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Abstract

Thiy project report describes the analysis, design
and development of a screen-based editor for the
input forms for the S5A128 Digital Main Exchange
used by the South African Post Office.

The development was done on a DEC VA%-11/750
minicomputer and a DEC VT125 terminal equipped with
the Advanced Video Option. The VAX Form Management
System was used extensively to describe the input
forms and to reduce the compiexity of the
input~output operatiens te the terminal.

The Egide Input Porms Editor (IFE) developed mests
its specification fully, and is functioning
satisfactorily thus £ar. The response time is
limited mainly by the speed of the VAX-1l Fornm
Hanagement System.
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CHAPTER 1

THE E10 DIGITAL EXCHANGE AND ITS DATABASE
GENERATION PROCESS

1.0 Introduction

this chapter briefly describes the B10 digital
exchange manufactured by Telecommunication
Technologies (Pty) Ltd. A more detailed description
of the database required for each E10 installation
is then given, followed by the history and
development of Egide, the database generation
process., This is followed by a discussion of the
input data required by this process, and the
asspciated constraints with respect to the input
data format required by Egide. These constraints
form the major part of the specification for the
Egide Input Forms E@itor (IFE), the user-friendly
tool to enable a semi~skilled operator to input the
data for the database generation process. The
description of the design and development of IFE
constitutes the major part of this report.

1.1 7The E10 Digital Bxchange

This is merely a brief introduction to the BLO
Exchange serving te bring into focus the problem to
be solved. The interested reader is referred to
Teltech (1985a) for a more detalled description.

The B10 Digital Main Exchange, known as the SAl28B
in South Africa, has been developed for 30-channel
PCM  operation, The maximum capacity of this

|
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exchange is 384 PCM channels. A fully equipped ELO
exchange configuration could typically congist of
45000 subucribers and 5600 trunk circuits.

Figure 1.1 is a block dlagram of the ELC shewing
the four major subsystems. These are:

17 subscriher and circuit connections,

2) time~space-time switching network,

3) contrsl units,

4) operation and maintenance centre ({(OMC), which
can be shared by 8 number of Ei0's.

These subsystems are now described briefly.

1.1.1 Subscriber and Cirecuit Connections

The interface with a subscriber is via a subscriber
equipment. The Subseriber Connection Unit (URA in
Figure 1.1) can accomodate 1000 subscriber lines.
These lines are concentrated to 120 in the URA,
which is consequently alsn called an Blectronic
Line Concentrator. Traffic flexibility is ensured
by allowing the traffic to be concentrated on 2, 3
or 4 PCM links, corresponding to a maximum
configuration of 120 ocircuits. After concentration,
the analog signals are pulse code modulated before
being processed by the Switching Unit {CX).

A Concentrator can be located at the same site as
the rest of the E10, in which case it is called a
Local Concentrator (URAL), or it can be installed
at a distance from the EL0, in which case it is
called & Satellite or Distant Concentrator (URAD).
The URAD serves remote subscribers, and is
connected to the E10 via 2, 3 or 4 PCM links.

The Multiplex Connectlon Unit (URM in Figure 1.2),

&

~
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connection

Tontrol unit
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Figure 1.1 E10 Exchange structure
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is connected to incoming PCM links f£rom Satellite
Concentrators, electronic and electromechanical
exchanges. In the latter case analog to digital
conversion is necessary together with matching
signalling before the URM. These functions are
provided by the Analog-Digital Converter (TNl in
Figure 1.2) and the Signalling Adaptor Group (GAS)
respectively.

1.1.2 The Switching Network

The time-space-time (TST) Switching Network (CX in
Figure 1.2) provides 4-wire switching between the
time slots allocated to the calling and called
parties. The Switching WNetwork can handle 384
3@-channel BCH systens in the maximum
configuration, and is wodular in steps of 64 PCM
. systems.

1.1.3 The Control Unit

The operations carried out in the Subscriber
Connection Un.cs and the Switching Network are
monitored by the Control Unit, the components of
which are shown in Figure 1.3. All Control Unit
components are duplicated to increase reliability.

1.1.4 The Multiregister (NR)

Calls are 5et'up and released by the Multiregister,
which is microyrocessor-based. Bach Multiregister
is made up of 256 registers which are implemented
in RAM. A fully veguipped exchange has 6
M\fltiregiste:s, enabling the El0 to handle 52 call

3
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attempts per second.

1.2.5 The Translator (TR}

The Translator contains files which describe all
details of the subscribers and of the circuits
connected to the EL0. These include the
correspondence between the directory number and the
equipment number, classes of service, circuit
groups, subscriber groups (PABX function) and the
different charging rates.

1.1.6 The Charging Unit (TX)

The Chargir  ‘-~it records the billing details of
each subsc nd is used in the invoicing of
subscriber:

1.1.7 The Marker (MQ)

The Marker handles the routing of data between the
various units of the exchange.

I.1.8 The OC

This is the interface between the B10 and the
Operation and Maintenance Centre.

1.1.9 The Operation and Maintenance Centre (OMC)

The OMC consists of a genezral purpose Mitra
minicomputer with periherals such as magnetic tape

v




and disc, printers and VDU's. Each OMC can maintain
100 000 subscribers distributed over a maximum of §
different E10's.

The OMC operation functions are:

(a) exchange Translator memory changes when adding
new subscribers, modifying subscriber
discriminations, modifying inter-exchange routing,
change: to trunk circuits;

{b) updating individual subscriber accounts;

(¢) testing subscriber lines and trunk circuits and
recording test resul;:s;

(d) monitoring the traffic handled by the exchanges

The OMC maintenance functions are:

(a} running continuous fault~finding programs;

{b) registering faults;

(¢) reconfiguring any ELU when any unit of that
E10 signals a fault of sufficient severity to
warrant disabling it;

(d} sewitching a faulty unit to test wmode and
analysing the resulting fault signals to identify
the faulty card for maintenance personnel.

1.2 The Contrel Bnits

Since most of the data entered via IFE on the input
forms is relevant to the control units, these units
will now be discussed in greater detail. Figure 1.3
illustrates the control units of the E10.

The control units are used mainly to set up ang
release calls. Only those control units which
access databases, viz. the Multiregister, Marker,
Taxer and Translator, will be discussed in greater
detail here as the intention is to bring the

B e
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databases into perspective. This is necegsary in
order to familiarise the reader with the use and
contents of the database, thus enabling him to
appreciate the significance of the set of input
forms which specify the database contents.

1.2.1 The Multiregister

The wultiregister is a microprogrammed computer
which can process 256 call set-up and call-release
tasks simultaneously.

an example of the use of the Multiregister is now
given. The case 1is that of setting up a call
between two dial telephone subscribers connected to
1, -al subscriber connection units (URAL's), after
the Multiregister has been notified of the calling
party off-~hook condition. The characteristics of
the calling party, such as connection unit and the
equipment numbers, are stored by the Multiregister.
It then interrogates the Translator £or that
gubscriber's discriminations. These arxe, inter
alia, pushbutton telephone, suspended service, call
forwarding and abbreviated dialing facilities, and
restricted service such as not being entitled to
international calls.

If the oalling party is still present and the
discriminations do not forhid him from making a
call, the Multiregister instructs the Switching
unit to comnect dial tone to the subscriber. The
dial tone 1s obtained from the Frequency
Sender/Receiver unit, and is connected through the
Switching unit to the subscriber via the Connection
unit (URAL). .

“»




1.2.2 The Translator

The Translator provides the Multiregisters, on 4
request, with the subseriber and circuit datar i
required to set up and release calls. This data is
stored in files, the structure of each file
differing with its functiom. The Translator is
stored in RAM, each word being 16 bits long with a
6 bit self-correcting code. The maximum memory
capacity is 768 kilowords. "

The major functions of the Translator are:

a} provide the subgeriber or trunk circuit data to
the Multiregister;

b} translate prefixes and the Eirst digits
received;

.} translate called party directory numbers into
equipment and Connection unit numbers, or trunk
circuit numbers, as appropriate;

d) control services sguch as call forwarding-
abhreviated dlaling, hot line and recorded call.

e} execrte, together with the OMC, operating,
management, maintenance and test funckions.

The main Translator f£iles and their contents are
listed in Table 1.1, and an example of the use of
the Tranlator in the analysis of directory numbers
is described in Figure 1l.4.

