 26, 27, 31, 99, 100, 103, 104, 135, 138, 157, 163,
173, 188, 191, 192

ITDENTIFIED 25, 26, 27, 31, 80, 81, 82, 86, 140

IDENTIFIES 25, 26, 27, 31, 80, 82, 83, 151

INCFETION 25, 26, 27, 31, 105, 106, 108, 162

INCEPTION-CAUSES 25, 26, 27, 31, 105, 108, 158

INPUT 9, 10, 11, 13, 15, 16, 17, 23, 29, 31, 33, 38, 39, 64, 65,
¢6, 68, 12, 73, 18, 16, 77, 18, 79, 8O, B1, 82, 81, 88, B9,
91, 92, 93, o4, 97, 98, 99, 100, 103, 104, 105, 1C6, 108,
109, 120, 126, 131, 132, 133, 134, 135, 136, 139, 143, 184,
150, 154, 155, 156, 157, 161, 162, 169, 171, 172, 173, 174,
175, 180, 184, 187, 188, 189, 190, 191, 192, 193

INPIT=PSL 59

INTERFACE 10, 11, 13, 14, 15, 29, 31, 38, 39, 64, 65, 66, 68,
22, 15, 76, 71, 97, 126, %31, 132, 133, 136, 137, 183, ™,
172, 173, 174, 184, 187

INTERRUPTED 25, 26, 27, 31, 10%, 106, 108, 109, 157, 158

INTERRUPTS 25, 27, 31, 105, 108, 135, 158, 161, 163

INTERVAL 13, 15, 18, 19, 31, 38, 98, 99, 103, 104, 126, 159,
160, 184

XKEYWORD 13, 15, 21, 22, 25, 26, 28, 32, 38, 114, 115, 116, 119,
120, 121, 126, 127, 128, 132, 136, 139, 12, 147, 149, 153,
159, 160, 162, 163, 164, 165, 166, 167, 168, 169, 170, 181,
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182, 188

KWIC 191, 192

LIST 182, 191, 192

MATLEOX 13, 15, 21, 25, 26, 28, 32, 38, 122, 123, 124, 126, 167,
1€9, 170, 182, 183, 188

MAINTAINED 25, 26, 27, 31, 88, 92, 96, 148, 149, 169, 181, 188

MATNTAINS 25, 26, 27, 31, 38, 88, 91, 156, 157

MAKE 25, 26, 27, 31, 105, 106, 109, 136, 158, 159, 163

M2ASODRED 25, 26, 27, 32, 111, 112, 113, 165

MEASTRFS 25, 26, 27, 32, 111, 112, 113, 166

M®EM0 13, 15, 21, 22, 32, 38, 114, 116, 117, 119, 121, 126, 129,
1€7, 168, 182

NAME-GEN 120, 121, 125

QuUTPUT 9,11, 13, 158, 16, V72, 23, 29, 31, 33, 38, 39, 64, 65,
66, 68, 72, 75, 76, 77, 78, 79, 80, 81, 82, 87, 88, 89, 91,
92, 93, 95, 96, 97, 98, 99, 100, 103, 104, 120, 1256, 131,
136, 137, 138, 139, 143, 144, 145, 150, 154, 155, 156, 169,
171, 172, 173, 174, 175, 184, 187, 188, 189, 190, 191, 192,
193

Parameter 71

PERPORMED 25, 26, 27, 32, 111, 112, 113, 114, 159

PERPORMS 25, 26, 27, 111, 112, 113, 114, 164

PICTURE 68, 76, 97, 189, 191, 193

PROBLEM-DEPINER 13, 15, 21, 32, 38, 122, 123, 124, 126, 167,
169, 182, 183, 188

PROCFEDURE 25, 30, 31, 59, 77, 88, 96, 97, 110, 157, 19N

PROICESS 9, 10, 11, a3, 15, 18, 19, 20, 21, 22, 23, 31, 33, 31,
38, 39, 64, 65, 66, 68, 72, 73, 75, 76, 77, 85, 87, 88, 89,
91, 92, 94, 95, 96, 97, 98, 99, 100, 103, 104, 105, 106,
108, 109, 110, 111, 112, 113, 114, 120, 126, 127, 128, 129,
132, 133, 134, 135, 13¢€¢, 137, 138, 140, 141, 142, 144, 145,
146, 148, 151, 152, 153, 154, 155, 156, 157, 158, 159, 161,
162, 163, 164, 165, 166, 169, 172, 173, 175, 180, 184, 187,
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