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PREFACE

This manual describes the User Requirements
Lanugage (URL) to be used with Version 3.2

of the User Requirements Analyzer (URA).

The manual consists of two volumes which

are referred to as Part I and Part-II in the
documentation. Paft I gives a detailed
description of the URL statements available
and their use. Part II is a reference manual
which gives the proper syntax for each
statement .
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FOREWORD

Mser Feaquirements Lanquage (URL) is a language for describing an
Tnforration Procassing System (IPS). A Problem Statement (PS)
in "RIL can be used +o describe the "present" system or to state
reaunirements that a "proposed" tarqget system is to fulfill,
Nescrihing the "present™ system is helpful in finding where
redundant information exists, standardizing procedures, etc.,
and also forms the hasis for designing "proposed" systems. In
describing a "provosed" system, the Prohlem Statement can be
considered as the specifications for the succeeding stages in
tha system life cvcle, i.e., in the physical design and
construction phases.

Requirements for pnroposed information processing systems are
usnally Aescribed in the Logical System Design phase sometimes
called *the "feasibility stuly." The end result of the logical
syster desian nrocess is a description of a proposed system and
A benefit/cos* analvsis of the value of building it. The
process itself may bYe accomplished in many different ways but
the particnlar method chosen loes not affect the form of the
firnal result, Wha*t constitutas a satisfactory description of
the proposed system is not affected by whether the process is
carriei ont manually cor with computer aids (except for the fact
that the computer-aided method can result in the description
itself being stored in a computer-aided processable form).

"ha purpmose of the manual is to describe how URL may be used to
describe systams, Tt may he used as an introduction to the use
of I”L and is also used as a text in URL courses, It contains
the complete svntax and semantics of URL as well as providing
anidelines on how these are intended to be used, A more precise
statemart of NM°L is qiven in the Nser Requirements Language,
Tanyjuaae Peference Manual, Part IT., Additional information in
tke use of "RPA aiven in the User Pequirements Analyzer User's
Mannal,
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1. INFOFMATTON PROCESSING SYSTEM CESCRIPTION

Tnformation Proc2ssing Systams of all types exist in
orqanizations to1av., They serve tc store, retrieve, manipulate
or orgarize information in some manner to meet a particular
orqanization's needs, For this reason, the design and operation
of one of these systems are particular to a given organization.
T™ conform with tha changing envircnment, an organization must
davelcp new systems, modify existing systems and terminate
ohsnlete ones, This can require a major effort of the
orqganizatinn +o Adesian systems and maintain documentation of a
system once it is operatiocnal,

1.1 Tntroduct ion

1.7.1 System Lifa Cycle
An information processing system has a life cycle which begins
with *he ini*ial conception of need of the system, nroceeds
throuah Adetermination of requirements for the system, (logical
system desiqn), nhvsical system design, detailed design and
constructinn, oparaticn, modification and maintenance and
finally, *t2rmination cf system operation.

1.1.2 Documantat ion

A+ oeach s*tep of the life cycle, some form of documentation is
neaeded bv *he organization. The documentation consists of a
comnlete and comprehensive description of the proposeed (or
tarqet) system., Tn addition, the organization of which the
system is nart must be at least partially described; and the
proiect defining ani Adesigning the system must also bhe
described.

.1.7.1 Rhat has fo he Documented

No matter what tyne of system is to be designed or who is
Aesianing it, there exist some features or components which are
commcn +to 11! svstems and that must, therefore, be included in
i*ts Adocumentation, Together, these common characteristics can
ha regarded as corstituting a mcdel of the system. This model
is shown in Figure 1,

The tasic nnrposs for constructing a system is to serve some

orjanization. Usually, a new system is required to solve sone
"nrobhlem™ within the existing system.

PARPT T NJSER ®EDJIREMENTS LANGUAGE MANUAL




HE180/MULTICS/URL USER'S MANUAL 2
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Figure 1: The Problem

The task of the system huilders is to accurately define the
prohlem so that a solution mav be iwmrlemented. The problen,
therefore, has three btasic components or elements:

- An environment in whict the problem occurs. Those parts of
the organirzation which directly interface with the problem must
ha includei in the description.

- M™he taragat sys*tem which is being described to resolve the
prohlem, The word "tarqget" connotes a "pronosed" rather than an
existing system, The reclation between the environment and the
target system is shown in Fiqure 1,

- The Project assianed the task of defining the problen,
aiequately documantirqg the requirements, designing, constructing
and installing the systenm,

All of the elements must be documented in sufficient detail to
meat the needs of the organization. To accomplish this, the
elements must hs broken down *o smaller components. These in
turn must he broken dcwn or subdivided into smaller elements.
The elements at all levels are called the "system description
elaments "

——— o ——— o o~

The Adescription of the problem thrcughout the life cycle is
nsually raferred to as "documantation." Such dacumentation must
serve a numher nf Aifferent purfposes:

= The svstam huildars must have a record of what they have done.

- "he organizations within the environment of which the systen
is *o0o serve must have a description to assure themselves that

PAPT T NEER PROTIIEMENTS LANGUAGFE MANUAL
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HE1RO/MULTICS/URL USER'S MANUAL 3

the rpreparedi system will satisfy their needs.

- "™Le manaaem2n* of the organization that is providing the
; resources must know what they are approving.

- ™a gsystem huilders who will continue the development,
construction, operaticn and maintenance of the system must all
have documentation from which tc carry out their tasks.

1.7.2.3 Forms of Documentation

*n serve their needs, mos* orqanizations have developed standari
documentation procedures consisting of very general to very
sp2cific gquidelines in producing documentation, Some
orqanizations use commercial documentation packages or
Ancumentation tachniocues in hopes cf producing more complete,
correct and consistent documentation.

Tt is standard practice to reccrd the description of the system
in fcrmal documents corresponding toc vatious stages of the life
cvcle known by suck names as the system definition report,
sys*em requiremants report, system design report, proqramming
docwmentation, user's manual, etc.

These documents are normally in narrative form, supplemented by

diaqgrams, flow char*s, lists, glossaries, cross references, etc.

1.1.2.4 Characteristics of System Tocumentation

Tnformation Processing Systems are large and complex and
re7ardiless of wh» produces the documentation or what graphical
aids, such as flow charts are used, it will have several
features thait make th2 process of documentation different,

; - 5i7e, Complete Aocumentation of a system may consist of many
thousand of paqes of charts, tables, code listings, user quides,
oroiect plans, etc,

- Complexity. ®ny piece of information about some aspect of th2
system or the project may hs related to many other pieces.

- Ynltiple users with different needs, Fach of the users of the
documentation, as noted ahove, need the documentation of some
asvects of the svstem at Adifferent levels of Jdetail.

- Chanageability. The documentation must be constantly uplated
AS chanages nccur in the organization or in the system. Any
chanae, becanse of the complexity, can affect the documantation
in manry places,

PAFT T U'SEF FEQUIPEMENTS LANGUAGE MANUAL
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1.1.3.1 Mapnal

famacne must he resnonsible for this documentation. It is often
the tas¥ of *he aralyst to io this. 1In other cases, it may be a
technical writer who must obtain the information from other
soirces (analysts, manigement, memos, etc,) in order to produce
+h2 documentation of the system. The technical writer has the
disadvantige of no% beina directly involved in the system
develcprment effoart, The analyst has the advantage of being
directly involved with the svstem yet is sometimes too close to
it to present a comnlete description., The documentation is
usually ora>duced manually reqgardless of who is doing it.

——— - - e o —— -

A computer-aidel apnrcach to system documentatiqn can be an
imprcvement over th2 manual methods by using the power of the
computer to store largqe quantities of data and to manipulate
complex relationships,

™o *+ake advantaadge nf thke potential benefits, a computer-aided
Aocumentation sys*em should have the following characteristics:

a) A formil lanquage flexibhle enough to describe any type of
information proc=ssing system., .

h) A transla*nr which takes the fcrmal lanhgquage statements as

input and stores it in some processable form in the computer
(i.2., on 4disk or tape).

c) A data-base in which thte inforration interpreted from the
lanamuaqge s*atemants is stored,

A) A report generator which allows information in the data-base
to he retrinved, analvzed and formatted as reports.

o) An update facility which allows information in the data-bhase
to he added to, modified, or deleted. Before any information in
the data-bhase is upliated, checks must be made for consistency
ani correctness so that accuracy of the information in the
data=tase is maintained,

T™a advantages 5f using such a computer-aided technique versus a
manual method are:

1) Though information is interrelated with other information,
there is only one occurrenc» of each piece of information in tha
data-tase, Tf this piece of information is modified, the
contents of the Aata-base are modified to reflect the change.

PART I UEER RTQUIREMENTS LANGUAGE MANUAL
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h) The lanquaqge hkas a finite pumber of statements which may be
specified and syntax and semantic rules for each of these
statements, This allcws persons documenting systems to give
precise A~scrintions which are much less subject to
misinterpretation.

c) Cnce the da*ta-hase has been modified, all reports generated

using it are uyp-to-date, J
) The reports aenerated are designed to vievw the system (as
descrihed in the data-base) at+t various angles. One particular
report may npresent high level structural information, another
may praesent the manrer in which low level data is manipulated in

the system, and s+*ill others may present lists of names,
dicticnaries, atc,

2) Scme reports may rresent results of complex analysis based
on the contents of the data-hase. Analysis may consist of
checks for comnlateness or consistency in the system description
at any point in time,

1.1.7.3 IRLZURA

"?Y, is a computer=-nrocessable lanaquage designed primarily to
describe a tarqet system during its formative stage (i.e.,
Aurina the determination of requirements phase in the system
life cvcle), 1t also contains facilities for describing those
parts of the organi~ation interfacinqg with the system and those
parts of the pnroiject which are relevant to the description of
th2 target system, The 0PI description of 1 system consists of
1 combtiration of formal statements (allowel by the language)
supplemented by narrative descriptions.

The M"eser Requiremerts Analyzer (PA) is a software packiage which
processes the '"PL statements and acts as an interface between
the problem definers and the information stored as the ORL
description,

Nrqanizations usually reaquire that the documentation of a
nroposed sys*em include a "system requirement report." This
Aocument contains 1 detailed description of the target system,
information ahout *he marnner in which the system interfaces with
the orqanization, and some description of the project designing
*the system including estimates cf costs, resources required and
completion *ime, etz, NRL is designed to state the type of
informa*ion which aopears in the system requirement report and
vhen a problem is rompletely described, esseantially all the
information for *the system requirement report is contained in
tha URA data-hasea,

'.1.4 Introduction to URL = A Formal System Descrjiption Language
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"he descrintion of a system involves describing "objects,"” the
"nroperties" of these objects, and the “relationships"™ among the
ohiects,

Tn Section 1,1.2 thase "ohiacts" were referred to as "systenm
description elements" representing some physical or conceptual
*hing in the target system, Fxamples of "objects" are "logical
collections" of data, the "orocesses" which define how the data
is derived, etc. Tach "object" defined in the target system
must e assianed a unique name and classified by the *"“type" of
ohject which it is. UPL, for example, allows approximately 30
Aifferent types of "objects."

"sroperties" of an "obiect" consist of statements descrihing
+hat "obdject .®

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

An example of a description of a (verv simple) svstem is given
in Section 1.2, A full descrip*tion of the types of "objects®
*hat ray be defined in 7TFL, their purposes and usages, is given
in Section 7.3, The "relationships" allowed in URL are given in
Secticn 1.4 along with informatior on how these relationships
relate to the overall system description and special
considerations involved when using them.

1.2 Zxample

This section illustrates the fundamental concepts of objects,
names of ohiects, *yoves of ohjects and relationships among
obiects throuqgh the nse of a simple example, The process of
computer-aided documentation is also shown., (Properties of
obiects are not illustrated in this examgle.)

1.2.1 Narrati

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

"M system called payroll processing takes employee
information which comes from departments and employees and
rroduces outputs which go *o the departments and employees.
The svstem al<o wmaintains payroll master information."

The irforma%tion ir such a narrative description is usually shown
gqraphbhically as in Tiqure 1.2.1 or in Figure 1.2,2.

PADT T UJS®P REQUIREMENTS LANGUAGE MANUAL
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e menmo-$ oo ecrc == o § domcanco=$ bommocnvene §
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Figure 1,2.1
System Flowchacrt for PAYSYSTEM
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Fiqure %.2,.2
Sfvstem Flowchart for PAYSYSTEM
Msing Standard Flowchart Symbols

1.2.2 tdentification of Objects

"he first step in using URL is to identify the objects in the ]
system being descrihed. This can be done for the above example
by underlininqg them in the narrative description:

"A system called payroll processing takes employee
information which comes from departments and saployees and

Froduces gutputs which go to the departments and employees
. The system also maintains payroll master information ."
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1.2.% gbject Names 2pd Types

Tach of the dAefined obiects has a unique name and each of these
nhiects is described in a di fferent context; "employee
information" represents information passing from "departments
and emnlcoye2s" *o "payroll processing,“ “payroll master
information" represants information manipulated by "payroll
processing," etc., Tn effect, each of these obfects represent

di fferent ¢*vpes or classes of otjects. For example, in "RL, th2
tvpe cf obiect corresponding to that suggested hy "employee
information" is an INPU™, "payroll master information" is a S&ET,
atc. The followiny table relates each of *the ahjects defined in
the narrative description with a corresponding IJRL name and
ohject ¢+ ype:

URL
Object
Narrative URL Name Iype
payrcll processina payroll-processing PROCESS
enployee informa tion amployee-information INPUT
Aepartments and employvees departments-and-employees INTER~
FACE
outputs paysystem~-outpouts 2N TPUT
i payroll master information payroll-master-information SET

IRY. does not allow hlanks in the names of objects; dashes are

{ normally used +to connect names consisting of more than one word.,
Tn an offort to keep the names used as meaningfyl as possible,
"qualified"” nam=2s such as "paysystem=cutputs" (instead of
“ontputs™) are sncouraqged,

1.2.4 ZIdentification of Felationshirs

Tha next step in usira YFI is to identify the relationships
amonaq the shjects which have been identified. The relationships
imop) ied in the axample narrative description ara underlined:

"2 system called payroll processing takes employee
informatinon which comes from decartments and employees and
Irodunces ontputs which go *o the departments and employees.
The svstem also maintains payroll master information."

T™ha following relationships have heen identified:

Belationship Betwesr and

takes navyroll processing employee information
comes employee irformation departments and employees
prnduces pavroll processing outputs

a0 outputs derartments and employees
maintairs pavroll processing payroll master information

Thare are a3 finite number of relaticnships that may be lescribed

PAP™ T "ETR PTQMIREFMENTS LANGUAGE MANUAL
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by URL, By tav¥ina into account the types of objects defined in
tha ahove examnla and the relationships that URL allows among
those ohijects, the following ccrrespondence hetween the
narrative descriptior relationships and the URL relationships
can be made:

Narrative relationship UKLl relationship
takes FECEIVES
comes GENERATED BY
rroduces GENERATES
gqo RFCEIVED BY
maintains UPDATES

The descrintion of the system using UPL terminology is:

Qbhject Relationshir Object

navrcll-processing PECEIVES employee-information
employee-information GFNERATEL BY departments-and-employees
payrcll-processing GENEEFATES paysystem-outputs
pavsystem=outnuts RECEIVED BY depart ments-and-employees
pavrcll=nrocessing JPDATES payroll-master-information

™h~ chiject type of 23 particular named object can be explicitly
defined hy a "PL statement, For the above example, the
following "PL statements may he used to define the object type
of "rayroll nrocessing," "employee information" and "departments
and employees.,"

PROCESS payroll~procaessing;
TNFOT employee-informaticn;
TNTERFACT departments-and-employees;

Since 1 particular sbjaect may be involved in several
r2lationshinps the format for specifying relationships is made as
simple as possihle, For any object defined via a statement
declaring its obiject type (as above) those relationships the
ohiact is involved in may be listed after this statement along
with the corresponding objects in the relationship. The URL
forma+ +to specify the relationships "payroll processing" is
involved in iss

DRNCTSS pavroll-processings
IRCTIVES emplcyee-information;
GFNTFRPTES paysystem=outputs;

MPLATF S pavrcll=mastar-information;

PART T NMSER FFOUIREMENTS LANGUAGE MANOAL
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1.2.€ URA Dutputs

one ccmplete NMPL problem statement for the example is shown
below. (There acte many ways in which all of the information
could he stated, They are all eguivalent as far as URA is
concerned,)

TNENT emplovee-informaticn;g
QnTEYT paysystem-outputs;
SeT payroll-master-information;
TNTFRFACE departments-and-employees;
GENERATES employee=-information;
RECFIVES paysystem=-outputs;
PFOCFSS payroll-processing;
NENATES pavroll-master-information;
i PECFTYTS employee-information;
I CFNFEFATES paysystem-outputs;

, Ance these sta*ements have been entered into the URA data-base,
i "RA can te us~2d to generate a number of "standard" outputs.

i Fiqure 1.2.3 shows one of these outputs called the PORMATTED
PRORLF¥ STATEMTNT, This report cortains all information stored
about selected ohiects in the data-base., Tn this instance, the
report has bean genera*ed for all the objects defined in the
data-tase,

The fermat of the infcrmation in the FORMATTED PROBLEM STATEMENT
is the same as that specified when describing the example in
URL. The report also nresents all implied relationships as well
Aas *he explicitly defined ones. This is the reason that, though
only five relationships were given in the example, ten are
presented in the FORMATTED PROBLEM STATEMENT. To say that
'pavecll=processinag' RECEIVES 'employee-information' implies
that ‘'emoployee-inforration' is RECEIVFD BY 'payroll-processing,’
etc., These are called complementary statements and when
Arscrihing a system in UFL, the choice of which of the two

} complementarv relationships to be used is arbitrary. (The
information s*oread in the data-base is exactly the same.) The
following ire the complementary relationships used in the

examnle:

Pelationship Complementary Relationship
PECTIV=S RFCETVED BY

GENFPATFES GENFERATFD RY

NePATES UEDATED BY

Piqure %,2.4 pr2serts an example of a graphical output that may
he nhtained from "FA, This particular examole shows the
relationships 'payrnll-processing' is involved in. All objects
ar= renresanted by rectangles with th2 nam2 of the object within
the rec*angle and the type of the ohject is given on the top
line of the rectanqgle,
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™he rectanqle for the name for which the output is being
generated is placed at the center of the diagram. All other
objects are placed along the left and right margins if involved
in "flow" relationshigs, and along the top or hottom margins if
involved in "structure" or "updating”" relationships. The type
of relatinnshin the center object has with bordering objects is
| given on the ho+t+om line of the rectangle for each of the border
objects., Tn the diaaram, 'payrcll-processing' RECEIVES

1 ‘eamnlcyee-information,' etc, s

§ s

Tn this example, names of objects have been showr in lower case
letters and Tvoes of Objects and Relationship in upper case
latters, It is, therefore, easy to distinguish user assiqned

% names for ohijects from words which are part of UPL. The ability
I to distinquish lower anrd uoper case letters Aepends on th2

! facilities available in the installation in which URA is being
used, Tf the installation does not support lower case letters,
all werds and names will appear in upper case.