1.2.3 The Taxer

The Taxer calculates the charge for each call
according to a number of factors. These include the
time and type of day, the type of calling party
equipment and the type of call (local, national,
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Table 1.1 Main translation files 4 ﬁ
Categary File Desgtiption - T\
Memary deserphon FIAF  File base addresses (physical location ot files)
and oceupancy FOCE  Record occupanty” .
FOUR  Type of connesiion unil - trafle observation indivations .
Telephone equipmenis  FALO  Qiscriminations and dirmctoty numbers of loca) subscribers
FCIR _ 1donticet o FALO, but for trunk circults
FPREA Prefixes dialied by subscribers, :C trunk access codes
Angiysis FIANA * 1 file per typa of dialling, regional, national, eic. é ki
ard FROU  Firs| choice routing numbers, plus charging dals H
Fouing . FACH GG routing, local rouling and special iles (ransier 1o ‘
tacorded annouricaments, sic.) |
FiFA Clewt group §
Cirouit “FIDET  First and final addresses of cireuit equipmenis and number ;
groups ‘ of nex! sacton** :
FIART 4G sections
FAR)  Equipment numbars of focal subscrivers
Subscribers FGROU Numbar of first subscnber ine sechion
FADE  Additonal subseriber dlscminalions
Ancillary (test and
observalion)
Glassary of lerms: N
“One filo; saveral records **A seciion; a number of cansecutive
equipments
One record; several entical lams A circud group! set of saveral seclions -
Hteunk circuits)
Ona item: 81 of 16:bit woras A group. sat of severat sastans
{subscribars)

List of eancioal trang'aton *'es. ‘
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Transaon equest
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Proiminary analysis | Ana'yes of refixes
FPREA

Dialting type [natonal,
Internalions), special service)

2 ]
Anslysis FIANA

Foute number

3

' Route fila FROU
’ First chohs . ute pumber
+ charging dala

. 4
Routss FACH P
Trunk circuts
FCIR

Disctiminations L

Clreult groups
FIFA grovp

Section number N

“Transfer 1 racoroee anm ement
rane’ar 1o recoroe0 announcement oG vﬂuﬂn%(clrcul(
umber)

™
Local rouling sode Rl

|
X
8 1

Local subscriber
Broadcast device Locat subsaribers
}— equipment number
FIDt FALO FARY

I ‘Addilional

Saction number
2 13

PBX groups
u { 0
Subscriber line Disceiminations ©IG or BW UG it sction
groups FGROU FADE ﬁ!lrgélgr saction FIART

l Secton equipment agdresses

Figure 1.4 Example .of Translator file use
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etc.). It can also draw up detailed billing
information for subscribers if required.

The operation of the Taxer is controlled by the
flultiregisters as follows:

a) on receipt of the appropriate command from a
Multiregister, the Taxer begins charging a call and
stops at the end of the call;

b} receives metering pulses from distant exchanges
over the trunk clrcuits;

¢) sends out tones and signals eg. subscriber
private metering;

d) sends subscriber accounts to the OMC on request;
e) sends detailed billing information to the
magnetic tape unit on failure of the OMC.

1.2.4 The Marker

The Marker routes the main messages between the

various units of the E10. The major functions of

the Marker are :

a) receive off-hock and on-hook conditions from the

Connection unitsy

b) pass commands, received from the Multi-

registers, to the Switching network to set up

connectlions, release connections and to send out

tones;

¢) interrogate the Switching network to obtain the

addresses of the calling partles during call

releases;

d) send messages to and receives messages from the

oMC.

e} request the following from the connection units:
1. subscriber equipment tests,

ii. surveillance of subacriber and trunk circuits,

iil. interrogation of subscriber and trunk circuit

12




equipment.

1.3 The History and Development of Egide
Egide is a French acronym for :

Ensemble
pour la Generation
et 1'interragation
des Donnees d'un
systeme RI1C,

which means the sulte of programs £for tha
generation and testing of the data for the EL0
system.

The first French version of Egide was implemented
on a Mitra minicomputer, with punched cards being
used to input the data. This program was unfriendly
and had a typical run-time of 24 hours. Local use
of the program was ruled out by its unfriendliness
and the necessity for the user to have an in-depth
knowledge of the inner workings of Egide. Thus it
was necessary  initially to send the E10
configuration data to France, clarify queries with
numeroua telexes and phone calls, and hope to
receive the magnetic tape in time for the
commissioning stage of the site installation.

The lead time for such a magnetic tape was three
months. SAPO can usually supply the complete
information for an exchange two months before the
commissioning date. Thus incomplete Information had
to be used in the database generation, with any
further additions or modifications being done
manually on site. This was a tedious and time

Zaan Earas
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consuming process.

In addition any queries by SAPO in connection with
database format changes also had to be forwarded to
Prance, with unacceptably long neriods between the
requests and the implementation. These factors
justifled the development of a local EHgide which
would be faster and friendlier.

1.3.1 The Local Egide, Dadi

The local Egide is culled Dadi, short for Daza
Dispatcher. The rationale behind this name wag that
the program essentially read data from the input
forms, transformed it, and then dispatched it to
the appropriate files.

At the outset, the developers of Dadi were faced
with the major choice illustrated in Figure 1.5,
These options were either :

{a) badi could directly process the 5 different
input forms as defined by S$APO, and which was used
by them to specify the configuration of an
exchange, or

{b) the 5 input forms in the SAPO Databook could
manually be translated into the 33 different input
£orms used by Egide which would then bhe processed
by Dadi.

Option (b) was chosen for the following reasons :
(i) The SAPO input forms were not rigorously
defined and thus were not conducive to automation.
(ii) Option {a)} would result in a manifold increase
in complexity in Dadi. This was undesirable because
Dadi had to be completed in the shortest possible
time.

s - o S .




(iii) Dadi would be more logically decomposed into
modules by associating each module with the
corresponding Egide input form.

Magnetic
Dadi tape
Process

@ eren =

© {a) Option for Dadi to process the SAPO databook

directly.
8APO Human
bata] geed,|Trans-—
book lation
Process!

(b) Option for Dadi to process the REgide Input
Porms.

Figure 1.5 The options for the Dadi process.

1.4 The Bgide Input Forms

Of the three databases generated for each El0 site
the translator files are the largest and most
varied with respect to the information contained.
since the scope of this chapter is not to discuss
in detail all aspects of the E10 databases but only
to bring into perspective the role of the input
forms, only the most important translator input
forms and the corresponding £iles will be discussed
as this is sufficient to meet the goal.

15




1.4.1 Input Forms — Database Piles Correspondence

Taple 1.2 lists the most important translator files
and the corresponding input forms which serve as
the information sources for the Egide program
during the generation of these files.

A £ull description of all the Egide input forms is
not possible here becavse of the magnitude of the
task. However a description of input form .ABD is
given in Figure 1.6 and Table 1.3 as an example of
the type of data contained in the input Eorms. A
complete set of descriptions For the input forms
can be found in Teltech (1985b).

1.5 The Requirements of IPFE

Selecting option (b} in section 1.3.1 meant that
the format of the input forms had to use the 80
¢olumn character format used on the punched cards
input to Egide. Further constraints on the format
of the input data to egide were added by the Dadi
development team, resulting in the specification
described in 1.5.1 for the Egide Input Forms
Bditor.

1.5.1 IFE Specification

a) Operator should be prompted to select one
particular form to be edited.

bl New form definitions nmust be easily added to
existing ones, and existing form definitions must

P S




TABLE 1.2: Relationship Between Input Forms and
Translatexr Files

Input Form | Contents Flles Generated
+DEF File definitions FIAF
+NSR Number lndices FINUS
<URS Connection units FOUR, FIPIR, FLAC,
FINUR, PEQL, FPRP,
PICSA
.DIF Multi-line trans- FIDIF, FARI
mission units
ABS Ordinary subseriber | FIEQU, FARI, FOUR
equipments
.ABD piscriminated subs-{ FIEQU, FARI, FOUR,
scriber equipments PADE, FENU
«GRP Subscriber groups FGROU, FIGA, FIGD,
FPIRGT, FARI
JPSC Circuit groups FIFAC, FIART,
FIDIT, FIRPT,
FIEQU, FIFSC
.CEC Circuit tests FESC
+PAM Multiregister FPIPAM
parameters
«ACH Routings FACH, FITRAD
-AFH Time-dependent FAFH
routings
.CAD Timing rates FIHAC
calender
SIS Type of day FICAC
~CTX Destination FCDTX
categeries
JBNA Analysis FIANA, FROU, FRCT,
PRZG
. PRE Pre-analysis FPREA, FCDST
- - B
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TABLE 1.2 (contd.): Relationship Between Input
Porms and Translator Files

Input Form | Contents Files Genevated
. SDA Direct inward FGROU, FARI, FADE
dialling FROU, FIFAC, FIAMA
< RNV Call transfers FIREN, FROU
+ ERC Alarms FERC, FEMO, FACT
«ERS Satellite alarms FERS
+RPG VDU alarm display FPGV

be easily modified.

