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‘ of the support packages, and the requirement for the user to :1 ;
become familiar with different models, concepts and 7
vocabularies is a barrier to reaching higher effectiveness.
The premise is that these common support systems have
equivalent functions and a large intersection of operations

that can be integrated. It is the purpose of this thesis to

study a possible Integrated Application Software System

(IASS) that will combine the needed capabilities into a

functional system and present the user with a single data

model and vocabulary set. The data model which is proposed
for use by the IASS is the relational data model, since it
is universally understandable, and has a robust theoretical “

foundation.
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3 ABSTRACT
| )

As increasing data processing pover becomes available at

? decreasing cost, greater numbers of nontechnical vpersonnel

a SN

are gaining access to automated systems that enhance their
productivity. However, the sharp distinction between each
of the support packages, and the requirement for the yger to
become familiar with different models, conceots and
vocabularies 1s a barrier to reaching higher effectiveness,

The oremise s that these common supoort systems have

o e

f% equivalent functions and a larae intersection of opervations
o that can be {ntegrated, It is the purpose of this thesis to
study & vossible Integrated Aprvlication Software Svstem

(IASS) that will comdbine the needed capadbilities into a

functional system and oresent the user with a single data
model and vocabuylary set, The data model which {3 proposed
for use by the IASS {s the relational data model, since (it

is universally understandable, and has a robust theoretical

fsundatioen,
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I. INTRODUCTION

The utilization of computers in wsany areas, such as
personal computing or office and manufacturing automation,
is repidly expanding. No longer {s their use being
relegated to syoport opersonnel, but (s soreading into the
ranks of lower and middle level management, The majority of
such users are non-computer professionals who are conming to
depend on the computer to dProvide a supnort capability in
the accomplishment of their primary rasponsibilities,

Over the past years, numerous sgoftware packages have
been made available to support a broad spectrum of users in
varving environments, Capabllities such as word orocessing,
gatabase management, modeling, form qeneration, and

; electronic mail have become esgential, The point to be made
is that the original purpose of {ntroducing the computer was
to increase the effectiveness and efficiency of the
organization, wntl? the present performance of each support
packaae is satisfactery, the manner {n which they are
presented to the user {3 not, As {llustrated in Figure 1,1,
each support system is typically disjoint from all others,
and the user is presented with differing models., command
vocsbularies, and operating instructions. This nene
integrated cospinetion of application softwvare requires a

qreat deal of effort on the part of the user ¢to become
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tamiltiar with a new system and remember it along with the

other systems that are used,
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Figure 1.1 = Di{sjoint Support Systems,

v

What is needed to increase productivity {s an {ntegrated
systemn that combines the capabilities of ¢the support
packaaes {nto a system which presents the user with a
sirnale, yet easy, conceptual data model and vocabulary set,
It {s such a system that {s called an Intearated Aoplication
Sottware System (TASS), and the purpose of this thegis is to
develop a desgign for its implementation, It (s {moertant to
emphasize that the JIASS s not buyilt around the already
existing spplication programs, but the Treverse. Given an
IA88°s common user Iinterface and conceptual level, the
designer will evaluate each arolication and desian a new
application program to capitalize on the IASS capabilities,

The design objectives for the IASS are:

(1) Ensure & high degree of user friendliness and

emphasizZe simplicity.
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(2) Minimize the initlial and acquired user skill level
necessary to gain major functional use of the systen,

(3) Minimize the 1learning time recquired to gain
funetional use of the system,

(4) Present a loaical interface between each of the
IAS8°s cavpadbllities, but minimize the explicit user
navigation between them,

(S) Determine the largest intersection of functional
cavahilities for the {ndividual application procrams and
{ntegrate them into 3 common conceptual level,

(8) Develor as small a command vocahulary as possible
at the user ({nterface, Ensure that these commands form an
intersection of the aoplication program commands, and are
congistent between each of the apolications,

(7) Eliminate the dependence on user proaramminag in
order teo use the systenm,

(8) Embody the notion of software adaptivity whereby a
user, already familiar with at least one application i(n the
IASS, can learn & new application by studying only the small
increment of new commands and functions that are specific to
the new apolication,

(9) New acelications, not oriqginally considered in the
original IASS, are implemented by adding a small {ncrement
of functions and commands to the IASS,

(10) Allow for the ({interaction of the included

applications {n support of each other,




While the IASS cannot be expected to completely
integrate the separate features of each support package, it
coﬁ strive to maximize the intersection between them, Figure
1.2 shows a simple illustration, in Venn Diagram form, of an

IASS,
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Figure 1,2 =~ IASS Support Package Intersection,

In the following chapters the basis of an IASS desgign

will be Aiscussed, Chapter 2 will describe a selected aroup

of currgntlv suecesstul aoplication support programsgs that

will be considered for integration into an IASS, Chapters 3

and ¢ vill cover the conceotual level of the IASS which is
fnvigible to the 4“!0?. Chapter 3 discusses a common 4ata
object for the IASS, and Chapter 4 the conceptual level
overations allowed on i{t, Chapter $ covers the use of the

conceptual level by the included aprlication programs.

Cheoter 6 covers how the user will interface to the IASS,

finally, Chapter 7 presents the conclusions that can be hade

from this 1imited study of an IASS,
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IT. DESCRIPTION OF SUPPORT SYSTEMS

In order to demonstrate the applicability of an
Integrated Application Software System (IASS) and ({ts
conceptual level intearatien aporoach, six common Software
aoplications were selected, The aoplications were chosen
based on thelir verceived effect {n supeortina an office
based user,

a, Text Editor

b. Word Processor

c. Relational Database Management System

d. Tlectronic Snread Sheet

e, Forms Generator

£, Clectronic Mail

AsS a none-intearated collection of application software,
each of these packages is imolemented to accomplish a set of
overations on a specific file tyoe, and the set of included
overators s tqilored for that tyve, Commands are not
usually transferable hetween applications and the
application vocabulary is very "baroque” {n that most of the
operators exist as a matter of convenience to the user, Too
often it s a very small opercentace of the overall
vocabulary that is used over ninety percent of the time, The
majority of users only learn a subset of the vocabulary

necessary to accomplish the essential tunctions of the

application package, and disregard the rest,

11
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Representative commercially available softvare packages
corresponding to the six selected application types vere
revieved to determine the nature of the pertinent file tyves
and the essential functions required of the application, The
¢olloving sections will present the results of this review

as they apply to each appolication package,

A, TEXT EDITCR

The purpose of a text editor {s to precare a text file
in an aoprooriate form for use by & subsequent process,
"WORD STARP", and the "VI" and "EDIT" systems for UNIX were
analyzed, These systemg are described {n Aornendices (1),
(2), and (C).

The text editor can be divided into tive major
functional categories of commands which are supported;
<Create>, <Insertd>, <Moadity>, <Delete>, <Move>, and
<Retrieve>,

1. Creation

A facility used to degine an empty file into whienh
the text will be entered, This involves a directory entry
of some tyoe, the allocation of storage space, and the
creation of a buffer area,

2. lnsertion

Done an object at a time in relation to some
referenced point in the text file, 8such as the cursor

position, It 4is ovossible to insert any object at a

12
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specified voint., Insertion is nonedestructive in that the

object is inserted between existing contents, vithout

overwriting, The object to be inserted may be entered by
the user, come from 8 buffer, or cone from another file,

3., Modification
- In relation to some referenced point {n the text
file the current contents are altered ., Modification is
b destructive in thatﬂthe current contents are destroved by
writing over them, Glohal modification s possibhble,

4, Deletion

In relation to some referenced point n the text

tile an object of any qranularity level {s removed, Global
deletion s possibdle,

5. Movemant

The current point of reference in the text file 1is

»
AT e L

changed to meet the desires of the user, Control of

]
i’
&

movement {s possible at any object level, The user should
have the capability to move to & predefined location or to a
1 location that meets some condition,
6. Retrieval
While not directly resvonsive to user retrieval
commands, the text editor supports the user by displayving

the local area around the point of reference, In a general

AN T P AR a1

sengse ¢this is & desired retriaval of text from the file,

Retrieval is sutormatically done for the user when the point

13
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of reference changes to ensure the user can estadblish the

eontext of the coint of reference,

8, WORD PROCESSOR
Files prepared by a text editor can be processed bdy a
Wwerd Processor (WP), "WORD STAR", an oneline WP, and "NROFF
=ME", a WP for the UNIX oocerating system, were analyzed,
These two svstemg are described in Appendices (A) and (M),
Currently there are two aovproaches to word processinal

(1) OffeLine Forwmatting, Invadditien to the actual
text in the edited file, a combination of special
characters, and characters strings, can be embedded i{n the
text file for wuse by the WP, These special embedded
charaecter strings are commands used by the word processor to
produce the degired orinted format of the text file, This
requires a two step procedure by the yser, The user ¢£irst
visualizes the desired format of the output and then
translates {t into & combination of the actual text and the
embedded WP commands, The text file {8 then orocessed by
the WP, This is a level of indirection that delays feedback
to the user as to the effect of a command,

(2) On=lLine PFPormatting, In this case, vwhile nost
of the WP commands are still embedded {n the text file, they
are immediately executed, As the user inputs the text, it is
displayed on the screen in the desired format, The user
theredby receives immediate fpedback as to the effect of

formatting commands, Hovever, the problem of the display

14
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format being bigger than the display dimensions {is a
problea, if only & minor one,

The WP, unlike the other application packages, does not
directly menipulate a data object in the course of {ts
operation, Instead, {t {ntercents a stream of data from the
data object and alters the display format prior to output,
For this reason is seems logical to consider the WP to be a
oart of the editor =« the apoplication onackage that

ranipulates the data object upon which the WP devends,

Ce DATABASE MANAGEMNENT SYSTEM

Data is simply symbols which are stored, In and of
itself, a datum has no significance, However, when coupled
to an entity, the class of a datum becomes an attribute of
the entity and the valuye of the datum can be used as
information to describe an instance of the entity, When
data {s stored in a computer {t {3 known as a database, To
transform the rav data into an abstraction suitable for a
person to use and/or modify is the major function of a
Database Management System (DBMS), In a sense § DBMS acts
88 an {intervreter between the user and the computer, It
interorets user statements describing what {s to be done
with the database {nto the lowver level algorithas necessary
to perform the operation on the conceptual and eventually
the Physical representation of the data in the comnuter,

Fros the Derspective of the computer, the DSMS translates

18
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the vphysical implementation of the data through the
conceptual representation to the appropriate user view, In
this way the DBNS provides two levels of data independence,
Dats independence implies that modification can be made to
the ({mplementation of the data vithout affecting the logic
of the application programs, Data independence between the
conceptual schema and its ohysical implementation allows
changes to the ohysical ({implementation of the conceptual
schema while permittinag aoplication programs to run as if no
change had occurred, Similarly, data {ndependence between
the econceptual schema and & user view allows changes to bhe
made to the conceptual schema while permitting aoplication
proarams to run as i{f no change had occurred,

Ir addition to the data management function, a DBMS also
provides functions to ensure system inteqrity, Towards this
end a DBMS enforces database security constraints, The
security facility ensures that unauthorized access ta data
is not allowed, A DBMS typically ensures that the reasuired
properties of data are quaranteed, These properties cen be
either syntactic, that {s structural, or semantic, for
instance centained within a specified domain, A DBMS
typicelly provides a mechanism to protect the datadase from
a system ecrash by reqularly making hackeup cobies of the
detadbase, In the event of a system crash, a DamMs typically
provides a fecility to restore the databese to a previously

consistent state, Finally, Iin & nult{-user environment, a

16
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DBNS typically provides a synchronization mechanism to
protect the database from inconsistencies which might result
from sinmultaneous aeccess to a database, especially {f one
access entalils a change to a shared data itenm,

“DBASE II" and  "SEQUITUR" were revieved as
representative relational data base rodels and are described
in Appendices (FE) and (F), A relational D8MS was selected
as an IASS conceptual database model due to its tamiliar and
universally understood data object, the relational table,
The basic organizational unit in the relational table i{s the
nared and domained field. A record of arity "n" {in the
relational table contains n fields, each containing a value
from its domain. A relational teble (s the next higher
level of oraanizational abstraction, The overall schema of
the relational table {s definead bv pnysical properties of
the fields and embodies the relationsnip which i{s defined by
the field set,

A DBMS can be logically divided {nto three functional
parts = data definition, data manipulation, and aqguery
retrieval, These parts can be further refined i{into the
gtunctional operators <Create>, <Insert>, <Modify>, <Delete>,
<Move>, and <Retrieve>,

1. Greagion

The existence of o relational tadle is typically due
to a need percei{ved by the user to organize data., Creation

{8 therefore the process by whiech the relational tabdble (s

17
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defined in a database by its identity and comsposition, The
existence of the table is noted {n some tors of a database
table directory, The composition of the tabdle Adefines the
schema of the relstional table. Modification of a user
defined table can be viewed as a special case of creation or
re=creation, A table name can either be changed or the
schema redefined, In addition to these explicit methods of
creating relational tables, {mplicit methods also exist, As
a result of the relational coeration JOIN, a nev relational
tadble can be created., The method of naming the new
relational table is implementation specitic, The composition
of the table, however, is derived from the schema of the
operand relational tabdles.
2. Irgertion

Ingsert {s & component of the get of data
manipulation overators. The action of an {nsert {s to place
a record into the relational table. The origin ¢t the record
to be inserted is i{rrelevant to the operation, The effect of
the operation is that a nev relational table {s derived from
the old relational tadble, order not being significant,

3. Nedificetien

Modify is a component of the gset of data
manipulation oteraters, The action of a medity is to chanae
the data in & field, DBNE°s tyvically do net restrict the

origin of the nev data to what the user supplies at a

10
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terminal but can be &as & result of evaluation of expressions
or derived from other relations in the databdase,
4. Deletion

Delete s a compaonent of the set of data
manipulation operators and is in fact the inverse operation
of insert. The action of delete is to remove a record from
the relational table, the final disposition of the deleted
rTecord is immaterial to the operation, A delete overation is
typically a two step process, A record is first marked for
deletion and then explicitly removed from the tanle,

S. Movenment

The movement operator can be viewed either as a
passive data manipulation overator or a query retrieval
orerator, Movement encompasses the process of changing the
surrent point of reference {n the database, The yltimate
destination {s determined ¢from manipulating data in the
4atabase or as a direct result of a query on the database,
The pvoint of reference can be of any orqganizational
abstraction fror an entire relation to an individual
character in a field, T™his range in movement {mplies that
this operator subsumes the theoretical relational algedra
operators PROJECTION and SELECTION, Movement is a required
ooerater in order to scan and extract information from, or
in conjunction with, the serformance of any of the other

eoerations on the database,

19
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6, Retrieval

Retrieve is exclusively & query response operator,
The condition of a query specifies the information to be
extracted or derived from a database, A aquery can be ({n
many forms. Traditfonally & query facility is embodied in a
specialized lanauage vwhich the user employs to extract
intformation from the database, In this simplest form, &
query is eaguivalent to the relational algebra PROJECTION
operator possibly following the SELECTION ovperation on the
referenced relation, Queries can exist in subtler torms,
Novement through a database can actually be the result of an
underlying, implicit retrieve operation, Some uses of forms
embody & retrieval operation as they extract information
from a database to derive its contents., FReports also embody
the retrieve operator in the same way as a form, From the
databaze, inforratioen is retrieved and disolayed in a user

specitied tormat,

D, ELECTRONIC SPREAD=SHEET

An Clectronic Spread=Sheet package provides an important
nuserical modeling capability to the user. This spplication
provides the user with a piece of "electreonic" sgeratehvaper
tor doing fairly complicated numerical ptoblems, and models
that are of e recurring nature., Instead of reaching for
pencil, vaper, and calculator esch time, the user will call

the electronic spread sheet and Dby entering the needed
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values cause the spreadesheet to eonbloto the
calculation/model, It compliments the inclusion of the word
or.lessor and database management syster in the IASS., The
commercially available "VISICALC" system was revievwed, and
is described in Appendix (G).

Spread-sheets are commonly divided into addressable
(rew,column) entry positions, similar to a checkerboard, and
are used to grachically disolay numerical data in a tabular
format, A small oportion of the spread-sheet (s usually
visible on the screen at any one time and the user must use
windov and screen commands to move across the entire sheet.
Each entry position is an independent entity and can contain
any of the data types = character, numeric, or function,
The contents of an entry position can be expressed 1{n
relation to the value of a previous entry position,

- System operations consist of <Create>, <Ingert>,
<Modify>, <Move>, <Delete>, and <Retrieved>,

1. GCreage

The user initializes a data storage structure for a
nev spreade=sheet, The dimensions for the nev spreadegheet
are initislized and all entry pvositions are set to null
values.

2. Ipgertion

Given an slready existing spreadesheet, the user
adds a new colusn or rov to the soreadesheet a8t an indicated
location, This enlarges one of the spreadesheet dimensions
by one,
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3. Modification
Change the current value {n an existing entry
position to a new value or function, _
4. Deletion
Given an already existina spreadesheet, the user
deletes an entire column or row from the spread=-sheet at an
indicated location., This will reduce one of the spread-
sheet dimensions by one,
S. Movement
Allows the user to view the contents of the entire
spreade=gneet through the limited dimensions of the screen
disrlay by permitting the user to maneuver the screen across
the spread=gheet,
6, Retrieval
The tabular display of the spreadesheet on the
user’s screen is the result of a predefined retrieval from
the stored reoregentation, As changes are nmade to entry
positions and they, in turn, effect other entry positions,
the tabular disnlay is kept updated by automatic retrievals,
Additionally as the user moves, Or alters, the window into
the spread sheet nev information must be retrieved to nmeet
the changed request, The user cannot specifically ask for
information from the system, but instead accepts the sinale
retcieval the soread=sheet Dpackage vas designed to

autonastically produce,
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€. FORMS GENERATOR

By detinition, a "fors® {is a oprinted document with
planks to be f£illed in, and "formet" i{s the arrangement, or
plan, of a presentation, Traditionally, & document {8
assumed to be a piece of paver, and the input device used to
place values onto the document is the human,

In the Electronic Data Processing (ZDP) environment,
these notions are generalized to where a document can also
pe derived from, or stored into, a datadbase or data file,
Regardless of the semantic generalizations {ntroduced by
EDP, the loaical view of a form, as well as {ts function,
remain the same, A form is used as a template to disolay
intormation and/or collect a set of Adata, A ferm s
distinguishable from a reocrt in that a form reareslnézionly
one instance, or s coalescence, of a set of data elements.
The creport contains the form as a special case, hut reoeats
it for each instance in the set of data elements,

A Form Generator is 8 utility to assist ¢the user in
designing a displayable form at "design-time"™ and employing
it at “use~time®., Since creation and use times are
different, the designetime di{splay nust represent the use-
time display of the form as closely as possible, Froem the
design the Fors Generator must translate the visual
specitications into the aporopriate representation gfor use
by the displey function at use=time, In sddition to the

physical layout of the displayed ¢gorm, the design and
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internal representation nmust contain information regarding
the value association or derivation at use-time, The DBASE
IT form generation facility, and the separate “ZIP" screen
oriented form generator wvere gvaluated and are discussed in
Appendix (H),

The designe=time environment includes both {nitial fore
desian and design modification., Form design is done by use
of an ed{tor and an onwscreen capability 1is essential to
achieve desjian=-time and use~time visual proximity, The
edirar could be an integral part of the form generator or
separate, Value association {8 not done by <the form
generator directly, The user states the value association
of a "block"™ {n terms of the use=time function which must
evaluate the "block"” values,

The orocess of form generation entails describing both
the display features of a "block™ in the form and the use=
time association, The functional 1ist of operators to
suoport a form generator are <Create>, <Insert>, <Modify>,
<Nelete>, <Moved>, and <Retrieved,

1, Ggreation

Creating a new form entails naming the gorm and
naking {t known to the rest of the system for use, Only the
ewpty structure 1s crested and will require the user to

enter information inteo 1itc,
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2. 1Insertion

The user adds a new "block" to the form by
specifying 1{ts characteristics. Characteristics may be =~
position, prompt, input/gutput, tyoe, and processing
intormation. A groupinag of these "blocks” will make a form,
Actual "bloek™ specification and addition is done throush a
level of {ndirection where the user draws the "block(s)" on
the screen and the system determines the oarameters
necessary to make the form, '

3. Modification

The user changes one or more of the characteristics
of an already existing "bloek",
4. Deletton
The user removes an entire "block" from the farm,
S5« Movement

The user has a point of reference within the aiven

form, At any given time some "block" {s the voint of

reference, and commands are available for the user to move
this ooint of reterence,
6. Retrieval