1.3 NFL Chiects

} UJ®I ctject is anything given a URL name hy the user of

"L /URA, Fach ohject is given a uniaque name so it can be
x idertified each time it occurs in the system description.
Consequently, all occurrences can he collected and analyzed. A
"RL rame is one that conforms to the rules of name formation in
the NPL/UPA system (Section 1.,6). Once any particular sbject
has been given a name it can be included in relationships only
by specifying its name.

*ach object must he a certain ohject type. The complete list of
nermissible types in alphabetical order is given in Pigqure 1.3.1
together with the allcwable ahbreviations for each object type.
v Nf these, two are "special" types: SYNONY* and UNDEPINED., If

: the cbiect tyne of an ohject is not declared explicitly, URA may
| be atle to deduce the object type frem the manner in which the
object is used, otherwise, the object *ype for the name will be
"ONDEETRED,™ A Problem Statement is not complete if it contains
any MNPFTINED names. A SYNONYM is a special type of object that
can te used only as an alias or pointer to one other name, e.q.,
an obhfect that has been assiqgqned the name 'validation=-
processing' miaght be giver synonym 'valpr.!
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Qbject Iype Ahbreviation
ATTRIRNT™ ATTP
ATTRTRUTF=VALNF ATTYV
CLASSIFICATION ClS
CONDITION COND
ITLIMENT ELF
ENTITY ENT
RVENT EVI
GROND : GR
NPT » INF
INTEPFACF ‘ INTF
TNTERVAL INT
KEYWORL KEY
MAIIROX ‘ BOX
ME MO -———
ANTPUT ; cu1
DROFLFM=NFFINER ED
PROCTES PRC
PPACFS SOR PRCR
RIIATTON RLN
RRSCNECT RSC
RESOURCZ-NSAGF=PARAMETFR PNE
SRCUFITY SEC
SN NECT SRC
SE™ -—-
SNBSTTTING=CPITFPTON SSCN
SYNCKNYY SYN A
SYSTEM=PAPAMTT TR SYSP
TRACF=-KEY TKEY
UNPEFTNRD -
yNIT -

Figure 1,3.1 Object Types and Abbreviations

*.3.1 Classification of Object Iypes
For ease of describing the purpose and characteristics of each
tyne cf ohjec* with respect to the system documentation, it is
ronvenient *o groun the types into classes. The list of classes
and nbject *ypes within each class if shown in Figure 1.3.2. It
mnust he emphasized +that classification is for exposition only
and plavs no rnle in the formal svntax or semantics of MRL, The
mainr cateqories of classification are the following:

Nraaniza*ion for objects used to describe the

orgqanizaticn or environment in which the
target system is to operate,

Target Svs*em for ohbhjects used to descrihe the target
system,
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Project Manaqzament for obhjects used to describe the project
developing the target systenm,

Pronerties for objects used to describe the objects
in the atove three categories.

The purpose and characteristics of each object type is described
below in +he order in which listed in Fiqure 1.3.2. The
relationships in which an object of a given type can be included
is nutlinel in Section 1,4, and given in more detail in Sections
2 and ?, (The precise syntax is given in the "lser Requirements
Lanquage, Languaqge Feference Manual."!') A discussion of the role
of ~2ach object tvpe and situations in the system description
process whethar it should or should not be used is given in
Section 4,

1.2, 2 0rganiza*tion Objects

The NR1 object used to describe some part of the organization or
environmen*t with which the target system interacts is called an
INTFPTFAC® (or R7AI-WORLD-ENTITY). INTERFACES are often used to
dascribe departments in an orgjanization or other information
nrocessing systems which interface with the target systenm.
Interfaces ar= sometimes called by such names as "stations,"
"orqanizatioral units,”" etc.,, in other documentation systens.

i Intertaces ara2 objects which, as far as the target system being
develcped, mav receive iata frcm it or transmit data to it. For
axample, if a warehouse stock control system were being
Aesjaned, interfaces miqht be surpliers, customers, the
accountiny 1epartment, etc. They are not part of the tarqget
system, but have important relationships with it. Though the
functions of an intarface may bte ccompnlex, only the description
pertaining 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 svstem, or are responsihle for information within the
tarqget system.

1 part IT of this documant
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Fiqure 1,3.2 Classification of Object Types
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1.3.3 Target System Objects
marqe+t system objects are used to describe the target system

with respect to forms of informaticn, processing of the
infaormation, hehavior of the system over time, etc.

1.3.2,1 Ccollections of Information

Information related +c, or pertaining to, one particular type of
thinag or concept is +thought of as a collection of information.
For exampl=2, "emnlovee information" may be a collection of all
inforrmation pertainring *o a particular employee, This
information wnulAd be derived when an employee is hired by the
company, used to produce paychecks for the employee, updated to
reflect changas in the emrlovee's status, address, etc. The
collection is *o he thought of as a whole (in the above example,
everything that had to he known about an employee) though in
beina nrocess=21 by *ha target system, only portions of the
collection miqht be used at any one time, There are three types
of cnllections 5f information that may be defined in 7URL:
INPUTS, QUTPNTS and FNTITIES, The difference among these types
of ccllections is related to their rcle in the target system,

IN201s

An TNRUT is a collection of information produced external to the
target system, hut used by the target system. Por example, in
an inventory svstem, a customer order may he considered an INPUT
to the system,

QuIenis

An OUTPHT is a collection of information produced by the target
system, bu* which is used extarnal to the system. For example,
th~ pavchecks produced by a payroll processing system could be
thouaht of as 2UTPNTS as they are eventually used by employees
outside of the system. Once the collection has left ths systenm,
no further reference may he made to it.

INTIIIES

An ENTITY is a collection of information which is maintained
internal t» the system, FNTTITIES are initially "produced" and
than "maintained" using information from INPUTS and then OUTPUTS
are produced using informa*tion from ENTITIES, The "employee
information" Adescrihed above in the definition of "Collections
nf Tnformation" is an example of an FNTITY.

All of the abnve tvpes of collecticns of information may helong
to larger cnllections and may be hroken down into smaller units
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of information, Consequently, *there may be "structural"
relationshins betwean particular objects of these types.

1.3.3.2 Collections of Information Instances

A number of instances of one or mocre collections of information
is called a1 SFT. For example, a SET might he defined to
dascribe all instarces of "emplcyee information" in the tarqget
system, There is an imoortant distinction to be made between a
collection of information and an instance of this. Information
calleAd "emnloyee information" is a collection of information,
but emrployee information abhout JACK SMITH is an instance of the
collection of information., A number of instances together may
constitute a STT of "employee information."” Likewise, if two
collections of employee information were maintained (one for
current amnlov=2es and one for retired employees) a SET could be
dafined to contain instances of both collections as well as
defining a separate SET for each ccllection of information about
the differen* types of employees.,

"™h2 common example of a STT is a master file consisting of
records, i.,e., FNTITIES, for each emrloyee. However, SET may
also consist o»f TYPNITS and ONTPUTS. This permits SETS to
represent cnllections of INPNTS, e.g., queues of messages to be
processed,

1.3.2.3 Relationshins Among Collections of Information

Collections of information maintained internal to the system
(ENTITIFS) arae often "related" to each other in that there is
information which is no* irherent to either yet is associated
with both., 1In the =2xample of a warehouse stock control systenm,
information abont inventory items may be related to information
about their suppliers, etc, RELATIONS are used to describe
logical connectinons among FNTITIES,

1. 2.4 pata Definition
~ollections of information (INPUTS, DUTPUTS and ENTITIES)
"contain" values of information called ELEMENTS and GROUPS,

—— ————

PLEMENTS are the basic unit of information and, therefore,
cannot be subiividedi. An FLEMENT is used to desgribe a data
nhject which may take on a value. For example, if "employee
information" was defined ¢o bha an FNTITY it would not, in
itself, have a value, ™he ELEMENTS making up "employee
information" such as "aqe," "sex," "salary," etc,, might have
values for A particular instance of "employee information."
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GRODES

GRANPS are used to describe a cocllection of ELEMENTS and/or
other GROMNPS, GROUPS allow the prohlem definer to logically
relate one or more FI1EYFNTS ands/or GROUPS together and refer to
them collectively hy the GPOIP name,

SROUPS can be *hought to be synonymous with the names of the
GRNND's components., In the example of "employee information,"
the "rame" of +the employee may te defined as a FROTP where the
constitutents of the GR0UP, "first name," "middle initial,"
"surname”" may he Aefined as ELEMFNTIS. The use of GROUPS is
primarily a rotational convenience.

——— —— — G ———— ——

An information processing system exists to process data, i.e.,
+o prcduce 1a*a values from other data values. This
transformation is krown by different names suchk as process,
nprocedure, func*ion, cperation activity, etc, In URL, a PROCESS
is the tyoe of object used to descrite this transformation.

The *otal tarqet svstem can bhe regarded as a PROCESS at the
hiqhest level. A PFOCFSS is 1efined by specifying the
information upon which it operates and the information which it
produces.

1.3.3.F Size and Yolume

Nbiects which relate information pertaining to the amount of
informa*ion maintaired by the system and volume of information
to be pnrocess2d1 are descrihed to estimate the size of the target
system,

Tnformation ahout the size of a proposed target system is
usually stated in terms of numbers. E.g., 507 employee changes

occur each pav period or production analysis report consists of
107 raaes,

In WXL, the "parameters" affecting the size of the system are

considered ohjects and each given a unique name; two types of
obiects are psarmitted:

SYSTFY-PARAMETERS and *time INTERVALS

"he tasic nurpose of treating these parameters as objects is
that gach occurrence can be uniquely identified, Consequently,
all occurrences can be jidentified. Also, only one assignment of
numerical values ne~d bhe ready, the assignment can be as "late"
as possihle, and sensitivity-analysis can he carried out.
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SYSTEM=PAPAN ETER

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

INTESVAL

An INTTPVAL is used to describe a unit of time, In defianing
frequencv of an occurrence in the system, the frequency must bhe
lefined with respect to scme unit of time, A "year" is an
examrle of an interval, as is "work week."

1.3.27 Dynamic Behavior

T™he Adescrintion of the dynamic tehavior of the system indicates
requirements on prozessing order and the relationships between
processes and objects that initiate, terminate, or interrtupt
thom,

rYINT

An FVENT is used to descrihe possible occurrences during the
oparation of the target system, An occurcence of an EVENT is
associated with a specific point in time, but the samz2 EVENT may
oczur more than orce during target system operation. Por
sxample, "2rror recoqnized" may be an EVENT that causes normal
processing to be suspended while an error processor is
initiated.

CONDITICN
A CONTITYON is used to descrihe some aspect of the state of the
tarqe* system, A CONDITION may bhe either true or false. For
examrcle, "input da*a valid" could be a CCNDITION, A change of
this CONDITION from true to false might cause an EVENT (such as
"error recoqnized”) or might Airectly initiate arror pracessing.

1.3.%.f System Architecture Objects

PROCESSOP

An ohject *hat can "perform"™ a FFOCESS is a PROCESSOR. In other
vords, a PFOC®WSSOP is an "aaent" that physically acts to perform
a PFNCESS, A compu*er system, a department in an organization,
a person, can all be modeled as a PFOCESSOR.
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The total target system can he reqarded as being perform2d by a
single PROCESSOP at the highest level. This highest level
PROCFSSOR is the collection of all the physical entitiaes
(includina human heings) that actually carries out all the
inforration processing functions in the systenm.

| A RFSCYPCT is something +hat the physical elements in the target
i system consume in order to carry out information processing

i functions. A FESONRCF is consumed , and once an amount of
RTSOUFCT is consumed, it is considered unrecoverable because it
is "useq 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
recoverabhle because it is nsed up.

I+ is important to note this somewhat specialized meaninqg of
RESCHOFCF, TIn the aeneral usagje of the term, "resource" could
mean something that is needed for a task to he performei, but
which is returned after it is finished. For example, an
electrical apnliance can be regarded as a resource in this
sense: when it is heing used by someone, nobody else can use it;
but when it is no lonager used, it is available for use. In URL
this second meaning of "resource" is modeled by PROCESSOR, and
the term RESONPCE is exclusively used for the first meaning.

Since it is nacessary to handle quantities of RESOURCEs, units
ar2? needed to measure FRESCHFCEs, The object UNIT is used for
*his purpose, A T¥TT jis used to measure RESONRCFs., For
examrle, elec*rici*ty may bhe measured in a UNIT called
"kilowatt=-hour."

PESNOUFCE=NUSAGF=PAPAMETER

A RESONFCZ=TSAGE~-PARMMETEF is an ohject that defines a measuce
of the PFSONPCF nsage for a PROCESS, It is introduced in URL as
a wav of expressing resource consumption of a PROCESSOR
performing a PPOC®SS independent of what PROCESSOR perforss it.

For example, one can assian values for a RESOURCE=USAGE-
PARAMETF R "pno=of~fortran-steps" to a set of PPOCESSes. The
valunes of the “RSONPCF=-'YSAGE-PARAFNETER for a PROCESS might
siqnify the number of FORTRAN steps if the PROCESS is %5 he
parformed by a computer and FORTRAN is to he used to write the
orogram, The actual amount of KFSCURCE consumed in order to
cartrv out this PRICESS depends on the particular PROCESSOR's
ability, which is expressed in terms of RESONRCE consumption per
PPSONFCE=ISAGF=PAFAMETER,
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1.3.4 Project Yanagament Chjacts

Prnject management objects are used to provide information about
*he individual writing the URL description of the target system,
MRPL is not intepdied *o be a project management system, bhut it
provides for two types of obijects,

PRORLIEF=DEFINRER

PRPORT*M=DEFTINFR is an obiect used to descrihe a person vwho
writes the nroblam statement (UFL statements) for the target
svyitem or who has the responsibhility of maintaining the UPRL
descrintions for ore or more other UPL objects, For example,
PRANTFM=DEFTN?R, "Jane Smith," may be responsible for tha URL
1escriotion of the objects, "employee information,"™ "payroll
nrocessing," atc,, while other rpeople on the project may be
responsible for other ohjects in the target system's
description,

MATLBCX

A MATIRCX is used *o Adescribe the location where questions
and/cr information about the 7RI Aescription of a particular

tarqet system mav he sent, Usually a MAILBOX is relatel to a
PPNBLFM=D"FINTR,

For an accurate description of a tarqget system, special
nropertiss of certain ohjects must bhe defined, For example, in
describinag a2 larqge information processing system, it may be
necescsary to Aefire which functions (PFOCESSES) are to be done
manuallv, cun hatck, or on-line, etc., The URL object types that
are availahle are SYNONYM, KEYWORD, ATTRIBUTZ, ATTRIBUTE-VALUE,
CLASSIFTCATION, MEMO, SOURCE, SECUERITY and TRACE-KEY.

SYNONYH

A SYNCNYM is usedq to dAefinpe an alternative name (alias) for a
aiven name in the YPL descripticn of the system, The SYNONYN
may simply defina an abbreviaticn of a long name or specify a
totally different name for an ohject, depending on who looks at
the object (i,e,, several people may think of the same thing,
bu% call i+ several different names).

KEYMORD
KEYWOFD is an object type used to identify one or more objects

A Y
in the tarqet system description for selection and analysis
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purposes, For example, if all functions (PROCESSES) described
as heing manual procedures in the target system were to be
listed and analyzed together, the KEYWORD "manual" couli be
attached to each PPOCESS for this purpose,

ATTRIENT™FS and ATTRIBUTE-VALIIES are used to describe
characteristics of particular objects in the target systeam
description that mav not he described by any other URL
statements, %Yor examrle, to describe that the length of an
FLEMEY" is six characters lonqg, the ATTRIBUTE "length® could he
defined and, for a particular ELEMENT, the corresponding
ATTRIBRNTE~-VALYF could he "g, "

CLASSIFICATION

CIASSIFICATION may he associated with data objects, PROCESSES
an1 FFOCTSSOPS in the taraget system, A value may also be
associated with the CLASSIFICATION, In order for a PROCESS or
PRNCZSECR to2 bhe allowed access in the target system to 3 data
ohject, it mus* have all the CLASSIFICATIONS that are associated
with the da*ta object, and the value must be greater than or
equal *c *he value associated with the data object.

MEMA

A MEYO is used to descrite a note (text) relevant to some aspect
of *he target system descriotion. For example, a note
concerning unresolved problems in describing a select number of
GPONPS in the target system description could be defined as a
ME¥O and then related to each of the appropriate GROUPS,

souRcE

A SOURCT is used to describe an object, outside of the problenm
statement, relevant to the description of one or more objects in

the tarqet system dascription., For example, a feasibility study

of the target svstem being designed may have information

relevant to why one alternative of describing the target system

vas chosen over another, The feasibility study could be ‘
designated as an ohject of type SOURCE,

CECNSITY

—— o ——

SECNFIT™Y is used to identify what object descriptions can be
reviewed by a qiven class of persons., Some typas of information
miintained by the *arget system ray be considerad confidlential,
so the descrintion in the prohlem statement on how this
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information is maintained may be res*ricted to high level
management and a few select programmers.