¢) pesired editing features:
- full user control with up/down screlling
- delete line
~ insert line (optional)
- fast cursor advance/backup.

d) The sequential file created by IFE must have
records which are all 80 bytes long, and must
conform to the structure as shown in figure 1.7.
IFE must have the pogsibility to selact unused .
£ields which will be skipped during data input and
cursor movement. Unused f£ield 'control-data' should
be accessible with the Backspace command.

e) Facility to sort the data area of "“e resulting
£ile according to user-specified fields.

£) Full validation of individual fields within
records.

g} The program must be written in Fortran 77 since

this was the main area of expertise of the
development and maintenance persennel.

- A ot B
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Table 1.3 ABD Field Descriptions

Field Description [0ption Type
UR Connection unit number con DEC
NE Equipment number com DEC
D Calling sub local number coM CAR
ESS  Test equipment ¢ opT BIN
KLA  Push button set oFT BIN
LOP  Operator line oPT BIN
MOD  Right to modification ol BIN
PPR  Call office OPT BIN
SPA Outgoing subscriber orr BIN
SPB Incoming subscriber opr BIN
TTX  Remote metering OPT BIN
BUT 8Special TYQ oPT HEX
GABA Test parameters set OPT DEC
FLA  Plashing button OPT BIN
TLC  Concentrated line opY BIN
TYPO Operator type OPT DEC
AAB  Absent subscriber oFPT BIN
BEN  Call recording OPT BIN
IAM  Tdentification of malicious calls OPT BIN
LSS Essential line oY BIN
LST No charge line orT BIN
RV? Call forwarding OPT BIN
LSN  Hot line opT BIW
NREN Gall transfer number OPT DEC
cr Routing and charging category CcPT DEC
DF Reroute to recorded announcement OPF DEC
FD Detallled billing OPFT DEC
NA Short code dialling OFT DEC
il Area of calling subscriber OPT DEC
CATA Called subscrlber category [0:04 HEX
CATB Caller subscriber category OPT HEX
MAIN Test device eguipment opT HEX

20
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Table 1.3 contd. ABD Field Descriptions

Pield Description [Opticn Type
D15 Additional discrimination opT HEX
Pl Additional discrimination orr BIN
D2 Additional discrimination orp HEX
D14  Additional discrimination oPT BIN
P19  Additional discrimination oFT BIN
D20 Additional discrimination o234 HEX
Abbreviations: OPT : Optional

COM : Compulsory

BIN : Binary

DEC : Decimal

BEX : Hexadecimal

o -
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CHAPTER 2
THE DESIGN OVERVIEW OF IFE

2.0 Introduction

This chapter describes the design of the Egide
Input Forms Bdikor to meet the specification of
paragraph 1.5.

The major factors which influenced the design of
IPE are described first. The software overview is
described by means of a data flow diagram showing
IFE in perspective in Figure 2.1, followed by the
design of IFE using the process-resource method as
described by Walker(1984). The result of this
design is a set of processes which are then
described in the Program Description Language (PDL)
as described by Walker (1584) and Caine(1975). The
behaviour of the resources used by these processes
is also described.

2.1 Pactors which influenced the design of IFE
2.1.1 Computer Workload

The computer on which the IFE was developed is
extremely overloaded. Consequently free disc space
is often limited to the extent that the VAX-VNS
EBditor aborts owing to insufficient working area in
the case of large files. Thug it was necessary fo
minimise the working area of the program.

P
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2.1.2 VAX~1ll Form Management System

This tool, described in paragraph 2.3.1 and
Appendix A, was used because it Iimmediately
fulfilled the second requirement of the IFE
specification, i.e. easily adding new form
definitions and modifying existing ones.
Furthermore development time had to be minimised as
the IFE was already urgently required by the Egide
development team. Thus the use of any existing
tools was advisable.

2.1.3 Program Lifetime

At the time of development it was envisaged lhat
IFE vould be a temporary measure, the reason being
that many man-hours (typically 120) are lost in
transferring the information £rom the SAPO Databook
to the computer. This process would eventually be
automated provided that SAPO supplied the Databaok
on magnetic tape. The reasons this approach was not
pursued lnitially were the lack of available

perscanel and tight time constraints. Therefore IFE
was not required to be a very sophisticated aditor.

2.1.4 Uger Considerations
The user of IFE would be a non-technical person
such as a typist. Thus simplicity was necessary.

2.2 Process Resource Design of IFE

The process~resource method will not be described
here in detail but will be illustrated hy its

25
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applicatien to IFE. The interested reader is
referred to Walker (1984) for further reading.

2.2.1 Pirst Level Design

Piguce 2.2 shows the first lever of the design of
IPE. BHere, the IFE process represents the entire
systems  activity, its interaction with the
environment consisting of those with the resources
shown.

2.2.2 BSecond Level Design of IFE

In this level of the process~-resource method of
design the major activities of the IFE process are
identified. Each activity is functionally separate,
and is associated only with those resources
necessary to perform its function. The use of state
diagrams later as a scheduling tool was found to be
helpful in the separation of these major vrocesses,
This is due to the necessity of "fitting in" the
processes between state transitions (D'Angelo,
1978). Table 2.1 shows the second level design of
IFE.

Purther process decomposition was unnecessary as
each activity identified in the second level of
design can he comfortably described by its own
process-regource dlagram, the assoclated Program
Description Language (PDL) description of the
process, and the resource behaviour deseription.
These descriptions follow.
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Table 2.1 Second Level Design of IFE - Major
Activities of IFE Procesg

ACTIVITY RESOURCES OPERATIONS
P2:
Select PMS Open form library.
Form Display form.
Get Named Data.
Read all field values.
Qutput message.
Validation [Write.
data Read.
P3:
Select FMS Open form library.
Unused Display form.
Fields Get Named Data.
B4
Edit Form file |Open.
Form Read.
Header Write.
FHs Display form.
Read all field values.
Output message.
Cutput all field values.
Output data to current
line of scrolled area.
P5:
BEdit Form f£ile [Open.
Egide Read.
Form Write.
FMS Display form.
Get Named Data.
Output message.
Output data to current
line of scrolled area.
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Table 2.1 contd. Second Level Design of IFE ~ Major
Activities of IFE Process

Process terminator.
Get current fileld name.
Get specified field value
Close form library.
Page Write.
Read,
P6:
Select FMS Open form library.
Options Display form.
Return all field values.
. Output message to screen.
P7:
Get SORT FHS Open form library.
Information Display form.
Output message to screen.
Get specified field value
P8:
Delete Form Piles |Read.
Blank
Records Write.
PS:
Sort Form Piles |Read.
Records Write,
VMS SORT Write.
Ueility Read.

2.3 Regource Behaviour
2.3.1 FUS Behaviour :

The FMS resource has 3 major components. The FMS




Form Editor component enables the user to create
and modify computerised form descriptions to be
used for form applications under program control.

The PMS Form Utility allows the creation of form
libraries, while the FM5 Form Driver @isplays forms
and data that users input in response to the forms.

The Form Driver is a library of routines that
teduces programming effort by manipulating the
screen, checking user reponses against the form
description, and displaying existing help forms
when requested. Thus the programmer is spared the
tedium of low level input-output details. The Form
bDriver has 2 major interactions. The first is with
the form decription, which is created with the Form
Editor, and the second ig with the user who fills
in the fields in a displayed form.

Figure 2.3 summarises the behaviour of the FHE
resource,

Operations on FMS

(i) Set Channel (channel)
This call sets the channel to be used to open or
access a Form library file.

(ii} Open Form Library (form library name)
The Form Driver opens the specified form library on
the current form library channel.

tiii) Close Form Library
The Form Driver cloges the Form library which is
open on the current channel.