The user desires to see the format in which the form
will be displayed Dbdoth at design=time and run=time, The
retrieval operation (s aeutomatic and translates the
intormation stored In the form’s structure inte the
appropriate Aisplay. Actual desicn and moedification of a

gorm. is done onr this display and the form aenerator
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determines the additional information it will need to

recreate the finished form on demand,

Fo ELECTRONIC MAXYL

Electronic Mail is a facility for sending messages from
one user to another. The "MAIL" system used by the UNIX
operating system was reviewed and a descriotion {s aiven 1in
Appendix (1),

An Flectronic Mail system yuses a oredefined megsage form
which contains information, such as destination, subjece,
and main body, Once created, the messace s sent to the
destination where it {s placed in a message file, called a
"mailbox", for readina, The major functional operations iIn
a mail system are <Create>, <Insert>, <Modify>, <Delate>,
<Mgovement>, and <Retrieval>,

1. Creation

The system aenerates an empty message form which the
user £ills in,

2. Insertion

Messages are inserted into the various mailboxes
that the mai{l system maintains, A message (s sent to
another user by storing it {n the system mailbox,

3. Modification .

Megssaqes are initfally ereat;d with no values in the
message form, Composing a message therefore, entails making

modifications to the null parts of the message,
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Modifications can also be made to a message any time during
composition, betore sending it to its destination, Finally,
tields in a message may be modified by the recipient, in
order to retransmit the message,
4, Deletion
8y reviewing messages from the system mailbox, they
are deleted from the system mailbox and placed into a local
area, The user mav delete messaces from the system or local
majilboxes at any time,
S, Movenment
All the previous commands are performed in relation
to a point of reference, The point of reference (n a
majilhox can be changed by the user ({n order fo browse
throuqgh the messages, or edit them,
$, Retrieval
Reading a message is done by retrieving the contents

of the message fields and displaying them to the user,

In review, Chanpter 2 has shown that a qeneral
commonality exists between the functions of the qiven
applications, This commaonality has been prasented as the set
of six command cateqories ~ <Create>, <Insertd>, <MNodifty>,
<Delete>, <Move>, and <Retrieve>, The following chapters

will lead to an integration based on this commonality,
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I1I., THE COMMON DATA OBJECT

The key to achievina an {ntegrated system which can
support formatted and unformatted data 1is to map the logical
file tyves associated with the applications, {nto one
conceptual data object, This conceptual data object is then
part of a model of thes applications and their use, The
functional intersectikn of onerations on the files can be
implemented by a sinale set of orimitive conceptual
overations on the comﬁon data aobject,

The TASS mus¢t rebéesent each of the loqgical file tyves
associated with thefincluded apolications {n such a way as
to support the eslential functions of each apnolicaticn, The
data object chosen %or this IASS desigr is the table, The
table {s & natural mt#hod of oraanizing data and therefore
should be undcrstaniable. even by najive users, A table is a
tvo dimensional arrn# containinag rovs and columns, The IASS
uses the table to represent a "resleworld" entity, Each
column represents one attribute of that entity and each row
represents a uniquﬁ occurrence of an entity, A table is
almost egquivalent tofa relational database relation, excepnt
that a table inpli{l that rows and columns have an order {n
the table whieh eon; be used In a positional addressing

schene, ainpo addﬁcsllnq i{s associative in a relation, the

table must {nelude éolunns which represent key vilues ¢to
|
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uniquely identify each row, With this slight modification,
any datua {n a table can be accessed by specifying the nane
of the tadble, the value of the key, and the name of the
attribute containing the datum, Hereafter, the common data
object will Dbe referred to as a relational tehle, Rows of
such tables are usually referred to as "tunles®™ and columns
are referred to as "attriburtes”®”, The assumptions to be made
concerning the relational table {n this thesis are: (1) Pow
or column order {s not siagnificant, (2) All columns are
named and must bhe unique within the table, and (3) Each row
is uniquely {dentifiable by a key value,

In the folloawing sections each logical file type will be
described as a relational table, The attributes of each
table tvpe were salected based unon {ts percefved orimary
use, As such, the get of attributes associated with each
table was determined in order to provide the information
necessary to support that primary aoplication. These tables
are merely special cases of a relational databage table,
Based on their predefinition, their use can be bounded
vithin the primary apelication and therefore can be "tvped®,
To be of a certain tyoe, it {s sufficient that the tabdle
contains the minimum set of attributes necessary for that
specific type as a sudset of its total set of attributes,
(e,0, A given gystem table miaht have tive attributes., Three
of those are the required attributes for a tyovee}

application teble., The remginine two attributes could be the
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required attributes for a type=2 table,) This implies that,
as an {mplementation issue, & single table could be
considered to have multiple tvpes, but for simplicity let us
assyme that a table will have only one type, As
apolications are added to the IASS, the accompanyina minimal
set of attributes must be defined to represent the new tabdble
tvoe, There are many structural organizations vhieh could
reoresent a logicel file tyve, The final decision on the
organization of the table must be made to maximize the use
of the conceptual level operations that are available ¢to
manioulate the data {n the table, These conceptual level
gperations will bhe covered in Chaoter 4, It is {mportant to
note that the table is a structural oraanization used as a
model and therefore problems may arise in expressing the

actual aoplications by the table model.

A, TEXT

Text, as data in a text file, is a "continuous” string
of {ndividual characters from Some character set (e.q,
ASCII), The use of text as data s by character, where each
character is a unit of data used in an aoplication,

Objects such as werds, sentences, lines, ar oaragraphs
are loaical abstractions, hidden {n the text, that are
useful as information only to a human user, Any IASS
manipulation that may alter this hidden logical abstraction
will directly effect the ability of the IASS to ctransfornm
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the data back into information, (e.g. deleting every other
word,) This will reauire the imposition of limitations on
the use of table ooerators on the text table {n order to
protect this logical abstraction, ({.e, operations incavable
of taking into account the lagicel abstraction of text will
not be used,)

The onlyY naturally oceurring data elements in a text
file is the single character, and the entire character
stream, Thelir domain is all the elements in the aprlicable
character set, These two problems, the continuous nature ot
text and 1its discreteness being 1limited to a sinqle
character or the entire file, make the text f{le the most
difeiecult file tyove to model as a relational table, The
table must aquantize the continuous text stream into column
units, thus destrayina the continuyity of the text.
Adaitionally, while the relational table operators recoqnize
the column as being an object, {n fact (it has no natural
occurrence in the text ¢file, Any definition of a column
which represents text objects between the single character
and the entire text file, {s an arbitrary quantization ot
the text stream, Fiqure 3,1 1{llustrates the problem by
arbitrarily cheosing a column sizZe equal to ten characters
(the character "¢" repregents a carriage return and line
geed), TNhis division of the text stream into units, for use

as tuples in a tadle, has no corresponding unit Iin the
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original text ¢ile, and has imposed structural limitations
by the column boundaries,
(a) Text Stream
MR, JOHN SMITHR1349 WILMINGTON DR,OCARSON, CA
{(b) Tunle Representation

MR, JOHN SI

MITHR1349

qunntucron'
on.ocnnsol i

N, CA

;

Figure 3,1 = Text Representation Provlem

This problem of using s "discrete® reoresentation will !
have to be acknowledged and steps taken at the apolicetion P
level to ensure the limitations imposed by the prodlem are %
not vieolated, In determining the size of a text tuple, |
neither the sinale character nor the entire file are
scceptable units to Dbe used in the relational table model
since they would require a larqe amount of processing by the
application 1level to transtoram them into usable units. (The

arqument is similar to memory nanacement questions of oaging
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versus segeentation and hov large each unit should be,) Some
arbitrary size, between the two extremes, will have to be
chosen during implementation, For nov it i{s assumed that the
size 1imit exists,

The text file can be conceptually viewed as a text
table, as in Figure 3,2, The text strean is represented by
the set of rovs {n the table, Each "contents" column {s
densely packed {n that no unused space is le¢t i{n anvy row,
except the very last row {n the table, The text table does
not mateh in any way the perceived "display" of the text
tile, as shown {n Figure 3,1, The display structure (line=
oriented, screen-oriented, or whatever) {s considered an

arplication level issue and will be covered there, Each row

-~
—

in the text ¢table has &8 unique seauence number, *id4", to

mark the relative position of {ts contents {n the text

strean,
.;‘-"
1d contents E
-m !
: 1ine=1 | - §
} I 5
’ line=2 | :
¥ 1 !
: !
g .
1ine=n !
! Lt | ® L

Fiqure 3,2 - Text Table
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Be DATABASE

A relation in a relational database is described as a
table, as shown in Figure 3,3. Relational database tuples

are vepresented ag the rows of a table and the attributes as

the columns. The description of an attribute i{s defined by
the user, and the set of attributes define the modifiadle

structure of the relation table, Chapter 1, Section (C)

e R TG T

covers the concepts behind the relational DRMS {n qreater

A

detail,
i
14 atrel atre=2 atren
N
tuple=y i i § e '
| | | e !
‘ tuole=2 | ! | ! ‘
) ) | S }
| | | |
1 | | o |
tuyple=n | | | '
*_l_ | ~ |
Figqure 3.3 =« Relation Table ‘
a
Co SPREADSHELT k

A spreadegheet is a database used as a numerical model
in a predefined tadbular disolav format, A spreadesheet can

be represented as a collection of entry posgition tuples in a ,é

table, as shown {n Pligure 3.4, Each rowv {in the table

represents &8 single entry position in the spreadegheet, The
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table columns represent the predetermined elements necessary
to describe the entry position, such as the location, value,

and function,

id 1location value function
R

positione=}i § i { ® {
. | ] | -l
position=2 { | | !
‘ ( | i
position=n 1 ] t |
| S | e - ]

Figure 3.4 = Spread Sheet Table

D, FORM

A form is a template throuah which {input and output
values are transmitted, The {nformation stored {in & fornm
database s used to preoare the visual imege of the template
in a user specified format,

The basic subunit of the form i{s called a ™"bdblock"™, and
it represents a basic unit of data for the form, The easiest
wvay to visualize a “"block" (s to consider the Internal
Revenue Service 1040 Tax Form, It (s used as an input fornm,
and each entry has a corresponding numbder to identify it as
8 separate entity, or "block", ECach of these "blocks" has

an @ vogition on the form, an identifying number, & Drompt,

e
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and space for an entry of some type., This means that the
form table must include positional data for the Dblock as
wvell as data to determine how the block i{s to be used for
specific applications,

A tform can be represented as a collection of tuples
contained {in a table, as shown in Figure 3,5, Each row in
the tadble represents a single "block"™ on the form and
contains a description of the "block"., The columns of the
table are the predefined attributes of a block = uniaue 1D,
screen location, promot string, input or outout identifier,
and the functional use of the block, Each table column

represents an element of that descriotion.

i3 location promot i/0 funection
N
block=1 i f | | |
-l ! | | I
block=2 ! I | t '
-l ! | y |
| | ! | ]
-« -
el ! | | ]
block=n ' f { ) }
| SO S ——— — ® 4 ) ——

Fiqure 3,5 = Form Table

The “14" {s a uniaue identifier for the bdloeck and would
be system controlled. "Location®™ gsgpecifies the starting
position tor the "block®™ on the fore. I$ reauired, a

‘orompt® string could dbe included to {ndicate the purnose of

!
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the entry position on the form (e.,3, Name, Address, Number
of exemptions, etc,), The "1/0" field will tell the Form
Generator how to interpret the "function® field, The exact
use of the "i/0" field {s implementation dependent, but some
obvicus entries are "input®, "output”, and "text®, Lastly,
the "function" field will contain a command string for the
bloeck, If it is an input block, then the "functior® field
might contain the location where the user entered value s
to be stored, If it is an output block, it might contain a
query to be made on a database, If it is a text block, it
might contain the name of the text file that 1is to be
inserted in the form. As can be clearly seen, the actual
use of the form table will be verv i{mplementation dependent
and such {ssues will not be directly addressed in this

thesis,

E. ELECTRONIC MAIL

Electronic Mail 4is a preformstted message sent to
another user, Pata contained in a message can be used as
information to determine addressee and subject assoclated
with & ressage, The data {in a messace {3 nanipulated
typically in the course of an editing session or by an
application preogram to output & message to be read by the
recipient, A "meildox”® can contain any number of messages.
Lech message contains a unigue ID number, heading, and body,

The ID sttribute is a uniacue identifier of & nessage in a
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mailbox., The domain of the 1ID attribute (s all unique
{dentifiers as defined in the system. The ID could be local
to a mailbox, or be of a global nature, The body of the
message is textual and its domain is a continuous stream of
characters oOr a reference to a text file, Heading consists
of an originator, recioient, date, and sudject, The
origirator, recipient, and subject are character strings of
some maximum length, The date {s some allovable value as
deterrined bV the date convention used by the system, Each
messaae tuple is a comrplete message beinqg routed from &

sender to a receiver(s),

i4 from to date suby body
mggel ] i | - { |
- | | | e t [
ngge2 | | f 1 | |
oa! | | | ae ! |
| | | ' f l
-l | 1  J— 1 |
ngg=n ! ' | ' ! !
M.é L

Figqure 3,6 = Mailbox Table

The mail file can be representec as a collection of mail
tuples contained In a table, as crawn in Figure 3.6, A
"mailbox” is a table vith the rows reoresenting individual

nessages and the columns representine the predetermined
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forrmat of the message, such as from, to, date, subject, and

main body,

This will end the discussion of representina the logical
file types as a single conceptual data object in the form of
a8 relational table, This chapter has shown that each of the
five 1logical file types can be mapped into a table format
with varying dearees of success, A "secret" that wil. be
possessed by the aonlication level is just how successful
this maooing was, Of the oresently included file types only
the text type has shown signs of major oroblems, However,
similar situations could occur as new applications are added
to the IASS, The solution to the problem is to accomplish at
the aoplication level what cannet be done at the conceptual
level duye to the modellna'limitations. The rext chacoter,

Chaoter 4, will cover the conceptual level operatiocns that

are avajilable to manipulate the common data object tables,
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IV, OPERATIONAL INTERSECTION

A major concept behind the Inteqrated Application
Software System 1is the existence of a common "conceptual
level” that {s used by 8ll the included aoplication
proarams, It {s {important to note that |{(t {s the

application proarams, and not the user, that wi{ll {nterface

with the conceptual level,

"APPLICATION LEVEL"

"CONCEPTUAL LEVEL"

{ PRIMITIVE |
| QPERATIONMS |
| |

| COMMON
‘ DATA

| 0BJECT
!

Figure 4,1 = IASS Conceptual Level,

This conceptual level will manage the data in the common
data object, described in Chaoter 3, A set of primitive, or
basic, operations designed to manipulate the common data
object and enforce integrity constraints will be {ncluded at
this level, Pigure 4,1 illustrates the conceptual level,
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The aspplication packages will call these operations to
perfors desired manipulations at the conceptual level {in
support of the user, The specific aoplication determines
the combination of primitive operations necessary to
retrieve Aata from the data tables in conformance with the
use of the table as a model of the application, Only those
operations that cannot be accomplished at the conceptual
level, due to modelina failures, need be {included in the

aoplication level,

A, BASIC OPERATIONS

The set of table primitive operations (s the source of a
major IASS operational ({ntersection. All apvlications
attached to the IASS can uyse these commands in order to
perform their function. Howevér. as modeling problems will
exist, each aoplication ares may have 1lim{ts that make a
certain ooeration meaningless,

Since the common data object is a relational table, the
natural set of vprimitive operations are the basic table
manipulation operations inherent from relational database
theory, The operations are named: INSERTION, MODIFICATION,
DELETION, ©OROJECTION, SELFCTINN, UNION, SET DIFFERENCE,
CARTESIAN PRODUCT, INTERSECTION, QUQTIENT, JOIN, and NATURAL
JOIN, These operations are set theoretic in thet thelr

operands are tables (sets of tuples) and their results are

41
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tables, This feature of the reletional operators eliminates
the need for any application to be concerned with iteration
control, These operators are divided into two groups, Unary
and Binary, based on the number of operands required,
le nar a
The first five operators are unary operators {n that
they use a single table operand, The operators are
a. Ingertion
Given a relation R, INSERTION adds a new tuple
to R at a specified, or default, location,
b, Moditication
Given a relation R, MODIFICATION changes one, or
more, of the components Oof a tuple, or tuples, in the
relation R,
c. Deletion
Given & relation R, DELETION removes a tuple, or
tuples, from the relation R,
d. Profection
Given a relation R of arity "a®, a PROJECTION ot
R i3 & relation formed by removing some of the components of
R snd/er rearranging some of the remaining components,
e, BSelection
Given a relation R, & SELECTIOR .n R is the set
of tusles {n RN that make true some conditional statement
based on the components of R, The operands of the

conditional statement are constants or the comvonents of R,
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The operations of the conditional statement are the
arithretic comparison operastors -~ less than, egual to,
greater than, less than or equal to, greater than or equal
to, and not equal to = and the logical operators = AND, OR,
and NOT,
2. Binary Table Operators

The seven binary operators will use two tables as
operands, A description of the seven ocerators follows and
gor help in understanding them, some examples will be given,
Por that purpose two "reoresentative relations" are given in

Figure 4,1 for use in each of the degscriptions and examnles,

A B C 2] E H
a b ¢ b a a
d 3 t d a ¢
¢ b d
R
Relation "R" Relation "S8”

figure 4.1 « Initial relationa)l tables,

a. Union
Given two relations, R and 8, the UNION of R and
8§ are those tuoles that are in R, or S, or both, The UNION
operation is denoted by (R U 8), and Pigure 4,2 shovs the
results, B0th tables wmust bde of the same arity, and an

attribute {n the fi{rst table must be matched by the same




1
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attribute in the second table, ({.e, in this case D = A, £
s B, and F = C,)

Tynae

»
o] @
.nnn' (2]

Qos

Pigure 4,2 « Result of (RUY S).

b, Set Difference
Given two relations, R lna 8, the SET DIFFERENCE
of R and S i{s the set of tuples that are in R, but not in S,
SET DIFFEPENCE is denoted (R = S), and Figure 4,3 shows the
results, Both tables must be of the same arity, and an
attribute {in the first table muyst be matched by the same
attribute in the second table, (i.,e, in this case D = A, E

s B, and F = C,)

A B C
a b e
¢ b q

Figure 4,3 =« Result of (R « 8),
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¢, Cartesian Product
Given two relations, R of arity "ai" and 8 of
arity “a2", the CARTESIAN PRODUCT of R and S i{s the set of
tuples ot arity "(at + a2)" vhose first ai components form a
tuple {n R and whose last a2 components form a tuple in S,
CARTESIAN PRODUCT i3 denoted by (R x S), and Figqure 4.4
shows the results, Fach of the resulting attributes of the

CARTESIAN PRONUCT oberation must be unique,

A ] Cc D z r
a b c b -} a
e b e .| a 4
4 8 ¢ -} ] a
d 2 4 4 e £
(o b d b q a
¢ b d 4 ] 4

Figure 4.4 = Result of (R % 8).

d. Intersection

Given two rolations, R and 8, the INTERSECTION
of R and S {s the set of tuples that are {n both R and 8,
not those that only occur in one relation. INTERSECTION s
a shorthand for R =« (R = 8), {s denoted by (RN S), and
Figure 4,3 shows the results, Both tables must be of the
same arity, and an attribute in the £irst table must be
matched by the same attribute in the second table. (i.e. in

this case O = A, € = B, and F 2 C,)
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Figure 4.5 « Result ot (RN 8),

e, Quotient

Given two relations, X of arity "ai" and Y of

S PRy N

arity "s2" where al i{s qreater than 42 and there {s at least
i one tuple {in &, the QUOTIENT of X and Y is the relation of
: arity (al <« a2) composed bys First take the PROJECTION of X
over the first (xi=-k2) comoonents and call the resulting
b relation T; Second, take the CARTESIAN PRODIUCT of T and Y f
. and call the resylting relation U, Lastly, determine the SET

DIFFERENCF between U and X,

A B (o 0 C n
a b ¢ 4 ¢ . |
a b e 4 e ¢
b ¢ e ¢
: e 4 e d Relation Y
) e 4 ) 4 X
e ] 4 e A | <
a b
Relation X ] 4

»

¢ Y)

Figure 4,6 = Result of (X @ Y),




QUOTIENT {s denoted by (X % Y), and Figure 4,6 gives sample
X and Y relations, and the result of (X < Y),
g, Join

Given two relations, R of arity "ai" and Z of
arity "a2", the result of a JOIN would be a relation of
arity (ai + a2) containing those tuvples {n the CARTESIAN
PRODUCT e¢f R and 2 where g component in R stands in some
relation to a component in Z, A JOIN {s denoted by Rl{ﬂ z,
and Figure 4,7 shows a sample relation Z and the results of

4
(R l).tl Z),

D E A B (o »] (A
-] ] a b c b m
d n c b 4 b L]
Relation 2 (R Xt 2)
8aD

Fiqure 4,7 = Result of (R Ixl 2),
B=D -

9. Natural Join
Given two relations, R of arity "ai" and U of
arity "a2" where R and U have "eci" attribute names in
common, the result of a NATURAL JOIN {s a relation of arity
(el + a2 « c1) formed by takinag the CARTESIAN PRODUCT of R
and U, then pertorming a SELECTION based on the equality of

the coamon attrivutes in the tuples, and lastlv oerforming a

A el




PROJECTION with all possible attributes listed once. NATURAL
JOIN {s denoted by (RIXIU), and Filgure 4,8 shows a samole
relation U and the results of (RUA U),

Bjlcye Afs]cte
b 1 aloeo el
s r d]la]lt]r
Relation U CRIX V)

Fiqure 4,9 = Results of (RO 1),

B, SUITABILITY OF OPERATIONS

Looking at the conceptual data object as the relational
table, and given the list of operations from section (A),
atove, it should be obvious that any operation, or series of
operations, performed on a tavle will produce a
theoretically useful relational table for some application,
It will have a valid table structure and therefore can bde
manipulated by any operator. There are an infinite number
of manipulation possibilities which cen result {n a endless
speculation of apolicatioens., The conceptual viev of the
table and {ts operators only takes on significance when
bounded by some avplicatien, It s the application that
gives meanina to the usefulness or unsuitability of some
operation or series of operations, Therefore, the i{ntention

of this section 1s to measure the usefulness of the basic
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relatiocnal operations within the functional scope implied by
the selected gset of applications data types described in
Chapter 3,

Before describing each of the operations it is important
to define some of the descriptive words that will be used
for the overations:

Table Structure « the number of attributes, or £ields,
the table contains and the characteristics of each (rame,
type, size),

syntactically Correct = the resuylts of the operation {is
within the bounds of the operation definitions oresented in
Section (A) above, There are two Subsets of this
descriptor:

Meaningful Result = The result of the operation will
be a table with an {dentified set of attribytes and {n all
orobability, at least one tuple, The resulting table will
have the same structure as the oriqinal table, or one of the
original tadbles, and will therefore be of that {dentifiable
type. The application will be sble to successfully use the
resulting table.