A TTACF-XEY is used to correlate objects which exist in
different data-hases. *For example, the logical system design
and physical svstem design of a security control system may
exist ir two dif ferent data-bases. An obiect called a security
level mav exist in the logical design data-base, and a field of
numbers called a security level number may exist in the physical
desiqgn data-base, A TPACF=KEY called a security level key may
bae applied *to bhoth objects to display the correlation bhetween
them,

—— - —— — ——— — e

The previous section presenteil the types of objects that must he
Aefined when describing an information processing system.
Nrganiza*ion objects define the environment in which the target
system is emheddad, Target System chjects describe the u
components »f the target system, Project Management objects

describe the project in which the target system is being
Aeveloped, and Propertv objects describe rproperties of all types
nf ohiects.

Tn addition to idertifyinqg particular objects (by giving thenm
names), *he relationships among these objects must he stated.
For =xample, i€ "employee-information" is Aefined to be an INKPOT
and "rayroll=-processing" as a FROCESS, a relationship connecting
these two objacts may be specified. In UFL terminology, if
"amplovee-informatior"™ is an input to "“payroll-processing," the
relationship can be stated "payroll-processing" RECEIVES

| "emplovee-informatinn" or "employee-information" is RECEIVED by

5 “nayrcll=processing. "

] Piqure *.4.1 nresents a listing of all relationships allowed in
] "RL in alphabe+*ical order along with legal abhreviations for

' these statements, (AR dash in place of an abhreviation
designates thait there is no acceptable abbreviation for that
statement,) This section qgives an introduction to the
relationshins, T™hev are defined in detail in Saction 2 and 3.

1.4.1 Copplemantarity

One characteristic of most relationships hetween two names is
that i* may ba specified in bhoth directions., For example,
specifying *hat an INTPUT is GENFPATED by a PROCESS is
eaquivalen* to snecifying that the FROCESS GENERATES the QUTPUT.
GENTRATFN and GFVEPRTES are called complementary relationships.
Pigure 1.4.2 presents a list of all complementary relationship
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pairs. (A dash designates that the relationship does not have a
complement,)

1.4.2 Pelationships Petween Different Classes of Objects

j "?L allows a number of relationshirs to "connect" objects

, vhether they are of the same class as defined in Section 1.3 or
! in 4ifferent classes. PFor instance, in the above example, two
= marqget System objects w2re related via the RECEIVES
relationship, Since Organization objects, Project Management,
and Property obhjects also contribute to the description of the
systaem, thoey, *00, must be related to defined Target Systenm
nhjects., Therefore, there is another set of relationships to
connect Tarqe+t System ohjects with Organization ohjects, another
for Target System objects and Froperty objects, etc, Tha
possitle sets of relationships are shown in Fiqure 1,4,3,

Relationshiops may h2 classified in the same way as objects were
classified in Section 1,2. The first row of Figure 1.4, 3
presents ralationships that an Organization ohbject may have with
other nrganization objects, with Target System objects, Project
Manaqgement shjects and Property obhjects. The second row
presents relationshi ps that a Target System object may have with
Nrgqanization obj=2cts, other Target System objects, Project
¥anaqement objec*s and Proparty objects, The third row presents
relationshins that a Prnaject Management object may have with
Orqanization obhiects, Target Sys*em objects, other Project
¥anayjement ohiects, and Property objects. The fourth row in
Figqure 1,.4,3 nresents relationships that a Property object may
have with Jdrganization objects, Target System ohjects, Project
Managemen* nhijec*s and other Property objects.
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APPLIES
ASIEPT
ASSOCIATTED
ASSOCIATED-DATA
ATTR IRNTES
RETWEEN
CAPDINALITY
CANSEL
CAUSES
CLASSIFICATION
CONNFCTIVITY
CaNSIS™S
coONSHUMED
CONSUMNES
CONTAINFDN
DFRIVATICN
DTRIVED
NDRRTVES
DSSCRIPTION
GFENFEATED
GFNTRATFS
HAPPFNS
TOENTIPIED
IDENTIPIES
INCEPIION
INCEPTICN=CANSETS
INTEPPUPTED
INTRERIBES
KEYWORD

VA")F

MAXT

MATI PCX
MAINTAINFD
MAINTAYINS
MEASIFED
MFACHIR=ES
pap™
PERFCFMED
PERFOERME

Tist of "PL S*atements in Alphabetical Order with Abbreviations
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Abhre- Abbr e~

viation PRelationship viation
A PP PROCEDURE PRCD
RSPT FECEIVED RCVD
ASOT” RECEIVES RCVS
ASND PELATED REL
ATT RESOURCE=USAGE RU
PTWN PESOURCF=USAGE=-PARAMETER-VALUE RUPYV
CAPD RFSPCNSIBLE RESP
CSh PFSPONSIEBLE=-INTERFACE RINT
CSS °F SPONSTBLE-PROBLEM~DEFINER RPD
CLS SECRITY SEC
CONN SECUFRITY-ACCESS=RIGHTS SAR
CSTS SEE=-MEMOC SsM
CNSD SOURCE SRC
CNSS SOBPARTS suBp
CNID SOBSFET SST
DPVYN SOBSETIS SSTS
DPRYD SUBSETTING=-CFITERIA SSCA
NRVS SHUBSETTING-CFITERION SSCN
DESC SYNONYNM SYN
GFND TERMINATED TRMD
GENS TERMINATES TRMS
HAP TERMINATION TERM
IDD TERMINATICN=-CAUSES TERC
L DS TRIGGERFL TRGD
INCP TRIGGEPS TRGS
INCC UPDATED nmenp
INTD UPDATES UPDS
INTS UST=D -
KEY USES —
-- NTILTZED "TLD
MAK UTILIZES UTLS
ROX VALUES VAL
MNTD VOLATILITY VoL
MNTS VOLATILYTY-MEMBER VOoLM
MSRD VOLATILITY-SET VOLS
MSPS WHILE WHL
PRMD
PRMS

Piqure 1.4.,1
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ASTFRT
ARSSOCTATED
ATTRTRNTES
CARPDINALITY
CASED
CONNECTIVI™Y
CONSUMED

CONT ATINFD
DERTVED
GEVERATTD
HAPPENS
ITDENTIFIED
INCEPTINN
INTFEFIPTED
KEYWN®RD

MADF

MATILBCX
MAINTAINFED
MEASTUPRED

PART

DERFARYTD
SYCPIVFD
PELATFD
RESOUPCE=TNSAG®T
PESPCNSTRLR= INTERPACF
RWSPCNSY RLE-PROBLFV=DEFTNFR
SFCHUPITY
S¥E«MEMD
SOU=CF

SRS FT
CMYSETTING=-"RTTIRIA
SYNONYM

TERM IKATED
TEOMTNAT YON
TRAC "=KFY
TETIGOGERFD
"PDATED

NsSEN

nmrILIZED
VALNES

26

Complementary Relationship
ASSCCIATED=-DATA
CAUSES

CONSOUMES

CONSISTS

DERIVES

GENFRATES
IDENTIFPIES
INCEPTION=CAUSES
INTERRUPTES
APPLTIES

MAKES

APELIES

MAINTAINS

MEASURES

SNEPARTS

PEFFCRMS

RFCFYIVES

BETIWEEN
RFSONPCE=-USAGF=-PARAMETER=-VALU®
FESFCNSIBLE
RESPONSIBLE
APELIES

APPLIES

APELIES

SNBSETS
SUBSETTING=-CRITERION
CESIGNATF
TERMINATES
TFRMINATION=-CAUSES
APELIES

TRIGGERS

PDATES

NSES

OTILIZFS

Figure 1.,4,2
List of all 0RL kelationships with Complementary Relationships
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QPGANIZATION QRJFCTS  TARGET SYSIEN QBJECTS
OPGANTZRTION STBPARTS/PART GENEFATES
CBJIECTS FESPONSIBLE
RECEIVES
TARGET GENFEATED RSSOCIATED/
ASSOCIATED=DATA
SYSTFM RECEFTIVED CARPDINALITY
OBJPCTS FTSPONSIBLE-INTEFRFACE CANSED/CAUSES
CLASSYPICATION
CONNECTIVITY
CONSUMED/CONSUMES
CONTAINED/CONSISTS
DPFRIVED/DERIVES
GENERATFD/GENERATES
HAPPENS
IDENTIFIED/IDENTIFIES
INCEPTION/
INCEPTION=-CAUSES
INTERRUPTED/INT SRRUPTS
MADE /MAKES
MAINTAINED/MAINTAINS
MTASTURED /MEASURES
PART/SUBPART
PERPORMED/PERFI RMS
RECEIVED/RECEIVES
RELATED/RELATES
RESOURCE=USAGE/
RESOURCE-USAGE=-
PARAMETER=VALUE
SECURITY-ACCESS=RIGHTS
SUBSET/SUBSETS
SNBSETTING=-CRITERIA/
SUBSETTING=CRITERION
TESMINATED/TERMINATES
TERMINATION/
TERMINATICN=-C AUSES
TRIGGERED/TRIGGERS

UPDATED/NPDATES
OTILIZED/UTILIZES
VALTES

PROJ =C™ PFSPONSIBLE RESPONSIBLE

MANAGEMENT

NBRJECTS

PROPFETY APPI IFS APPLIES

ORJFCTS

- - S e . e D D - e En P B S eee -

Piqure 1,4.,3 Felationships among Classes of Objects
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PROJECT MANAGEMENT OBJECTS PROPERTY QBJECTS
ORGANIZATION RFSPONSTBLE=PROBLEM-DEFINEP  ATTRIBUTES
OBIFCTS KEYWDRDS
SECURITY
SFE-MENO
SOURCE
SYNONYM
TRACE-KEY
TAPGET RESPONSTBLE-PROBLFM=~DEFINER  ATTRIBUTES
SYSTE™ KE YWORDS
NBJFCTS SECURITY
SEE-MENO
SOURCE
SYNONYM
TRACE=KEY

DPROJFCT MAILBOY/APPLIES ATTRIBUTES

MANAGEMFNT KEYWORDS

OBJECTS SECURITY
SEE-MEMO
SOURCE
SYNONYHM
TRACE-KEY

PEOP FRTY APPLIES ATTRIBUTES

NRJFCITS KEYWORDS/APPLIES
SECURITY/APPLIES
SEE-MEMO/APPLIES
SOURCE/APPLIES L
SYNONYM
TRACE=-KEY

Fiqure 1.4,3 Felationshirs among Classes of Objects
(Continued)
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1.4.2 Narrative and Text Description

Any informi*ion which is needed to describe an osbject and which
cannot he specifiel by usinqg one or more relationships can be
specified in a narrative or text description called a comment
sntry. These comment entries are not named (as objects are
name) anrd, tharefore, apply to only one particuylar name. A
numbar of different types of comment entries may be defined
depanding on the tvpe of object they pertain ta, The types of
narrative and free-format descriptions that may be defined in
"R1. accordinag to th2 class of ohijects being described is given
in Fioure 1,4,5,

'.4.04 Classification of Pelationships by System Aspects

"h» relationships may be grouved into nine major groups on the
hasis of the "aspect'" of the system which thev describe, These
nine maior aspects are:

System Flow

Svstem Structure

Nata Structure

Da*ta Derivation

System Size and Volume
Svstem NDynamics

System Architecture
Systerm Properties
Project Management

Pach is defined belnw, Specifying information about each of
these aspects involves onre or more object types and
relatiorships., Fiture 1.4,.6 presents a summary of these nine
aspects with corresponding objects ani relationships.

1.4.4.1 Systenm Flow

Tha System Flow aspect of the system deals with the interaction
hetween the tarqet systam and its environment, This involves
describing those objects (INPUTS) which are sunplied by the
environment (INTTFPFACES) to the target system, those objects
(OTPNTS) which are produced by the target system and accepted
by the environment, and the responsihility of the environment
for information (STTS) within the systam.

Anv transfers nf 4ata within the system are not considered as
oart of System Fldw hecause there is no interaction with the
environment,

'.4.06,2 System Struct

System Structure is concernad with the hierarchies inheren* in
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g most types of systems. (This includes information structures as
I vaell as processing structures.) Structures may also be

| introduced to facilitate a particular design approach such as

! “top down." Tn this context all information may initially be

{ aroupeéd together and called by one name at the highest level,

§ and then qradnally hroken down, System structures can represent
i higah~level hierarchies which may not actually exist in the

| system as well as those that do.

CLASES OF ORJECT TYPES COMMENT FNTRY RELATIONSHIP

NRGANTIZR TIOM OBRJECTS DFSCRIPTION

TARARFT SYSTEM OBJECTS DERIVATICN
DESCRIPTINN
PROCEDURE
VOLATILITY
VOLATILITY-MEMBER
VOLATILITY=SET
WHILE

PROJECT MANAGEMENT DESCRIPTION

OBJFCTS

PROPFRTY OBJECTS DESCRIPTION

fiqur2 1.4.5 Types of Comment Entries i
for each Class of Objects
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SYSTFE ASPECT NRL ORJECTS URL RELATIONSHIPS
SYSTEM FLOW INTERFACS RECEIVES/RECEIVED
INPO™ GENERATES/GENERATED
OUTPUT UPDATES/UPDATED
PROCESS RESPONSIBLE-INTERFACE
SET
SYSTEM STRUCTMRE INTERFACT SUBPARTS/PART OF
TNPNT SUBSET /SUBSETS
ouTeuyT UTTLIZES/UTILIZED
PROCESS
SET
DATR STENCTURR GRO"P CONSISTS/CONTAINED
ELEMFENT IDENTIFIES/IDENTIFIED
FNTITY SUBSETTING=-CRITERIA/

SUBSETTING=CRITERION
ASSOCIATEN/ASSOCIATED=DATA

D I R R R R R S T

DATA TEFTVATION INTEEFACE USES/USED
TNPOT DERIVES/DRRIVED
ouTPuT UPDATES/UPDATED
PROCESS MAINTAINS/MAINTAIN®D
SET PROCEDURE *
GROUP DERIVATION *
ELEMENT CLASSTFICATION
ENTITY SECURITY-ACCESS-
CLASSIFICATION RIGHTS
SYSTEM SIZwn SYSTFM=PARAMETEP CONSISTS |
INTFRVAL HAPPENS ’
CONNECTIVITY
CARDINALITY
VALUES

VOLATILITY *
VOLATILITY-SET *
VOLATILITY-MEMBER *
SYSTEM DYNAMICS EVENTS CAUSES/CAUSED
CONDITION INCEPTION-CAUSES/
ON INCFEPTION
INTERRUPTS/INTERRUPTED
MA KES/MADE
TERMINATES/TERMINATED
TERMINATIDON-CAUSES/
ON TERMINATION
TRIGGERS/TRIGGERED
WHILE *

*= comment antry

Fiqure 1.4.6
MR L nhject and Statements Organized According
to Aspect of Target System Described
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SYSTEM ASPECT URL OBJECTS URL RELATIONSHIPS
SYSTEM ARCHITRECTURE PROCESSOR CONSUMES/CONSUMED
PESNNRCE PEFORMS/PERFORMED
RESOURCE=USAGE~ RESOURCE=0SAGE/
PARAMFTER RESOURCE=~ USAGE~
UNT ™ PARAMETER-VALUE
MEASURES/MEASURED
PROJFCT MANAGFEMENT PPROBLEM-DEFINEER RESPONSIBLE/
_ MATLBOX RESPONSIBLE-
! PROBLEM=-DEFINER
I MAILBOX/APPLIES
PROPERTIES ATTRIBUT®/ ATTRIBUTES /APPLIES

i ATTRIBUTE~VALUE KEYWORDS/APPLIES
f CLASSIFICATION SEE-MEMO/APPLIES

; KEYWORD SYNONYMS/DESISNATE

i MEMO DESCRIPTION *

B SYNONYM SOURCE/APPLIES

I SOURCE SECURITY/APPLIES
SECURITY TRACE-KEY/APPLIES
TRACE-KEY ASSERT

* comment entry

Figure 1.4,.6 {(Continued)
URL Object and Sta‘tements Organized According
to Aspect of Target System Descrihed
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Pata Structuras represent the relationships that exist among
data used and/or minipulatel by the system as seen by the
"users" of the systemr, Data Structures also exist in the way
darta is qroupad in collections of information such as didcuments.
The Adescription of Data Structures also involves specification
of relationships armong logical collections of d3ta and the lata
associated with such relationships.

1.4,4,4 pata NDerivation

™he Data Darivation aspect of the system description spa2cifies
the wav in which data is manipulated or derived by the systenm.
It specifies what information is used, updated and/or derived,
how +his is don2, and by which processes. This aspect iiffers
from System Flow, since System Flow only designates the inputs
to th system and th2 end results (OUTPUTS), without specifying
what actions ta%e place to bring these transformations about.
Data Derivation can deal with the very lowest transformations of
data, wher=as, Syst2m Flow deals wi¢h high level collections of
information (i.~,, TNPUTS and OUTPUTS).

1.4.4.5 System ize

The System Size is concerned with the size of the System and | 4
thase factors that influence the volume of processing that will 3
be reaquired, ™o d2scribhe system size, the parameters involved
are nam2d as ohjects,

1.4.4.6 Systen Dynamics

Th2 Advpamic analvsis asnect of system descriptior preseats the ;
manner in which the target system hehaves over time. EVENTS ani ?
CONNTTIONS are used to help describe when PROCESSES are !
performed and under what conditions.