{iv) Display Form (form name)
The Form Driver clears the entire screer and

30




displays the specified form. When f£irst displayed
the form includes all text and the default values
for all fields.

(v) Get Named Data (label, value)

This call i used to retrieve by name data that has
previously been associated with a form as named
data. This data is not displayed with the form.

{vi) Get Field Name (current field name)

This routine does not call the Form Driver. It
returns the current field name from the Form Driver
argument block.

{vii) Get Pield Length (field length, field name)
The Form Driver returns the length of the specified
field.

{viii) Read Field (field value, terminator, field
name)

The Form Driver places the cursor in the initial
position of the specified field and accepts input
by the user in that £ield. The input is checked
against the legal data types for that field as
specified in the form description. In the event of
an error input is refused and an appropriate error
message is displayed in the message area of the
screen,

{ix) rite Pield (field value, field name)
The PForm Driver displays the value in the field
specified.

{x) Read All PFields (field values)

This routine can only be used for areas of the form
which are not scrolled. The Form Driver returns a
concatenated string of the current values for all




fields in the form.

{xi) Write All Fields (field values)

This routine can only be used in areas of the form
which are not scrolled. The Form Driver outputs bthe
data specified to all fields in the form. The data
must be specified as a concatenated string of all
field values. |

. (xii) Get Current Line (line value, field name)

The Form Driver returns the contents of the
serolled line as a concatenated string of all field
valyes in argument "line value®. BArgument "field
name" can be the name of any field in the scrolled
area.

{xiii} Write Current Line (field name, line value)
the Porm Driver outputs the data specified to the
current line of the scrolled area. The scrolled
area is identified by specifying the name of any
£leld in that area.

(xiv) Process Field Terminator (terminator)
The Porm Driver processes the fleld terminator
specified.

(xv) Output Message (line value)

The Form Driver clears the last line of the screen
and displays the specified string on that line.
This line ls reserved for error messages and help
text,

2.3.2 Page

The Page data structure is a 20 element array, each
element being 80 characters long. Page is

3 o

32




effectively a "window" inte the £ile being edited,
and each record in array Page represents a line on
the screen. Using a window into the file avoids the
yse of large working areas and the assoclated
problems decribed in 2.1.1. Initially the page to

be edited is read inkto Page and these records -

displayed on the screen. All changes by the
operator are not immediately reflected in the file
but in Page. When a line 1s scrolled off the
screen, the corresponding record in Page is written
to the file. At the end of the editing session all
records in Page are written to the file.

When a field is written to by the user, the value
is written to the appropriate position in tFage.
Thus it is necessary to calculate the record numbey
and the field position within the record. To
achieve this three polnters are associated with
Page. These are Top and Bot for the first and last
records in the window respectively, and Cur for the
regord currently occupied by the cursor.

Operations on Page

(i) Write (record, pointer 1, pointer 2, value)

The character string specified in value is written
to the field whose position is specified by the twe
pointers, which £ield is in the element of page
indexed by record.

{ii) Read (record, pointer 1, pointer 2} value

The character string in the specified record and in
the field specified by the two pointers is returned
in value.

33




2.3.3 The Validation Data

As described in Appendix A, the attributes of each
£ield in the Bgide input form has to be described
in the Named Data area of the appropriate form
degoription. When a particular Egide form is baing
processed, these field attribute are stored in a
data structure called Validation Data. The elements
of Valldation Data are :

1. Starting position of fleld

2. EBnding position of field

3. Type of validation

4. Lower bound

5 Upper bound

6. Valid character strings.

Note that 4in the actval implementation of %his
resource in Portran 77 kequires that the validation
data be stored in two related data structures
because it is not possible to have character and
integer elements in the same data structure.
However, since the concept of information hiding is
encouraged by the resource behaviour description,
these implementation specific details can be
avoided by wuwsing the following opetations on
Validation data independent of the language of
implementation.

Operations on Validgatlon Data
(1) Write Field Attributes (Field no, Start
position, End position, Type)

Stores the last 3 arguments for the specified £leld
number .

o T e
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(ii) Write Field Bounds (Field no, Upper bound,
Lower bound)

Stores the last 2 arguments for the 'specified field

number .

(iii) Write Valid Strings (Field no, Valid strings)
Stores the second argument for the specified field
nunber.

(iv) Read Field Attributes (Field no) Start
position, End position, Type

Returns the field atkributes for the specified
field number.

{v)} Read Field Bounds (Field no) Upper bound, Lower
bound

Returns the field bounds for the specified field
number.

(vi) Remd Valid Strings (Field no} Valid strings
Returns the valid character strings £or the
specified field number.

2.3.4 Fields vused

This is a logical array of 40 elements which is
used to record those fields which are selected as
unused by the operator. No operation iz performed
on this resource besides that of reading and
writing to an array. Indexing is by means of the
field number. During the Fform editing process a
£ield is skipped Lf it is unused.
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2.3.5 Valid Porm Nawmes

This is an array of 40 elements, each element being
3 characters long. The operator is prompted to
select a form by means of form Select, the MNamed
Data of which contains all valid form names. This
Named Data is read into Vaild form names. The form
gelected by the operator 1s checked against the
valid form names. Operations on Valid form names,
like those on Pields used, are restricted to the
simple read and write on an array, the indexing
being done by the field number.

2.4 Process Descriptions

This section describes the major activities of IFE
identified in the functional decomposition stage of
the design using PDL. Each process is described by
means of a process-resource diagram and a procedure
in PDL.

Ffor all processes the status ls not returned to the
calling program. Any exception is reported at the
point at which 1t occurs by means of the Vax/Vms
Exception Handler and, where necessury, IFE-
specific error massages. The error reporting is
gsuch that the user is given the maximum possible
information to enable him to easily understand and
correct any errors.

The advantage of not returning the status to the
calling program is that extensive passing of error
related parameters 1s avoided. Thus a return of
control to a calling ptogram carries with it the
implicit status of success.

36
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2.4.) Select Form Procesis
The Select Form process is described in Figure 2.4

and the associated procedure in Figure 2.5.

2.4.2 Display Header Process

The process-resourse diagram for this process is
shown in Figure 2.6 and the PDL description in
Figure 2.7.

2.4.3 Unused Pields Selection Process

Pigure 2.8 shows t3e Unused Pields Selection
procesa-resource dlagram and Figure 2.9 the PDL
lescription for this process.

2.4.4 Bdit Porm Process

Pigures 2.10 and 2.11 depict the process-resource
diagram and the PHL descriptien for this process
respectively.

2.4.5 Select Options Process

The Select Optlong process is described in Flgure
2.12 and the associated procedure in Figure 2,13
2.4.6 Delete Blank Records Process

This process is demcribed in Figures 2.14 and 2.15.

37
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Pigure 2.6 IFE: Display header process-resource diagram




Procedure Form Selection
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* A routine to prompt the user to specify the *
* ¥gide form to be edited, whether certain fields *
* are to defined as unused, and whether the Egide #
* form header is also o he edited. *
Inputs: * None *
Outputs: Form name
Variables:
Char:
Single:
Global:Partition:A
form name
Array:
Locals
valid form names
Begin:

Open Form Library (Formlibl)
Display Form (Select)
Get tamed Data (Ndata,Valid namas
* Store Valid names in Valid Form Names *
While {(* form is incomplete and selected
form name is invalid *) Do
Read All Fields (Field values)
* Validate user-gelected form name *
ind while
Bnd:
BEnd procedure:

Figure 2.5 Form Selection
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Procedure bisplay Form Header
*A kK ok hkhdhk * * *kk
*

* A routine to display and edit the Header of an

* Egide form.
HAAREEN R A KRNI IR AR IR IR AN IR G R ARk R AR AR AR e R AR R Tk

*

Inputs: Form name
Outputs: * Hone *

Constants
Char:
Single:
Local:
Ngata

Variables:
Char:
Single:
Local:
Header Data
Char:
Single:
Global:Partition:a
Form name

Begin:
Display Form (Header)
* Retrieve Header data from input form £il. *
Write All Fields (Header data)
Uhile (* form is incomplete *) Do
Read All Fields (Header data)
End while
* Save deader data in input form file *
End:
End Procedure:

Figure 2.7 Display Header
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Procedure Display Form Header
TR KH R I kR AR R AR AR AR I AR kIR R IR A A AN TR Ik B IRk h
* A routine to display and edit the Header of an *

* EBgide form. *
FhAkhkkkhkdkhkdehkh Rkt R Ak Rk Ak Rk ke k bk kh Rk hkk

Inputs: Form name
Outputs: * Rone *

Constants
Char:
8ingle:
Local:
Ndata

Variables:
Char:
Single:
Local:
Header Data
Char:
Single:
Global-Partition:A
Form name

Begin:
bisplay Porm (Header)
* Retrieve Header data from input Sform file *
Weite All Fields (Header data)
While (* form is incomplete *) Do
Read All Plelds (Header dstal
End while
* Save Header data in ilnput form file %
End:
End Procedure:

Figure 2.7 Display Header
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Procedure Unused Fields Selection

EI R R e T T R Sty
This routine enables the user to define certain *

* fields as unused, ie, these fields will be *

+ skipped during the editing »f the Egide form. *
2 T R L R T I TR L]

Inputs: Form name
Outputs: Fields used

Constants
Char:
Single:
Local:
Fldno

Integer:
Single:
Local:
Used
Unused
HMaximum f£ields
Tab
Backspace
Return

Variables:
Chars
Singla:
Local:
Unused fields
Field name
Fleld value

Figure 2.9 Unused Pields Selection
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Global:Partition:a '
Form name I

Integer: :
Single: 1
Local: ]

! 3 No of fields
: 2 ’ Field no

Array:
Global:Partition :B
Pields used of size Haximum fields

Begin:
* Use Form name to formulate name ¢ nused ly 5
| fields ":. ¥ R
b pisplay Form {(Unused fields) -
¥ Get Named Data (Fldno,No of fields) ’

Field no:=l

While (* form is incomplete *) Do
3 Get Fleld Wame (Field name)
g Read Field
(Field value,Terninator,Pield name) o

If (* field is used *) Then
' Field used:Fleld no:=Used
Else
) Pield used:;Field no:s=Unused
End if

If (Terminator = Tab) THEN \
Field no := Field no + 1 ¢
Blse If (Terminator = Backspace) Then

e o e

Pignre 2.9 contd. Unused Pislds Selection e




IF (* Field no exceeds 1 *) Then
Field no := Field no - 1
Blse
* Ring terminal bell to indicate errvor *
Bnd if
" Else if (Terminator = Return) Then
% check if all fields defined as unused *
Lf (* all fields are unused *) Then
Output Message {(Brror:All fields defined as
unused)
Field no := 1
End 1f
End if
End while
End:
End Procedure:

Figure 2.9 contd. Unused Fields Selection
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P Get fleld length Display form F
H M
s Read tield Qutput message B
L. 283
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Form £iles | Read Weite Form files
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Fields Bditor
used Read
(IFE)
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Read valid
EErings
Pigure 2.10 I?E: Bdit form process-rescuvr.ie diagram
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FPigure 2.14 [FE; Delete blank records process-resource
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Procedure Edit Eglde Form
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* This procedure provides the editing capability
* for any Hgide input form.

*

Inputs: Flelds used
Porm name

Outputs: * None *

Constants
Integer:
Single:
Local:
Tab
Backspace
Retutn
Uparrow
Downarrow
Pirst page
Last page
Page forward
Page backward
Variables
Integer:
single:
Local:
Terminator
Field no
Top
Cur
Bot

f

rigure 2.11 Edit Porm
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Array:
Globr " sPartition :B
Field used of size Maximum fields

Char:
Single:
Local:
Field name
Field value

Global:partition:a
Form name

Begin:
* extract No of £ields and Page size from
Named Data of form description *
* Initialise pointers Top,Cur,dot *
If (* new file *) Then
* Clear screen data area and initlalise page *
Blse
If (* error in opening £ile *) Then
* Signal error *
Blse
* Read first page from file into Page
and display it *
End if
End if

* Read validation data from Named Data of form
deacription into Validation Data *

Terminator := Tab

Fleld no = 1

1f (* current £ield is unused *) Then
* move to next used Efeld *

Pigure 2.11 contd. Edit Form
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End if
Do While {* editing session is not terminated *}
* Read in current £ield value into FIELD *
Get Field Name (Fisld name)
Do While {* Pield value is invaliq *)
Get the Value from the Specified Fleld
{Field value, Terminat~r, Field name)
* validate Field value *
IE {* Pield value is invalid *) Then
Output to last line
of Screen (Illegal value)
* ring terminal bell *
Bnd if
8nd do
* Update Page with Field value *

Case Terminator of:
Tab: * Move to next used fleld *
Backspace: * Move to previous used fleld *
Return: * Move to first used f£ield
in next line *
Downarrow: * Move ko mame fileld
in next line *
Display next page ¥
Display next page *
Display last page *
Display first page *

Page up:
Page down:
Last page:
Flrst page:
End case
End do
BEnd:
End Procedure:

* * % %

Pigure 2.1l contd. Edit Form.
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Procedure Select Options

This routine enables the user to define whether *
blank reccrds are to be deleted, whether the *
records are to sorted, and if another Egide form*

is to be subseguently edited. *
b * *

=+ % %

Inputs: * None *
Outputs: * None *

Variables
Integer:
Single:
Local:
Terminator

Begin:
Display Form (Nxtfrm}
While (* form is incomplete *) Do
Read All Fields (Field values,
Terminator)
End while
Bnd:
End Procedure:

Figure 2.13 Select Options

N




i
5

50

Procedure Delete Records

* This procedure deletes any blank records in the *

* input form file. *
KkAH R

Inputs: Form name
Outputs: * None *

Variasbles:
Lhar:
Single:
Global:partition:s
Form name

Integer:
Single:
Local:
Blank

Begin:
* Formulate file name form form name *
Do While (not end of file)
* Read record from record number N *
If (record is blank) Then
Blank;=Blank+l
BElse
* Write record to record number N-Blank *
End if
End do
1f (no terminator record) Then
* Write terminator record to
record number N-Blank *
End if

Figure 2.15 Delete Records
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* Copy original file to scratch file *
* Delete original file *
* Copy scratch file to original file *
* Delete scratch file *

End:

End procedure:

Figure 2.15 contd. Delete Records




* Copy original file to scratch file *

* Delete original file *

* Copy scratch file to original file *

* Delete scratch file *
Bnd:
End procedure:

Figure 2.15 contd. Delete Records
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CHAPTER 3

THE IMPLEMENTATION OF IFE

3.¢ Introduction

The result of the analysis and design of IPE in
Chapter 2 is a set of processes described in PDL.
This chapter describes the scheduling of these
processes by means of a state machine, and the
changes to these processes as demanded by the state
machine.

3.1 Process Scheduling

A state transition diagram is used to describe the
process scheduling. The aproach used here is
similar to that used by Mendes(1978), who, together
with Walker(1984) and others, has described the
methodology and its advantages in sufficient detatl
for the reader who requires it.

However, the differences between the method used
here and that used by Mendes will be explained.
Pirstly, Mendes uses an unconventional state
diagram notation which is not used here. The usual
conventions are used here: circles represent
states, and arvows indicate allowable transitions
between states. In addition each arrow's annotation
deseribes first the condition that causes the state
transition, and ther the process(as) to be executed
before the transition is made. The latter feature
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of the state diagram makes it possible to derive
the state table directly from the state transition
diagram,

Another difference is that only "major" states and’

processes are included in the state diagram and
state table here while Mendes includes all states
and processes in a single state table. Section 3.2
contains the explanation of what are considered to
be "major" states and the rationale behind
including only these states in the main state
diagram.

The processes to be scheduled have bheen described
in Table 2.1. The major states related to these
processes are listed in Table 3.1, and the
conditions governing the transitions between these
processes are described in Table 3,2. The

Table 3.1 The Major States in IFE

State Description

s1 Start IFE

52 Wait for input from 'Select’ form

83 Wait for input from form specifying
unuged f£ields

s4 Wait for input from 'Header' form

55 Wait for Jlnput from Egide form

86 Wait for input from 'Options' form.

s7 Wait for input from form used to get sort
information

88 End
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of the state diagram makes it possible to derive
the state tahle directly from the state transition
diagram.

Another difference is that only "major" states and
processes are included in the state diagram and
gtate table here while Mendes includes all states
and processes in a single state table. Section 3.2
contains the explanaticn of what are considered to
be P"major" states and the rationale behind
including only these states in the main state
diagram.