Meaningless Result = The result of the operation
will Dbe a tadle with an identified set of attributes and in
all prebebility, at least one tuple, The result will have
the same structure as the original table, or one of the
original tables, and therefore vill be of that {dentifiadle

type, However, due to modeling or {inefficiency, the

49
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resulting table will create difficulties for the
acplication,

Syntactically Incorrect =« The operation violates one or
more of the bounds stated in the definitions presented in
Section (A) above,

In the next two subsections the effects of the various
operations w{11 ke discussed, Subsection (1) will cover the
results wvhen the operators are used on tables of the sane
type, Subsectinn (2) will cover operators used on tables of
4i{ffering types,

1, Intra=~tTyce Operations

This section will cover the effects of twelve basic
relational operations when the operands are the same tyoe of
tables =« text, database, spreads~sheet, form, or mail, This
section Aoes not céver the results of mixed tyve operations
as they will be covered {n Subsection (2), At the conclusion
of this Subsectionrn, Tadle 4,1 w#ill summarize the findinas,

The very simple operations such as INSERT, MODIFY, and
ODELETE will not be discussed in the context of each table
type since they are the minimum operations necessary to
manipulate data Iin any tabdle type and therefore meaningful
for all table types,

a, Text Table Type Operations

The incompatibility between a text file and its
representation as distinct units are revealed vwhen

attenoting to apply the relational operators to the text
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table. What is in & tuple of text is merely a substring from
the original text stream, As such, the situations vwhere a
tuple cen stand alone as data for operations other than text
processing are limited. Since the domain of the “contents”
field 18 all character strinags from the character set, there
is no cenonical ordering between the character strinas,
Whereas equality between contents fields can be established,
there is nec other comparison operator which will have
aoplicability,
(1) Projection
The PROJECTION operation {s meaningful,
since (it {s necessary to retrieve either the “contents” or
the "{d” field from the text table,
€2) Selection
The SELECTION operation is meaningful but
there are restrictions, 7Tuples would be selected from the
table by performing the SELECTION condition on the "“id"
tield, The "contents" field oresents 4di{fficulties when used
as a bdasis of the SELECTION condition since {t can only be
compared tor equality, and that requires an exact
specification of the contents in the condition,
€3) Union
The UNION operstion is meaningful on text
tiles and results in “apvending™ the second file to the end
of the first, but cthere are nodeling prodlems, The

resulting text table could have meore that one tuple with the

St
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same "i{d4" field, For this reason the UNION operation should

be considered with care,

(4) Set Difference '

The SET u:rrzn:ﬁcz operition is meaningtul,
put there are modeling probfens. This operatiocn must be
used keeping in mind i{ts exactness, Qnly tuples ¢froem the
¢irst table exactly matehing tuples in the second will be
repoved., It cannot be quaranteed to remove duplicate
strings from the text file since the text table model cannot
accurately represent the text file,

(5) Cartesian Product

The CARTESIAN PRNDUCT {83 incorrect since
the resulting table structure will have duplicate
attribytes,

(6) Intersection

The INTERSECTION operation {s meaningful,
but there are modeling problems, The result would be the
removal of all tuples from the first text table that were
not also in the second text table, It cannot be guaranteed
to £1ind the common string(s) {n two text files since the
text table model cannot accuratelv represent the text file,

(7) Gyotient
The QUOTIENT overation is {incorrect since

both text tables are of the same arity,
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(8) Join
The JOIN operation is incorrect since the
resulting table would have a structure with duplicate
‘attributes.

'(9) Natural Join
The NATURAL JOIN operation {s meaningtul,

~ but since 1t duplicates the effeect of the INTERSECTION

operation in a less efficlent manrer {t should be considered
meaningless,
b. Spread=Sheet Table Type Operations
(1) Projection
The PROJECTION operation is meaningful for
such operations as retrieving the information contained in a
specific column, or columns, of the table,
(2) Selection
The SELECTION operation is meaningful for
renoving a tucle, or tuples, from the table for processing,
(3) Unioen
The result of the UNION operation on
sPread-gheet tables {s meaningful, but there are modeling
problems, The resulting table could now have more than one
tuple attemoting to represent the same entry position,
tubles no longer representing the oproper entry ovositien,
and/or entry positions no longer relating to their prover

preceding entry positions, It {s almost certain that suech
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problems will occur and for that reason the UNION operator
should be considered with care,

(4) Set Difference

The SET DIFFERENCE operation i{s measningful,
but there are modeling oroblenms, The result of the
operation {s basicly those entry vositions that are unique
to the first spread sheet and net to the second, To ensure
usability the {mplementation must Include ©vositional and
value {nformation {n the tumle, The tuvle cannot depend on
order in the table for position, or functions relating to
other tuples for value, since these other tunles may have
beern removed hy the SFT DIFFERENCE operation,

(S) Cartesian Product

The CARTESIAN PRODUCT operation is
incorrect since the resultina table structure vould have
duplicate attributes,

() Intersection

The INTERSECTION operation on spresdesheet
tables {s meaningful, but there are modeling problems, The
reasons are the same as those given for SET DIFFEZRENCE
above,

(7) Quotient

The QUOTIENT operation i3 {ncorrect since

both spreadegheet tables are of the same arity,
(8) Jein

T™he JOIN operatien i{s incorrect since the

resulting table structure would have duplicate attridbutes,

S4
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9) N al Join

The NATURAL JOIN operation {13 meaningful,
but duplicates the effect of the INTERSECTION operation in a
less efficient manner and should theretore be considered
neaningless,
¢, Form Table Type Operations
(1) Projection
The PROJECTION onperation s meaninaful,
since 1t can be used for retrieving ovarts of the dlock
description used in the apnlication,
(2) Selection
T™he SELECTION operation {s meaningful,
since it can be used for retrieving the block descrintions
used by the aoplicarion,
(2) Union
The UNION operation 1is meaningful, but
there are modeling oroblems. The resulting table could
contain tuples that are competing for the same position on
the display., For this reason the UNION operation should be
considered with care,
(4) Set Difference
The SET DIFFERENCE {s meaningful, byt there
could be modeling boproblems, It would be used in £inding
those bloeks on a form that are not in commen with those on

another form, Modeling constraints require that the bdlock’s

—— -




location information be stored in the tuple and not depend
on order in the table,

(S) Cartestan Product
| . The CARTESIAN PRODUCT operation is
incorrect since the resulting table structure would contain
duplicate attributes,

(6) Intersection

The INTERSECTION operation s meaningful, !
but there could be modeling problems, It would be used in |
£inding those blocks on a form that are common with those of
another form, Modeling constraints regquire that the block’s

location information be stored in the tuple and not depend

on order in the table,
(7) OQuotient
The QUOTIENT operation {s {ncorrect since
both form tables will have the same arity,
(8) Join
The JOIN operation is incorrect since the

resulting table structure will have duplicate attributes,

(97 Natural Join
The NATURAL JOIN operation is meaninagul,

but duplicates the effect of the INTERSECTION operation (n a
less efficient manner and should therefore be considered

meaningless,
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d, Mail Table Type Operations
(1) Pro!ocfion
The PROJECTION operation is meaningful {n
retrieving the contents of message fields for use {n the
application,
(2) Selection
The SELECTION operation is meaningful in
retrieving a message for use {n the application,
(3) Unien
The UNION operation (s meaningful {(n adding
nev messaéges to the message table by appending mailboxes
together, but there are modeling bproblems, The resulting
mailbox could have more than one message vith the same “14"
tield, For this reason ¢the UNION operation should be
considered with care,

(4) Set Difterence

The SET DIFFERENCE operation is meaningful
in finding those messages in one mailbox that are not i{n
another,
(S) Cartesian Product
The CARTESIAN PRODUCT operation is
incorreet since the resulting table structure will have
duplicate attributes, |
(6) Ingergection
The INTERSECTION operation is meaninaful {n

£inding those messades that are cosmon to two mailboxes,

7
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(7) guotient
The QUOTIENT operation is incorrect since
both mail tables are of the same arity,
(8) Join
The JOIN operation ig {ncorrect since the
resulting table structure will have duplicate attributes,
(9) Natural Join
The NATURAL JOIN operation {s meaninagul,
but produces the same effect as the INTE®SECTION overation
aith less efficliency, therefore {t should be considered

rneaningless,

This section has described the overational effects
of the basic operations when used on one or two tables of
the same type, Fiaure 4,1, on the next pade, summarizes the
tindings of this Subsection,

2. ]nter=Type Operations

The previous section covered the effects of the five
binary obverators vhen conducted on tables of the same type,
This section will cover these ocerators when used only on
tables of differing types, Table 4,2 will summarize the
£indings of this Subsection,

a, Union

Since the UNION operation can only produce a
usable output teble when the structure of the tvo tables are

identical, this binary operater could only be meaningful
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when one of the tlblos_-as 4 database type that happened to

mateh the structure of the other table. INn this svecial case

the result

vould be meaningful, and {n all other cases the

UNION overation i{s {ncorrect,

Table 4,1 = Intra-Type Operations,

TEXT DATA SPREAD FORN ELECT.

OPERATION SASE SHEET GEN, VAIL
1. Insert M M M M M
2, Modity M L] M L] ™
3, Delete » ] ] o ]
4, Projection b M L - L
S, Selection (™) " " b L
6, Union t™) M M) ™) (4. D]
7. Set /

Difference ] M M) M) v
R, Cartesian

Product - L] » - -
9., Intersection ] v {™) (] |
10, Quotient o] - - -
11. Join M - - -

12, Natural

Join M 3 » L l“
o - - “
M = Operation is meaninqful, g
(M)} s Operstion is meaningful, but there v
are modelina oroblenms, oS
e« 3 Operation {s incorrecet,
] |

produce

Oneration meaningless due to duplication,

b, Set Difference
Since the SET DIFFERENCE operator can only

a usable output table vhen the structure of the two

O e e 3.

B




tables are identical, this binary operation could only be
meaningful when one of the tables vas a database type that
hapoened to match the structure of the other table, In this
special case the result would be meaningful, and in all
other cases the SET DIFFERENCE operation is incorrect,
¢. Cartesian Product
The CARTESIAN PRODUCT operator can bproduce a
meaningful table structure for all combinations of table
types that will not resylt {(n a table with dunlicate
attri{butes, The opresence of duplicate attributes in the
resulting table would make the CARTESIAN PRODUCT operation
incorrect,
d, Intersection
Since the INTERSECTION aperator can only produce
a valid outout table when the structure of the tvo tables
are identical, the oberltion would only ke useful when one
of the tables was a database tyce that happened to match the
structure of the other. In this special case the result
would be meaninatul, and {n all other cases the INTERSECTION
ooeration is incorrect,
e, Quotient
The OUOTTIENT operator can only produce a
meaningful output table when the arity of the second table
is smaller than the first, and all its attributes are also

found in the £irst table. This would then limit the type of
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the gsecond table to database, and then require the proper
tadble structure for the QUOTIENT operation,
¢, Join
Given the fact that the actual structure of each
table type is an {implementation {ssue and therefore
variable, it is conceivable that all table types could have
at least one column structure {n common with another table
tvpe and the JOIN operation would oroduce a meaningful
table,
9. Natural Join
For the same reasons as stated gfor the JOIN
operation, 1t i{s conceivable the the NATURAL JOIN oberation

would produce a valid and cotentially usefyl table,

Table 4,2 = Inter Tvoe Tahle Operations

TABLE=2
TEXT DATA SPREAD FORM MATL
OPERATION TABLE~} BASE SHEET
(TX) (o®) (8S) (FM) (ML)
UNION X * ? - - -
DB ? * ? ? ?
ss - ? + - -
A - ? - + -
ML - ? - - +
o - - DA EED,
SET 2] + ? - - -
DIFFERENCE DB ? + ? ? ?
ss - ? + - -
L] - ? - + -
ML - 2 - - +
Lo DD - -
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Table 4,2 = (cont,)

ooene e -
TABLE=2
TEXT DATA SPREAD FORM MAIL
OPERATION TABLE=} BASE SHEET
{(TX) (D8) (SS) (FN) (ML)
-eewe -
CARTESIAN X * M ] L] M
PRODUCT )] M + M L] L

$s b v + ] v

™ | M L I + L]

ML M L) M M +
-ow
INTERSECTION TX + ? - - -

DB ? * ? ? ?

SS - ? + - -

. - 3 - * -

i ML - ? - bd +
QUOTIENT ™ . ? - - -

pe ? + ? ? ?

ss - ? + - -

)] - ? - + -

ML - ? - - +
JOIN b 4 + ? - - -

] ] ? + ? ? ?

ss - ? + - -

™ - ? - + -

ML - ? - - +
auvene - -
NATURAL k 2.4 + ? - - -
JOIN D8 ? + ? ? ?

ss - ? + - -

4 - ? - * -

| ML - ? - - .
L e - DIy -

M = Operation s potentially meaninggul,

? s QOperation could produce a meaningtul
result vut depends on the database
table structure,

e s (QOperation is incorrect,

¢ 8 Intersection of same command, effects

covered in section 4.8,1 and Table 4,1,
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¥. APPLICATION LEVEL INTERFACE

In the preceding chapters the structure ot the

conceptual level of the IASS has been covered, Chapter 3
discussed the table as a common data object, and Chapter ¢
introduced tnhe oprimitive orerations allowed on the table,
This chapter will describe how each of the acbdlication level
packages interfaces to the conceptual level, All application
packaces in the IASS myust make use of the common data object
as an important part of their modeling effort, If the commen
data obfect can closely model < given application, then
maxisum use can be made of ti.: onceptual level in order to
acecomplish the application’s tunctions, However, (¢ the |
common data object is s vocor model of the apolication, then ;
the aoplication will have te provide more of its own service N

needs and therefore will create a large apolication specific

series of overations,

In Chapter 4 the twelve basic primitive ooerations of
the conceptual 1level vwere discussed, and they are listed
again in Tedle S.i. These operations will be discussed as
system level operations where they are invisible to the IASS
user, Those IASS operations that are visible to the user
vill dbe discussed in Chaoter 6,

In Chapter 2 the basic user visible funetiens of each

abplication were grouped Iinto six command categories)

T T L
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<Create>, <Insert>, <Modity>, <Delete>, <Nove>, and
<Retrieve>, dhen issued by the user they will cause the
application to perform one of MOre operations in supoort of
the vuser. while the use of the conceotual level by the
avbplication is generally invisible to the user, the sample
1ist of {ncluded operations can be vieved as to hov they

will surport the six visihle command categories,

Table S.1 = Conceptual Level Primicive Operations,

OPERATION ABBREVIATION

1, Ingertion I
2. Modification M
3, Deletion 0
4, Projection P
S, Selection S
6, Union UN
7., 8et Difference 1))
8. Cartesian Product Ce
9, Intersection Is
10, Quotient QT
11, Join JIN
12, ¥atural Join NJ
ENhE

In the following sections each of the five ({ncluded
abplication packages will be covered as to use of the
ConcePtual Level and their own "Workspace”, What 1is meant
by the application’s "Workspsce" {s that part of the

abplication proéran where the operationally specific
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tunctions of the application occur. This would include
veriables, constants, proaram logic, buffers, and vwhatever
other {mplementation specific {tems are necessary. The
Worksoace is what makes each application unique to the user
and {s the part that must be inserted when a new application
is added to the IASS, It 1s not the intention of this
chapter to focus on the Worksovace, so {ts coverage will be
qeneral and brietf, The orimary ooint of interest will be how
each application can make use of the conceptual leve],

In discussing use of the conceptual 1level, aprlication
specific operations will be described where each requires
the use of one, or more, conceptual lavel onerations, 1t
one apprlication overation can be defined {n terms of a
previcusly defined apoplication overation, the previous

overation will apvoear {n brackets, "<>%,

A, EDITOR/WORD PROCESSOR

As discussed {n Chaoter 3, Section (A), the Editor/wWord
Processor (L/WP) oresents the greatest modeling oroblem tor
the conceptual level, This meqns that the E/WP will perform
the nmadority of {ts overation in the Workspace and not at
the cenceptual level,

1. E/wP werxgpace Operations

A l1arte numsber ef the aoerations necessary to Rodel

the E/WP will have te be located {n the Workspace area since

the deta=table is & veer medel of text, Some of ¢the
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operations necessary at the |Workspace level are;
reassemdling text tuples into a continuous text strean,
keeping track of the proper ordering of text tuples,
performing string searches, block moves, and character
replacements, All operations for formatting and display
will be conducted here,

2. E/4P Conceptyal Level Operations

Although there are modeling problems with text, it
does not mean that the E/WP cannot make use of the
conceptual level, The following  operations use the
conceptual level but do very little direct manioulation ot
the text, since that (s verformed in the Wvorkspace, The
operations themselves were chosen based on a overceived
minimunp application need and the ability ¢to use the
concertual level, This {is not a complete 1listina of
possible E/WP operations since that is a very implementation
dependent question,

a. Insert Text Tuple

As the Workspace finishes with enough characters
to constitute the “contents® fileld of a tuple, it will
deternmine the prover "1d" field seaquence for the new tuple
and then issue an INSERT operation to place the tuple {in the
table.

b, Get Text Tuple

The E/WP must determine the "{d" of the next
tuple it needs, A SELECTION is performed, based on that “{a"
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fleld, The resulting tuple 1is then DOELETE°ed from the
oriainal tadble and the “contents” field of the result is
PROJECT’ed out and placed in the Workspace,
Ce Append Text Files
The Werkspace will <Get> the last tuple from
£ile=! and then proceed to SELECT each tuple from t;le-z. in
order, PROJECT’ing out the "“contents" field, and place it in
the Workspace, As the Worksoace gets enough characters to
make a comblete tuple, it will <Insert> the tuple into the
end of tilleei,
d. Insert A Text File
The Workspace will <Get> tuples from table=i
until {1t £inds the correct insertion point, Then all tuples
#will be SELECT’ed from table~2, one at a time, in "4d"
crder, The TMcontents" field of each will be PROJECT’ed out
and placed in the Workspace, As the Workspace gets enough
characters to form a complete tuple they will be <Inserted>
into table=1 with the prover "{d" field, Wwhen all tuples
from table=2 have been copied into table=i, the Worksoace
wvill <Get> the remaining original tuples from table=i and
<Insert> them bdack into table-i,
e, Delete To A Buffer
The Vvorkspace will <Get> tuples trom the
referenced tadle and <Insert> them dack into the table until
it tinds the point at which the deletion is to beain, From

that ovoint {t will continue to <Getd tupleg from the table
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until it f£inds the point at which the deletion is to stop,
As the wWorkspace collects enough characters to form a tuple,
it will assign a oroper "id" and INSERT the tuple in the
bugfer table, After the stop point, the Workspace will
continye to <Get> tuples from the referenced table, and will
<Ingsert> conmpletaed tuples back into it until the end 1is
reached,