1.4.4.7 System Srchitecture

The Svstem Architecture aspect deals with the physical
comnonents ani structures that are necessary in order t> realiza2
the given user reauiremants,

‘.4.04.8 Project Managemant

Tn addition *to the lescrintion cf the target system being
designed, locumentation of the group Adesigning (or docuzenting)
the taraget system is needed. This involves identification of
parsons involved and their resconsibhilities, etc,
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1.4,4.9 Propecties

A1l objects (of a particular type) used to describhe the target
system have charactaristics that distinquish tham from sther
nhiects of tha same type, Therefore, the properties of
oarticular ohjects in the system must be descrihedi. 1In general,
Properties involve any description particular t> a given object.

1.5 System Documentation Using URL/URA

The Process of usiny NMRL/URA to describe an information
oro~essina system incluies the following steps:

1y Gathering information about the system.

2) TFxpressing the information in URL.

?) Formatting TRL as required by T1RA.

4) Converting *he Prchlem Statement into computer procassable
form.

3) Yntering the data into the proiject data-hase,

8) Genera*tinqg csutpats from the Aata-base.

1.5.1 Gathering Information About the System

"his s*tep can be carried out as with present manual methods.
"swever, the YPL s*tructure (sections and statements) can be used
as a structure for which irformation is collected. URA outputs
can also he used as a checklist of missing information.

1.5.2 Zxpressing the Information in URL
"he use of 'JRL zonsists of:

- Identifving ohjec*ts, naming them and assigning a unique type
to each,

- Determining *he ralationships among the objects.

- S*ating appropriate pnroperties for each object,

Any information wtich cannot be expressed in this formal syntax
can he given as tex* in comment entries.

—h
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________ L 2quicred by UPA

"N requires only minrnimal formatting as Aescribed in Secztion
1.6,
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1.5.4 Convarting th2 Problem Statement into Computer Prycessabls
Form

"he nroblem statement can he read by URA from whatever form of
comnputer nrocessabl2 input is desired. The usual procedure will
be t+o punch the problem on cards or to enter it via a ta2rminal.

The data can he ent2red on cards anywhere in the first 72
columns, J

When data is anterel via a terminal, it will normally firs* he

i entered into a file,

".5.% Entry of the Data intd

v

he Project Data Bas

Ir

In TSDOS terminonlogy, the description of a propased Infrrmation
Processing System is called a Problem Statement in the sense
that it represents a "problam" to be solved, The physical
svstem designer than has th2 problem of finding the best system
to accomrlish the rzquirements implicit in the 4escription of
the oroposed Informat*tion Processing System. (The proposed
system can be considered a solution to an earlier problanm,
namely, the problem of what outputs are necessary to satisfy th2
"nsers" needs for information.) The URA data-base contains the
nroblem statement as it has b2en given np to that time.

Th> rroblem statament will be buyilt up over a pariod of tiame,
possibtly by a number of problem definers workiny simultaneously.
Three aspects of a problem statement and its use during loaical
system desigr need *o be considered:

N The dscumentation of the problem statement availé 'e to th2 i
vrroblem 4ef iner based on the URL information in the
1at a=hase,

) The prohlem statement as it exists in the data-bass.

The data=-bhase contains information about all the objects that
have heen iden+tifiei, and all the relationships among those
ohjec*s that have haen specified, It also contains narrative
statements to be used in the final documentation, Except for
the narrative statements, the data is stored in "coded™ form ani
not as a copy of *ha FORMATTI®ED PROBLEM STATEMENT,

) The method by which *th2 problem statement is added to or
modified,

Whan the prohlem definer wishes to add to the data-base or
modify it in some way, input is prepared according to the syntax
of "%, i.e,, in th2 same form as the FORMATTED PROBLENM
STATEMTINT, However, only naw data or changes to the data need
*o he entared, Any data not affected by the input will remain
unchangeq,
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™ha use of NFL, therefore, differs from present methods in two
siqnifican* ways: the information about a proposed systam can b2
entered in any order and onlvy new data or changes need be
entered,

1.5.F Generating Outputs from the Dat

Base

At any time problem definers can obtain outputs based on all or
nart of the data in the data-base, These outputs would be used
by the problem definers in *heir own work (Data Collection,
Analysis, Desiqgqn, Fvaluation or Improvement) or in conferring
wi*h users and othars, The complete statement containing all
*he Adata in the Adata=-base is called the FORMATTED PROBLEN
STATFMPNT, “The other outputs contain subsets of the total
Aocumentatison, summaries, rearrangements and analyses. The URA
"ser's Manual gives a complate description of each report
availabhle t5> the problem Aefiner,

The FQFMATTED PRORLEM STATEMFNT is based on all the data in the
data-base, It is not merely a listing of the data that has bheen
antered but includes, in addition to the relationships
sxnlicitly stated, thos2 that have been implied (i.e.,
complementary relationshios) . The FOPMATTED PRDOBLEM STATEMENT
is "syntactically" -orrect, i.e., it can be processed hy URA.

Tn prac*ice prohlem definers would use the FORMATTED PROBLEM
STATE=MENT in con junction with cther reports from URA.

1.5 llger RPegquiraments language; Syntax Structure

Since UTRL is a lanquage which must be understood by a computer
ornqgram, (TRA), it must have a formal s*ructure, usually
raferred to as svntax., In this section, the syntax structure of
MRT is ou*tlined, 2 rore detailed statement of the syntax for
"PL anpears in "'iser Requiraments lanquage, Lanjuage Reference
Manual,.,"?

1.5.% Langnags Structure

"°7, consists of sevaral levals:

Svntax Level UPL Description Constitutents

1 Taraet Systeam Dascription

2 NRL Section

3 %L Statem2nts

u Peservad Words, Names, Numbers
5 Characters

A descrip*ion at each level consists of one or more units of tha

1 Part ITT nf *this documant,
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sncceedina levels, A system d42scription consists of on2 or mor2
NRL sections., A URL section consists of one or more URL
statements, 3Fach URI statement is formed by some combination of
Peserved Words, Names, and/or Numbers. Finally, the Reserved
Words, Names and Numbers consist of characters allowed by the
IRL character seot,

The syntax of the constituents at each level are defined in the

remainder of this section.

1.6.2 Prohlem Statement Format

NMRPL is A free=format lanquag~2 in contrast to "fjxed-format" or
"+ahylar.," In 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 anv order,

™he proaram which "reads" the Problem Description understands or
decodes the descrinticns by reorganizing a delimiter the
semi~-colon (;) and Peserved Words. The latter are defined in
1.6. 6.

The major advantages of fre2 format are that complex problenm
statements can ha made with relative ease and the problenm
statements can be mide fairly concise,

Forms can be lesiqgred if a more structured method of recording

the problem statement is required. One possible organization of
tha forms is given in Sec*ion 3,

1.6.3 Target System Identification

NOnly one TPA Aata=-base is needed to store all informatison about
A gqiven System, This data-hase represents the up-to-date
versicn of the system description., U7RA has facilities for
specifying the name of the system being described on all reports
qgqenerated from the 1ata-base.,

1.6.4 NEL Sections

- ———

A MFL description or Problem Statement consists of one or more
MPL sections., Fach section consists of one or more UKL
statements., The first statement in a section (and the anly
required one) is called *the Section Header. A Section Header is
a IPL statement that jidentifies a section and specifies:

1) That *he user 1efined names given in the section header are
a particular ohjact type (e.q., PPOCESS or SET, etz.).

2) That any "RL st atements (up to the next Section Header)

PART I MSER FEQUIPEMENTS LANGPUAGE MANUAL
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present some A2scription ahout the name(s) given in the
header and/or form relationships bhetween names in the
header and oth2r user-defined names in the probhlenm
statement,

There are a finite number of URL statements that are defined as
Secticn Headers and are givan in Table S,

CORDITION MEMD

CFF IN® ouTPuT

CESIGNATE PPNRL EM=DEFINER

ELEMENT PROCESS

ENT ITY PROCESSOR

FVENT RELATION

GRODP RESOUERCF

INPOT FESOURCY=-USAGE=-PARAMETER
INTERFACE SET

INTRRVAL UNIT

Tabl2 5. Section Header Statements

Mos* object types are defined in sections of tha same time,
i.»,, a PROCFSS would he defined in the PROCESS section.
Therefore, ther2 is a one *o one correspondence between types of
ohfects ani1 section headers except that the following types of
ohjects are all defined in 3 DEFINE section:

ATTRIBHT R SFCURITY

ATTRIBNT =VALUF SOURC*®
CLASSIFICATION SUBSFTTING=CER ITER ION
KEYWORD SYSTEM=-PARAMETEP

MAT LBOX TRACE-KEY

anl a SYNONYM is assiqned to an object by a DESIGNATE section.
This distinction het ween Type of Object and Section Header is
immaterial conceptually and i3 introduced only to simplify
entering "RL information into the data-base since all the Types
of Nbjects describel in a DEFINE section allow essentially the
samne set of s*tatemants,

For 2ach type of section header there are a finite numher of
Aifferert "RL statements that*t can be specified after it. For
axamole, if ¢tha section Aefines a name to be an INPUT it may be
desirahle ¢ say what GENFERATES and what RECEIVES the INPONT, but
it would he jllogical to say that the INPUT MAINTAINS other
information. ™harefore, thare are a select set of ORL
s*tatements that may he used in conjunction with a parcticular
Secticr Header., The Section Summaries in Section 3 and in "lUser
Pequirements lanquije, Lanquage Reference Manual,"! present a
list ¢f which "RL statements which can appear in each type of
section,

1 Par+ 7T »f +his document.
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————— —— - -

There are three basic types of NRL statements:

7 Section {{eader statement = This type of statement is used
1 to define one or more names (objects) to he a particular
‘ chbject type (e.g., PROZESS or GROUP) as described above.

i 2) Relationship statement - This type of statement is used to

specify relationships between or among objects. 1In

| snecifying tha tarqget system description, it is necessary

to describe which INTERPACES supply which INPUTS to which

i EPOCHESSES, what data (S5ROUPS and ELEMRNTS) are used by what
PPOCFSS ES, what EVFENTS cause which PROCESSES to be
triggerei, and how often, etc. For each type of ob ject
particnlar relationships can be specified as outlined in

| 1.4 and1 described in mor=2 detail in Section 2 and 3. For

example, a relationship between an OUTPUT and the PROCESS

which produces the ONTPUT would be specified by tha

GENERATFS statament, A PPCCFESS can GENERATI'F an OUTPUT.

likewise, an ONTPUT may he GFNERATED by a PROCESS.

) Ccmmeont ®ntry statemen* - This type of statement is used t>
relate a narrative for text) description (comment entry) to
a particular obhiject, Text descriptions, therefore, may bhe
used “o sunolement 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.

211 "RL statements heqgin with a reserved word and are tarminated
ky a semi-colon (;). Tf the statement specifies a relationship
(one cf the types of statemants defined previously) then the
statement must also consist of one or more user defined names
anl mav not require one or more reserved words. Optional words
may he insertad in the statements, For examples

RYCEIVED BY employee=processing;

beqins with the resarved words, REFCSIVED, which is followed by
an oprt*tional wori, BY, then by a user-defined nanme,
"amployee=-processing" and finally, terminated by a semi-colon.
Alanks are used to separate words and names in the statement.
Any numher o>f blanks may he used where one blank is allowed,

TE the statement is a comment entry type statement, then the !
first line of the statement may only consist of reservel words |
and *he semi-colon., Succeeliing lines of the statement are

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

encountered, Tharefore, a semi=colon may not be used in the

taxt nf a comment ontry statement. For example:

DESCPIPTINN ;
The tim» card is the recori of hours an hourly
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~mployee worked in any given week, ;

Anv characters, excapt the semi-colon, may appear in the text of
a comment 2ntry such as the period (.) in this example. The
comment entry text may not hegin on the same line as ths
reserve® word for the statements,

Tn many stitements which specify relationships among objects, a
list of user defined names may be given. Por example:

Us®s: €ica-tax, federal-tax, state-tax;

desiqna*es that the names in the section header, to which this
statement helongys, USE fica=-tax, federal-tax and state-tax.
Blarks may he used on either side cf the commas separating the
user defined names,

Ahbreviations of reserved words may be used in place of the full
raserved word., For example:

PECFIVED RY: employee-processing;
may also be qiven as:
RCVD employee=processing;

The allowahle ahbreviations (which are also designated as being
reserved words) are giver in Appendix D of "The User's
R2quiremen*s Lanquaje, Language keference Manual,"!

1.6.6 Pesarved ¥ords, Napes and Numbers

Peserved words are combinations of letters and dashes used to
identify N"PL section headers, UKL statements anl optional words.
™here is a limited number of reserved words as given by Appendix
B of ""he flser's Fejuirements Lanquage, Language Reference
¥anual."t 1] reserved words are defined by the NRL/URA systenm
ani may not be changed bv the user.

ntional words mav he used by the problem definer to improve th2
readatility of the problem statement., Words like BY, A, ARE,
AND, etc, are leqal URL optional words. Appendix C of "The
Nser Peauirements Lanquage, Lanquage Reference Manual" is a list
of all "PL optional words. 1In the following URL statement:

USFD 7Y employee-processing TO DERIVE paycheck;
the words, WSED, RY, TO and DERIVE are URL reserved woris.

’ser Adefinedl names are any names (words) used in a URL statement
tha+t are nnt 0UPL reserved wordis. BRestrictions on user 1efined

1 Part IT »f this Aocument.
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nam~s are that they may only beain with a letter, consist of
only letters, digits and dashes, and bhe no longer than thirty
characters in lanath. T™he names "emplovee-processing" and
“pavcheck™ in the previous axample are instances of user defined
names,

Numbers us2d in a URL statement may only consist of the digits )
throuah 9 with no dzcimal points plus or minus signs, etc.,
allowed,

1.5.7 Character set

All Feserved words, names and numbers must be coaposed 5f
characters in the NP1 character set, The attached list gives
for each ASCII character a zode of 1 to U4 classifying the
characters into *he following categories:

Code 1: Nonprinting operating System and transmission control
characters to be tr=2ated as punctuation, but will always bhe
illeqal,

Cnode 2: Puncutation, Aelimiters, etc. which are not allowed in
names,

Cole ! Characters allowed at any position in a name.

Code 4: Characters allowed at any position in a name after the
first,

There are “hree versions of this categorization:
A one nmnage summary,

1.
2. Sorted by Nctal representation.
3. Sorted by code, then hy Octal representation,
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A1l others

"= N
ABCDEFGHIJKIMNOPORSTOVWXYZ
abcde fghi jklmnopgrstuvvxyz
1RR¥C)\ A

D 12245789
’-o/<>_
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0 TAL CHAF NAME

N00 nul null or time fill char
201 soh start of heading

092 stx start of text

0N etx end of text (EOM)

o4 eot 2nd of transmission (EOT)
nes enq enquiry (WRO)

nok ack acknowledge (RU)

na bel bell

n1n bs backspace

011’ ht horizontal tabulation (TAB)

N2 1f line feed (LINE FEED)
n13 vt vertical tabulation (VT)
14 Ef form feed (FORM)

s cr carriage return (RETORN)
N6 so shift out

017 si shift in

nae ile data link escape

n21 dc1 device control 1 (X=ON)
n22 Ac? device control 2 (TAPE)
n2e Ac3 device control 3 ({=OFF)
124 dcy device control 4 (TAPE)
0N 2s nak negative acknowledge

N 2¢ syn synchronous idle

027 atb end of transmission blocks
630 can cancel

N em end of medium

732 ss special sequence

n33 esc escape

138 £s file separator

235 qs grcup separator

Q0 T rs record separator

037 us unit separator
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CODE OCTAL  CHAE NAME
2 eyn Sp space (SPACE BAR)
3 041 L exclamation point
2 nu? " quotation mark
3 143 3 number sign
3 fuy L3 currency sysbol
3 nys ¥ percent
2 nuA & ampersand
2 247 ! apostrophe
3 7250 ( opening parenthesis
3 ns51 ) closing parenthasis
2 152 * asterisk
4 752 + plus
2 nsu i comma
u ASS - hyphen or minus
u 0 5¢ . period
u 957 / slant
4 260 0 zero
u Ns1 1 one
u NQ2 2 tvwo
4 tAR3 3 three
U1 nNAY 4 four
Ul Ne= 5 five
(i NA6 6 six
4 0R7 7 seven
, u nn 8 aight
u nNT1 Q nine
2 072 s colon
2 N3 : semicolon
u N4 < less than
2 r75 = aqual
u 276 > greater than
2 N7 ? question mark
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’n
o
U]
o)
\—)
3
b
I

HAP NAME
commercial at

opening bracket
reverse slant
closing bracket
circumflex

137 underline

-
N
=
>~ TN K< INDODVIOI X RNRLH T O

DE
3
3
3
3
3
R ]
3
3
3
3
2
3
2
3
3
3 117
3
3
3
3
3
3
3
3
2
4
3
2
2
2
3
4

PAFT I "S®R EEQOUIREMENTS LANGUAGE MANUAL




HF1R0D/MULTICS/URL NSER'S MANTAL us

Is)
9
It

AN NI N W W W W W W N W W W W A W W ) N W) u,)u.du.)uwlc

OCTAL  CHAR NAME
140 N qrave accent
141
142
143
144
145
1uk
147
150
151
152
153
154
155
156
157
160
161
162
1A2
1A0
1588
16
1487
170
171
172
1712
174

0 T

v

opening brace
vertical line
175 closina brace
176 tilde

177 del delete (RUBOUT)

PP T NS AXAESE  TUNQUOIIE X A TOMN
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CQDE  nCTAL CHAP  NAME
1 noao nul null or time fill char
1 291 soh start of heading
1 N0?2 stx start of text
1 113 etx end of text (EOM)
1 800U eot end of transmission (EOT)
1 05 erq 2nquiry (WRD)
1 DAL ack acknowledge (RU)
1 007 bel bell
# 990 bs backspace
1 N1 ht horizontal tabulation (TAB)
1 712 1f line feed (LINE PEED)
; 1 2713 vt vertical tabulation (VT)
g 1 014 ff form feed (FORM)
‘; 1 n1% cr carriage return (RETURN)
| 1 016 so shift out
! 1 17 si shift in
i 1 120 dle 1ata link escape
I 1 021 ¢ device control 1 (X=-0ON)
1 Y22 dc2 device control 2 (TAPE)
1 323 ic? device control 3 (X=O0F%)
1 224 dct device control 4 (TAPE)
1 02s nak negative acknowledge
1 N 26 syn synchronous idle
3 027 eth end of transmission blocks
1 930 can cancel
1 n 31 am end of medium
1 n32 ss special sequence
1 0133 esc escape
1 134 fs file separator
2 N 3% gs jrcup separator
1 N 36 rs record separator
1 n37 us unit separator
1 177 del delete (RMBNUT)
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CODE O0OCTAL

CHAR

(58]

WA I I I IIIY N NI

(SO I % I {9 )

04c
042
046
047
952
154
n72
173
n7s
N77
133
1135
173
174
175
176
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space (SPACE BAR)
quotation mark
ampersand
apostrophe
asterisk

comma

colon
semicolon
equal

question mark
opening bracket
closing bracket
opening brace
vertical line
closing brace
tilde

us
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131
132

I
1>
o

1AM OMIZALA AT RNLUALADNYITN DI I A AR =D

—~
—

N~<<ET<

NAME
exclamation point
numbher sign
currency symbol
percent

opening parenthesis
closing parenthesis
commercial at
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154
155
156
157
16C
151
162
163
154
165
156
157
170
171
172

- 2710
i
=

N< X €<z TN OQDODI3aIMFHXTLMITAOMDDAONTw

NAME

reverse slant
circumflex
grave accent
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CODE 2CTAL CHAR NAME
u 153 + nlus
u 055 - hyphen or minus
4 N5F . period
4 nN37 / slant
u A0 Q zero
; 4 n 51 1 one
| 4 62 2 tvo
? u n&2 3 three
| q Q64 u four
i 4 n65 5 five
4 D 6F 6 six
I ) ns7 7 seven
i 4 n7n 8 eight
i 4 071 9 nine
I Ut c74 < less than
I u r76 > greater than
: 4 137 g undarline

The one excep*ion %o this is that any characters may be used in |
+he toxt of a comment entry statement.