The procvasses to be scheduled have been described
in Table 2.1. The major states related to these
procesges are listed in Table 3.1, and the
conditions governing the transitions between these
processes are described in Table 3.2. The

Table 3.1 The Major States in IFE

State Description

81 Start IFE

82 Wait for input from 'Select' form

83 Walt for input from form specifying
unused £lelds

54 Wait for input from ‘BHeader' fowm

&5 Walt for input from Bgide Fform

86 Wait for input from 'Options' form.

s7 Wait for input from form used to get sort
information

88 Bnd
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relationship between the states, processes and
governing conditions is illustrated in the state
transition diagram of Figure 3.1, Table 3.3 is the
state table derived directly from Figure 3.1.

3.2 Choice of Major States

“he factors influenting the choice of the states in
Table 3.1 are discussed in this section.

3.2.1 Major and Minor States

It should be noted that only major states are
included in Table 3.1, while states considered to
be minor are not. Minor states are those which are
wholly contained within a major state, ie. there
are no direct state transitions between these
states and other major states. They are also easily
managed and understood without the use of state
tables. The use of state diagrams to schedule such
states serve only to complicate rather than to
clarify a program description. Therefore, progesses
which are clearly described and managed by the PDL
method are exempted from the state diagram.

A case in point is the BEgide Form Bditing Process
described in Figure 3.2. If the condition causing a
state transition is such that the next state is the
same a5 the current state, then this state
transition is not sghown in Pigure 3.1, buk is
accomodated within the Form Bdit process as shown
in Fi 3.
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Pable 3.2 Conditions Governing State Transitions

} Codel Description H
{ C1 |Option to select unused f£ilelds entered. t
{ €2 iNo unused flelds, display header. )
I €3 {No unused fields, don't display header. |
v €4 |At least one used field selected, display |
| lheader. {
| €5 At leust one used field selected, don't 1
I 1display header. 1
} C6 |Porm terminated normally. |
{ €7 |Poxm terminated abnormally. !
| C8 IDon't delete blank records, sort file )
I C9 IDelete blank records, sort file I
| €10 |Another BEgide form is required. t
t €11 INo other Egide form is required, delete {
i Iblank records. 1
1 C12 iNo other Egide form is required, don't |
§ ldelete blank records.

{ €13 INo other Egide form is required !
} C14 )another Egide form is reguired, no options |
1 |

lrelected.
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Table 3.3 State table for IFE

Present Condition | Next Processes
State State Executed

sl o 52 Pl
r2

82 cl 83 P3
c2 84 4

c3 55 PS5

7 58 haad

83 c4 54 P4
(o1} 85 P5

c? 58 —_

54 c6 55 P5
c7 s8 -—

85 Cc6 56 Pé
-1 €14 82 P2
c8 57 »7

[¢f:] §7 7

P8

ci1 88 P8

[sh ¥4 38 —_

c7 58 —

s7 c10 82 ]
P2

c13 88 P9

<7 88 —

- PN
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SCROLL-UP/ AB/move to next
display next field
page
BACKSPACE/
SCROLL- move to
OWN/ previous
displgy field
| previous page
UPARROW/
FIRST - move to next
PAGE/ line,same
display first page field
LAST -PAGE/ DOWNARROW/

move to previous

i 1
display last page line,same field

Figure 3.2. The edit form state with minor
. state transitions included




SCROLL-UP/
display next
page

SCROLL- move to
DOWN/ previous
display field

| previous page,

FIRST - rnove to next
PAGE/ ine,same
display first page field
LAST -PAGE/ DOWNARROW/

move to previcus

display last
Isplay tast pdge line,same field

Figure 3.2. The edit form state with minor
’ state transitions included




3.2.2 Modularity Retention

There is a real danger of a major process losing
ite "identity" by listing its subprocesses carte
blanche in the state table. It is difficult for the
maintenance programmer to appreciate the modularity
easily in this case. However selective inclusion of
processes in the state table can help in retaining
the processes as obtained £rom the decomposition
phase of the design.

3.2.3 Clarity of State Diagram

In addition the indiscriminate inclusion of every
possible state and process regardiess of size does
not augur well for the clarity and ease of
understanding of the state diagram. Rather a
proliferation of state diagrams would result,
making design, documentation and maintenance more
difficult than necessary. The task of wading
through numerous state diagrams to get an overview
of the control and data flow in a system is both
daunting and unlikely to succeed.

3.2.4 Program Response Time

Response time can also be detrimentally affected by
including all the processes of a system in a single
state table. For the purpose of illustration
consider a 100-process system. If a particular
state transition requires process 100 to be
executed then the BExecute Process procedure would
be called with an argument egual to 100. In this
case 100 checks will have to be made to determine
which process to execute. Had there bsen only 10

TR
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60 .
major processes in the main state table, however, "
the number of checks would have been
correspondingly less.

3.2.5 Bierarchy of State Tables
3 i Furthermore, the use of state tables as 2 &
3 programming tool in preference to PDL as used by f
3 Caine (1875) is advocated by Walker (1984) to avoid e
3 long loops and repeated indentations of code in m

1 . . nested loops in large programs. Therefore if a -
process as produced in the decomposition phase of ol
o the design does aot present these difficulties it !
is obvioug that the PDL method can still be used in
the design of that process. 1 the process is still
L] too large so that the arguments against the use of
-‘: the PDL tool only are justified, then %he process i
can have its own state table. Such a method would
result in a hierarchy of state tables where H
necessary, and would avoid excessively long state
tables.

3.3 State Tc"le Implementation ¢

A major advantage of state table driven software is
. that the procedure to implement the state machine
is similar for different programs. Therefore it is
neccesary to write this procedure once only, and
] thereafter modify it where neceasary for different
i programs. The format of the state table derived for
¢ IFE is similar to that used by Mendes(1984), the
! main difference being that Mendes calls state

Jo transition conditions and processes Lexical Items
R and Details respectively. The IFE main program and e
> the procedure to execute the processes are i




described in Figures 3.3 and 3.4,

3.4 Process Modifications

The behaviour of the processes as described in
Chapter 2 will obviously have to be modified such
that they adhere to the requirements of the state
table driven method of process scheduling. For most
processes this involves only the addition of more
code at the end of the procedure to set the
condition which governs the state transitions.

These modifications are illustrated by the new
behaviour of the Select. Form and Display Header
processes described in Figures 3.5 and 3.6, which
are derived from Figures 2.5 and 2.7 respectively.

This chapte seribed the state machine method
of process aling as used in IFE, and the
agsociated process modifications required. The next
chapter assesses the performance of IFE.

61




Program IFE

Types
State Table (ST) = Record:
Current State (CS)

Initial state
Initial Condition

Figure 3.3 IFE Main Program

¢+ integer
s integer
: integer
integer

processes)

Condition (Co)
Next State {§8)
Process [£:3:3)
array of size (Maximum
End Record:
Array
Local
State Table:=of size (Maximum items)
Constants:
Integer
Single
Local
Unconditional execution :=
. End state := 8
End of state table := -1
Processes complete := -l
Maximum processes := 3
Variables:
Integer
Single
External
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Local

Array
Local

State table pointer (sTp)
Process pointer (PRP)
Process (PR)
Current state {cs)
Next state (NS)
Condition {coy

State variable

State table (sm)

Data State Table

Current s
1

NN N O AN U e W W W NN N

End data

Figure 3.3 @

tate Condition Next state Process
1,2,~1
3,-1
4,-1
5,-1
4,-1
5,-1
-1
5,-1
«“1
6yl
Te-1
7,8,~1
8,-1
-1

-1
9:2,-1
Boml
-1

VNN oa WO

I IR ar
w o [
L N R N N I LR S Sy

~

ontd. IFE Main Program
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Begin :
State variable := Initial state
Condition := Initlal condition
8TP 3= 1
PRP 1= 1
While (State variable <> End state) Do
. If (ST.C5:STP = State variable) Then
D If (ST.CO:STP = Condition or
]
]