£¢. Copy To A Buffer

The Worksoace will <Get> tuyples from the

regerenced table and <Ingsert> them back into the table until
it ¢inds the voint at which the copyinga is to beain. Fron
that poeint {t will continue to <Get> tuples from the table
until it finds the point at which the cooving (s ¢to stoo.
As the Wnrkspace collects enough characters to form a tuole
it will <Insert> them, with their original "id", back inrto
the table, Simultaneously it will INSERT the same tuples,
with new "{d" fi{elds, into the buffer table, After the stop
point, the Workspace will continue to <Get> tuples from the
referenced tabvle, and will <Insert> completed tables back
into 1t until the end {s reached,

The use of the concentual level by the E/WP {is
sumtarized in Table S.2.
8. DATABASE MANAGEMENT SYSTEM

1. Databsge Workspace
Since the DBMS packaae 13 a relational database

system, the user will be permitted direct access to the




A g

concebptual level primitive operations without constraint,
The user accepts complete responsibility for the validity
and usefulness of all actions, This means there {is 1little
need tor a Workspace since the user does just about

everything,

Table 3,2 « Editor/Word Processor Interface,

PRIMITIVE OPERATIONS

APPLICATION
_OPERATION: IT M D P S8 UN SD CP IS8 QT JN NJ
D
a, Insert
Tuple X - - - - - - - - - - -
b, Get
Tuple - = X X X = ® e = = = @
¢, Append
File X - X X X - - - - - - -
4, Insert
F{le b 4 - X X X - - - » - - -
e, Delete To
Bufter X « X X X e - - - - - -
£, Copv To
Byffer X =« X X X = - - - - - -
used X = X X X e - - - - - -
. - -

X = Primitive operation {s used,
= = Primitive overation is not used,

2. Database/Conceptual Level Operations
As stated above, the user is pernmitted direct access
to all the conceptual level primitive operators, There are
no 1imits placed on the user in structurine these operators

to produce a desired result, However, it is obvious that in
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isplementation some issues will be encountered that will

place limits on the user,

C. SPREAD~SHEE?T

The soread=sheet is very similar to a database in that
it stores the facts related to a user detined "realeworlad”
situatioen, {.e, it {3 a model, The major difference (s that
the user is limited to the predefined retrievals and
displays provided by the spreadesheet, The spreadesheet has
control and responsibility for the operation, while the user
has responsipility for the content,

i{. Soread-Sheet Workspace Overations

The wWorksovace {s resoongible for use of the spreade
sheet data table since the user does not see or manipulate
it directly, It contains the logic necessary tn interface
with the ﬁsor and control the display,

2, Soread-Sheet COHC.Q!U.}_ Level Operations

As the user issues apprlication soecific commands the
Workspace transiates them into a series of aprlication and
conceptual level ooerations, The l1ist of included
ooerations cannot be claimed to be detinite or comolete
because that {s an implementation issue and really without
bounds. However, the list (s congsidered to be & workable set

af operations for a representative spread-gheet apvlication,

70
L
s B o

s

Bttt i~




FR A

el G L e S BTy

C s e e At a0

a, Update Entry Positions
The Workspace aust know in which order entry
positions are to be ucdated, "row" or "column" order, Each
entry position is SELECT’ed in turn based on its “"location"”
field, and 1ts "function® f£ileld {is PROJECT’ed out, The
Workspace evaluates the contents of the "function" field,
and resolves references to other entry positions by
SELECT’ino them and PROJECT’ing out the "value" fileld, when
the new value {s finally computed, a MODIFY operation is
conducted to change the “value" field, The Workspace
continues until all entry positions are updated,
b, Make An Entry In A Entry Position
The Workspace must know w»hich column and row
entry vosition (s being referenced, 3and the value or
funetion to be entered, A MODIFY operator will be used,
based on & condition statevent, to £i{nd the tuple with the
proper “location® entry and then change {ts "function" and
*value® tield. 1e the Spread-Sheet {3 i{n automatic
recslculation mede, then related entry positions will have
to be <Updatedd>,
€. Add A FNew Column Or Rovw
The workspace must know the €Olumn or row on the
spreadegheet that s Dbeing referenced and where the new
column/rov is to be ©vlaced relative to {t, The MODIFY
everator will be used to £ind those entry positions that

must be moved, and chance their "location® and ‘funetion”
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fields to take into account the shift in pesition, New
tuples, with "location® fields corresponding to the added
row/eolumn will be INSERTED, Lastly, all entry positions
will be <Updated>,
d. Delete A Column Or Row
The Workspace must know the column or row on the
spread=gheet thrat i being referenced, A DELETION operator
1s issued vith a condition statement corresoondina to the
proper "location®", Next, i MODIFY operation is conducted on
the "location” field of the proper entry positions necessary
to close the resulting gap., Lastlv, all entry pesitions will
be <Updated>,
e, Append Spread-Sheets
The Workspace must know whether sheete=2 {g to be
appended to the side or bottom of sheete=i, Given that
information, a SELECTION is done on sheet=i to £ind the
maximum “location® field and {t is PROJECT’ed out and saved
in the Workspace, A MODIFY operation is next conducted on
all tuples 4n sheete2 to add the proper, row or column,
value saved above to all entry vosition Treferences in the
*location® and “function” flelds of sheet=2, Sheet-2 {s
then UNION’ed to sheet~i, and the resulting sheet i3
<Updated>,
£, SoresdeSheet Intersection
Given that you want to display the common entry
positions of sheetel and sheet=2: Perform the INTERSECTION
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operation between sheet=1 and sheet=2, Then <Update> the
resulting taole.
9. Spread Sheet SET DIFFERENCE
Given that you want teo disply those entry
positions that asre unigue to sheet=l and not found {n
sheet=21 Perform the SET DIFFERENCE between sheet-l and

sheet=2, Then <ClUpdate> the resulting table,

Table S,3 = Spresd=Sheet Interface,

L SR
v PRIMITIVE OPERATIONS
OPERATION: I M D P S UN SD CP IS QT JN NJ
Lo 2 R e - - -
a, Update s X =« X X = - - - - - -
be. ¥ake An
. !ﬂtrv - X - - - - - - - - - -
Ce Add Row
Or Column X X = X X = - - - - - -
d, Delete RoOw
ar Column - X X X X = - - - - - -
Q@ Append
Sheets «- X « X X X - - - - - -
f. Intere
section = X =« X X = - - X - - -
., 3Set
Difference = X = X X = X © e o o =
L R - - o DRI EbERIRGD
usEDd ) X X X X X X X e X - - -

GOSN IR I BB S P e S T SRS A DR e

X = primitive operation {s used,
e s Primitive operation is not used,

The use ¢f the conceptusl level by the SpreadeSheet

application is summariszed in Table 5.3,
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D, FORM GENERATOR

It is the purpose of the Form Generator to create a
table that.vlll be used at a later time in support of other
application packages or the user directly. The Form table
is probably the most comolex table of the five included in
the IASS 'since 1t will be called on to do 30 much, The table
reads like a set of step by step instructions on how to
input or output the provided data, As this is a heavily
irplementation dependent application, not much emphasis will
be placed on specific uses.

1. Ferm Generator Workspace Opergtions

The Workspace in the Form Generator must be fairly
intelligent since it has two modes of oberation, The first
s “desian=time" when it must interpret the user commands
into a series of block entries {n the form table, The second
is "use=time® when it must use the information in the tabdble
to create the desired output form. This requires that the
eoplication logic, its ability to interface to the other
applications, and any needed sgtructures be contained {n the
Workspace,

2, Form Gengrator Concept vel Operation

The Form Generator doas little more than bpuild the
table at “design" time, and read the instructions in the
table at "use® tise., It therefore seems that {t can make
fairly extensive use of the conceptual level oecerators.

However, a complete 1ist of all possible ovperations 1is
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impossible since the Form Generator application seems to be
the most implementation dependent application of all. The
1ist of overations that follows {is {intended as a
representative group of bagic operations and is not
| detinitive,

a, Clear Workspace

If the Workspace is empty, then do nothing,

However, {f there are entries {n the Workspace then issue a
MODIFY operation, based on "location", to change those
fields that have entries. If, no block wvas found, then issue
an INSERT overation to place the block in the table.
Lastly, erase the Workarea. B
b, Find Block

First, <Clear> the workspace. Use a SELECTION

PR

operation to ¢tind the new block being referenced, PROJECT

G E i o AR

out the "location” field, and asny other fields that are
needed, It no block was tound, then wait for next user
coamand,
Ce Add A New Bloek

The VWorkspace must start blank since it cannet
have found a referenced block where a new block is being
added, The user enters the proper Iinformation {nto the
workspace and when the user is finished, the Workspace will

be <Cleared>,
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d, Edit A Block

_ when the user edits an already existing block
then {t will have been found by the "Find Referenced Block"
operation described above. The Workspace vwill wait until the
yser {s finished editing, and then <Clear> the Workspace,

e, Delete A Block
<Clear> the workspace, Issue a DELETE operation
based on the user generated condition,
£, Append Forms Together
<Clear> the Workspace., Given that form=2 is to
be appended to the bottom of gorm=t: Use the SELECT
oberation to f£ind the block with the highest row nusber and o
lovest column number {n form=i, PROJECT out, and save {n

the worksmace, the "row" field, Issue a MODIFY overatien on

P e

all bloeks in form=2, and add the saved "row" number from
tormet to the "row"® field {n form=2, Then UNION torme2 to
formeq,

d. Add A Blank Line To The Form

R
SRR S W PR R

The Workspace naust Kknow the referenced row
number on the form, Clear the Workspace, Issue a MODIFY
operation on all blocks, on or below the referenced row, to
update their "location® f£ield,

h. Form Intersection

Given that the desired disgplay is those Ddlocks

that are found both in form={ and form-2, first <Clear> the

Workspace,
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If position on the torm {s important: Pertorm
the INTERSECTION operation on formei and forme2, Pass the
resulting table to the VWorkspace,

It position on the ¢torm {s not important:
PROJECT out the ‘"prompt”, "i/0", and "function® flelds of
forme=1 and forme=2, Do an INTERSECTION operation on the new
tables and then NATURAL JOIN the result to the original
table~1, Pass the resulting table to the worksoace,

i, Form Set Difference

Given that the desired display i{s those blocks
in forme! that are not found in forme2, first <Clear> the
Workspace,

It position on the form (s {important: Pertorm
the SET OIFFEPENCE Dbetween formei and forme=2, Pass the
resulting table to the Workspace.

If position on the tform {g not important:
PROJECT out the “"prompt®, "i1/0", and “function" fields of
form=1 and forme2, Perform the SET DIFFERENCE betwaen these
resulting tables, Take thig result and NATURAL JOIN it teo
the oriqinil table=1, Pass the resulting table to the

Norkspace,

The use of the conceptual level by the Form

Generator avplication is summarized in Table S.4.
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Table $.4 = Form Generator Intertace,

PRINITIYVE OPERATIONS
APPLICATION L i ————_—
OPERATION: I »m D P 8 N 8D CP 18 QT JN NJ

L - _ . __ __ ]
&8, Clear
'ork.p.e. X x L - L J - - - - - - -

b, Find
Bleek X X - X X - - - - - - -
C€s Add
Bleck X o o e & @ - - - - - -
d, Edit
Block o« X ®© o = = - - - - - -
e, Delete
Block w ® X e e e - - - - - -
f. Append
Forms X X - X X X - - - - - -
g, Blank
L!he x X - - - - - - - - - -
h, Intere
section X X = X = = - - X - - X
i. Set
Difference X X o X « = X - - - - X
oo
USED X X X X X X X - X - - X
—-ow - - -

X = pPrimitive operation is used,
« = Primitive operation is not used,

€. ELECTRONIC MAIL

The purpose of the Mail application i3 to ensble the
user to leave messages for other users who are not presently
available, Again this is a very implementation deoendent
application in deternining exactly what services you wish to
provide, As pefore, implementation issues will be avoided as

such as possible,
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1. [Electronic Mail Workspace Operations

The Workspace is responsible ¢gor translating user

commands into application coerations necessary to create and
read messages, It contains the logic necessary to use the
Mail table, interpret user commands, and contreol the
display,

2. Electronic Mail Conceptual Level Operations

A tairly wide range of application onerations can be
accomplished by using the conceptual level overations,
while the following 1ist of operations cannot be considered
complete or definite, it i{s representative of an Electronic
Mall apolication,

a8, Plekup Mail

Uoon entering the IASS, the MAIL system {is
automatically directed to pickup any mail for the user. The
MAIL system generates a SELECTION operation on the system
mailbox with the condition that the message(s) is addressed
to the user, The resulting table is SET OIFFERENC’ed with
the system nailbox and then UNION’ed with the user’s
mailbox,

b, Read %ail

The Workspace sust have an "1{d" of the desired
nessage, A SELECTION operation {s performed on the user’s
seilbox based on the "1d4" ¢ield, The subparts of the

"e888g¢e Ar¢ PROJECT’ed out and vlaced in the workspace.
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Ce. - Find Mail
Given a user entered condition statement the
Wworkarea will generate a SELECTION operation based on that
condi{tion, The proper field(s) of the messages will be
PROJECT’ed out and placed in the Worksoace to support an
aporopriate display.
4, Edit A Message
The workspace will know the "1d" of the message
being edited, When the usaer is completed, a MODIFY operation
will be issued based on that "id" to change any fields that
vere edited, 1If no message with that "id" was found by the
MODIFY operation then {t must he a newly created rmessage and
the Workspace will INSERT {t into the user mailbdox,
a, Delete Mail
The Workspace will know the "id* of the
message(s) or be given a user defined condition statement,
Based on tiase, a DELETION operation will be nperformed on
the user’s mailbox,
¢, Multie-nat
Given that the Workspace has a sinqle nessage
with a nsultiehat destination: PROJECT out the contents of
the “"to" field {n the nessage, and place it in the
Workspace. The Workspace will f£ind a database “aliss® table
with that name which has "{d" and "to” fields, The tuples {n
this table correspond to the actual names {n the multie-hat

neme, Taking the original message, PROJECT out the "from"®,
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*subj", "date®, and "body" fields, Take the result and

perform a CARTESIAN PRODUCT with the allas table, Now UNIOW
the results with the system mailbox.
q, Send Mail

Cach time the user leaves the Mail application,
any outgoing mail 4is automatically sent. The Workspace
qenerates a SELFCTION based on the condition to £ind all
messaces not addressed to the user, The resulting "outgeing"
table is SET DIFFERENC’ed with the user’s mailbox,. A
SELECTION {s then performed on the outgoina table to £ind
any multie-hat destinations., The resulting multi-hat table is
SET DIFFERENC’ed with the outgoing table, and the remaining
outgqoing messaages are UNION’ed with the system mailbox, The
messages {n the multi-hat table are then SELECT’ed one at a
time, DELET’ed from the multi-hat table, and then oprocessed
by the <Multi=-Hat> operation.

h, Mail Synoosis

PROJECT out the "from", "to", and "subject"
fields of all the messages in the user’s mailbox, The
workarea will use this new table by SELECT’ing each message
in w#14" order, PROJECT’ing out the three fields, and using

the results to create the disvlay.

The use of the conceptual level by the Mail

soplication is summarized in Table 5,8,
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Teble 5.5 = Mail Intersection,

L -
, ~ PRIMITIVE OPERATIONS
APPLICATION -

OPERATION: I M D P 8 UN SD CP IS QT JN NJ
8. Plexup e o e e X X X - - - - -
be Read o o o X X = - - - - - -
Ce Find - - - X X - - - - - - -
d. €41t X X [ - - - - - - - - -
e, Delete - - X - - - - - - - - -
3 lti-

Hat - - - X - X X - - -

a. Send - « X X X X X X « ® e =
h, Syropsis = X X - - - - -
USED X X X X X X X X - - - -

s Primitive operation {s used.
s Primicive overation is not used,

The results of the preceding five sections are
summarized in Table 8.6, It shows that the application
packages can make extensive use of the majority of the
primitive operations found at the conceptual level. This
chapter has not tried to show all the possible acplication
ooerations and their use of the conceptual level, Instead a
fairly representative and basic set of operations was
discussed. The actusl 1ist of operations included in each
IASS apolication will be & very {mplementation dependent

issue,
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Table 5,6 = Application Intersection Overview,

PRIMITIVE OPERATIONS

APPLICATION I M D P 8 UN SD CP I8 QT JN NJ

-

i. ED &
wp X @ @« X X e X - - - - -
2, DBuMs X X X X X X X X X X X X
3. Soread '
Sheet X X X X X X X - X - - -
4, Form
Gen, X X X X x.X X - X - - X
5. “atl X X X X X X X X - - - -
TOTAL S 4 4 S S5 4 S 2 3 1 1 2

X = PpPrimitive operation is uysed,
= = Orimitive overation {s not used,
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VI, USER INTERFACE

The Integrated Application Software System (IASS)
conbines the capabilities of the five software application
cackages described {n Chapter 2, Fach of these aprlications
pertorms a set of fynctions on an associated logical tile
type, Inteqration of these distinct systems (s brought
about by determininag the set of common functions performed
by each system on the associated logical file type, defining
a common data object to represent the logical file types,
and finally definina a system of primitive operations on the
common data object,

The bprevious chapters have covered the {integration
approach at the system level, where it is invisible to the
user. Another inteqration level {s vital to the IASS design
and 1t must occur where the user interfaces to the IASS’s
applications, The result of inteqration at the user
intertace will be a system=wide, common set of user
operations and associated commands, and a regular disolay
organization of the logically distinct file types at the
yser interface. This is orobably the most ({mportant command
fntertace since it 1is the one the user can actually perceive
and evaluate,

Inplementation of the IASS requires desianinag for one

concavtual display model using a single physical
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organizational schera, The IASS will therefore ensure
minimal system complexity at both the user and sgystem
interface, The basic IASS hierarehy {g depicted {n Figure

6.1,

"USER"

i

USER
INTERFACE

, N —
DBMS SPD FORM MAIL
SHEET GEN

1 T T —7J

PRIMITIVE
CPERATIONS

COMMON

DATA
0BJECT

Figure 6.1 = IASS Hierarchy
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A, USER INTERFACE NODULE

The interface betveen the yser and the system couples

the user to the aoplications of the IASS, and allows control

of the oparation of the system, The User Interface Module
(UIM) 1s an abstraction to contain the features of the IASS
which the user can assume are present in any context of
system use, The UIM encompasses both the environmental and
operational assumptions of the systen,

The UIM {s not a stand-=alone entity, It depends heavily
on each apolication program to interpret the user input, and
to determine the approoriste display structure. It {s the
application program that translates the common UIM commands
into a series of apnlication operations that may, or may
not, make yse of the concentual level,

1. UIM Display Format

The voint of observation of the system s the
terminal screen, which (s a finitely dimensioned “"window"
into the logical file or data object in reference, For all
applications the display size is not limited to the size of
the screen vwindow, If the display is large, the user will be
able to use the UIM to maneuver the window over the display
to agccomplish the desired tasks, The UIM does not control
the type of display presented to the user, since this i{s an
application dependent requirement, Howvever, the UIN does
give the user a consistent method of interacting with the

display as the apolicetions change.
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2. UIN Command Line

The UIM uses a common display organization which s
augmented by the specific application program in use, In any
context of use, the top line of the screen is dedicated for
presentation of the UIN command line, The next line will
alwvays be used by the application program for {t3 command
line, In this manner, the top two lines of the screen will
always contain system information and oromnts for the user.

3. UIM Editing

From the results of the requirements analysis phase
of this study, the function which {s common to each utility
is that of wmaking changqes to a referenced file, {,e,
editing, All the UIM really provides the user with s
screen editina features, It will be the apolication program
that {nterprets the UlM commands into more complex
overations., Editing should be done onescreen, with
immediate feedback available to the user, For user
protection, all editing will be done on a cooy of the
desianated tile and only committed as a vermanent
modification when explicitly directed by the user, The
common set of editing commands provided by the UIM may be
augmented by ¢functions from the underlying aoplication
progras to ensure that IDCeiOL editing actions, wvhich are

specifically aessociated with a 1logical file type, are

executadle.,
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4. UIM Commands

The operational assumptions of the IASS Uz
compromised a get Of user commands, These commands can be
assumed to produce a similar effect when executed in any
context of system use, It i{s the ourpeose of each aprlication
to provide the appropriate translation between the UIV
commands, the display of the darta object, and {ts conceptual
representation,

Based on the categories of commands defined ({n
Chapter 2, thete are three major categories of commands in
the UIM, The girst is "Movement" commands that control the
position of the cursor on the screen, and the location of

the sereen in reference to the application displav. The

‘second category, is "Editing" cormmands that make additions,

deletions, and/or changes to the data {n the display. The
third category is "System" commands that are not used by the
application, but by the IASS to perform its "housekeeping"
tunetions, There are many different methods for atteamoting
to present these categories to the user, and they are all
implementation dependent, For the purpose of this thesis a
possible 1isting o¢ standard UIN commands is given {n Table
$.1.