1.6.7 Format Destricztions
i While NUFL is a free format lanquaqge, there are certain
restrictions that have heen incorpora*ed into the impleaentation
! o€ "MRA tn facilitat> entry of Problem Statements,

Nne restriction is concerned with length of the statement,
Thouth a statamant may extend over any number of lines, only the
first 72 columns of a card, or characters in a message >f o2ach
lin~ may be usedi., Anything over this will be iqnored.
Therefore, *+he statement:

RECRIVED RY: employee-processing;
may also he given as:

PECEIVED ]
3y
emrloyee-processing

.
’

with nc effsct on how this statement is interprated by URA. The
only restric*ion is that the statement may only be split where a
blank is allowed and not in the middle of a reserved word or
usar definei name,

A second restriction is the one mentioned ahove for comament

entries, The type of Commen* Entry such as DESCRIPTION or
PROCFDUPT must aobpear on a separate line, followed by the text
ending in a semi-colon.
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R third restriction is the us2 of EOF as a special type of
statement *that desigrates the end of a collection of URL

sect ions *o be usel as input to URA. This statement spacifies
that there are no more MRL statements following and that URA may
stop processing of the NRL statements., The EOF statemeats must
he used whenever URL statements are given as input to the
INPIT=-PSL or DFLETT=-PSL commands in URA,

1.7 ccmparison of ¥anual anl Computer-Aid=d Documentatizn in

| ——__logical Systems Design

| 1.7.1 Description in a Structured language Compared to Manual
-Methods OJsing Narrative, Forms and Charts

A numter of A2sirable properties of documentation were cutlined
in Section 1,1, The present manual and computer-aidied methods
may b= compared, as follows:

Present

Manual Compu ter=Aideqd

Documentation Documentation

Hard to "Inderstani Trder standatle

Ambiguous Precis=2

Inconsistent Consistent

Incomplete cComplete

Incorr act Correct

Difficult to Analyze Computer-Aided Analysis :
and Cvaluate and Evaluation

Mard to Modify Compu ter~-Aided-Updating i

A more comprehensive descriotion of how desirable
characteristics of computer-aided documentation can be achieved
is aiven in Section 5. The contribution of the structured
lescrip*ion languaj2 1is outlined in 1.7.2 and the contribution
of the outnpnts available for URA is outlined in 1.7. 3.

'.7.2 The Adyantage of a Structure

12

Description Languags

The major characteristics of NURL for describing systems are:

1) Eack object has a uniqua name.

?) TFach relationship has a precise format, i.e., syntax.

3) Only a spacifiel number of relationships may exist among
otjects of givern tvpes.

4) Any numhber of properties may be defined for objects of a
aiven type hut each property must be unigquely named,

The differences hetween URL and the usual method of
Adocumentation with narrative text and manual flow charts are
shown in the followina table:
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Narrative URL
Object Names unlimited unique
Numbher of ob jacts unlimited essentially unlimjitel -

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

a letter
"Ype of ohjects not necess- relatively small number
arily stated of explicitly defineid
types
! Ralationships unlimited and relatively small number
i not necess= of explicity defined

; arily expli- types
| citly defined

Properties unlimited and wunlimited bhut

not necess- explicitly defined
; arily expli-
f citly defined

1.7.3 Dutpats Available from NRA

MRA nrovides 1 numhar of standard outputs which can be used to
satisfy the documentation requirements for aiding the:

Problem Definar in His Own Work |
°rohlem Definer in Communication with Users }
Cnordination in Proiject ’
Final Documentation

1.7.4 Changes in Logical Design

The use of a computar-aided system allows changes in the wvay |
loaical desiqgn is zarried out, Table 1.7.1 summarizes the
Aifferences hetween the manual and computer-aided ma2thols and
the resul*ing improvements in the various logical systea design

ac*ivites: data collection, analysis, design, evaluation and
impTovemant,
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nif ference Between Manual and Computer=-Aided

Met hods
Mata FPorms of standard URL format can be usad to
‘ Collection record collected data.
Analysis Analyses for correctness, completeness and

i consistency of data are done when inputting
data to URA and on demand from URA.

‘{ Pesign of Though design is a creative process, URA can

I Proposed Svstem make more data available ¢*o the designa2r and in
a formatted matter.

“valuation UKA generates accurate, standard reports to aid

] in the evaluation process.

Tmprovement Modification of the problem statement is easily
maile through availability of data-base
moiification commands.

P BB EG W E TS WD D W TG IS W S e D D G D MDD W D W R W G AT W S e

é Imorovement in Computer~Aided Methods
i Nata Out puts from URA can provide a checklist for -
ﬁ Collection deciding what additional information is needed. %

P E P EREREEm O D ®ETE BES S W S S e S G E et S WD D G S W P D D W WS W

Anal ysis UYse of the "URA data-base"™ insures that
analysis is alwayvys performed on an up-to-date
varsion of the problem statement. As new
analysis methods are developed, they can be
incorporatedi into URA.

Nosign of 1Is2 of the UKA reports allows the designer to

Proposed Svstem look at particular aspects of the systam of
interest. Simple modifications to the
dat a=base can present alternatives in design.

Evaluation JPA provides some rudimentary facilitiss for
compruting volume or work measures from the data
in the problem statement. As additional
met hods are developed, they can be
incorporated,

Improvement Rat her than "startinqg from scratch" to
inzornorate changes in the probhlem statement,
improvements can te made on the original URA
data=base,

Table 1.7.1
Changes in logical Design Procedure and Value of Change
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2. TEROBLFM STATEMENT FACILITIES BY SYSTEM ASPECT

™0 accurately descrihe a system it is necessary to describe all
aspects identified in 1.4, The following sections present the
"PL objects and NRL statements that pertain to each aspact of
the system description:

System Flow

System Structure
Data Structure

Data Nerivation
System Size

System Dynamics
System Architecture
Svstem Properties
Project Management

Guidelines ara also provided to aid the analyst in describing a
particular system in URL, including guidelines to help map the
objects, as they oxist in the real world, into what they may be
called in "RL terminology. The Analyzer outputs relevant to
each aspec*t of the jlescription are also presented to aid the
analyst in making the Aescription consistent and complete.

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

"aust" - denotes that this is checked by URA and not 2ntered
into the data-basa unless correct, WNote the "must"
io=s not necessarily imply in this sense that the
narticular statement has to be in the data-base.

"can" - denotes that a choice is available. Each chyice

selectel is checked by URA and not entered into the
data-hase unless correct.

"shonld" - denotes that this is not checked by JRA before storei
in the data-hase but is necessary for a complete
description of the target system. Sqme of these
"completeness" checks are made vhen producing URA
reports and warning messages are produced. Others
can ba made by the analyst using "RA reports.

"implies"™ -Jenotes the semantic meaning of the statement.

anq This is not checked by URA nor necessary for a

"may" complete description., Interpretation is to be
Aaciied bv the Problem Definer and organization.

2.1 Systen Boundarjes and Input Output Flow

One "®% Aata-base describes one Information Processing System

an1 objects associated with it, The description of a system can
begin by Aescribina its boundaries. (Identifying the boundary
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of a system is not always easy; considerations involved in this
process are discussed in 4.1,) This section describes the OURL
facilities in specifying system boundaries and flow to and from
the systen.

7.1.1 System Flow Obijects

"he boundary of ths target system is described in terms of the
ohjects which flow across the boundaries.

TNPT - an nhjest which contains data and flows into the
target system from an external object (i.e.,
INT™RPFACE) to an internal object, (i.e., a PROCESS).

oOnTPUT - an nhject which contains d4ata and flows from the
taraet svystem to an external object from an internal
object (i.e., a PROCESS) to an external osbject (i.e.,
an TNTFRFACE).

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

INTERFACT (or FRTAL-WORLD-ENTITY) - an external abject which can

produce an INPUT, receive an OUTPUT o>r he RESPONSIBLE
¥OR a SF?,

PROCESS = an internal object which can accept an INPUT or
proince an OUTPUT or UPDATE a SET.

2.1.2 System Flow Eelationships

The verbhs in the above definitions that are formal URL
relatiorships ara:

GANFRATFS/GTNFPATEND RY

An TNTFFFACE must GENERATE an INPUT or the INPUT must b2
GFNFTRATFDR BY an TNTFRFACFE, A FPOCESS must GENERATE an JUTPUT or
the OUTPOT mus*t be GENFRATED 3Y a PROCESS.

PRCEIVES/RECEIVED RY

An INTFRFACF must RFCEIVE an JUTPUT or the DUTPOT must be

RECEIVED RY an INTRRPACF, A PROCFSS can RECEIVE an INPUT or the
TNPMIT can he RFCEIVFD BY a PPOCESS.

MPDATES/UPPA TN RY
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A PFOCFSS must UPDATE A SET or the SET must be '"PDATED BY a
PPACFSES,

RPSPONSTBLE FOR/QFSPONSIRLE- INTERFACE

An INTRFFAC® must be RFSPONSIBLE PCR a SET, A SET must have a
RESPCNSTBLF=INT®RFACF,

2.1.3 Systam Flow Syntax anl Semantics

™h2 objects and relationships involved in describing system flow
are shown pictorially in Figure 2.1.1 and in tabular form in
mable 2,1.1. The direction for reading the tahle is from the
12ft object tn the desitred relationship and then up to the
narticular ohiject,

An INTWRFACE can GINFRATF any number of INPUTS, RECEIVE any
numher of 21TPNTS, and be RESPONSTPLE for any number of SETS,

An INENT can he SENFRATED by anv numher of INTERPACES (implies
any cne of them must GENFRATE it) and be RECEIVED BY more than
one PROCESS (implies that all of them must RECFIVE it).

A ST may have anyv numher of RESPCNSIBLE-INTERFACES (this

implies that all are) and may he UPDATED by any number o€
PROCFSSTS (implies that all do).

2.1.U4 Svstem Flow Common Fgquivalents and Usage

The chiect-tynes ani relationshipns correspond closely to those
in ccmmon usaqe when applieil to an information processing
system, The main Adifference involved is that in most minual
Jocumentation methols, the name INEUT is related to any object
which is nsed by a PPFOCFSS and likewise, an ONTPUT is ralated to
any object which is derived bvy a PROCESS. 1In ganeral, no effort
is made to distinguish hetween different levels of data when
TNPUTS and "UTPUTS are though*t of in this wvay.

INPNTS and JUTPUTS are the names for logical collections of data
whose values may eventually appear on physical media which
contain A4ata values -- such as forms, cards, tapes, messages,
reports. Tach individual input or output document is usually
ona of a number of instances. The INPUTS and OUTPUTS baing
described in fPL may have multiple instances. In URL the
emphasis is on the logical 1efinition rather than the physical
and hence, the media or the physical format need not he
specified,

T™he use of PFCFTVERS implies that some physical process will be

required to receive or accept the input "document." Similarly,
GENERATFS implias a process will be required in the implemented
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tarqget svstem to physically produce the OUTPUT,
INTTRPACFE INPUT QUTPUT SET PROCES S
INTFRFACF GENTRATES
RECEIVFS RESPON-
SIBLE FOR
TNPNT SENERATFD RECEIVED BY
RY
ATPUT R FCFT VED GENERATED BY
BY
SBT PESPONSIBLE-
INTFRFACPE UPDATED
PROACTES FEZCEIVES GENERATES
- JPDATES

Table 2.1.1
JTPL Statements for System INPUT/QUTPUT Flow
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4 SET can be intarpreted as a master-file or data-hase, or more
broadly to include very volatile master files such as, for
example, onen-order files. UPDATF implies an operation in which
some data values in *he SET are changed. The RESPONSIBLE FOR
statement carries *he common connotation of a data-base
"helonqing" to some nnit in the organization.

A RFAL-WORLD=-ENTTITY (or INTFRPACE) is an object not part of the
system being described, but interacts with the system in some
vay., Fxamples are: employeas, departments, companies, etc.

2.1.5 fystem Flow Outputs

"he PICT™MRT report (with FLOW option in effect) can be used to
nresent the system flow relationships (RECEIVES, GENERATES,
e¢c,) amont INPUTS, CUTPUTS, INTERFACES and PROZESSES in a
qraphical format,

The PROCFSS-INPIT/OUTPUT report presents the same information as
describhed above for PROCESS names, but in an alternate format.,
This report will also present any DESCRIPTION statements related
to *he PPOCTSS names,

?.1./A System Flow Completenass Checks

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

Fvary TNTERFAC® should eithar (i) GENERATE some INPUT or (ii)
PECEIVE some OQUTPHT or (iii) be PFSPONSIBLE for some SET.

Svery INPN™ should be GENFRATEL by at least one INTERFACE.
=very NUTPTT should be PECEIVED by at least one INTERFACE.
BEverv INPUT should be RECEIVED ty at least one PROCESS.
Fvery ONTPIT should ke GENERATED by at least one PROCESS.
"he last four checks can bhe made by using the DATA PROCESS

reoort,

2,2 System Structure

Definition 2f Structure

A numkter of the ohiects in the description of systems are
related to =2ach other by one object heing a "component" of one
or mcre cthar ohjects or "helonging" to it in some wvay.
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Peasons for Structure

Structural relationships may be defined for ore of two reasons.
Structural relationships are said to arise from the "real world"
if they are part of the description cf the targqet system and its
associated nhiects, i.e., if they really exist, Structural
r2latiorships are said +to be "definitional" if they are made for
convenience in the process of describing the target system but
Ao rot exist for other reasons. Real world striucture must be
maintained as part of the system description but definitional
relationships may te discarded when no lchager needed.

The Jescriotion of structure permits "summarization™ of the
Prohlem Statement a+ various levels of the structure ani,
therefore, facilitates top-down or bottom=-up praoblem definition
and approval at various levels of completion.

Representation of Structure

S¢ructural relationships are usually called trees or directed
netwcrks and reonres2n*ed as shown in Fiqure 2.2,1. The obijects
are representeil by dots called nodes and the (structure)
relationrshins by tha lines, called arcs, connecting them. Trees
and networks are "directed" in that the nodes are identified by
the level, For 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., Q0 has

imme diate predecessors ¥V and P.

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

cture is one in which each node

and only one immediate

axcept the highest node has
nredecessor (Fiqure 2.2.1%a).

- A tree or hierarchical str:

ol=
314
L)

- A directed network structure is one in which each node except
the highest noi2 mav have more than one immediate predecessor.
TEf the structure contains no cycles, it is said to be azyclic
(Fiqure 2.2.1b).

A node which has n»o successors is called a leaf or a tecmipal
noie .