8T.C0:STP = Unconditional execution) Then
Next state 3= ST.NS:STP
While (ST.PR:PRP:STP <> Processes complete
and PRP <= Maximum processes) Do
Call Processes (ST.PR:PRP:5TP) Condition
! PRP = PRD + 1
N ﬂ End While J
) If (ST.PR:PRP:SIP <> Processes complete) 4
Then
* Signal error: incorrect state table *
Bnd if
State variable := Next state

l
]
] sTP := 1
)
J

S

PRP 1= 1
Elge
STP := STP + 1 '
If (BT.CS:STP = End of state table) then

* gignal error: undefined state * } |

Bndif ;
* 'J Bng if .
“ End if
T End While
,..l End :
[j End Program :

Pigure 3.3 contd. IFE Main Program
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Procedure Processes

* This procedure calls the required process. *

Inputs : Process number
Outputs : Condition

Variables:
Integer
Single
Bxternal
Brocess number
Condition
Begin :

Case Process Number of :
1 : Call Initjalisation
2 : Call Select form {) Condition
s Call Select unused fields () Condition
: Call Edit form header () Condition
Call Bdit Bgide form () Condition
Call Select options () Condition
Call Get sort information {) Condition
+ Call pelete blank records () Condition
9 : Call Sort records () Condition
Else
* Signal error: undefined process *
Endcage
End :
End Procedure :

o Nt s w

Figure 3.4 Procedure Processes
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Procedure Form Selection

* A routine to prompt the user to specify the *
* Bgide form to be edited, whether certain f£ields *
* are to defined as unused, and whether the Bgide *
* form  header is  also to  be edited.
*

Inputs: * None *
Outputs: Porm name,Condition

Variables:
Chars
Single:
Global:Partition:A
Form name

Array:
Localt
Valid form names

Integer:
Single:
Local:
Condition

Begin:
Open Form Library (Formiibl)
Clear Entire Screen and Display Form (Select)
Get Named Data (Ndata,Valid names)
* Store Valid names in Valid Form Names *

FPigure 3.5 Modified form selection process
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While (* form ls incomplete and selected
form name is invalid *} Do
Return Values for All Flelds (Field values)
# Validate user-selected form name *
End while

If {* normal exit from form *) Then
Case option of:
Select unused fields: Condition:=Cl
Display form header : Condition:=C2
Else
Conditions=C3
End case:
Else
Condition:=C7
End if
End:
End Procedure:

Figure 3.5 contd.. Modified form selection process
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Procedure Display Porm Header

¥ A routine to display and edit the Header of an ¥
* ¥gide form. *

Inputs: Form name
Outputs: * None *

Constants
Char:
Single:
Localy
Ndata

Variables:
Char:
Single:
Local:
Header Data

Char:
Single:
Global :Partition:a
Form name
Begin:

Clear Entire Screen and Display Form (Header)
* Retrieve Header data from input form file *
Output Values to All Pields (Header data)
While (* form is incomplete *} Do

Return Values for All Flelds (Header datal
End while
* save Header data in input form £ile *

Pigure 3.6 Modified display header process

aa




69

If (* normal exit from form *) Then
Condition:=Cé
Else
Condition:=C7
End if
End:
End Procedure:

Figure 3.6 contd. Modified display header process




If (* normal exit from form *) Then
Condition:=Cé
Blse
Condition:=C7
End if
End:
End Procedures

ke Figure 3.6 contd. Modified display header process
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CHAPTER ¢
PERFORMANCE OF IFE

4.0 Introduction

The analysis, design and implementation of IFE has
been described thus far. This chapter evaluates the
performance of IFE in the light of its
specification.

4.1 Performance of the IFF Program

During normal use the response time of IFE is good.
rormal use entails accessing a form and adding new
records wihout using the options to sort or delete
records. The actual elapsed time taken for each
cperation is obviously dependent on the total

TABLE 4.1 IFE Performance Pigures.

] OPERATION ! CPU TINE I
1 t (seconds) !
! [ 100 1 25000 |
| | records | records |
| :

[Display header f 0,20 | 0,18
iDisplay first page f 0,96 | 9,92 |
{Page forward i G, 89 | 0,87

{Page backward | 0,88 I 0,81
(Display last page | 1,06 1 42,73 ¢
IDelete blank records t 1,94 f 139,31 1
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workload of the VAX 11/750 system. CPU times for
the important operations are given in Table 4.1.

Reading or saving a file is quick because only the
"window" is read from or written to dvring these
operations. Thus even for very large files (25000
records) the response time is not significantly
different from that for very small £iles (100
records or less).

If the Delete-Records option is selected then the
time taken to check for blank records s
proportional to the file size as every record has
to be read. The Sort option is not included in the
comparison above because the maximum f£ile size
which can be sorted is dependent on the working
area currently allocated by the VAX computer
system.

4.2 User Assessment

IFE has been used extensively by six different
people, of which one 1s a typist. All have found
the system to be friendly, easy to use, and robust.
As DeMarco {1978) advocates,the acceptance test of
any system should and must be derived from the
specificatlion of that system. If this view is
applied, then IFE -meets every detail of Ilts
specification as given in paragraph l.5.

However, the severity of the shortcomings
experienced by users have been investigated. The
complaints thus far are the lack of faster
scrolling features and the delays when deleting
records from long f£iles.

n




Both these shortcomings can be traced back to
inadeguacies in the initial specification, whexe no
response times for any feature of IFE ' was
specified. However the delete records feature of
IFE "is not frequently used, thus reducing the
severity of the associated shortcoming.

The lack of faster scrolling features is admittedly
a desirable feature for modification of large
files. IFE can be modified to include this feature
at the expense of simplicity of use since more
function keys will be required.

4.2.1 Modification and Addition of Forms

Occasions have already arisen for new forms to he
added and existing forms to be modified to various
degrees. These tasks have been easily perfotmed not
only by the author but also by a maintenance
programmer who needed little guidance other than
the description of the form structure and how to
implement changes and additions of forms. The
definition and addition of a very comprex form can
normally be completed within two hours. This
attests to the ease of maintenance of the system.
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CHAPTER 5

CONCLUSIONS

5.0 Introduction

The analysis, design and implementation of IFE
using the process resource and state table methods
have bean described. This chapter discusses the
major conclusions drawn from this project.

5.1 of the pr xce method

The Process~Resource method of analysis was found
t: have many advantages over the Structured
Analysis and design method of DeMarco(l1978).
DeMarco (1978) advocates system analysis by means of
data flow diagrams and stroctured charts
independent of the machine on which the design is
to be implemented. This implies that only rescurces
common to all possible implementation machines can

. be used in the analysis, which is good when the

machine ls unknown ip the analysis stage but not
when it is. Often the machine, and sometimes even
the langaage, 1s known in the anelysis stage, as
for IFE. In the latter case, many :esources are
available and can be seen in the analysis stage to
be useful. In such a case analysis and design of
functions which can be performed by these resources
is wagteful and only Serves to increase the
complexity of the task at hand.
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*Another shortuoming of Demarco's method is that the
only resource that is allowed is a file. Since
prudent choice and Jefinition of data structures
for a particular system are resoutces which greatly
affect the design of the system, it is important
that the design methodology used allows their
manifestation, It is probable that DeMarco's method
is intended more for the commercial sector where
traditionally the only resource used is a file, as
compared to engineering and scientific applications
where this is obviously not the case.

Tt was found that the resource description
advocated by Walker (1984), viz. that of describing
a resource in terms of its behaviour and
restricting the interaction with that resource to
high level operations on it, is conducive to hiding
low level details. The information hiding benefit
derived assists in delaying implementation specific
details &t the high level design stages, which is
obviously a major benefit.

5.2 The Importance of the Specification

Most texts on software engineering stress that one
of the most important €functions of the analysis
phase in the design cycle is the production of a
correct speclification. However, the extenuating
circumstance in the case of IFE was the mistaken
assumption that a specification received from a
superior is correct.

The importance of not assuming that the initial
user specification is correct and complete has been
noted. In the case of IFE the maximum file size was
not expected to e¢xceed a hundred records in the
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mind of the designer and the user because of a lack
of experience and foresight in the usage of the
EGIDE Input Forms. Admittedly, there are only two
forms which normally exceed a hundred records.
Nevertheless, the design of IFE would definitely
have been influenced '‘by these factors had they
emerged during the analysis phase.

Fortunately IFE 1s still able ko process these
forms, albeit at a much degraded performance level.
Thus thorough discussion and refinement of the
initial user specification is necessary during the
analvsis stage. As Demarco(l1978 notes, the
performance of an efficient system is normally hnot
better than its specification.