All of the basic categories presented in Chapter 2,
with the exception of the <Modify> command, are directly

f{eplemented by YIN commands, There did not seem to be any
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simple vwvay, short of accepting a complex command syntax, to

implement one UIM command per cateqgory,
Table 6,1 « UIN Commands
e et
UIM UIM CHAPTER 2
CATEGORY - COMMAND _CATEGORY
L
Movement i, Move cursor Move
R = right :
= left
-“p
= down
= top of screen
= bottam o0¢f screen
= gtart of file
= end of file
2, 8croll Screen Move
- right
= lett
b T
- down
Editing 3. Find Object Move &
Retrieval
4, 1Insert NObject Insere
5. Copy Object Insert
6, Ad4 Object Ingert
7. Move Object Delete &
Insert
8, Dalete Object Delete
DU . ey
Systenm 9, Enter Applicatioen Create
10, Output Retrieval
11, Save Changes -
, 12, Quit Application -
SENDENDI DD ERI PR - NV Dy L SRR Y

The <Nodify> category did not need a command of its own
pecause {(t became apparent that the aprlication {tself will

be able to determine when modification is necessary based on
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use of the UIM, In Section (B) which follows, each of the
tive applications will be covered with the intention of

shoving how they use the standard UIM commands to implement

P’. .
the command categories of Chaoter 2,
B, APPLICATION PROGRAM LEVEL
The Aoolication Proaram Level (APL) econsists of the
actual aovnlication programs that interface to the user
4
t through the UIM, and operate on the common data object by

the porimitive operations available ar the conceptual level,
Each apolication program has a specific user suoport
tunction and although it uses the common !IM {t has certain

features that make it unigue, EFach of the IASS aoplication

proarams will be discussed in the following sections,
Fayr areas of each application will be discussed,
First, the display format used by each application to take

advantage of the features of the UIM, Since the screen will

be the common {input/ocutput medium for the TIASS ({t {s
important that the perceived use of the display be similar
betwveen apolications, Second, the editing features of the
avplication, Acain, as this is part of the common intertace
medium for the IASS it {s important that the user perceive &
similerity betwveen editing features (n each apolication,
Third, soecialized “funetions® of the aoolication., These
are the unigue features ot iaeh application that will

differentiate them frem other {ncluded applications,
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Fourth, use of the standard UIM commands by the application,
This will show how the application will use a standardized
command to perform an application specific operation,

1, JASS Fditor/Word Processor

The IASS text table {s not 1imited by desian to
supporting any one type of editor and word Drocessor
arrsngement, However, as was pointed out previously, the
on=gcreen editor with on=line formattina is rapidly becoming
the aeccepted standard and any regressisn to 1line oriented
editors, or the 1like, would meet with serious user
resistance, For this reason an on=screen editor with on-
line formatter is assumed,

a8, E/WP Disolay Format

The Editor/Word Processor (E/WP) has a single
display called "page"™ ¢tormat, and Figure 6,2 provides an
{liustration, The screen represents a window over the sheet
of paper on which the text is being -rittén. What the user
sees through the window i{s the format that will actually be
eutput, The default Word Processor (WP) settings will match
the size of the E/WP display to the size of the screen (i.e,
no part of the text will be nidden off elther side of the
scrocn); However, the user is free to issue WP commands that
will result in a display larger than the screen, In this
case the user will have to use cursor movement commands to

pring the offegereen portions into view,
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{user entered coumand) Ris Css (Textfile Name)

...‘l...z....“...ai....I..0‘0000‘000050000.00006.

I you’re not using the standard library, or ¢
will have to construct calls to other programs usi

through temporary files, Here it is natural to mak
ARSI S S

Figure 6,2 = "Page™ Display Format for Edi{tor/word
Processor,
(Display size {s larger than screen size,)

b, E/WP Editing

All text files make use of the Word Processor
(WP), and (it is always on-line, At entry the WP {s set to
certain degfault output values for page 1length, 1line size,
line spacing, left marain, right marqin, and tad si{ze. The
user can accept these default settings or can issue commands
to the E/WP to chanc: them, The E/WP continuously scans the
text stream, recognizes the commands, and {mmediately
changes the output format,

£diting 1s accomplished by positioning the
CUTrsOoT At any ooint on the screen and typing in an entry.
The entry (s inserted between the present contents of the
location, Deletion and modification are accomplished in a
similar on=gsereen manner, Only commands that make use of
l1arge objects, like blocks or other files, need resort to a

conmand=1line format, As the E/WP tormatter is alweys on-
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line, the user does not have to worry about starting new
1ines, indenting, line spacing, new page, and other similar
format considerations, The E/WP automatically does {t for
the user, but the user can still take manual control 1{¢
recuired,

To assist the user {n certain editing situations
the E/WP will provide a certain number of buffers for the
user to treat as temporary storage areas, Actually they are
temporary text files created by the E/WP and are destroved
when the session is ended,

The E/WP actually operates on a copy of the
oriainal ¢£ile, so any chanaes made during a session only
become permanent when the user issues a "“save" command, It
the user quits without saving, then it is as i{f the session
never occurred,

¢, E/WP Functions
(1) Formatting Commands
A series of specialized Word Processing
cosmands must be included in the E/WP application to allow
the user to modify the format of the text, These commands
must be structured {n such a way so that they are readily
distinquished {n the text stream and will not be mistaken

tor text,
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d, LE/%P Comnands
(1) Find
Used to locate character or string sized
objects specified by the user, The located object is
displayed by scrolling the window to {ts location, and the
user is notified 1{f inothor match exists, This operation
will use a commande=line format,
(2) Insert
Usad to place any valid object at a point
referenced by the cursor, The present contents are not
overwritten, merely pushed aside to make room for the new
object, This operation will use an one=screen format, It {s
possible to insert large obiects, sSuch as buffers or other
text files, 15;0 the file bheing edited, but this will
recuire the use of a command=line format,
(3) _ove
Used to change the location of 1line or
block size objects svecified by the user, The object is
deleted from its cresent location and then inserted in the
new ioention. This operation will require the use of a
command-line format,
(4) Delete
Used to remove any object (character, line,
bloek) specified by the user, The odject {s normally not
saved, but 1f the user svecifies it can be saved in a
buffer, This operation will require the use of both on=
screen and command=line formats,
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(S) Copy

Used to duplicate an object and then insert
the duplicate at a specified cursor location or into a
buffer, This operation will require the use of & command~
line tormat,
(6) Add
Used to create a blank 1line(s) on the
display, above or below the cursor position, This operation
will require the use of an onescreen faormat,
¢7) Output
Used to send the file to some designated
output device, The output format of the file will exactly
match the format seen on the disolay during editinga,

2. IASS NDatabase vanagement Systenm

The main intenti{on of the Database Management System
(DBMS) is to emvhasize simplicity. It does not make sense
to follow the lead of many currently available DBMS packages
that add large amounts of complexity to gain minor and
seldom used capabilities,
a, DBMS Displav Format
There will be two formats in which database
tables will be displayed, The girst, and default format is
called "table”". The tadle will be displayed iIn a tabular,
row and column, format for the user to edit, Figure 6,3

i{llustrates the "table® display format,
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{user entered command) Ree¢ Cs¢ (Database nase)
Fes Resse (Table name)
0000000 RQCOO000QOCEPCEPOOCEINOCQREOIOPOTOIOIESCSQREPRPOEOEEOOIONTOTEONOEOSORNIODOYS
t Name s 88N : Age t Dept t Manag
'.O..O.....O‘.0..0..0....0'..000!’....0.0'0.....
] ] ? ] ]

Sk d s ima s e

——

Pigqure 6,3 = "Table" Disvlav Format for DBMS=Table.

The second format will be "page", and it

:35:‘4;-;1.;-.’—. Lo e

displays the records in a vertical format with ne portion of 1
the table 1ving offescreen to the sides, ;-
fW
(user entered command) R## C## (Database Name) R
{prompt} Fés Rasss (Tadle nare) <
Name WO .
san ] - 3 :
Age taw ;
Dept | PRSP | :
Manage?r ! enueveans $
- »
(01 LT 1] 1 T S U v ————

Piaure 6.4 = "Page” Display Format for DBNS-table,
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Instead, each field has at least one 1line on vwhich to
display {ts contents, and can have more than one line i¢
needed, The user vill scroll {n a vertical direction to
viev the entries in the table., Figure 6.4 illustrates the
"page" tormat,

b, DBMS Editing

The DBMS makes use of the UIM described ({n
section (A), above, However there are some constraints. The
user {s not free to write anywhere on the screen, but {s
1imited to writing within field positions, Field positions
are the baunded locations at column and row ({ntersections
tor the “"table" disolav, and the locations between the
delimiters "t" for the "page" 4isvlay, Entries cannet be
made to pass throush fleld boundaries, and the user will be
prompted {f {4t {s attempted, To cross such boundary
requires the use of a cursor motion command,

The UIM commands will be used to edit the
displayed tabdle, Cursor notion keys will bde used to
position the cursor in a valid field position, Text will be
inserted, or deleted, inside the field position. The user
will be allowed to scroll across the screen (n all four
directions, up to the limit of the size of the table.

Records are added to the table by editing a
"blank® tuple, Blank tuples are found automatically at the
end of the table display, or crested by usine the “add®
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conmand to {nsert them above, Or below, the present cursor
position,

The IASS provides a degree of protection to the
user in that none of the editing changes (record insertions,
modifications, or deletions) are made until the user isses a
"save® command, At that time the original table is removed
and the copy on which the editing was done takes its olace,
If the user auits without savina, then nonhe of the editina
changes are made,

¢, DBMS Functions
(1) Relational Operators

The following relational operations
described in Chapter 4, Section (A) are available to the
user in the DBMS, The operators are: MODIFICATION, DELETION,
PROJECTION, SELECTION, UNIOﬁ, SET DIFFERENCE, CARTESIAN
PRODUCT, INTERSECTION, QUOTIENT, JOIN, &and NATURAL JOIN,
The INSERTION aperation {s not included since {t is already
performed by the !UIM, and the MODIFICATION and DELETION
ocerands are ¢€or mass operations where using the UIN
nodification and deletion capabilities would be too
di¢gtieult, All these operations would require the use of a
comsmande=line format, The unary operations (MODIFICATION,
DELETION, PROJECTION, and SELECTION) wmust be used with @
OBNS table already in reference. The other binery overations

will nhave to srecity the DAOMS tadles involved s part of

their command-line tormat,
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(2) Arithmetic
In support of conditional statements and

query processing the DBPMS will have to include a basic
gritheetic capability., The following operations are needed!
Addition, Subtraction, Multiplication, Division, Tquals,

Greater=Than, Less=Than, Greater«Than=0reZaual-To, and

&
)
¥
i
B
13
:
3
'
3
‘L v
:

Less=Than=0Qr-Equal=To. These are not intended as stand

e Vg

alone operations, but are necessary to the successful

performance of other operations,

(3) Aggregate
In suoport of conditional statements and :
query processing the DBMS will have to have a basic
sqgregate function set, The following functions need to be

{neluded: Total, Count, ¥Yax, Min, and Averaqe, These are

4 e A e AN WG s

not intended as stand alone operations, but are necessary to

the successful performance of other operations, | !

Ao ek tan

(4) Que Processin
In support of user defined guestions across
multiple DBMS tables, there myst be a capability similar to
the "Find® command, only not limited to a sinale table., The
result of @& aquery would be & nev table containing the
desired information, but no change would have been nmade to

the tabdles that Drovided the intormation, A comnand=line

gormat would be reguired for this operation,
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d, DBMS Commands
(t) PFind
Used to dring & tuple, from the single
table {n reference, that meets a specified condition onto
the sereen by serolling, Additionlllv; the user is notified
it another tuple meets the same condition., This operation
will reauire the use of a command=line format.
(2) Insert
New tuples are added to a table by editing
"blank” tuples, Blank tuples are automatically found at the
end of the table, or are created by using the “add" command
to insert them above, or below, the present cursor position,
This operation is performed {n an onegcreen tormat.

(3) Delete

By using the UIM editor features a single
tuple can be deleted, in an on=screen format, However, for
multiple tuple deletions a command-line format would be
required,

(4) Add

As an ai{d to the user, the add command will

place 8 "blank® tuple either abdove or bdelow the tuple

referenced by the cursor., This operation i3 performed in an

onegcreen foraat, I no entries are made in the blank

tuple, it i{s {gnored by the DBMS aspplication,
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($) Output
Used to send the contents of a table, or
tables, to some designated output device. The output format
alvays defaults to the “"table" display, I£ more
sophisticated output formaets are desired then a Form
Generazor table can be specified to control the outdut,
3, IASS Spread=Sheet
The spread-sheet application {5 a fairly vell
defined and concentually simple program, Its functions are
well defined and it is not expmected to react to unexpected
demands,
a. SpreadeSheet Display Format
Soread=sheet has a single display format and (it
is called “tabdle", Figure 6.5 {llustrates the "taple”
display, only the value of each entry position is
displayed, not ({ts functional content., The spread-sheet
"table” display does not have a direct correspondence to the
spread=gheet data table described in Chapter 3, Section (C)
since there is no need for the user to be concerned with how
the asbplication progqram must use it.
b. Soread-Sheet Editine
The spreadegheet makes use of the UIM described
in Section (A), above, HWNowever, this application makes use
of two cursors vwhich are related to each other, The
"pesition® curser is the lower one, and it moves across the

colunmns and rows of the “table” display. lts function s to
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{indicate which entry position is currently being referenced

by the application,

P R )
{user entered command) Rsés Css (soreadesheet name)
{prompt)} REs CHp
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t ¢+ A ¢t B 3 € &+ D 3 E£E ¢ F ¢ G ¢ H
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Fiqure 6.5 = "Table" Display Format for SpreadeSheet,

The UIM cursor motion commands control the "position™ cursor
and allov {t to roam over the entire spread sheet, The
"command® cursor is always in the command line area of the
screen, and is used to write into the entry nosgition marked
by the "position® cursor, It is on the command 1line that
the functional contents of the referenced entry position are
disolayed.
¢, 8SoreadeSheet Functions
(1) Apitheetic

since the S8pread=Sheet 4is @& numerical
medeling teool it will need a substantial arvithmetic
cepability, The felloving operations are needed; Additien,
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Subtraction, myltiplication, Divisioen, Exponentiation,
Absolute Value, Truncation, Rounding, Logarithnms, and
Triaonometric Functions, These operations muié be capabdle
of stand alone operations similar to these in a calculater,
and be capable of {nclusion in other operations and
conditions,
(2) Agaregate
Since the SpreadeSheet 1{s a nunerical
modeling tool it will need a substantial agqreasate modeling
capability, The tollowing operations are needed: Total,
Count, Maximum, Minimum, Average, and Net=Presentevalue,
These overations will not have & stand alone capability
since they are intended for inclusion in other operations.
d, Soresd=Sheet Commands
(1) Find
Used to find those entry positions, in the
referenced spreadegheet, that meet sone specified condition,
The cursor vwi{ll be placed on the £irst such entry bdosition
and a prompt generated to show if there is another, This
operstion will require the use of a command=line format,
(2) Insert
Used to Place the contents af another
spreadesheet alongside the current spreadesheet at the
indiceted edge., This overatieon will require the use of @

command~line fermat,
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Used to change the current position of an
entire row or column on the spread=sheet, This operation
will require the use of a commandeline format,

(4) Delete

In reference to a specific entry position,
it sets the value to null, For rows or columns it totally
removes them and moves the surrounding rows and columns to
€111 the aap, This operation will require the use of a
command=line format,

(S) Covoy

Used to duplicate a row, column, or
specitic entry position at another referenced location, This
overation will reauire the use of a command=line format,

(6) Add

Used to place a blank rov or column {n a
location reterenced by the present cursor vosition, This
operation will require the use of a command=line format,

(7) Oytput

Used to send the contents of the spread=
sheet to some indicated output device, The user can indicate
whether to send the spreads=sheet display, whieh only
contains the entry oosition values, or the contents of the
actual spreadesheet table, vhich contains both the velue and
the funetion, to the output device. Suboarts of the whole

spreadesheet may be indicated for output,
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4. IASS Form Generator

The Fors Generator will be an i{mportant part of the

IASS since it s reasonable to expect other applications,
the D3NS for example, to make use of {t to support their
operations, It also has two modes of operation, "Design”
time {s when the new form i{s prepared by the user and all of
{ts parts, called "blocks", are vositioned and identified as
te their function, "Hse" ¢time 13 when the oreviously
designed form is called on to output the specified
information in the prescribed format,
a., Form Displav Format

There is one available display format for the
form Generator, called “"page", and it i{s shown in Fiqgure
6,6, This disolays the form in the actual fornat for use=
time, The promnts for each block are shown as wall as their
associated entry positions, The "function" and "{/0" values
ot each Dblock appear on the command line when the block is
referenced by the cursor,

b, PForm Editing

In "page” format the user begins with a blank
screen and {s ¢free %o move the cursor to any position and
make entries. Form editing is a much more formal procedure
than in any of the other applications, Entries nmust consist
of a set number of parts to Dbe accepted by the systenm,
Pirst, a oprompt oOf =2ero oOr more characters, which will

appear on the display.
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{user entered command) R#¢ Cas (Form Name)

{prompt) Bé#s Pss
Name 3 3 AQGe lawe! S0Xi.a!
Address 3 Helght !emew!

! H c°1°r ".1: | PP | o

Signature: Date leomamen! l

Figure 6.6 ~ "Page" tormat gor Form Generator,

Second, the number of spaces reserved on the form for the
entry, which will also appear on the 4display. Third, ¢
symbol indicating how this entrv will be used by the fornm
aenerator ({nput, output, call to text file, etec,)., Fourth,
the query statement uoon which the output {s based, the
table and field name where the inpyt (s to stored, or the
name of the text file to be output,

Extensive use {s made of the command line vwhile
£1114ng 1in each block. Only the £irst two parts of a block
entry are shown on the actual form, The other twe parts are
displayed 1in the command line area vwhen the block {s
reterenced,

As in previous applicetions the actual changes
made during editing are not effective until the user issues

8 "save” comsmand,
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e. Form Functions
(1) Arithmetic
Since the Form Generator can make use of
DBMS gqueries and condition statements {n acquiring the
information to comrplete a block, it is necessary to provide
basic arithmetic support., The following operations should be
inecluded: Addition, Subtraction, Multipliecation, and
Division, These are not intended as stand alnne nperations,
but tor inclusion in other operations,
(2) Agaregate
As the Form Generator can make uyse of DBMS
queries and condition statements {in acquiring the
{rformation to complate a block, it is necessary to orovide
some agqregate fuynhction suvoort. The following functions
should he {ncluded: Total, Count, Maximym, Minimuem, and
Average, These are not intended as stand alone operations,
but for inclusion in other ovrerations,

(3) Usage Indicators

Since the form and {ts blocks must be
capable of supporting a wide range of uses, each form is
tailor made by the user, The purpose of each block must be
indicated by the "1/0" field in & manner that shows how the
“tunction” bleck will bhe treated at “use" time, For
exarplet The function tield of an i{nputebleock might tell
where the {tem {s to be stored, For an outputedlock {t may

specify the database table and the query operation on {t,
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necessary to get the iteam, For a texteblock it may specity
the ¢text file that will be inserted in the form at that
location,
4, Form Commands
(1) rind .