Tn scme cases, 1 structure may contain objects of different
types, A s*ructure containing objects of only one type is a
"homogeneous" structure; one containing more than one type is
called U"non-homogep2ous.”
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A terminal node may be assigned to the highest possible level or
*he lowest possibhle level, 2.9., node D may be regarded as being
on the same lavel as J or on the same level as E, ® and G,

A M
N 0
PN g € N O (VI
. . [ . L[] . * L]
L d o o L] - L] L] L]
. ® . . Of\ 0 Q 3
DO Q’A ra‘ . . L or
L L . L] . . L]
o . . ‘\ I . L ] . .
W gty 0 00 0
n 0] o) R S U ')
2 F 3
(2) (b)
Tree Structure Directed Network Structure

Pigure 2.2.1
Tree and Network Structures

Structure in NRL

n NMFI, nodes represent objects and arcs represent strustural

(and other) relationships. Two major types of structural
relationshins are available, Data structure relationships
involve objects which are data elements or combinations of Adata
elements. All ather s*ructure relationships are called systen
structure statements. System structure statements are lescribhel
in this section, data structure statements in Section 2,3,

m™able 2.2.1 shows possihle nodes, source of relationship, type
of structure, lowes* unit and level of lowest unit for 2ach typa
of otject,
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System Possible Systen
NoAde or Nata Lower Source of Parameter
Object Structure  Nodes Belationship 1Inyolveil
Tnterface <ystem Inter face Real WorlAd No
Inpu* System Tnputs Nefinitional No
Inout Data Groups/ Real World Yes
Elements
Output Systam Nutputs Definitional No
fatput Data Groups/ Real World Yes
Elements
Set Systam Sets Definitional No
Set System Fntities Real World Yes
Set. Systenm Inputs/ Definitional Yes
Outputs
Fntity Nata Groups/ Definitional Yes
Flements
Group Nata Groups Definitional Yes
Group Data Elements Definitional Yes
Process System Process Definitional No
Process Systam Process Real World No
Processor Systen Processor Definitional No
Tnterval System Trtervals Definitional Yes
Yode Type of
Chject Structuce! [Lowest Unit Statements
Tnterface Trae? Inter face SUBPAPTS/PART
Tnout Trae? Input SUBPARTS/PART
Trput Network Zlement CONSISTS/ZONTAINED
Atout Tree? Qutput SUBPAKTS/PART
Output Network Flement CONSISTS/CONTAINED
Sot Netwnrk Set SUBSETS/SUBSET
Set Network “ntities CONSISTS/CONTAINED
Set Network Inputs/ CONSISTS/CONTAINED
Outputs
ntity Netwdrk Groups/ CONSTSTS/CONTAINED
Flements
Group Network Slement CONSISTS/CONTAINED
froun Networ' Flement CONSISTS/CONTAINED
Process Trae Process SUBPARTS/PART
Process Network Process UTILIZES/UTILIZED
Prycessor Tree Processor SUBPARTS/PART
Tnterval Network Tnterval CONSISTS/CONTAINED
Table 2.2.1

CLASSTIFICATION OF STRUCTURE IN URL

' A collection of trees, i.2., arhorescence, is peraitted
2 Acvclic natvworks
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2.2,1 System Structure Objects

™ha followina types of ohiects may belong to system structures:

INTERFAC®

INPDT

] AUTENT

E PROCESS
DRNCES SOR

! SFT

2.2.? System Structure Relationships

SMBRPARTS ARF/PAPT OF

These s*atements may be usel withe

TNTERFACES
INPUTS
NUTEYTS
PROCESSES
PROCESSORS

®.J., an INPUT may have SUBPARTS which are INPHUTS or it may be
PART OF some other INPUT,

SURSET OP/SURBRSE™S ARF

A SET may he a3 SUBSF™ of some other SE™ or it may have other
SETS as SURSF¥TS,

I DTILIZES/0TTLYZED RY

R PRNCESS may MTILYIZE another FKOCESS or it may bhe UTILIZED by
other P"FPOCESSES,

2.2.? System Struycture Syntix and Semantics

™he objects and relationships involved in Aescribing systea
- structure are shown pictorially in Figure 2.2.2 and in tabular
form in Tahle 2,2.,2.

A structure dafined hy the SUBPAPTS/PART OP statement is a
homogeneous, hiararchical tree, i.e., all nodes in a structure
must he of the same tvpe and any object can he PART OF only one
imme diate higher noie. A nnode can have any number of SUBPARTS
of the sam2 type,

The relationship in a SURSET OF/SURSETS ARZ must be homdgeneous,
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i.2., only SETS may be SUBSETS of other SETS. The structure may

ba a network, i.e2., a SFT can be a SUBSET of any nuaber of other
sets .

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

In general, "subdividing™ an object through a structure
statement does not lirectly imply that relationships, of other
tyoes, vhich held for the object alsc hold for its SUBPARTS.

. For example, suppose the problem statement has been defined:

: INPUT a=-input;
1 GFNFRATED RY  a-rve;
i RECFTVED BY a=process;

Then nev statements are added:

INPOT a=input;
SHMRPARTS ab-input,ac-input;

T

B
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Figqure 2.2.2
SOM® STRACTNTFAL FELATIONSHIPS EXPRESSIBLE IN URL

T
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TNTERFACRE INPUT OUTPUT SET PROCESS PROCESSOR

TNTERFACE PART OF

SUBPARTS
ApRF
NDnT PART OF
STBPARTS

onTPUT PARTS OF
‘ SUBPARTS
| SRT SUBSETS
; ARE ;
{ SUBSETS | ]
i OF |
B L i et e i e e e s o - e A e ) e P e
i DRACESS UTILIZED 1
| UTILIZES ]
| BY ;
? PART OF i
| SUBPARTS
! ~ ARE

PROCESSOF PART OF
1 SUBPARTS
; ARE

. EE D e - TS - e - P S et D R P Tt e e D S S ES ae e ae S @

Table 2.2.2
TRL Statements for System Structure

The Analyzer will not automatically assume that ab-input and
ac-input are GTNERATFD-BY a-rwe and REC®IVED by a-process. If
the analyvs* wishes to make this statement, he should add this
information exnlicitly:

INEN™ ab=-input,ac-input;
GFNRRATFD RBY A=rve:
RECEIV®D RBY a=process;

In practice if the problem hajl been defined from the top-4own,
the analyst should also have subdivided the INTERFACE and the
PROCESS when the input was subdivided.

?.2.4 System Structure Common Eguivalents and Usage

Tha tree structure 5f INTERFACZS corresponds to the hierarchical
structure of most organizations. The tree structure of INPUTS
and OUTPUTS is uszed for convenience in definition.
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T+ may also he used to describe:

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

or

I b) Docum2nt that is qgenerated and goes to different places,
: €e.,

i OUTPUT: FNPM=A;

i SnBpP:; FORM=A=-DFPT-X, (names chosen according

% FOFV=A=DEPT-Y, to purpose of carrier

] FOPM=A-DFPT-7; or final destination)

A PTOCFSS has two types of structures. The one develop2d by

using SYBPARTS/PAPT CF may be used for top-down definition of

the system, I+ may also be used to represent the structure of
modules in a3 program (e.q., BLCCKS and PPOCTEDURES in a PL/1

! orogram). In hoth cases, a tree structure is appropriate.

P

Tha structure of PFOCESSES i1eveloped using the UTILIZED/UTILIZES
may be used to ra2present “calls" to program or a PROCESS which
is used (i.=2.,, called from) in a number of processing s2quences.

2.2.5 System Structure Reports

Th2 FORMATTEDR PFOBLFM STATFMENT shows the immediate structure in |
which an object is involved, i.e., all those objects of which it |
is PART OF, SYURSET JF or UTILIZED PY and those that are its

SNRPAPTS, SUBSFTS or it UTILIZES,

The PICTURY rermort (with tha STRUCTHRE option in effect)
nresants the STBPAFTS/PART JDF relationships for INPUTS, OOTPUTS,
INT®RFACFS and PROCFSSFS in a graphical format of the immediate
structure of a marticular obdject.

The STRNC™RF report presents the same information but in a list
format which displavs all levels in the system structure. (The
reports listed above only presents the structure levels Adirectly
ahove and directly below the designated object.) Loops in the
system structure are detncted by this report.

Th2 STPUCTYPE reovort presents only PART OF/SUBPARTS
relationships, ITILIZFS/UTILIZED RY and SUBSET OF/SUBSETS OF is
only shown in tha FORY¥ATTIND PPOBLFEFM STATEMENT.

?.2.6 Systam Structure Coppleteness Checks

A1l the completeness statemants in System Flow apply to each
S"BPART as it is Adefined.
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At aach subdivisior, the totality of statements about the
SMBPAPTS must be consistent with the statement about the objects
to which the PARTS belong.

M structure of TNTFRFACES, since it represents the real world,
cannot te checked for comgle teness, i.e., whether the lowest
level nodes have h2en defined, unless terminal nodes are
designated by an appropriate ATTRIBUTE,

A structure involving TNPUTS/QUTPUTS is not homogeneous since
i the lower nodes represent GROTP or ELEMENTS., The following
| rules shculd bhe ohserved:

A All INPUT structures having SYUBPARTS should terminate in
INPUTS which have a media ATTRIBUTE (whose value can be "T)
BE DETSEMINED," TBD) and which contain data values,

2) Pn INPU™ shouli not have both a SUBPART stateaent and
CONTAINS statement. Only the lovest level INPUT should
CONTATN FLEM®NTS,

3) A1l NUTPHT™ structures having SURPARTS should terminate in
CUTPUTS which have a media ATTRIBNTE (whose value can be
"™ RT DETERMINFD," TBD) and which contain data values.

u) An NNTONT should not have ltoth a SUBPART statement and a
CONTAINS statement. Only the lowest level OUTPUT should
CONTAIN BLEMENTS.

When a PPOCFPSS structure is defined using PARTS OF/SUBPARTS ARE
each PRCOCFRSS may contain SUBPARTS as well as some PROCEDURE
staitement, A PRNAC®SS which the analyst does not wish to
suhdivide €further should1 be designated a terminal PROCESS by the
use of an ATTRIRUTE sta*tement,

A PROCT™SS which Aoes not have any SUBPARTS, should have a
PROCEDNPRE statement,

2.3 Dpat

structurce

As was described in Sectior 2,2, various structural
relationships can he speacifiel in UOPL to relate "componants™ of
the system., When the structual relationships being specified
atre arplicable to data objects, the structures presented are
termed "data s*ructures,"

2.3.1 Data Structure Ohijects

2.3.1.1 Pata Definition

The tasic objects for dafining data are ELEMENTS and GROUPS,
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ELEM ENT

An FLIFMFNT is the basic uni¢t of information and, therefore,
cannot be suhiivided. An ELEZMENT is used to define an sbhject
which may *ake on a value, For example, if "employee
information" was defined to bhe an ENTITY, it would not, in
itself, have a value, The ELEFMENTS making up "employee
information" such as "age," "sex," "salary," etc., might have
values for a particular instance of "employee information,"

? GROVE

A GFONP is used to 1efine a collection of ELEMENTS and/or other
GROM"PS. This is Adone so that the information names can be

' though* to he related withirn the larger collection of
information (INPOTS, OUTPUTS or ENTITIES). The name of the

| GROUP can be thought to be synonymous with *he names of the

i GRONP's components. In the example of "ewployee information,"
*he "npame" of the emplovee may be defined as a GROUP where the
constituents of the GROUP, "first name," "middle initial,"
"surname" may be defined as FLEMENTS. The use of GROUPS is
primarily 3 no*ational convenience.

?7.3.1.2 Definition of Collections of Data Values

™e Adefini*ion of an ELSMENT or a GROUP is like a definition of
a word in a dictionary. The definition specifies how a word is
*o he used hu* does not give the instances of its use in books,
paraqraphs, sentences, etc.

Tn describing information systems, it is necessary to have types
of sbhjects which can represent the things in which, or on which,
instances (valu~s) of FLEMENTS appear. In UKL, there are three
| such types of objects: INPUTS, OUTPUTS and ENTITIES. The
i differenc~ among thase types of collections is related to their
| role in the tarqget system,

INBUIS
An INPUT is a collection of information produced externil to tha
target system, but used by the target system, For example, in

an inventorv svstem, a customer order may be considered an INPUT
to *he systenm.
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QTR TS

An OnTPHT is a collection of information produced by the target
syster, but which is used external to the system. PFor example,
the paychecks produced by a payroll processing system could be
thought of as NTTPUTS as they are eventually used by employees
outside of the system., cCnce the collection has left the systen,
no further reference may be made to it,

SNTITIES

i

An ENTITY is a collection of information which is maintained
internal to the system. FNTITIES are initially "produced" and
then "maintained" using informaticn from INPUTS and then OUTPUTS
are produced using information from ENTITIES (and other
sources), The "employee information" mentioned above wi>uld be
defined as an FNTITY.,

2.3.17.3 RPelationships Among Collections of Information

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

2.3.2 Data Structure Relationships

The relatinnships 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 als»n presented in Fiqure 2.3.1 in a graphical
format,
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Fiqure 2.3.1
T CONSISTS OR/CHONTAINED TN
" SFT may ZJONSIST of ENTITIES, or INPUTS, or OUTPUTS. Likewise,

an INFUT or ar 27TPUT or an ENTITY may he CONTAINED in a SET,

RELATED TO VIA/RETWTEN

An “NTIT™Y may ha PELATED *o another ENTITY VIA a given RELATION,
AR RTLATION may be defined *o exist BETWEEN *two ENTITIES,

SRS ETTING-CPITERIA/SNBRSETTING=CRITERION

R SPOUP or ELIMINT may be SUBSETTING=CEITERION for a SET and a
S®T mav have GFOYPS and/or FLEMENTIS which are
SURSETTING-CRITERIA .

IDENTIFIED BY/IDENTIFIES

An ZNTITY may he IDENTIFIED BY a GROUP and/or ELEMENT and a
GPOYP or ZLEMENT IDENTIFI®S an ENTITY.

ASSOCTATED=-DATA/ASSOCIATED WITH

A RFIATTION may have GROWPZ and/or ELEMENTS as ASSOCIATED=DATA .
Also, a GRONP or ELFMENT may he ASSOCTATED WITH a RELATION.

VALY IS

An FLEMINT may have a partizular VALUE or range of VALUES
associated with iv.

| 2.3.3 Data Structure Syntax and Semantics
A SYSTEM-PARAMFTERP or numerical value may bhe specified in the
CIONSISTS s*atement for SFTS, INPUTS, ONTPUTS, ENTITIES and
RRIIFE +o deno*e the number of instances of the components for a
1iven instance of the containing object,

An SNTITY, INPUT or ONTPUT may CONSIST of any number of GROUPS
anl/er TLFPYENTS

-
* “amhinatior of thesa ohject types. Also, a SET may
see any samher 3f TFOUPE and/or PLEVENTS as

TR R T RN R

A ITT aay 22N53°T of ary numhar of TNPUTS, OUTPUTS, or ENTITIES,
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An TNTTITY can he TIDENTIFIFD by any number of GROUPS and/or
TLEMFNTS, and be RYLAT™TED +o any number of ENTITIES. However,
for each unique pair of ENTITIES, a unigue RELATION must be
Aefined, ¥*,q,, if 3 RFELATION bhetween E1 and E2 is defined as
R1, a RFIATION hetween %1 and F3 cannot also bhe called R1.

A ®ZLATTON may only be defined to he BETWEEN a single pair of
FNTITIFS, A differant RELATION must be defined for each ENTITY

pair. A RELATYON may have any number of GROUPS and/or ELEMENTS
as ASSOCTATED-DATA.

A GPONP may he CONTAINFD in any number of GROUPS, ENTITIES,

TNPUTS and/or NUTPUTSE, A GROUP may also IDENTIPY any number of

ENTITT®S, be SURSFTTING=CRITERTON for any number of SETS and be

ASSOCIAT®ND WITY any number of RELATICNS. In addition, a GROUP

may CCNSIST of any number of GPOUPS and/or ELEMENTS. f

TINPDTS ouTepTs - ST ENTIT Y GPOUPS ELEMENTS
INPUTS CONTAINFC CONSISTS CONSISTS
IN OF OF
AYTPOTS CONTAINFD CONSISTS CONSISTS
TN OF oF
SET CONSTSTS CONSISTS CCNSISTS
e oF oF
ENTITIPS CONTAINFD CONSISTS CONSISTS
IN or 2P
GRNOUPS CONTATIN= CONTAIN- CONTAIN~- CONSISTS CONSISTS
¥y 1IN A ED IN oP or
CONTAINED
IN
ELERENTS
CONTAIN= CONTATN=- CCNTAIN= CONTAIN-
FD IN ED IN ED 1IN ZD IN

Table 2.3.1
Pt Statemants for Data STROCTURE Relationships
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SET ENTITY PELATION GROUPS ELEMENTS
I SEg® SUBSETTING=- SUBSET-
| CRITERIA TING
: CRITERIA
| ENTTITIRS FELATED TO R/VIA IDENTIFIED IDENTI-
§ BY FIED BY
| PELATION BETWREN ASSQCIATED=- ASSOC-
DATA IATED
DATA
GROUPS SUBSETTING- IDFNTIFIES ASSOCIATED |
CPITER ION WITH
BLEMFNT SURSPTTING- IDENTIPIES ASSOCIATED VALUES
CRITFER ION WITH

- S S BT S G e e e e D D D W P T P D EE S e W e

Tahle 2.3.2
NRL D2finitional Statements Relating
TS, ENTITIES, RFLATIONS, GROUPS and ELEMENTS

cw
~ 0

An ZLEMFNT may be CONTAINER in any number of GROUPS, ENFITIES,
TNPITS, ani/or HNTPTTS, An ELEMENT may also be used1 to IDENTIFY
anvy number of "NTITIFS, be SNMRSETTING=-CRITERION for any number
of SFTS, and he ASSNCIATED WITH any number of RELATIONS. In
ad41i tjon, an FLFMFNT mav take on a particular numerical VALUE or
a ranage of VALIFS,

2.3.4 Data Structure Coamon Fguivalents and Usage

"h> names 'JRL uses to define data structures are very close to
mos* terminoloav in this fieldl. For example, ELEMENTS are often
raferred tn as "items," "data items," or "fields" in other data
structure tarminoloties. GROINPS are sometimes referred to as
"segments" or "iata agqregates." ENTITIES are sometimes called
"racords" and SETS sometimes "files" or "data-bases."

Tf A SF™ is inteniel to represent a "file" whera ENTITIES are

"racords," the following options are available in describing the
file structure,

a) If the S27 COMNMSISTS of only one type of ENTITY, then:

- ENTTTY occurrences within the SET may be ordered and so a
FELATINON t5 represant this ordering may be defined.?

-« ENTITY occurrences within the SET may not be ordered. A
RELAT™TON to represent this need not be dafined.

1 If more than one PFLATION is to be defined for ENTITIES within

a qiven SE™, a 55T (which is a SUBSET of the given SET) should
he defired €or each FELATICN.
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- FNTITY occurrences may be RELATED to each other based on
some criteria. A RFLATICN should be defined to descrihe
this relationship.

h) If the SET CONSISTS of more than one type of ENTITY:

- FNTITY occurrencas may be ordered, A RELATION should be
defined for each ordering, 1t

~ PNTITY occurrences miy not be ordered,

= FNTITY occurrences may bte RELATED to other ENTITY types
{(for each other). A RELATICN should be defined to describe
cach 2f these relationships.,

The IDENTIFTIFS statement for SGRONPS or FLEMINTS may be ased to

define keys. It is meant that the designated GROUP or ELEMENT
may te usel when searching for a particular ®NTITY (record)
occurrence,

HOW ™0 UST THE RELATION SECTION
TO EYPR¥SS LOGICAL CONNECTION IN PROBLEM STATEMENT

1) Cetermine symbholic ("FL) name for the RELATION., It is

recomnended *hat the name denotes the type of connection
that it will suprly.

) Netermine which PENTITIES the RELATION connects and the

direction of the connection. Use the "RL BETWEEN and
CONNEZTIVITY statements to state *his information.

Fxample:

“uppose the analys* has the following (logical) view of his
dJata:
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toermecanrrcceene §

I 1

3 I

I DEPARTMFENT I

I I

I I

L LR T Ty

. .

Prmeccaccewe frovvccncaasw=d
T ’ I I

I HONRLY
I FrPLOY®RS
T

I SALARI®D I
I EFMPLOYEES I
: 4  §

brovcoccancee=

* 4444

e cwecsc e

The N2, statements that define the two RELATIONS are:

RAFIATTYON dept=~to-hourly-employees;

BETWEFN dapt AND hourly-employees;
CONNECTIVITY IS 1 "C max-dept-hourly-employment;

REIATICN Aept-to-salaried-employees;
AFTWPFN 1ept AND salaried-employeas;
CONNFCTIVYTY IS 1 "0 max-iept-salaried-employment;

Step £

a) Tetermine 1 f any data has been defined to he CONTAIN®D in

hoth FNTITYI®S, RAnalyze this data and determine ENTITIES ocr
ASSACTATID DATA statemants,

h) Leternine if any ailditional data is neaded to describe the

FFLATION and4, if so, this data should be defined as
PSSOCTIATED DATA.
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and detailed logical view of the data given above

miqght be:
e ccnacccces §
T I
T I
T DEPARTMENT I
)4 1
h g b §
bomcvcccancceccs §
L R R LR v ancccaced
T last dAate ‘ I last date p §
Iemployre hiredr Ierployee hireAdr
Ior terminated I Tor terminated I
v mme- —-omeee) fovovercncacccecced
D L e nccaaaed
Y Y I i
: 4 RONRLY X T SALAFIED I
T "HPLOYEES ) I EMPLOYEES I
j I I I
P cnnm - § trmvecccccaew
Step 2

1) fetermine ¢the RFLATTCON'S CARDTINALTTY

b) Pet ermine the PFNCESSFS that utilize the RELATION and thosa
PRACESSFS that add, delete or modify the connection
cccurrences of the RFLATION,

Rasults:

The analys* has information that is required for physical
desiqgn. There is a ccnnection hetween the programming
requirement and the data-hase, The data-base may have to be
revised to be receptive to the processing restrictions.

For an example, see PELATION Definition Form.

2.3.% Data Structure Qutputs
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The CCNSISTS COMPATISON PFPORT presents the lowest level 1ata
objects (usually ELEMENTS) in the data structure of the data
obhject*s used as inpat to the report. This information is
presented in matrix form with several redundancy and
completeness check diagnostics in a summary.

The CCNSISTS MRTRIX PEPOFT presents data structure at a given
level relative to the data objects used as input to the report.
For example, if an ENTITY nam2 is used as input to the report
and the CONSIS™S parameter is specified, all GROUPS and/or
ELEMFNTS the FENTITY CONSISTS of will be presented. If the
FNTITY name and the CONTAINED parameter is specified, all those
S®™S *he FNTYTY is CONTAINED will be presented. All information
in the repnrt is orasented in a matrix format,

The CONTPNTS RFDOR™ presents the data structure at all levels

for a given data object as input t¢ the report, The CONTENTS
RFPORT presents th2 data structure goinq down to the lowest
specified in ¢he prohlem statement.

The IDENTIFTER TNPORMATION FEPORT presents those ELEMENITS and/or
GRONMES defined as IDENTIFIFRS for a particular ENTITY or
pcesents *he SNTITITFS IDFENTIFIED by a particular GROUP or
PLZMFNT. "his information is presented in a matrix format,

"he €four raports are summarized ir Table 2.3.3.
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CONSTISTS
COMPARISON  CQNTENTS CONSISTS MAIRIX  FPS
CINSIST CONTAINED
cmm Y X NO X
PRNTITY X X X X
INPUT 4 X X X
anTerygm™ X Y X X
GROUP X X X X
FLEMENT X X
.--------“-----n------------‘----_------------.--‘----.---
| ROY ID HIGH®EST cOlL POW OBJECT
| LEVEL ID 1D
| In
|
LOWEST NNDTE ( NEST HIGHER NODE 0
LR R 6 rvoenvcavccecrcascccs §
a HYGHEST | | N . LOWE® | \ .
NODE | | - [ . NODE | | .
| \ | 0 . | | 0
| | . ® . | | .
i ) ) B cap B | Rl -
il e cama s & o . * prmcncnvccanvccemowe §
' ol iR L 9
0
TABLE 2.3.3
2.3.€ Data Structur2 Completeness Checks
A1l SFTS shoull "eventnally " cconsist of INPUTS, OUTPUTS or
PHTITIFS,

All INPNTS at the lowest level should consist of GROUPS and
FLIMFNTS., Any 5R0I'PS should be reducible to ELEMENTS. {

PL1 OUTPNTS at the lowest lavael should consist of GROUPS and
"ILTMENTS, Any 5P0NPS should he reducible to ELEMENTS.

2,4 Pata Dearivatior

An irformation processing system exists to process data, i.e.,
to preduce 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 |
PRNCESS is used,

T™he term "data derivation” includes the actions of USINS,
NPDATING anri DRRIVING Aata objects, The data objects that are
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involved can bhe INPHTS, OUTPITS, SFTS, ENTITIES, GROUPS and
FLEMENTS,

2.4,1 Da

(=3
[FY
(=}
iﬁ
i<
5
| Lol
10
(=]
E
13
fer
i

The obhjects involved in data derivation are:

PPOCFSS
svq

INENT

21 TRYT

PNTITY

3PONP

ALEFENT

RTLATICN

CT ASSTFICATION

SPCURT TV-ACCESS=RTGHTS

<.4.2 pata Derivatiop Peolationships

NSFS /NSTD - A PROCESS may USE a SET, INPUT, ENTITY,
GPOUP or FLEMENT, Likewise, a SET,
INPUT, ENTTTY, GROUP or ELEMENT may be
ns

FD by a PROCESS.

IPDATES/NPRA™ N - A PROCTSS may UPDATE a SET, ENIITY,
GRONP or FLEMFNT, and a SET, ENTITY,
SPOUP or ELEMENT may be JUPDATED by a
PROCZ2SS,

NPRIVES/NPETY®D = A PFOCFSS may DEFIVE a SET, OUTPUT,
ENTITY, GROUP or FLEMENT, and a SBET,
OUTPUT, FNTITY, GROUP or ELEMENT may be
DFEIVED ty a PRNCESS.

MAINTATN TNTAINFD = A PROCESS may MAINTAIN a RELATION, and

a FELATICN may be MAINTAINED by a
PROCESS,

PPOCETURF = A PROCFSS may have a PRQCEDURE
assocjated with it. The PROCEDURE is a
comment entry and may consist of any
text,

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

CLASSIFICATION - R data object may have a
CLASSTRICATION,

SRCYRITY=-ACCFSS-RIGHTS - A PFOCESS or PROCESSOR may have
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SFCURITY=-ACCESS-FRIGHTS,

2.4.3 pata Derivatior Syntax and Semantics

The objects and relationships involved in describing '"data
4derivation" are shown pictorially in Pigure 2,.,4,1 and in tabular
E form in Tahle 2,4,1, Table 2,4.2 shows hov the different types
| of objects can appear in the data derivation statements. Table
| 2.4, 13 contrasts the syntax and semantics of the System Flow

‘ Statements (RPCRIVES and GENERATRSS) with that of the data
derivation statements,

Whenever INPHT, AUTPNT, FNTITY or SET are used in a data
derivation stitement, these objects are interpreted to mean the
data values contained in them,

A PROCFSS may JSE any number of INEUTS, SETS, ENTITIES, GROUPS
anl EIFMTNTS, An optional TPDATE or DERIVE clause can be used
in conijunction with the USF statement in the following aanner:

USFS 1 TO DERIVE E?2:

Where F? is any number of da*ta ohjects that can be DERIVED by a
PROCESS.

A PPNACFSS can ''PDATE any numher of SETS, ENTITIES, GROUPS and
"LEMENTS, An optional NWSIN5 clause can be used ir conjunction
with the UPDA™F s*atement in the fcllowing manner:

"PDATES E1 USING E2;

where 72 is any number of data objects that can bhe DSED by a
PROCESS,

R PFOCESS car PERIVE any number of OUTPUTS, SETS, ENTITIES,
GRNMPS and TLEMENTS, An optional USING clause can be used in
conjunction with the DFRTIVF statement in the following manner:

DERIVES E1 USING E2;

Where E2 is any number of data objects that may be USED by a
PROCESS,

An INPU™, SET, SNTITY, GEOUP or ELEMENT can be USED by any
number of PPOCFSSFS. An optional DERIVE or TUPDATE clause may b2
used in conjunction with th2 USED statement in the following
manner:

USTh BY P1 TC DFRIVE E2;

Whare E2 is anv number of data objects that can be DERIVED by a
PROCESS.
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| | | |
! SET | | RELATION |
| \ i |

v aw$ dcvoocrawos §

Ns=s 03 . USES 03 .
Ys2s U2 . USFS 02 .
DERIVES n1 « DERIVES U1 .

MPDATRS U1 . OPDATES "1 o MAINTAINS

oo cccans §

| | | |

} . ENBT | eeseeesee | PFOCESS | cececcecsccsecs | OUTPUT |
| | USEBES §2 | | DERIVES U1 | |
e e ey newes n? trmm e mrncn= ¢ tomecrscccc=a)
NPDATFS M1, . SES 03
DERIVES %1 , . USES U2
NSES N2 . . DERIVES U1Y
USES n3 , . UPDATES U1
e e § tovoccecacae=
| | | |
! ELEMENT | i GROUP \
{ f | |
oo aececac= 4 o cocceceane §

Y1, N2 an1 U3 are ontional

M* using ELSMENT, GPCOUP, ENTITY and INPUT

N2 to derive ELEMENT, GROUP, ENTITY, SET and OUTPUT
13 ¢*o0 update FLEMENT, GROUP, ®NTITY and SET

Figure 2.4.1
USL STATEMFNTS POR DATA MANIPULATION
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Chiject
Name in
Statement
Sect icn
myne INPY™ QUT PUT SET ENTITY
Npym™ TN DERIVF3 TO DFRIVE/UPDATE3 TO DERIVE /UPDATE3
onrTpyT TSTNG ¢ USING* USING*
SE™ USINSS
70 DERIVE3 TO DFRIVE/UPDATE3 TO DERIVE /UPDATE3
USINGS USINGS
SNTITY NSINGS
™ DNEFIVE? USINGS USINGS
TO DERIVE/UPDATE3 TO DERIVE/UPDATES
GRONP USTNG S
™ DFFRIV™3 USINGS USINGS
70 DERIVE/UPDATE3 TO DERIVE/UPDATE3
PLEMENT TSINGS
TO DEPTVE NSINGS USINGS
TQO DFRIVE/UPDATEI TO DERIVE/UPDATE?
DENCESS NSING?
DFRIVYES DERIVFS DERIVES
™ DPERIVES nNs¥s USES
TPDATES TPDATES
USING? USING?

TO DEFIVE/UPDATF® TO DERIVE /JUPDATES®

DELMTION GFOUp ELEMENT
INPNT TO DERIVE/UFCATE3 TO DERIVE/UPDATE
onTePoT NSING ¢ USING*
SET TO DERIVF/UPDATE3 TO DERIVE/UPDATE?
JSINSS USINGS
ENTTTY UYSINGS USINGS

TO DERIVE/UFDATE3 TO DERIVE/UPDATES3

GrONP USTNGS USINGS
TO DERIVE/UPDATE3 TO DERIVE/UPDATE3
FLEMENT NSINGS USINGS

TO DERIVE/UPCATE3 TO DERIVE/UPDATE?3

PRPOCESS MATNTATINS DERIVFS DFRIVES
ISES USES
UPDAT =S UPDATES
NSING? USING?

TC DERIVE/UPDATE® TO DERIVE/UPDATES®

(see fnllowing page for footnotes)
Table 2,4,1 "MRL Statements RPelated to Derivation Definition
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PROCRS &
INPUT NS ED BY
oyTpnT DERIVED RY
) i NMS=D RY

TPDATEDR RY
DFRIVED RY

"NTITY DERIVED RY
JPDATTD BRY
USED BY
RELA TION FATNTATINED BY
GROUP DERIVFD RY
NPOATED BY
NSED BY
ELEMENT DBERIVED RY
UPDATED BY
N"SED 8Y
PROCFESS BEILIZES

O™ILIZFD BY

G O B G EE EE EE T . S T T T e D D GREE R Y P E W EEE WW E® e e

Table 2.4.1
UFL Statements Ralated to Derivation Definition
(Continued)

Poot notes:
3 Used in confunction with the UYSED RY statement.

¢ Jsed in conjunction with th=2 DEFIVED BY statement.

84

S fsed in conjunction with DFRYIVED BY and TPNATED BY statement.

? Used in conjunction with PERIVES and "PDATES statement,

8 lsed in confunction with USES statement,
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USES

ELEMENT GPOUP INPUT QUIRUT  ENTITY  SET

ens X X X ; X X
NS3S TO DERIV® b4 X X X X

USES TO UPDATR X X X X X

- GO S BT TGS S A S T T D W D R DD T A P W e W

DFRIVES

S B D N T S T e D D W D D DD D P Wh s D s D R WD D P S RS WhAD @

NDERTVES/USTNG X X X X X

- - - N G W W S S G TR T R D D e T TP T e D e W D S e e -

"PDATES

UPDATES/USTNG ¥ X X X X

DERIVES or UPDATES

wof
SLEMENT GROUP INPUT QUTPOT ENTITY SET
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Tabhle 2.4.2
Na*a Serivation Relationships for
ns®s5, NPDATFS and DERIVES Statements
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ELEMFANT GRQUP INPUT
R®CE IVFS Not Allowed Not Allowed Every INPUT
should be

RECEIVED by
at least one

PROCESS
GRNFRATES Not Allowed No* Allowed Not Allowed
IJSES Sverv ELFMENT™ At least one At least one
should be used BLEMENT in ELEMENT in the
by a* least the GRCUF is INPUT is used
one PROCESS used by the by the PROCESS
PROCESS
DEFIVES VYalue of an Value of at Not Alloved
ELYMENT i s least one
derived by FLEMENT in the
the PROCESS GRO"P is de-
rived by the
PEOCESS
UPDATES 1) Value of an 1) value of at Not Allowed
FELEMENT is least one
updated by ELEMENT in
t he PROCFSS the GPOUP is
updated by
PROCESS
2) ELEMENT 2) GRCNP should
should he he CONTAINFD
CONTAINFD in at least
in at least one ENTITY

one ENTITY

T3ble 2.4.3
Data Nerivation (PRNCESS) Semantics
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QuIRIT ENTITY iy
RECFTIVES Not Allowed Not AllovweAd Not Allowed
G"NEPATFS Zvery cnrpnT Not Allowed Not Allowed
should he

SENTRATED by
at least one

PROCESS
fIS=s Not Allowed At least one At least one

TLEMENT in ELEMEN™ in the
the ENTITY SET is used by
is used by PROCFESS
the FROCESS

; DEPIVES Value of at At least one At least one

i leas* ore ELEMENT in ELPMENT in the

i ELEMENT in the ENTITY S®BT is derived

: onNTeIT is de~ is derived
i rived by the

PFOCFSS

JPDATES Mot Rllowed 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
PROCCESS

Table 2,4.3
(Con*inued)
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A 3T, ENTITY, SROUP or ELEMENT may be UPDATED by any number of
PRNCFESSFS, An optional NSING clause may be used in conjunction
vith the NMPDAT®D statement in the following manner:

MTPDATED BY P1 USING E2;

Where F2 is any numher of data objects that may be OSED by a
PROCESS,

An OnTPNIT, SET, ENTITY, GROUP or ELEMENT may bhe DERIVED by any
numher of PROCSSSFS. An optional USING clause may be used in
conjunction with tha DFRIVED statement in the following manner:

DERIVED BY P1 USING E2;

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

A RELATTON may be MAINTAINED by any number of PROCESSES, and a
PROCESS may MATNTATN any number of RELATIONS.

R PPNCFSS may have any number of PROCEDURE comment entries

snecified, but all the comment entries will be combined into ona2
PRNCEDUFF comment entrv when presented in any UFA report.,

A SFT 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 any
MRA report.

When a collection of data (2.9., an ENTITY or GROUP) is USED,
this implies that at least one ELEMENT within the collection
(assurinag the collection is, or will be, broken down to one
FPLEMENT level) is USFD,

H

When a collection of data is UPCATED, this implies that at least
one FLEMFNT within the collection is UPDATED,

Whan a collection of data is NDERIVED, this implies that at least
one PLEMIENT within ¢he collecticn is DERIVED.,

Whenever PPOCESST®S or PROCFESSORS access data, whether deriving, ?
nndating or using i*, the CLASSIFICATION of the data and the ?
SECYPITY=-ACCTS5=-RIGHTS of PROCESS or PROCESSOR should match. 1In f
ordier to match, the PROCFSS or PRCCFSSOR should have B
SFCNRITY=-ACCESS=-RIGHTS at a level greater than ar equal to the ’
CLASSTIFICATION of the data obiject.