Used to f£ind a block object that meets &
specified condition by moving the cursor to its start. The
user s notified if there are any more blocks that meet the
condition, This operation requires the use of a command~
line format,

(ﬁ) Insert

Mew bloecks are inserted by editing the
plank area of a line in the broper manner as descrived in
Subsectiaon (b) above, This {s done {(n an onescreen tormat,
Other forms may be inserted {nto the oresent form at &
completely blank line, but requires the use of a command=
line format,

(3) Move

Used to move a display line(s), and the
blocks on it, to & new position on the form, This operation
reaquires the use of a commandeline tormat,

(4) Delete

Used in reference to blocks, it eliminates
the block and leaves the space on the line blank, In
reference to lines, it eliminates all blocks on the 1ine,
removes the blank line, and ali lower lines move up, This
operation {s pertormed {n an on=screen format,
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(S) Copy
Used to duplicate a line, Or lines, on the

gorm but in a different location. This operation {is
pertormed in a command-~line format,
(6) Add
' Adds a blank line, above or below the line
referenced by the cursor, This oreration {s performed {n an
on=screen format.
(7) Output
Used to send the contents of the form table
to an indicated output device, The user can send the
displayed version, as shown in Fiqure 6,6, or can oot to
output the entire form table in tabular format so as ta see
all the intormation associated with each block,
S. JIASS Flectronic “ail
The Electronic Mail packaae suoports the user in
sending messages to other users, for reading at a later
tine, Uporn entry to the IASS the user will be prompted 1¢
there (s mail in the mailbox, Bv entering the Mail package
the user will be areeted by a one line disolay synoonsis of
each nmessage, vwhich cannot be edited, The standard wmail
display format will be entered and the user will be free to
read, edit, and/or delete current nmessdges as vell as
compose nev ones, Lach message has a uniaue TID number and

the user <can refer to messages by the ID, originator,
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subject, or timeestamp, Outgoing messages are actually sent d

when the user leaves the Mail apvlication, by removing all

messages in the user mailbox that are not addressed to the
user and routing them to their proper destination,
a. Mail Display Fornat
There 13 one display format available for NMail,

and it is called ‘“page" tormat, Fiqure 6,7 s an

{l1lustration of "paae" formaz, Each messaae {s displaved on

the screen with {ts flelds organized in a vertical

rd
S
z
£
3
3
4
i

direction. Each fileld has an associated entry desition that

is desianated by delimiters,

m L

{user entered command} Rs&# Cs» Mailbox

{orompt) ss=Messages
: From 3 t ID: s
{ To H 4 Datetlunnews!
v Subd ¢ ! Timelenowwe!

]
- ~»

;
‘} W

FPigure 6,7 = "page" format for Electronic Mail,

b, Mail Editing
The Mail package makes use of the standard UINM

described in Section (A), adove, The user may pertorm the

standard editing functions on actual messages Or on message
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"blanks”, In “page”™ style display the user moves between
messages by using the "scroll® command, On each %message the
user may pertorm editing operations in eny of the entry
positions, Movement between entry positions is possible only
bv using cursor motion keys,

Outgoing messages are created by editing one of
the message “"blanks" at the end of the table, or by using
the "add" command to insert a “"blank” nmessage atter the
current one and then editing this "blank", Additienally,
editing the contents of the "To" tield in a current message,
sO0 that {t no longer corresponds to the present user, turns
the messaqe into an outgeing one,

All editing changes are not actually implemented
yntil the user issues a "save" command, Cutgoing messages
are sent when the user issues a “"auitl® command to leave the
mail package, At that time the system tinds all messages
that are not addressed to the current t(;#r, updates the
timeegtan® on them, and then sends thea to the aporopriaste
user. Since users often have collective names, such as
"oversiant committee®, that {nclude more than one user,
there 1is & special character tacked on to the standard
destination address to indicate that the message is to the

other users in that collective address,
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€. Mail Functions
(1) Mylti-Hat Name Designator
A special charascter that is placed in front
of a name that corresponds to more than one user name. The
siltiehat name actually reters to a database tabdle that
contains the names of the users who constitute the multi=hat
name, At use time, the system will strip the multiehat name
¢rom the message, make the Proper number of copies of the
message, insert the oroper user names, and send the
mesgsages,
4, Mail Commands
(1) PFind
Used to move the display to the message
that meets a certain condition (e,g, From = “Boss’, Time <
‘2 Nov’, Subj = “Schedules’), Additionally, the user s
notified 1f there are more messages that meet the condition.
(2) Delete
Deletes the message being referred to by
the cursor, To delete multiple messages it can be used in a
command line with a condition statement,
(3) Copy
Given a nmessage object it will duplicate
the object and insert it into the mailbox.
(4) Ag4d
Pleaces a blank message above, or below, the

messege bdeing dismlayed,




In concluding Chapter 6 it is {mportant to emphasize
that the UIN (s & very implementation dependent part of the
IA88, What this chapter attempted to demonstrate vas that
the command categories detined in Chapter 2 could be
implemented by & common, yet simplified, user interface by
using & swmall command vocabulary coupled with a common
digplay and editing format, This i3 not the only way to

present the user interface, only a suggestion,




LY TR

Vii, CONCLUSION

The preceding six chapter have attempted to lay the
groundwork for the possible design and implementation of
what has been called an Integrated Application Sottware
Syster (1A8S8), This thesis {s the first small steo towvard
the study of such a system, and the majority of the work
remains to be done,

This thesis approached the topic ¢trom a broad
perspective and did not seex to get down to specific
implementation {ssues, Instead Chapter 2 reviewved the
apparent characteristics of five application programs, and
the avpendices provided more detail on each, Chaoter 3 took
the charscteristics of the loaical file tyoe associated with
each application and formed them 1nto‘a common data object,
Chapter 4 took the common data object and explained a set of
operations on {t, Chapter S described how each of the
included laolicctiohs might {nterface to the common data
object by using the operations of Chapter 4, Lastly, Chapter
6 attempted to {llustrate how the user would interact with
the spplications in the IASS through a common interface,

Gne peint must be emphasized and it is that an IASS 1s
not & relational Database Nanagement System (DBNS), There
are enough DBNG aspplications already proven and available on

the wmarket, S3See Appendices (L) and (F) for tvo examples,
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What the IASS does {s try to use the DBMS approach to
invisibly support the user’s egffort to utilize the various
and unioue applications. The IASS conceptual level (s a
common bond between all inciuded applications and while it
is the heart of the system, {t sheuld be kept hidden from
the user, except in specialized applications like the DBMS,

It the user {s alwvays given direct access to the
conceptual level and {its operations, then the IASS is
nothing more than a DBMS, 1In fact, such & capability 1is
already present i(n the DBASE 1II system, Apoendix (),
although it would be greatly improved by {ncorporating some
of the better presentation ideas from the SEQUITUR systenm,
Appendix (F),

It myust be emphasized that this thesis is a limited, and
very subjective, view of the IASS, From the study of this
nypothetical IASS it seems clear that such a system could bhe
imolemented, However, no svecific estimation can be made on
the effectiveness or efficiency of such a system, It would
be reasonable to expect the efficiency to be less than that
of the individual application packages, but there is no vay
of determining how much less, These ate very imoortant
considerations and will have to be studied before ¢the true
usetulness of an IASS can be estimated,

Muech effort was placed on the conceptual level of the
IASS, and yet it seem certain that the user interface will

be the portion of the IASS that will determine i{ts success
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or failure as an actual system, It {s important te detine
the ultimate goals of an IASS in realistic terms so that an
measurable objective exists, After some study there appear
to be two important qaoals in the IASS design,

The £irst is to reduce the cost 02 owning the separate
application proarams by combining them into one IASS, Since
it has been shown that the five given apolications have much
in common that can be factored out and placed in a common
conceptual level, it would apoear reasonable to expect the
same from any future aocplications accepted for {nclusion,
This common conceptual level reduces the amount of
duplication necessary to "own" the individual aoplications,
Eeconomic savinas would hovcefully be realized from the
smaller 3nount of code needed, its more uyniform structure,
and the sharing of cavabilities between apcolications, The
design ot the conceptual level and the {ndividual
aoplication packages will have the major effect on achievina
this aoel.

The second goal {s that the user must perceive an
improverent {n using the IASS over using the separate
applications, The IASS must be more "user friendly" than
the disjoint apolication programs it reolaces, Simplicity
and cepability must De emphasized over systen
sophistication, Each capability that will be incorporated
in an application must be measured as to its complexity and

uwsefulness. It s not Justifiable to increase system
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complexity just to add a fancy byt little used feature, The

design of the user interface aodule and the individgual
abplication packages will have the major effect on achieving
this goal,

It would aprear to be too early to attemot the
{mplementation of such a system, Instead, more {nvestigation

needs to be done and the obdectives more tightly defined,
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APPENDIX As WORD STAR

WORD STAR {s a word processing orogram developed by
Nicro=Pro to combine the capabilities of a screen editor and
an on=screen text formatter, The result i{s a very powerful
taxt editor which displays the referenced file as it will
appear on the printed page,

WORD STAR is primarily menu=driven, The commands which
are voresently valid are disvlayed {in a nmenu, and are
executed by keystroke combinations., Oneline information 1is
available to the user concerning many other aspects of WORD
STAR, The menu driven feature eases user initiation to WORD
STAR and {s part of the Help facility, The level of help is
selectable to match the users level of experience, and
determines the extent to which the menus are disolayed on
the CRT,

WORD STAR is composed of a set of seven hierarchically
organized menus or environments, as shown in Table A.1. The
user enters WORD STAR in the No=F{le environment, At this
point there {s no file {n reference, the object aranularity
is the ¢£1le, and the nmenu options include commands to?
change the 1logged disk drive, set the automatic directory
diselay feature (on/off), set the help level, print a flle,
renane a file, copy a file, delete a file, run a progras,

open 8 decument tile, and open a nonedocument file,
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LEVEL

3 8.
b,
Ce
4,
e,

1 Ne.

f

.MENU

!

Flle.

2 nain Menuy

l

Help

OneScreen Format
Print Control
Quiek €daie
Fi{le/Bloeck

'non-doeuntnt'. A
processed by a word

compyter, A nonedocunrent

digseusgsed further.

specitic tile in reterencs,

current,

orocegsor

1ine ond & rule are initialiszed,

intormaticn adout the systen
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WORD STAR recoqnizes two types of files,

file

couses VORD STAR to enter the Main Menu environment

or a program

Table A,1 = WORD STAR Meng Hierarehy,

"document”®

selecting the nmenuy option to open a document file,

document file can either he a text file
run by a
i{s a svecial purcose file

which {s used by esnother software product, and will not be

The onescreen editor and Cormatter are invoked by
This
with a

12 the file previously existed

The status

it 1s made current, othervise a nev file is created and made

On entering the Main Menu environment, a status

line econtains

« the nase of the file, the
page vithin the file, the column and row number the eursor

oy b
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i1s at, and the insertion mode (on/off), The rule indicates
the right and left naroiﬁ position as well as the tad
positions, The Main Menu represents the basic file editing
environment where the user vill remain until it is decided
to quit the current file and return to the No File Menu or
the operating system, In any case, WORD STAR does not
permit 1ateral movement between the sSubemenus of the Main
venu,

A useful feature WORD STAR employs i{s "word wrap", With
word wrap, the user does not have to {nsert carriage returns
at the end of each line, As the text overruns the end of
the line, WORD STAR automatically starts the next line, In
this way, the user merely inputs an entire block of text as
a continyous ASCII character string, and leaves the
tormattina to the system, In the Main Menu, the user can
edit the tile in aranularities of character, word, and line,
Insertion {8 a "togaled® operation (on/off), whare the user
1s either in insert mode or overwrite mode, Any keystroke
entered {s either {inserted in the text at the cuyrsor
position, shifting characters to the right to accommodate
it, or overwrites the character at the cursor position, To
faci{litate on=gereen editing, the Main WMenu contains
compands te control cursor movement and to scroll the
sereen, It is possible to insert tabs or end-of-paraqraoh
sarkers, There {s a "Find and Replace" command which can be

repeated any number of times, Deletions can be done on a
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single character, a word, or an entire line, The Nain Menu
also contains options to select one of the five submenus,

The Quick Editing environment supports editing on higher
levels of abstraction of text objects than the Main Menu,
There are additional cursor mnoverent commands to give a
wider range ot control and granularity, As in the Main Menu
environment, the user can scroll the display, but now it (s
continyous at nine user selectable rates until stopped by
commard, Insertions are accomplished {n the same way as ({n
the Main Menu environment, but deletions are oossible on a
wider ranqge of objects, There {s a feature ¢to allovw a
command to be repeated at one of nine user selectable rates,
until stooped bv command,

The Block environment provides the user a set of
operations on a block of text, WORD STAR c¢onsiders an
entire fi{le to be a special case of a block ot text., Files
can be saved by several menuy ootions: save and resume the
referenced file, save and quit to the operating system, save
and exit the referenced file, and copy to another file,
Files may also be renamed, deleted, printed, or quit without
saving changes, To support these file operations, the Rlock
Menu containsg options to change the logged disk, and to turn
the automatic directory 1listina on or ofg, In this
capacity, the Block environment i{s used as a successor to
tra Main Qr Quiek Editing environments after the cursor is

positioned, B8locks in a file must be marked by the user,
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As a delimited aggoregation of text, a block can be moved
within the same tile. Copying blocks of text can either be
within the creferenced ¢tile or between the referenced file
and an external file, 8loek copying between files are bi-
directional, .Copyina a block to an external file entails
overwriting an existina ¢file or creating a new ¢file,
Cooving a bloek from an external file entails moving the
entire exrernal tile to the point {n the text indicated by
the cursor, Any marked block can also be deleted, As a
precautionary measure, WORD STAR allows the user to hide
block markers, and only blocks which are visibly marked can
be deleted., 1In addition to a text block being orqanized
into a continuous, unstructured string of text, WORD STAR
supoorts a columnar orcanization.

The previously described menus contain operations to
create, edit, position the cursor, or output a text file,
The format of the file, either as {t is visually displayed
or printed out, is defined by a set of formatting parameters
associated vwith the file or by commands embedded Iin the
tile, The formatting oarameters associated with a file are
initially set to default values and the set of enmbedded
commands i3 initially empty,

Formatting in WORD STAR is primarily done one=screen with
the options contained in the One8creen Menu, The onegcreen
tformattinag commands are those vhos‘ effects can be visually

displayed, and they are listed i{n Table A,2,
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Table A.2 = WORD STAR OneScreen Formatting Commands,

1, 8et left marqin

2, Set right margin

3. Release marains

4, Set and clear tabs

S. Indent a paragrath

6, Create a special rule
7. Center text

8, Set line soacing

The OneScreen Menu also contains options in the form of
(On/0f¢) togales to control: word wrao, rule display,
variable tabbing, hyphenation help, right margin
Justitication, sott hyohen, print embedded control
characters, and page break dAisplay, 1If an onescreen
formatting ooeration needs to Dbe applied to the previous
contents of the file, the applicable portion of the ¢file
must be retormatted, Furthermore, these fornmatting
parameters are only temporarily soplied when the file {3
referenced, Any subsequent reference to a file requires
that the onescreen formatting parameters be reset,

WORD STAR combines into one menu, the Print Menu, all
options vwhich create special printing effects not normally
displayable on & video screen, There are options to: bold
face, double strike, underline, strike out, subscript, and

superscript. 8ince the effects of these options cannot bde
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displayed on the video screen, & special character is used
to mark the aftected area, Additional special vprinting
effects are selectadble throuah this menu on a one time
basis: overorint a character, indicate a non-break space,
and overorint a line, The Print Menu also contains ootiens
which control the printer during output, The user may embded
commands in the text ¢file to cause the printer to change
piteh, or cause a pause to allow the user to change the
print element or ribben,

Printing can also be directed through the use of
embedded dot commands, These commands are placed in the
text file and acpear as reqular text on the disolay, but are
net output to & orinter and force WOPD STAR to change a
printing parameter at print time, Dot commands alter the
default oarameters WORD STAR uses to format the printed
page, Table A,3 provides a listing of these commands,

Dot=commands may be placed anywhere in the text, but
since they are static and tend to destroy the relationanlp
between what {s displaved and what s printed, they are
usually placed at the beginning of the text file., As with
the options of the Print Menu, dot=command actions must be
supported by the specific orinter in use,

The last aenu to be described is the Help Nenu, Help is
"oneli{ne® {n that it can be {nvoked at any time throuah the
Main Menuy, and is "dynamic® in that the level of help can be

adjusted, T™he level will determine how myeh information is
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displayed when an option {s selected, The Help Menu options
display intormation on! paragraph reforming, flags in the
right=hand margin, dot and print commands, status line,
ruler 1line, how to set margins and tabs, and hov to move

blocks of text,

Table A,3 = WORD STAR Dot Commands,

1., 8et line height

2. Set page length

3, Set tov margin

4, 8et bottom margin

5. Generate headers

6, Generate footers

7., Set footer marain

8., Reset vage number

9, Offset page from left side of printer
10, Position raae number
11. Set character width
12, Force a bage break
13, Prevent a vage hreak

WORD STAR {3 an excellent and very opopular word
processina program, The screen=oriented and oneline
formattine feetures are different from other systems {n that
they are extremely easy to use. Once experience is gained
with WORD STAR {t is difficult to use line-oriented editors
or offe-line formatting systems. The on=line help faciiity
nakeg WORD STAR easy to learn and user friendly, One aspect

0f WORD STAR that could be considered a disadvantage is the
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large command set, However, being menu=driven, the commands
not noersally used do not have to be memorized since they are

alvays listed {n the meny,
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APPENDIX Bt VI

"VI" is a text editor used by the UNIX operating system
and was created by the University of California at Berkeley,
and Bell Laboratories,

VI (visual) s a display oriented {nteractive text
editor with a command vocabulary size of about ninety one.
The user sees the CRT screen as a window into the text tfile
and all editing operations are immediately visible. Line
numbers are not displayed and bhave no real use in VI,
although {t s possible to find out the number for a line,
For the sake of protection the user does not actually edit
the ¢file, but a copy of (%, At the completion of a session
the user will indicate whether to keep the edited copy or
the oriqinal.

There are forty seven movement commands for control ot
the cursor, which s the editor’s point of reference, and
the screen display, Scope of movement is possible over
tile, screen, varagraph, section, sentence, line, word, and
character sized units, Up to twenty six locations in the
file can bDe marked for later return, or specific locstions
found that match & desired character string, Table 8,1
1ists the cursor wmovement commands avallable {n the VI
system, Note that there {s duplication, in that mere than

one coamgnd deoes the same thing,
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Table 8,1 = VI Cursor Movement Commands

DN -

k. D
N 1. Backvard

{ 2. Fotward

windowv
window

. 3, Scroll down *
: 4, 8Seroll yp ¢

; S. BSackspace one character *
! 6, Backspace a single character
: 7. Backup a word
: 8, Backyp a word during insert
r 9. BRaekup to dbeainning of word

10, Retreat

11. Retreat to beqinning of sentence

to orevious line *

12, Retreat to beginning of previous paragraph

15, Advance

( 16, Advance
. 18, Advance
. 19, Advance
), 20. Advance
L. 21, Advance
' 22, Advanrce
. 23, Advance
24, Move to

. 25, Move to
286, Move to

13, Retreat to orevious section boundary
13, Linefeed advance to next line

to first nonewhite svace on next line @

to next line, first white space
to next line, same cColumn ®

to next character *
to beginning of word
to end of next word
to section boundary

o the next tvoed character
to beginning of next paragrapbh

previous line =
end of current line *

balancing parenthesis or brace
27. Moves cursor to last line on screen
28, Moves cursor to middle of screen x

29, Vove forward to bdeginning ot word

30, vove forvard to end of werd
31, Move to first non~white space on current line

32, Move to

1ine number ¢ =

33, Search for word *

-
>
°

Seareh gorvward for string s

38, Searech backward for string *

g
-
(]

3

! Search for next patch o3
i 37, Reveat last sindgle character search
30, Tind a single character, backwards *
39. Find & sinale character, forward
40, Neverse direction of previous £ind

-

$, 8% Useful - see page 133, paragraph (4)




Table 8,1 = (Cent,)

abapa DI IEE e e -

41, Pind first instance of next chatacter

42, Repeat the last search command *

43, Homes the cursor

44, Mark the present poesition of the cursor *
48, Return to marked pasition *

46, Redrav the screen

47, Returns to previous centext

* Usetul ~ see Dage 133, paragraph (4)

The operations of insertion, modification and deletion
are supported by thirty commands that permit the user a
varied level of object control, 1Itemg that are {nserted,
modified or deleted are immediately updated on the screen to
give the user a current view of the file stacus, The user
also hag the ability to uyndo the previous command {f {ts
effects wvere undesired, Most {insertion and nmodification
comrands are structured 90 that they continue to operate
until the user issues a command to terminate them, Normally
qurine {nsertion the user has control of format in that new
1ines are started by entering & carriage return, However
there is an option thet will let ¥I determine when to stert
a new line, based oOn line length. and let the user Jjust
enter text a8 a continueus streas, !ibxo 8,2 lists the
thirey edit commands,

In order to use VI the user issues the coAmand °"vi*

folloved Dby the name of the file to be edited, If this {s a
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new £ile, then the name will not be found in the directory

and VI will create an empty file, After entry, the user will

i{ssue cursor motion commands to maneuver through the file,

and {ssue edit commands to chenge the contents of the file,

There are no other modes or displays available in VI,

Table B,2 = VI Edit Command Summary

Insert a number of spvaces

Insert nonorintable characters

Insert "shiftwidth® blank spaces

Insert at the beginning of line

Insert at end of line

Insert before the cursor *=

Insert after the cursor *»

Insert new line below current line
Insert new line above current line
Insert text below current line =3
Insert text above current line ==
Delete last character

Dealete rest 0f the text on current line =
Delete character before cursor

Delete the following odject

Delete single character under Cursor s
Repeat last command *=

Join tegether lines *

Revlace single character under cursor
Replace characters at cursor x=»

Change the entire line

Change single character

Chenge the following object

Change rest of the text on current line
Undo last change to current duffer s
Regtore current line to previous condition
Yank following object into butfer *
Yank a copy of current line into buffer
Repeat last text insertion

Nemed buffer specification follows *

L 1 Useful =« see page 133, varagraph (4}
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In addition to the two command categories already given
there are additional commands of a miscellaneous nature,

Table B,) lists these additional commands,

Table B,3 =« Miscellaneous VI Commands,

— -
1, Print file status messaqge
2. Clear and redraw the sCreen
3. Redraw the current "“loqgical" screen
4, Suspend or restart output
%, Cancel partislly formed command
6, Return to position in last edited file
7. Reformat lines in buffer
8. Indicate f£ile and eption manipulation
9, Quit VI, enter line-oriented editor

Some very basic formating commands for line length and
indenting are directly available, A macro creation
cspability {is present to allow the user to create
abbreviations for command strings, Table B.4 lists these
torratting commands., VI makes no claim to supporting a
tormatting package, since the ¢£ile will be outvut in the
same tormat the user entered (t. for special tormatted
output & VI generated file must be processed by an off-line
vord processor, l1ixe "NROFF <ME" described in Appendix (D).

VI provides a high degree of support to the user for
restructuring a file, or files, There are nine bdbutfers

available for storing deleted text, and twenty six butfers
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to use as temporary holding spaces while reordering and
editing, The text can be taken from other ¢files and/or
buffers, ¢for use i{n the file currently being e&tted. ¢ 4
needed, previously deleted text from the current file can be

recovered, and also other files,

Table BP,4 = VI Formatting Commands,

1. Retormatting command

2., Shiftt lines left one "shiftwidth"
3, Peindent lines

4, Shift lines rianht one "shiftwidth"
8, Prints current file contents

“VI" {s a good screen oriented editor and has a wide
range of capabilities, however it has some drawbacks,

(1) It has a poorly designed user intertace since the
cosmand vocabulary is very larage and the individual command
strings are difficult to remember, There does not seem to
have been nmuch thought given to the design of the command
vocabulary,

(2) It takes a fairly long time to learn the VI systenm
and qain functional use, An on=line tutorial program is
used to help beainners, since {t is hard to become familiar

vith 4t on their own,
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(3) VI does not inspire user congidence in that ({t s
too easy to accidentally enter some unknown command string,
and there is little correlation between what the user wants
to do and the command(s) that must be issued,

(4) From personal use, about thirty three commands vere
considered to Dbe generally useful (marked by * or #2), and
onlv ten of these accounted for the greater najority of all
overations (marked by 5%), The remaining VI commands vere
qenerally treated as "window dressing® by all byt the most
sophisticated users,

(%) There i{s no help tacility, of any kind, provided by
the VI system, At the very least, an on=line listing of

conmands should be provided,
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APPENDIX C: EDIT

e

EDIT is a text editor supported by the UNIX operating

FOTRN S TP

syster, EDIT {s a simplified version of another UNIX
editor and contains a minimal set of operators, It {s 1line
oriented which means that the main object of EDIT is a line
of text of some finite length,

EDIT merely supports text file creation and modification
operations, The user {nputs text into a file by lines,
i ' indicatina the end of a line by a carriaace return, A

display of the file will show asn ordered list of lines as

- .

they exist in the flle, Ordering of lines 1is completely
determined bv the system ard although the user can use line
numbers as & reference, the line number (s not directly
accessible to the user to change or set, Any display of ‘
text by EDIT i{s done by line, Substrings can be referenced
within a 1line, or lines, A formatted output display by EDIT
can only be achleved {¢ the user directly inputs the desired

format line by 1line, NO preeessing of the contents of a

D A L e ——

line i{s done by EDIT,

When invoked, EDIT sets aside a temporary cooy of the
referenced file in a wvorkinj buffer, tf the file does not
already exist in the directory, then {(t {5 & new file and {s

created, The besic set of commands available to EDIT are

1isted in Table C.1%,
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Table C.1 = EDIT Command Summary,

1, Edit a file
2, Specity a file
3., Append 1line(s)
4, Insert line(s)
S. Insert line(s) into an external file
6, Insert line(s) from an external file
7. Delete lire(s)
8, Copv line(s)
9, Yove line(s)
10, Primrt line(s)
11, Show line number
12, List line(s)
13, Substitute a string
14, Search for string
15, Undo last command
16, Make effect of command global
17. Move cursor
= forwvard
- packward
19, Quit I

Searching for a line has the effect of making the found ‘

1y

i
!
+
¢
|
4
!
!

line the current 1line, Any subsequent editing operations
are done in relation to the current line, Lines can be
found and disolayed by line numbers, and ranges of lines can
be specified., Lines can also be found and disolaved forvard
or backward, relative to the current line, A line can be
found by any substring of its contents, but the entire
substring must be contained in one line, Because of this
degiciency @& sybstring mav not be locatable merely because

{t eoxists in the text file, V¥When searching EDIT will nove
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A,
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? A )
! forvard or backwvard and will wrap around the buffer, so as

|
l"
.
3

% to return te the starting line {f the target object is not
found,

L New lines can be appended before the current line, or

| inserted atter {t, The user issues a command to specify that

there are no more lines to add, Upon completion the current

line 13 the last line added. Additions can also be made hy

moving or copving lines within the text file, Moving can be

viewed as a combination of a deletion and an {nsertion, B8y

specitying a range of lines to be chanqed, they are deleted

and the system enters insert mode for the user to add the

_ new lines, Additionally, i{nsertions are possible from other

b text files, |

H ' Modifying a line is done by substitutina a new string

tor on already existing target string on the line, It

desired, rthe substitution can have global effect in that 1t

will medify all occurrences of the target string on all
lines,

Deletion is usually accomplished by indicating the line,

or lines, to be deleted. A search command can be uysed with

the deletion operation vhen the gpecific 1line numbers are
not know,

EDIT protects the user from making {nadvertent changes
to a text tile, The effects of the last executed command
that effected the buffer car he reversed, Additionally, the

effects 0of the editing session do not bdecome permanent

ilde

- TP UGS A Wanior~. g~ TR Popis s =« e W 501 7
| T
Lt . .




unless .the user issues a command to make them permanent, At
that point the edited copy, which is in the buttof, replaces
the original cile in the directory. Leaving EDIT without
indicatina to make the changes vermsnent is like the editing
session never occurred,

In addition ¢to writing a whole buffer out to the
directory, subparts can be written to another text file,
This {s done by specifying the ranqge of lines and the ¢ile
to be written to,

The EDIT text editor is very basic which is both an
advantage and a disadvantage, It has a minimal command set J

and therefore is easy to learn, The biggest oproblem {s that

it is line-oriented, s such, modifications are done a line
at a time, where each line {s a separate ent{ty, It does not
treat the ¢file as a whole, but as a disjoint collection of
lines, It i{mposes the i{dea of line numbers, which do not
exist {n the text file, in order to use the editor, There
are tfewer high level editine operations avallable, as
compared to current screen-oriented editors, and they are
1imited to operating on lines and not the text file as a
whole. thla\eap.blc of producing satisfactory results, due
to its line at a time limits, the operation becomes tedious
1f the file (s large, and/or there are a lot of small
changes which must be done, Given the advanced features of

todays line-oriented editors, EDIT {s a very archaic and

frustrating way to create and modify a text file,
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APPENDIX Dt NROFF <ME

"NROFF «ME® {3 a text processing facility for files that
are created on the UNIX operating system, It was created by
the University of California at Berkeley, and Sell
Laboratories. "NROFF" {s a orogram that accepts an input
file prevared by the user and outouts a formatted opaver to
the user’s desiagn, "<ME" {g & macro package that enhances
the capeblilities of the "NROFF" program by adding additional
tormatting abilities and commands, The input file consists
of the actual text entered by the user, through some editor
system, and a series of embedded NROFF =ME commands,

There {s a large vocabulary of “reauests", which are
really dot=commands consisting of a period followed by a two
letter string, The basic NROFF package supoorts seventeen
categories of commands, and has ga total of eighty seven
commands, The =ME package adds three cateqories and a total
ot sixty commands for a grand total of one hundred and forty
seven commands, Table D.1 lists the NRCFF and <ME command
categories, and the number of commands {n each,

NROFF <ME uses thirteen predefined genersl variables and
twventy three predefined read~only variables te support its
processing needs, The user s provided vwith a macro
facility to define new commands {n terms of the basic set of

commands and operations on the variables, This allows the
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user to abbreviate a fairly 1long command streanm into a

single command,

Table D,1 « NROFF and =ME Commands,

L - - -

CONNANDS

COMMAND CATEGORY NROFF

[}
x
™

1. Font & Character Si{ze Control
2, Page Control
3, Text Filling, Adjusting & Centering
4, Displayvs
S, Vertical Spacing
6. Line Length & Indenting
7. Paragraohing
i 8, Macros, Strings, Diversions, & Traps 1
9. Number Registers
10, Tabs, Leaders, & Flelds
11, InourQutput Conventions
12, Hyohenation
13. Titles
14, Headings
15, Line Numbering
; 16, Conditional Input
H 17. Environment Switching
: 18, Standard Input Insertions
19, InoutOutput File Switching
20, Miscellaneous
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NROFF <ME {3 a good word processing system and {(t can
produce seme complex forsatting actions, However, it does
sutfer froa gsome drawvbdacks,

(1) Since the file s first created by the text editor

and then run by NROFF, the user has a significant delay {n
determining i{f the desired format vas achieved,
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(2) In addition to depending on the text editor, NROFF
must depend on oOther programs to preprocess the text file
before NROFF can handle it for snecialized reauests. Two
exanples of preprocessors are packages to handle tables and
complex ecuation symdology, While enhancing NROFF <ME‘’s
capabilities, they add more categories and commands, and
increase the amount of time necessary for the user to see
the actual results of commands,

(3) The user nmanual ¢for the NROFF package {s not
presented in sutficient detail to completely understand the
etfect, or use, Oof all commands, It appears that the user
is supposed to have a basic understanding of the gystem
before reading the manuals!

(4) The command vocabulary s fairly large and they are
not easy to remember, Based on personal use, only about
twventy percent of the vocabulary 1is qgenerally useful and
therefore remembered, Table D,2 presents a sinplified

1i{sting of the most used commands,

140




SR

AR

ke e A

Teble D,2

20,

21,

aa.
a3,
r L

= Basic Coamands NROPFF «ME

.
Page length
Line spacing
Line length
Page headers
Indent
- permanent
= temporary
Begin next page
Need & lines
Insert 8 blank lines
Center the next # lines
Break
Define a macro
Flll/No=£i1l1
Hyphenate/No=hyphenate
nderline
Section/Chapter headings
Quotations
rootnotes
Keep an index
Start paragraoh
- basic
e left adjusted
e hbody indented
= numbered
Start display
e li{st
= bleek
e floating bloeek
e delayed text
Table handler *
deginition
e gtare
e body
= end
Equation detinition
Ngltiple column gormat
Default paper forwmats
e thesis
control constructs
e read special variables
= change speclal register
e conditional formetting

L . . _ '
% part of Table Preprocessor
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APPENDIX Es DBASE II

DBASE II is a relational database system created by
Ashton=Tate of LOS Angeles, California for microcomputer
gsystems, For this reviev, the CP/N version of DBASE II was
used, where the DBASE II program i{s an executable "command
¢{le” residing in the systenm,

The DBASE II system uytilizes geveral different ¢file
types: database, report form, command, index, memory, and
text. Cach file type has a specific purpose that s
identifisble by its tvpe name, "Report form" files store the
intermation, specified by the user, for describing the
fornat (headings, fields, totals, subtotals, contents, etc,)
in which a "database" file {s to be output, "Command" files
contain a seaquence of DBASE II statements, commands, and
control structures necessary to create a user defined view,
*Index® files are a 1ist of opointers to a snecific
*database” file, “Memory" files contain the values of
memory variables and constants saved previously by the user,
*Text"” files are collections of ASCII characters for {nput
into a “databese" file, or created by output from a
“database” file., DBASE IT cannot directly use "text" files,
Most of the files are stored in what {s knovn as Standard
Data Format (8DF), and they can be used directly by any

other oprogram that uses SOF giles, Addaitionally, any text
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giles in SDF can be used by the DBASE II system, The file
is the 1largest data object supported by DBASE II which
creates, deletes, or modifies the current fille(s). A
dstabsse file 1s brouaht inte reference by user
specitication, and & maximum of two database files can be
"open”" at one tinme,

DBASE Il can be used inter;ctively or can be progranmmed
to create a view of the database to supoort recurring
avplications, Regardless of method, DBASE II orovides the
user vwith the same basic highelevel data definition (DDL)
and data manipulatioen (DML) language, An English like
command lanquage with a very regular syntax 1is a user
griendly feature of DBASE II, The . commands are very
powerful {n that their overands and results are typically

database ftiles. The command structure i{s usually presented

in the following form:
COMMAND ([SCOPE) (CONDITION])

The scope modifier designates the number of records to
be selected {n response to the gsoecific command, The
condition modifier specifies a conditional statement that
the reeord’s ¢field values nmust satisfy in order for the
recoerd to be included {n the ¢final result, Table £,.!
provides a listing of the basic DBASE II commands, with

duplicate commands having dbeen factored out,
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Table E,1 = DBASE Il Basic Commands,

-

- - .
Display an expression on the screen
Format screen or printer output
Input a character strine )
Input a string to a memory variable
Wait for user input
List the records in a dstabase
Disrlay data from a database
Display the struycture of a database
Renpame a file
trase a file
Generate a report
Execute a "command™ file
Return from a "command" file
Cisplay the contents of the memory variables
Store a value in @ memory variable
Save memory variablesg to a ¢{le
Restore memory variables from a tile
Select a specific database for use
Set spnecific DBASE II parameters

_Abort a command

36,
37,

Create a new database
Edit a database
Modify a database’s structure, or the
contents of fields in selected records
Update 8 database from another database
Add datas from a text file to a database
Copy data from a database to a text file
Ingert record(s) into a database
Delete recorda(s) from a database
Unmark records marked for deletion
Locate a record based onh Kkey value,
or eondition
Goto a specitied record
Move forward or backward in a database
Index & datadase
Jort a database based on a gield
Perfora JOIN operation on tws databases

Count the number of records
Sum & field or subfield in a detabdase

SRR EED IR NS TR R EEE EAEE
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Default ordering for records in a database file s the
sequence in which the records are entered, Ordering can be
altered by inserting records into specific parts of the
database, and by sorting or indexing the database, In the
default order, the “"datadbase" file does not contain a
recognized key,

8y sorting or {indexing a “database” file, kevs are
detined and the search time required to locate a record is
reduced. NWultiple indexing be donre for the same database,
but based on different keys. Sorting produces a nevw
"datsbase” file, which {s a copv of the original database,
orly 1t {is sorted, An "indexed” file is a virtual file of
ocointers to the oriainal “database" ¢file, Whereas lookup
speed can Dbe enrhanced by indexing a database, there is
overhead incurred {n maintenance of the “index" file,
Changes made to the original database fille are not retlected
in the nev sorted "database” or "index" file, fThe oriainal
database nmust be sorted or indexed atter each change in
order to remain current,

The dats definition language allows the user to define
the oraanization of the deta 4in a new database file by
sbecifying the neme of the database, and giving {nformation
on each of {ts fields (name, tyve, width, decimal places),
The struecture 0f a nev database file can also be copied from
that of another database file, Additionally, new structures

can be created as the result of using the JOIN operator
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‘provided by the DBASE II system, At any time, the structure

and/or contents of a file can be displayed or output, The
structure of a database tile can also be sodified at a later
time, but presents some problems {in that all records
currently in the database file are destroyed,

Begides usina DBASE II ({nteractively, it can be
proarammed {n its own lanquage throuah the use of "command”
¢iles, The DML gtatements are embedded 1{n the. file and
iterative execution of DML statements are controlled by a
set of DBASE I] control structures (Ilf«Then, If-Then=Else,
Goto, and DoeWhile), "Command” files tend to make extensive
use of memory variables and input/output functions which are
also extensively suoported by DBASE II, To create a yser
view the desiagner/proorammer will edit a *"command" filg(s)
to contain the correct DBASE Il statements, commands, and
control stryctures to manipulate the noroper "database”
files. The capabilities and limitations of any view is
dependent on the desian of the "command® file(s),

The reason for the great oopularity of DBASE II is that
it 1s a very easy database management system to learn and
use, Its Englishelike command language {s natural and user
triendly, Althouqh the command set is rather extensive, the
command nameg accurately describe their action and use @
reqular syntex SO0 they are easy to rememder, The

tnteractive nature and full screen display orientation makes

user {nteraction simple and direct, with

its

sat of
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predefined functions, input/output commands, "cammand”
£iles, and programming constructs it is easy to create views
gor almost any apolication, DBASE II (s a Dpowerful
relatioral deatabase syster yet it (s obvious that the
designers gave muych thought to keeping it simple and did not
introduce comolexity for its own sake, However, there are a
couple of problems with DBASE II which are worth mentioning,
and they are all probably due to the justified emphasis on
simplicity,

(1) At any one time, a maximum ot two databases can be
in reference, This 1limitation requires that databases be
explieitly brought into and out of use, It would helo (¢
there was another method, besides using a "command" file,
tor performing operations on multiple tables,

(2) In modifying the structure of a database the
contents are deleted, This requires that the database bde
explicitly saved to an external database and then be
recopied back after structure nodification, It (s an
inconvenience, to say the least.

(3) The only relational operation directly provided by
the system 1s the JOIN command, It would greatly enhance the
capadility of the system to provide more of the operators,

(4) The display structure is a little bit too rigiq,
and the user does noet have much direct control, sort of

weriting a "command® file, to effect the output format,
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APPENDIX F3: SEQUITUR

SEQUITUR is a relational database system designed by the
Pacitic Softwvare |Manutacturing Company of Berkeley,
Calitornia,

SEQUITUR sees a database as a collection of nanmed
tables, each of which containg some kind of data related to
the subject of the database, Each database has a set of
system tables, The "Column" table lists the name, tyve,
size, and display format of all columns authorized for use
in the database’s tables, The "Table" table lists the names
of the columns that are included in each 0f the database’s
tables, Together the "Column®™ and "Table" tables act as
part of a data dictionary system for the datapase,

SEQUITUR has a fairly large command vocabulary of over
sixty seven commands. ihere are twenty five basic commands,
forty two screen editor commands, and more formed by
combinations of the previous commands, A multilevel "Help"
fac{lity is used to supoort the user,

SEQUITUR offers four kinds of help, There are status
lines at the top of the screen. An "edit card® display can
be called by the user {n order to see a comprehensive list
of cursor object and nmotion keys, and escape orerations,
The "help” command summons an on-=line manual, that is preset

by the user to orovide no, medium, or meximum help, Lastly,
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there are situational help prompts that occur during the

command process,

Table F.1 « SEQUITUR Basic Commands,

1.

CHOOSE {(dastabase)
CREATE (database}

AND to {(table)

£NIT {(table)

SHOW (table)

PRINT (table)

REPORT generator
FORMS generator
SELECT from (table} *
MANUAL select

JOIN {tables}

SORT {tables) = .
UNION *

INTERSECTION =

DIFFERENCE *
UNTIQUE rows *
DUPLICATE rows %
cnpPY

APPEND

REMOVE rows
RENAME column

COMPACT base
DUMP to (file)
LOAD from {f£ile)
HELP from manual
gXIT

o ! S TR S 2 ~ B SR o« L

s Member of SEQUITUR’S
"get" comnmands,

The twenty ¢£ive basgic commands cover
opverational capabilities of the SEQUITUR

commands are oregented to the user in the form
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and ance a choice {s made SEQUITUR enters the display mode
necessary to support that choice, Table F,1 lists the basic
commands, plus the command tor exiting from SEQUITUR,

The SEQUITUR display modes are organized as “tables", or
"paces®, The table mode is similar to the aporoach taken by
the "Querye-by=Example” system (OBE), and presents the data
in columns and rows with vertical 1lines separating the
columns and indicators for new Trows, Alternatively, the
page mode presents the data one row at a time, with the
column headinas listed vertically. The user has the ability
te ¢lip back and gforth between the two display modes at
will,

Table F,2 =« SEQUITUR Cursor Object & Motion Commands,

1. Move cursor up one line

2, Move cursor down one line

3. NMove cursor left one object

4, NMNove cursor to next object

S. Move cursor to beainning of odbject
6, Move cursor to orevious word

7. Move cursor to end of current object
8. Move cursor to next word

9. Object = word

10, Object 3 line

11, Object = sentence

12, Object = paragraph

13, Odject = view

14, Object = page Or screen
15, 0®ject = column

16, Object = row

17, Okject = one character




Once .n a desired disnlay mode the user must aske use of
the editor commands to make changes to the table, All editor
cornands are single Kkeys combined vwith the <Control>,

! <Cscare>, Or <Tab> keys, Table F.2 provides a list of the

cursor object and motion coamands avallable, Nost
operations require two commands since the object must be

gsoecitied £irst, and then the actual ooeration,

Table P,3 = SEQUITUR Screen Editor Commands,

.
1. Delete left portion of object
2. Delete entire object
3, Delete right portion of object
4, Flips "insert" togole
. Shows rows marked for deletion {
&, Flip "paae~table™ display style ;
7. Goto seth ohiect
8, Goto last objeet
. 9, Restores more recent version of row
% 10, Display earlier versicen of rovw
11, Executes a conmand ‘;
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12, Search forwvard for column entry
13, Search backwards for column entry :
14, Edit card display r?