2.4.4 Data Derivatiop Common Egquivalents and Usage

In most manual documentation methods, the information related t>

"data derivation" is usually implicitly included in flow charts.
Plov charts usually ccntain more than just the "data

PAFT I USER FFOUIREMENTS LANGUAGE MANUAL
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derivation," and, consequently, data derivation may not be
clearly presented,

A PPOCESS that is N"TILIZED represents some function within the
svstem that is incorporated hy two or more hiqgher level
PRNC 2SSFS, For example, a validation routine might be a PROCESS

UTILI?ED by several other PROCESSES to perform their defined
functions.

The PROACEDNRE comment entry within the PROCESS description may
he used to describe the algorithms required to define the

PFOCFSS, Since the PROCEDURE is text, dacision tabhles aay be
included,

The DFPIVATION comment entry within the SET or RELATION
descrintions mav bhe used to define the rules to derive an

occurrence of A RELATION tetween two ENTITIES, or occurrences of
a memter within a SFT,

2.4.5 Data Derivation Qutputs

Tha PICTHRE report (with the DATA cption in effect) can be used
to present data derivation relationships (USFS, UPDATES, and
NT"PIVES) among S®TS, INPUTS, OUTPNOTS, ENTITIES, GROUPS, ELEMENTS
anl PROCESSES 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 (USRS, UPDATFD, DERIVET, GENERATED, and RECEIVED)
amonq SFTS, INPNTS, OUTPUTS, ENTITIES, GROUPS, FLEMENTS,
PPOCESSFS, and INTFRFACP®S in a graphical tree-structurel format
looking FORWARD or RACKWARD in the tree,

The PRCCESS=-INPUT/ONTPYT report presents most of the information
as described ahove for PROCESS nanes only, but in an alternate
format. This report will also present any DESCRIPTION and
PROCEDYPT comment entries related to the PROCFSS naames,

T™he CATR PROCRESS report presents the interaction of data objects
vith PROCFSSFS in a matrix format, <This has the advantage of
nresenting the 1epandencies of data by PROCESSES for the entire
system. A second matrix is also produced to prasent the degree
in which PR)OC®SSFS interact with each other; i.a,, to produce

Aata that other PPOCFSSES use or to rtequire data that other
PROCPSSES produce,

2,4.6 Data Derivation Completaness Checks

1 Rvery PRNOCESS shounld acquire some data either by USING or
NPT ATING.,

2) Every PPOC=SS shonld produce Aata by DERIVING or by
JPDATING,

PAPT™ T NEPF FPEQUIREMENTS LANGUAGE MANUAL
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1) Every SFT should be USED or UPCATFED by some PROCESS.
u) Fvery FNTITY should be USED or UPDATED by some PROCESS.
5) Fvery ELEMENT in an FNTITY should serve at least one
FuUrrose:
- IDENTIFIER of the FNTTTY
- NSSD by some PROCESS, or
- UPDATEND hy some PFOCESS.
f) Processing statements in which GROUPS appear shoull apply
to at least one FELEMFENT in the GROUP,
7 Every BELEMENT CONTAINED in an INPUT should be USED in some
'av .
3) @very ELEMENT CONTAINED in an ENTITY should serve a
purpose,
Q) “very FLPMTNT CONTAINED in an OUTPUT should be DERIVED by
some PPOCESS.
1) An FLEMENT™ CONTAINED in an INPUT should not be DERI VED.
11y An FLE“FYN™ should only he DERIVED once.
12) Every ELEMPNT NSED by a3 PRCCESS should he available fronm
SAme source:
i) INPHT
ii) DERIVED by some other PRCCESS
iii) Prom an FNTYTY.

2.5 Sysystem Size

The complete specification of reaquirements for the target systea
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 = numher of members in each SET, nuaber of repetitions
in each reneating GEFOMP in an INPUT, etc.

Volume - numher of instances of INPNTS and OUTPUTS, number of

times PFOCESSES will be executed, etc, in a given
period of time,

Tn URL, the parameters which characterize size are called

SYSTRM=PARAMPTFTRS; they can he name symbolically and their
values expressed numerically.

?.5.1 System Siz2 Objects

SYSTEM=PARAMETRED = an object which affects the size of the

system, Tt is given a name and may be
given a numeric value.

INTFRVAL = an object representing some time period

such as a week, year, milliseconi,
planning period, etc.

PARFT™ I "SERF RFQUIREMENTS LANGUAGE MANUAL
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2.5.2 System Size Belationships

VALUES

A SYSTSF=-PARAMFTEP may have a VALUE, or a range of VALUES. An

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

CARDINALITY

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

CONNECTTVITY

A RTELATION may have a CONNECTIVITY defined by specifying two
SYSTEM-PARAMETERS,

HAPPFNS

An INEOT, OUTRGT, EVENT, or PROCESS may HAPPEN a
SYSTEM=-PARAM®TER (number) of times in a given INTERVAL.

CONSISTS

M SE™ may CONSTST of a SYSTEX-PARAMETER (number) of ENTITIES,
TNPTTS, or JUTPUTS, An INPOT, OUTFUT, ENTITY, or GROUP may
CONSIST of a3 SYSTEM=-PAPAMFTER (number) of GROUPS and/or

ELEMENTS. An TNTTPVAL may CONSIST of a SYSTEM=-PARAMETER
(number) of INTERVALS,

2.5.3

ltn

ystem Siz2 Syntax and Sepanti

12

Th2 cbjects and relaticnships involved in describing systenm siz2

are shown pictorially in Figures 2.5.1, 2.5.2 and 2.5.3, and in
tabular form in Table 2.%5.1,

The VALUP or VALUES associated with a SYSTEM=-PARAMETER orC

FELEMENT must he numeric and once a VALUE (or VALUES) has been
assigned, no other VALU®S mav be given to it.

CARDINAIITY specifies a number of occurrences. With respect to
SETS, it specifies the number of FNTITITIES, INPUOTS, or OUTPUTS
that ray be CONTAINED in the SET at any one time, With respect
to FNTITIES, it specifies the number of cccurrences of a
particular ENTTTY in the system at any one time, With respect
to PFIATIONS, it specifies the numkter of connections made
between FNTTTIFS via a particular FELATION, A particular
ENTITY, SE", or RELATION may have only one CARDINALITY.

PAPT I ODSEP RFQUIREMENTS LANGUAGE MANUAL
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CONNEC™TVITY specifies the structure and magnitude of a
PFLATION. A particular PFLATION may have only one CONNECTIVITY.

The HAPPTENS statement specifies the number of occurrences of an
TNPUT, CNUTPUT, TVFNT, or PROCESS in a given time interval, A
narticular INPUT, OUTPU™, EVENT, or EROCFSS may have only one
HAPPT®NS statemant,

The CNNSISTS statement used in conjunction with a SYSTEM=-
PARAMETFF specifies that for each occurrence of a given SET,
e,q., the data CONTAINED in it occurs the designated nuaber of
timas, Any particular data nbject may only consist of another
data object, one qgiven SYSTEM=-PARAMETER number of occurrences.

2.%.4 System Size Cormon Egquivalept and Usage

Tn the usual met hods of system documentation, description of

size and volume aspects are inccrporated into the descriptions
of other objects as rumerical values.

One important feature of MNRL in specifying size is that it
parmits, and in fact encouriages, all such specifications to be
svmbolic, i.e,, each parameter is given a name. Consequently,
all situations in which a given parameter appears can be
collected and examined, Numerical values need only be 1ssigned
at the time a* which they are definitely needed. Por example,
vhan a system is ipitially being described, it may only he known
that the qroup " joh=-Adata" CONSISTS of the element "occupation."
I+ may not he known or not specified until much later that
job=-data CONSISTS of 3 or 6 occurrences of "occupation.”

PART I NSEFR REOVIREMFNTS LANGUAGE MANUAL
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2. 5.3 Ralation of Objects via a SYSTEM-PARAMETZR

PART I 93EP nrourRIMENTS LANGUAGE MANUAL




— _ =
HE1RY)/MNLTICS/UFL USER'S MANUAL 95
SYSTEM
INTERVAL PARAMETER FEEQUENCY VALUE
INDPITS CONSISTS OF HAPPENS/
TIMES
nuTpnTg CONSISTS OF HAPPENS/
TIMES
SETS CAFDTNALITY VOLATILITY-
CONSISTS OF SET =
VOLATILITY=-
MEMBER =
PNTITIFS \ CARDINALITY VOLATILITY =*
CONSISTS OF
RPEFLATION CONNFCTIVITY
CARDINALITY
GROUPS CONSISTS OF
ELEMENTS VALUE
PROCY¥SSES HAPPENS/
TIMES
EVPNTS HAPPENS/
TIMES
TNTERVAL CONSISTS CCNSISTS OF
nw
SYSTFM- VALOE
PARAMFTFEPR
* corment entry
Table 2.5.1
URL Statements Related to Size and Volume
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2.5.5 Systam Size Qutputs

™0 ob*ain information specifically about one or more :
SYSTFM=PARAMFT™RS, the FOCPMATTED PROBLEM STATEMENT may be !
qenerated, <ince very few of the statements involving :
SYST ¥=-PARAMFETFRS have complementary statements, much of the

inforrmation presented in the FORMATTED PROBLEM STATEMENT will be

in comment format,

2,%.F System Size Completeness Checks

™he fellicewing checks can be made: |

j 1) Fvery YNPUT should have a HAPEENS/TIMES stitement.
2) Fvery NUTPOIT should have a HAPPENS/TIMES statement.
3) Fvery SFT should have a2 CARDINALITY statement,

u) Tvery ENTTTY should have a CARDINALITY statement,

5) Every PFNCESS should have a HAPPENS/TIMES statement. ;
A) ¥very FVENT should have a HAFFENS/TIMES statement, 3
7) Fvery INTPRVAL should be used in some statement.,

3) Ivery SYSTEM~PAFRMRETER should be used in some statement.

, 2.5 System=Dynamics

™he Adescription nf the contents of INPUTS, OUTPUTS, ENTITIES,
GRNIUFS and structures of PROCESSES, and the relationships among
*hese obiects nroiuced up to this point, gives a "static"
description of +he system. This dces not in itself state the
requirements fnr the dynamic behavior of a system. To do this,
one must descrihe those inputs, conditions and events which may
influence what processing is performed, or the order in which it
| is nexformed,

2.6.1 System=Dyramics Chiects

CONDITTON - a statement which can be in one of two states,
"PUF or FALSE (YFS or NO, etc.). The statement
is aiven a uniaue name.

TYeNT - an ohject used to describe a happening,
exterral or interral to the system, or an
occurrerce which causes something else in the
system to happen.

CANE *S/CAUSED

An FVENT or IMPUT, or a CCNDITICON PECOMING TRUE or FALSE, CAUSES

PAPT T MSER RPEQOMWIREMENTS LANGUAGE MANUAL
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an FEVFNT™, 1An EVENT is CAUSED by an EVENT, an INPUT, or a
CONDITICYN RECOMTNG TLENT or ®ALSE.

TNCFRTITON=-CAUS=S /0N INCFRPTION

INCFPTICN of a3 PROCTSS CANSES an EVENT, or an FVENT occurs ON
TNCEPTICN of A PROCFSS,

TNTPEFFIPTS/ZINTERRANPTRD

A PROCT®SS, FVENT nr TINPUT, or a CONTITION BECOMING TRUE or
FALS®, INTERPR'PTS 3 PROCFSS. A PROCESS is INTERRUPTED by a

PRACESS, EVENT or INTNT, or hy a CCNDITICN BECOMING TRUE or
FALS B

MAKFES /MADR

An TVENT, TNDT™ or DROCFTSS MAKFS a CONDITION TRUE or FALSE. A
CONDITIOM is ¥AD® TFUE or FALSE by an EVENT, INPUT or PROCESS.
TeRMINATES/TERMINATED

A PRNCESS, EVENT or INPUT, »r a CONCITION BECOMING TRUE or
PALSE, TERMINATES a PROCT®SS. A PFCCESS is TERMINATED by a
PROCEFSS, EVENT or IMPUT, or by a CONDITION BECOMING TRUE or
VATJC‘?D

TERPMTINATTON=CA'IS FS/O0N TEPMINATINN

TEAMINATION o€ 1 PEOCESS CAUUSES an EVENT, or an EVENT occurs ON
TERMINATION Oof A PRODCESS.,

TRPIGGFRSE/TRIGSRERED

A PENCRES, BEVENT or INPUHT, or a CONDITION is BFCOMING TRUE or

FALEE, TRIS5FRS a PFOCESS, A PROCESS is TRISGERED by a PROCESS,
FUENT or INDPM'™, or by a CONDITION'S BECOMING TRME or FALSE.

WHILE

\ CONDITTON may he TTSNMF WHIL® or FALSE WHILE some criteria hold.

2.5.3 System-Dynamiczs Syntax and Semantics

T™he otjects and relationships involved in describing system
dynamics are shown pnictorially in Figqure 2.6.1 and in tabular
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form in Table 2.f.1.

INCFPTION or TERMINATION of a PROCESS may CAUSE any number of
FYENTS, Similarly, an EVENT may occur ON INCFPTION or O%
TURMINATTION of any numhaer of PROCFSSES., The INCEPTION of a
PROCTSS is its beginning, TERMINATION is the completion of the
PROCTSS.

Anv number of EV®NTS, INPUTS, and/or CONDITIONS may CAUSE and
EVEZNT. However, a separate statement is required for each
CONDITION involved. Similarly, any number of EVENTS may be
CATSED by a agiven collection of EVENTS, INPTUTS, and/or
CONDITICNS.

Anv number of EVENTS, INPUTS and/or PROCESSES may MAKE a
CONDITION T2UR or FALSF, Any number of CONDITIONS may be MADE
TRIF or FALSE by a given collection cf EVENTS, INPUTS and/or
PROCFESFS, Nnly one of the values, TRUE and FALSE, may bhe used
in a given MAKFS of MADE statement. The term MAKES implies
setting the value or a CONDITION,.

Any number of PEOCFSSES, FVENTS, INPUTS and/or CONDITIONS may
TRIGGEP, INTERFTPT or TFRMINATE a qiven PBROCESS, Any number of
PROC 2SSFS mav be TFIGGERED, INTERKUPTED or TERMINATED by a given
collection of PROQCTESFS, EVENTS, INPUTS and/or CONDITIONS. To
TRIGGTT a PROCTSS is to initiate it. A PROCESS is INTERRUPTED
if it is eliqgible to he resumed later, while it is TERMINATED if
i* is ended (whether complete of nct) ard is not to be resumed.

A CONDITION mayv only have one WHILFE statement, which is

expressed as 1 comment entry. Should more than one be specified
for a given CONDTTION, the comment entries will be combined (the
second added %o the end of the first and so on),
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PROCESS EVENT

PROC RSS TRIGGERS INCEPTION=-CADSES
TYRRINATES TERMINATION=CAUSES
INTFPRIPTS
TFIGSERFED BY TRIGGERED BY
TERMINATED BY TERMINATED BY

! INTFRRUPTEL RY INTERRUPTED BY
FVENT TRIARGTRE CAUST=S

TERMINATES
INTFRRUPTS

] N TNCEPTION OF CAUSED BY
| ON TERMINATION OF
{ R S . P I e  cesmacceceaccecec e e cTeae D ees we o
? CONDITION BTCOMING {TRUE} BECOMING (TRUF}
TPIGGFRS  (FALST) CAUSES {FALSE}
BECOYTNG {TRUR}
TERMINATES {FALSF)
3ECAMING {mru%)
! INTERRUPTS  (FALST)
b ("RIE} (TRUE}
! MADE (FALSF} BY MADE (FALSE}  BY
TNPOIT TRTIRGRFS CAUSES

TERMINATES
INTERRUPTS

Table 2.6.1
NRL Statements for Describing System=Dyanmics
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CONPITION INPUT
PROCEST {TRUF}
MAK®S == (FALSE}
TRIGARPEN WHEN TRIGGEPFD BY
{TRNE} TERMINATFD BY
--BECOMES {FALST) INTERRUPTED BY

TEPMINATED WHEN
(TPUT)
-=BECCMTS (FALSF)}

INTTPRUPTED WHFN

fTRUE}
-=-BWCOMFS (PALSF}
TYENT {TRUF}
¥AKPS == (PALST)
CRUSED WHEN == CAUSEL BY
{TRUTE}
3FTOMFS {FALSF)
CANDITINN WHILF * (TR E}
MADE (FALSF} BY
TNOUT {TRYE)
MAKFS == (FALST)

* comment entry only

Table 2.6.1 (Continued)
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2.A.4 System=-Dynamics Common Egquivalents and Usage

As is the case vith system size, description of system iynamics
aspects are often not stated explicitly but are incorporated
into the Adescriptions of ctner objects, In some cases, this
tyoe of information is presented by Aecision tables or by
decision hlocks in flow charting methods,

fince Adecision tahles present a plan of "action" based on

conditions and events, they may be given in the PROCEDURE
statemer+ for the appropriate PFOCESS, if desired.

B list of FVENTS "PIGGFPING a FROCESS implies that each one of
the FVENTS TFIGGRFS the PFOCESS., Since an EZVENT occurs at an
instant in time, the user should not need to say that a
combhination of TVENTS TRIGGEFRS a PROCESS, since this would
require that all the EV®NTS occur simultaneously.

Fven though there is no way to state explicitly that a
combination of CONDITIONS TRIGGFRS a PROCESS, this may easily be
handled by 1efinina a rew CONDITION ¢o represent the
combination. For s2xample, if PROCESS P1 is TRIGGERED when
CONDITION C1 is TPUF and CONDITION C2 is FALSE, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>