.

The screen editor commands are used to make actual
changes (addaitions, modifications, or deletions) to the
displayed tadle on the screen, Table E.,3 1ists thase
commands which are used in conjunction with the cursor

object and movement compands listed previously.
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Additionally there are a numbaer of miscellaneocus
commands that are provided to aid the user, These are listed

in Table F.4,

Table F.4 = Additiona) SEQUITUR Commands

e
t, Get Edit Help
2, Scroll Forward
3, Scroll Backwards
4, Interruot Present QOperation
S. Leck/Unlock Cursor Object

There are an abdundance of table tyoes {n SEQUITUR,
"virtual® tableg consist of pointers to data in a "hase"
table(s), and are formed by conducting relational qperations
(e,a, JOIN) on the base table(s), Virtual tables are
permanent additions to the JdJdatabase, All operations
conducted on the virtual table effect the base table, but
not all operations on the base table will reflected in the
virtual tabvle,

*Slice” tables consist of the data from a "home" table,
and are formed by restricting or resrranqing the columns in
the home table, Actually, slice tables are 3just alternate
vays of viewing the same home table., All operations
conducted on the slice table effect the home table, and all

overations on the home table effect the slice tadle,
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"Tenplate® tables are used to store control information
on the operation(s) (SELECT, SORT, UNION, DUPLICATE, UNIQUE,
INTERSECTION, and DIFFERENCE) desired to be performed on a
set of "base" tables, The user specifies once the sequence
of operations to be performed, and each time that result {s
desired the avpropriate template table is callad to create
the degired virtual table,

~ SEQUITUR provides several methods of outputting data to
the user:

(1) There is the "print" command which prompts the user
to specify headina, page length, margins, page number, date,
column/rov divider symbol, ete, for either a "table® or
"nage" style output, The entire table is then output, one
record at a time, in the specified format,

(2) There (s the “"form generator®, The user creates a

‘form letter or document by making an entry in the "tormg"

table in either "page® or “"table" style, and answering
seversl system prompts as to page size, width, marains. The
form qenerator is intended tor letter type generation since
it only allows aene text field in the form, All other entries
are pulted from ar appropriate table and the "form" reoeated
for each row in that tabdle,

(3) There {s the "report generator", The user creates a
report table that i{s associated with a known data table. The
report table specifies which data table columns are to be

used, how they are positioned, what name they have on the
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torm, allotted width, and alignment, Again, the user nsust

specify tormatting items 1like page length, line length,
margins, delimiters, and other related items, The individual
columns in the report table can be marked for sarting,
grouving, and/or arithmetic processina, I¢ srithmetic

processing i{s opted for, then snother table, the "function”

table is created to record vhat {s to he done to each column

= total, minimum, maximum, average, or count,

Bagsed on a very short familiarization experience with

SEQUITUR there s no doubt that {t s a powerful and

Y LI YRRl

complete relational DBMS, However, {t 1Is not as user
griendly as 1its advertisements would lead you to believe, j
Seme of the problems encountered were: .

(1} Too many commands to remember, This increased

learning time ard added to the confusion. Too many of the

3 N RS AW ST A

commands were just window dressing in that their effect l»
could have be done using other commands, (Like the "Ohject :
a%, extra cursor movement and deletion commands,) While
using keys as commands leads to faster command input, it
makes things more difficult when there are so many commands
the symbel on the Kkey has little or no relation to its
eftect,

. (2) The structure of the user interface vas unwieldy, It
vas easy to get lost and difficult to recover to a known

location, Operations that worked under one c¢ondition did

154




not work 4in another, or produced completely different and
unexpected results, (e,g, in some instances the "exascute"
command will return you to the main menu, in others it vas
ignered or treated as a mistake,)

(3) There were toO0 rany tyves of tables, ways of using
tables, editina tables, and creating relations betveen
tables, The user i{s being swamped with a level of detail
that s better left to the system, It seems that SECQUITUR
was created with simplicity and user supoort bheing lesser

considerations to svystem sophistication.,
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APPENDIX G: VISICALC

VISICALC is an electronic spresdsheet program created by
Software Arts, Inc, of Cambridge, Massachusetts and marketed
by Personal Software Inec, of Sunnyvale, CA, Its purpose 1is
to allew the user to easily model a wide range of nuymerical
problems in a standard tabular format by replacing the
user’s oencil, calculator, and scratchpad,

The screen {3 divided into a grid of columns and rows
that feorm addressable (column, row) entry vositions, The
colusns, which run across the tep of the grid, are lettered
starting with "A®" and the rows, which run down the side, are
numsbered starting with "1", Each entry position {s an
indeoendent entity, and can contain a character string, a
numeric value, or a function that must be cslculated, Entry
positions that contain functions are recalculated by
VISICALC each time certain conditions are met, The functions
will sovecify values I(n termg of constants, operators, and
the values of other entry positions,

The screen is used as a "window" (nto the spreadsheet
and s modifiasble by the user. The user is given numerous
commands, see Table G.i1, with which to alter the disolay

format of the screen,
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Table G,1 = VISICALC Display Commands,

1. Clesr Spread Sheet
2. 3et Glodbal Oisplay Format Tos
= Integer
e Dollars & Cents
= Left/Right Justified
e Graph )
3., Set Entry Display Format Tos
- Integer
= Dollars & Cents
e Left/Right Justified
= Graph
4, Reset Entry To Global Display Format
S. Set Column width wWithin A window
6, Set Order 0f Recalculation;
= Column Wise
e Row VWise
7. 8et Recalculation’
= Aytomatic
e Manual
8, MNove An Entire Row Or Column
9, Window Controly
= Split Screen Heri{zontal
e Split Screen Vertical
= Single YWindow
10, wWindow Synchronization)
- Synchronized
= Unsynchronized

- - -

The windowv can be "split” into two halves so as to 1look
inte nonadjoining areas of the sPreadesheet sinmultaneocusly.
The two vindows can be "synchronizZed” so they move todaether,
or .unsynenronised so movesent {s {independent, Disolay
format may be globally set for the screen as a vwhole, or
individual entry positions can be nillqnnd their own format,

Column vwidth is variable from 3 eé 37, byt ¢columans in the
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same window must have the same width, The value of each
entry position i{s calculated by "eolumn order” (A1, A2, ...,
An, 81, B2, ..., Bn, C1, etc.) unless the user changes the
recalculation order to "row order® (Ai, Bi, ..., ni, A2, B2,
YY) n2, C2, etc,). By detault VISICALC starts in
"automatic”® recalculation mode where the value of all entry
positions are recalculated each time an entry is changed, As
this can signigicantly slow dewn the model when‘larae arids
and/or conmplicated numerical expressions are used, the user
csn enter "manual® recalculation mode where a command must
be issued to cause recalculation to ocecur,

VISICALC orovides a commandeline oriented editor that
enters, modifies, or deletes data in a referenced entry
position(s)., A cursor is provided on the arid to indicate
the ecurrent entry position referenced by VISICALC. There
are screen commands to allow the user to scroll across the
grid or to move to an exact (row, column) entry position,
If needed, the numeric orocessing capability of VISICALC can
be used like a calculator to support the user‘’s
computational needs. A powerful capablility of VISICALC {is
the replicate command., This allows the user to define an
entry eonce, and then have (it entered (n a renge of
successive column or row entry poesitions, Additionally, the
user can specity {g¢ the original entry is to be replicated

exactly, or should any references to other entry pesitions

ot
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be updated at each new position to take {(nto account

reletive vosition on the spreadsheet,

Table G,2 = VISICALC Cursor Movement & Entry Commands,

11, Move Cursor Right Or Up
12. Move Cursor Left Or Down
13. Change Cursor Direction;
= Up/Dewn
- R{ght/Lett
14, Nove Cursor To The Other Window
15, Move Cursor To A Specific Entry Position

L o - el
16, Abort Last Cowmmand
17. Set An Entpry Position To Blank
18, Delete An Entire Row Or Celumn
19. Inset A New Row Or Column
20, Replicate An Entry
21. Set Title Areas:?
« Hor{zontal Title
e Vvertical Title
: e No Title
22, Repeat A lLabel Ent;:
23, Make An Inmediate Numerical Calculation
24, Enter A Label In An Entry Position
’ 28, Enter A Value In An Entry Position
26, Save A Copy Of The SpreadeSheet
SIS DM DA SR -

3ince VISICALC i{s & numerical modeling toal i{t has a
series of arithaetic and a9gregate functions that it
supports, Table G,3 provides a listing. VISICALC has been

designed to store nusbers in decimal foraat, not binary, and
maintaing them with up to eleven significant digits or

199
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Table G.3 = VISICALC Arithmetic & Aggregate Functions

- -

2, Addition
b, Subtraction
e, Multiplication
4, Division ¥
e, EZxponentiation , B
¢, Calculate The Sum Of A Range 0Of Values
g, Calculate The Minimum In A Range O¢ Values
h, Calculate The Maximum In A Rance QOf Values
t. Count The Number 0Of tntries In A List
1. Calculate The Averadge 0Of A Range Of Values
kK, Calculate The Net=Pregsant=Value Of A

Range Of Values
1, Perform A Lookup Operation
m, PI (3.,1415926%36)
n, Calculate The Absolute Value
o, Calculate The Integer Portion Of A Value
®, Square Rootl
q, Logarithms, Base ? N
t, Logarithms, Bage 10
s, Triaonometric Functions (8in, Cos, Tan, Asin,

Acos, Atan) » /

VISICALC makes use of dynamic memory allocation so the t§
actual dimensions of the spread=sheet depend on the amount §
of semory available and the complexity of the entries made
by the user, The user does not have to worry about memory
allecation since VISICALC takes responsibility for 1its use
and efticiency. As entries shrink, or are deleted, VISICALC
reclaing the extre memory space, The user is shown how much
ROROTY remains and & varning prompt occurs when asemory space

18 nesrly exheusted,
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Ffor a permanent copy of the contents of the spread sheet
the user may send the output to a printer, A subpart of the
total sPreadegheet may be sent by designating the lower

right corner to be printed,

VISICALC is a powerful and talflv simple nmodeling toeol
whose advantages seem to easily outweigh the disadvantages,
The command vocabulary s low (26 commands, 19 functions)
and the greater nmajority are asctually useful and not just
window dressing, The user manual i{s well written and easily
understoed, bdut s fairly lona, VISICALC supports a known
huran weakness (small/tast short term memory, larqe/slow
lona term nemery, and slow calculation speed) by remembering
the details of a commenlv reoccurring user oproblem (the
situation to bte medeled), limiting the user to oroviding a
smaller and more select set of {(nitial inouts, and
performing the computations {n a faster, more reliable, and
repeatable manner, Howvever {t does have some problems:

(1) Command strines and their effect must be memorized
since there is little relaticon to the string and the effect,
Nenus provided by the systes are vary poor, and require vyou
to siready know the meaning of the command string,

(2) A basic understanding of VISICALC and a high degree
of operational cevability cen be obtained, in a fairly shert
tise, by resding only the first third of the user manual,

NHevever, _C' gain nmaximum use of the system requires a
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significant amount of time and effort to read the entire

user manusl and experiment with the operations. Some nice to

¥
S

know features that have a major effect on model validity

AT

(e,g, recalculation order) are discussed at the end of the

user manual and might be easily missed.

Ry
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APPENDIX H: 2I

The relational data base management system "DBASE II%,

described in Apvendix (D), contains a set of commands which,
when ewbedded in a "conmand" file, degine the output format
X used to generate the display on the screen, or outout to the
printer, 1In addition to aenerating the digplay torm, the
commands also direct the DBASE II system to either determine

the values of the entries from a record in the referenced

database, or from memory variables. If the inout device is

the screen/keyboard, DBASE I may retrieve a user entered

value from the screen and store ({t in a filelé of a database

Oy SRV

record, or in a memory variable, These form defin{tion

W A

comrands can also be put {nto & new tyoe of file, the

B

"tormat” file, by ZIP, In this cese the format, contained l'
in the “"format® file, {s used as an disolay overlay to -
proapt the user to change data values in an existina record
in a "database" file,

ZIP is & CP/M program used to generate, or modity, a ;
DBASE II “command® or "format® file. It is a powerful teol E
in the sense that the user 1is not required to Kknow the %'
details of the DBASE II form generation capability .
("conmand® €iles, and display commands)., 2ZIP pvoresents the
user with a blank screen and an onescreen editoer, which

supports several levels of cursoer nmovement and gormatting
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cormands, to help in the form design, Table H,1 lists the

ZIP editor coanands,

Teble H,1 = ZIP Editor Commands,

1. S8creen commands
top
botton
next
orevious
¢irse
- last
2. Middle of line
3. Insert s space
4, Add a line
5, DNelete
= character
= line _ i
6, DPraw/Erase horizontal line
7. Draw/Erase vertical line /-
8, Frase/Save work file
9, 1Insert DBRASE II command expression
10, Change variable
= yerticsal marker
= horizontal marker A :
= tab spacing
= margin
= page length
11, Quit

L - -y

The cursor can be moved to any position on the blank screen

whare the user will enter the information required hy the

ZIP proaram, Intormation {s conveniently limited to literal
strings, memory veriables, record field values, and fetching
& value frof the screen and storing it {nto a record field

or nemory v‘riable. Interspersed betwean these 2P
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formatting commands may be DBASE II executable commands if
the file type is "command", There are special purpose
commands to draw, or undraw, vertical and horizontal 1lines
on the fors,

The ZIP program mav be viewed as a translator between
the screen design made by the user and the operations of
DBASE II, The screen contents associated with each screen
position are translated into &8 sequence of DBASE IT
commands, statements, and control structures which are
organized as either a "command”™ or "gormat" file., ZIP also
places any embedded execution commands into the ¢file and
sutomatically sets, or resgets, the appropriate system
"toagles" as needed,

ZIP is a useful support tool for DBASE II {(n that (it
relieves the user from having to program a "command® file in
order to create a desired display format, Hovever, 1t must
be pointed out that ZIP (s 8 verv basic formatter, is line
oriented, and is incapable of the more crmolex types of

daisvlays,

’
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APPENDIX I: MAIL

"MAIL" {3 an electronic mail facility produced by the
University of California at Berkeley and Bell Laboratories
gor the UNIX operating systen, It allows users to send
messages to other users, or groups of users, on the system,

The basic unit of the MAIL system {s the message, which
is simply a special type of text ¢file, The messace is
preformatted and contains flelds for originater,
destination, subjtect, copy to, and body, MNessages are
contained either in the users "private" mailbox or 1in the
"gystem” mailbox, A "dead=letter” file is also maintained
for each user to contain messages which cannot be delivered
to a valid destinstion, The private mailbox and dead=letter
£ile are maintained as text files in the UNIX directory and
theretore can be used by other programs running under UNIX,

Upon 1099ing into the UNIX system, a prompt appears at
the terminal 1indicatina that there {3 mail for the user,
Nessages addressed to a user are initially contained in the

sYsten nmailbox, and can be read from the systenm maildox by

the MAIL facility, The messages already 1in the private
meilbex and/or deed-letter file are text giles and thus not
directly accessibdble to the MAIL facility,

The user may elect to read the mail by invoking the MAIL

feeility. A one line summary of all messages in the system
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mailbox is presented to the

A e e - ———

user, and each message is given

an {nteger identification number starting at one, At this

point the user has & number of difgerent options availabdle

as summarized in Table 1.1,

Table I.1 = MAIL Command sSummary

23.
24,
2s.
26,
27.
28,

-

Alias a name +

Unallas a name(s)

Goto orevious message * +

Goto next megssage ¥ »

Display summary of commands +

Display out all currently defined aliases

Disolay a message

Display out headers of message list +

Display message list

Display size of each messaqe

Nisplay top fev lines of each message

fxecute the following UNIX shell command

Change di{rectory

Delete messace(s) ¢

Delete current megsage, drint next message

Undelete messages marked for deletion

Reply to a received message *

Edit & list of messages {n turn

Send nessage to desionated users ¢

Endegfeonngsage +

Exit, don’t change system nrailbox *

Quit, save undeleted or unsaved messages in the
user’s mailbox, save unreferenced in the
system mafilbox, .

Mark message(s) to be saved in system mailbox ¢

Save & message list by appending to a text file s

List currvent range of messsge headers

Help ¢

Set options +

Unset options

SWSPSEIS SNSRI DRI RS S E S GESEEEENDEN IS

¢

NAIL facility has more than one command to
perform this action,

Usetul = see page 170, paregraph (2).
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The user may select a message and read {t, After
revieving the message the user may forget the message, save
it in the system mailbox, delete {t, or prepare & response,
When the user aquits the MAIL facility all messages which
have not been deleted, saved, or revieved are placed back
inte the system nmailbox, The remaining messages, those
revieved but no special action indicated, are placed {n the
private majilbox, If the user desires, the MAIL facility can
be exited and the systenm railbox left unchanged,
Additionally the user can create "alias" names that
correspond to multiple users, ask for message summaries,
avpend nessages to files, or invoke an editor,

The MAIL utility does not contain {ts own edi{tor, but
depends on the aditor(s) _.valladle to the UNIX system and on
the user to set an option specityinqg which one 1is desired,
When the user indi{cates that & message is to be created, the
editor s inveked, the user enters the text, and when
tinished issues an end=ofe-message command to return control
to the MAIL facility. While in the editor, the user can
issue “"escape” commands that directly effect the message
processing, A listing of these escape commands (s provided
in Table I.,2, Contents of other files may be inserted inte
the message, nares of recipients added eor changed, the

header field edited, or an alternate editor invoked,

i
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Table I.2 = MAIL escape commands

Cxecute UNIX shell command

Add names to recipients of copy

Read “deadletter” file into message

Invoke text editer

Abort the message pveing sent

Insert a named file into the nessage +

Create a subdect f£ield

Write the message into & named file

Pipe the message through a nrocess as a filter

10, Insert a string into the message

oy B LW

- - - e

Useful = see page 170, paraaraph (2).

while in the MATL facility, UNIX shell commands may be
issued, The MAIL facility {s temporarily interrupted, the
command (s executed, and then the VAI[ ¢acility s resurmed

without adverse effect,

Table 1.3 = NAIL options,

(Append/Prependad) messages to private nmailbox
(Yes/No) Subject line promot ,

(Yes/No) Prompt for carbon copy recipients of message
(Yes/No) Moditfy delete Command

(Yes/No) lognore terminal interrupt olqncls

(Yes/%No) Include sender {in group message recipients
(Yes/Ne) Saving interrupted messages

Detine default editor name

Define escape character
10, Define file to record outgeing mail
11, Define number o0f 1ines in the "top" of a message




Additionally, the MAIL facility has a series of options
the user can change to tailor 1its operation, Table I,.3
provides a listing of these ontions,

The MAIL tacility is a good support program and is quite

. capable of accomplishing 1{its aoals, However, it has more
than {ts fair share of problens,

(1) There is a very limited user manual, and exoerience

must be gained from other users or by trial and error,
(2) There are too many commands, and too tany of those
duplicate each other, The number of commonly useful
commands i{s lovw (marked with a +), with the rest being
windowedressing, o
v (3) The facility {is not user friendly., The user must be
aware of location in the facility and what {s expected next, é
because there are no sovecial prompts and the helc command '
only provides a command summary, fﬁ.
(4) If the message recipient is on line when the message

arrives, whatever operation {8 in progress {s rudely

interrupted by the digolay of the message, This can be very 4
disconcerting to the recipient,

(S) The user can’t determine which message 1s going
where (system mailbox, orivate mailbox, dead=letter f£ile),

prior to leaving the MAIL faelility, f i
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