5.3 Functional Decomposition

The functional decomposition of a system is
influenced significantly by the intuition and the
experience of the designer, a conclusion which is
supported by the Jackson Method (Yourdon et al,
1975; Lavigne, 1977). However, the experience of
this project shows that the use of the state
transition diagram helps in alleviating
shortcomings which may occur in the functional
decomposition. Thus using functional decomposition
and state diagrams iteratively should result in a
set of major processes which are tightly
controlled.

Hot all software engineering methodologies are
easily applied to all systems to obtain the
benefits therof. I think that there is an optimum
tradeoff hetween rigidly adhering to a software
engineering wekhodology and the ease of
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understanding of a system. How and where the design
of a system should adapt a particular methodology
is still the intuitive choice of the designer.

5.4 Moduwlarity Retention

The concept of using state-table-driven software in
a manner that retains the inherent modularity of
processes was advocated. The main reason for this
view is to achieve a main "state diagram which
summarises the main control and data flows of a
system in an easily digestible form. This is an
effective overview of a system. In addition this
concept improves the response time of a system, and
retains the processes resulting from the process
decomposition method. As can be seen from the PDL
descriptions of the processes before and after the
state table implementation, the only difference is
the addition of a section in each process to set
the state transition condition according te the
state table.

The concept of modularity retention is intimately
linked to that of top-down design. The well known
merits of top-down decomposgition (Freeman, 1980)
justifies the attempt in this report to retain the
various levels of the design in the implementation,
and is a strong argument for a hierarchy of states
for complex processes.

5.5 State Hiding
The cehcept of modularity retention is intimately

linked with the concept of "atate hiding". fhe
relationship of "state hiding" to state diagrams
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parallels that of "{information hiding" to
programs. It seeks to remove from the state diagram
any state which is internal teo a major process, and
which, If added to the state diagram, contributes
more to cluttering the system description than
clarifying it.
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APPENDIX A

The VAX-1l Form Management System (FMS)

Introduction

The FMS enables the user to easily define Forms,and
modify existing form definitions., Such a form
definition enables the high level language
programmex ko o sophisticated input/output
operations to a terminal without becoming engrossed
in low level details.

FMS has numerous Eacilities but only those used by
IFE will be discussed.

The Form Definition

The form is defined via the FNS Form Editor (FED).
The text of a form is drawn exactly as it would
appear on the screen when the form is displayed.
The fields in the form must be described by drawing
in the picture validation characters in the
positions required. Plcture validation characters
Getermine what input from the terminal operator is
valid for a specific character position in a field.
In the event of an error, the input is rejected und
an appropriate error message displayed at the
bottom of the sereen.The five picture validation
characters and the input associated with esach are :
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» - Alphabetic

€ - Alphanumeric
¥ - Signed Numeric
X - Any Character
9 - Numeric

Adjacent fields must be separated by at least one
blank or one character of text. all fields read
from the screen via FMS are returned as character
strings.

Field Attributes

Only two of the many attributes are used. The first
is used to associate the Help €form with &
particular field. For any one form, all fields are
associated with a common Help form which provides
information on the editing features of IFE and the
corresponding keys.

The second feature is called the Supervisor Only
attribute, and is used to satisfy the special
requirements of the Control-character Eield. When
the program turns on the Supervisor-only mode, the
operator is barred access to all fields with the
Supervisor-only attribute,

A1l fields are left-justified and blank-filled by
default.
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Porm Definition Storage and Retrieval

Form definitions are stored in form libraries which
can be accessed from programs. Creation and update
operations are done via the PMS Form Utility (FUT)
and the FMS Form Bditor (FED}.

Named Data

This section of the FMS Form Description consists
of fifteen recourds, each of which consists of two
£ields. The first field is for a six-character name
agsociated with the data stored in the second
field. Each data field can contain a maximum of
sixty characters, and can be used for whatever
additional features the programmer desires to
implement. IFY uses the Named Data section to store
field-specific information as shown in Table Al.

TABLE Al Format of Named Data for IFE

FLDNO | N, S
VLDTL | /Validation data for field 1/Validation
data for field 2/....

VLDTR | /Validation data for field N/
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where N:

8z
m:

is the number of non-bDisplay-only fields
in the form.

is the number of lines in the form

is less than or equal to 15

The validation data for each field must be i. the

format:

where P:

L:
Vi

Data:

/P,L,V,Data/

is the starting position of the field in
characters counting from the left.
is the length of the field in characters.
is the type ci validation and is :

0 If the field is not validated.

1 if upper and lower bounds test

2 if specific names test

3 if digit-by-digit bounds test.
is the data to be used in the field
validation as defined below.

Data

©

This field is not required and is
followed immediately by the
separator '/'.

lay,by1,lay,bpl,seeslag b, ]
whére} 22 k' k
a; is the lower bound,
bi is the upper bound,
aidby_ 1y i%2,3s.00s

Name, ,Namey, ... Name,

&:&;:}]’[az’bzl""[ak'bk]
&, is the lower bound of the

th .. i

i dzgi ’
en ., by is the upper bound of the

1P aigle.
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Functional Pescription of IFE

APPENDIX B

- The keys, their functions and their usage are
described in Tables Bl and B2. The layout of the

keyboard is

the

standard QWERTY type for the

VI-100, The keypad for the VT-100 terminal is shown

in Figure Bl.

TABLE Bl Keypad keys, function and usage for IPE.

KEYPAD KEY FUNCTION USAGE .
PPl Insert/ Switches from the
Overstrike INSERT mode to the
OVERSTRIRE mode, or
vige-versa.

PF2 Help Displays the HELP
form for the current
form.

. BExit Terminates all
entries in the form.
Q Page forward Displays next page.

1 Page backward Displays previous
page,

2 Last page Displays last page

3 rirst page Displays first page
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Figure Bl Keypad layout for VI100 terminal
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TABLE B2 Reyboard keys ,functions and their usage
for IFE.

KEYBOARD KREY

FUNCTION

USAGE

Left arrow

Right arrow

Delete

Linefeed

Cursor left

Cursor right

Erase character

Brase field

Moves the cursor to
the preceding
character position
within the field.

Moves the cursor to
the next character
position within the
field.

In the INSERT mode
erases the character
to the left ¢ the
cursor and closes
the space. In the
OVERSTRIKE mode,
moves the the curser
to the preceding
character position
within the field hut
erases it only when
the character is the
last one in a left-
justified fleld.

Erases the entire
fiela
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TABLE B2 contd. Reyboard keys ,functions and

their usage for IFE.

KEYBOARD KEY

FUNCTION USAGE

Ctrl W

Most keyboard
keys

TAB

BACKSPACE

RETURN

Down arrow

Repaint screen | Repaint the screen
with the current
form, field values,
and cursor location.

Insertion The keys for the
printing characters
on the keyboard
insert their
characters.

Next field Moves the cursor to
the initial position
of the next used
field.

Previous f£ield | Moves the cursor to
the initial position
of the previous used
field.

Hew line Moves the cursor to
the f£irst used field
in the next line.

Scroll down The cursor moves
one line down one line and
that line becomes
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TABLE B2 contd. Keyboard keys ,functions and
their usage for IFE.

KEYBORRD KEY| FUNCITION USAGE

the current line or
the form is scrolled
up one line {f the
if the cursor was at
the last line on the

sereen.
", » Up arrow Scroll up The cursor moves up
< . one line cne line and that

line becomes the
current line or the
form is scrolled
down one line if the
cursor was at the
first line on the
screen.
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APPENDIX C

The IFE User Interface

The Login Procedure

To log in 'IFE' is entered in response to both the
VAX/VMS Username and Password prompts. The Login
command procedure is then used to prompt the user
for the name of the site where the SA128 exchange is
located. This name is used to determine the name of
the subdirectory in which the input form £files
reside. The user is then asked whether the site is a
new one or not. If it is, a new subdirectory is
created by the command procedure and the name of the
subdirectory assigned to a logical name used to
communicate the name to the IFE program. If the site
is an old one only thy latter operation is
performed.

rorm Selection

After logging in successfully, the user is prompted
with the panel sghown {in Figure Cl.

The user is restricted to making enktries in the
encloged areas, which appear in reverse video. The
£irst entry is the form name, which must be one of
the names contained in the list under Menu. The
Display Header option allows the user to specify
whether or not the header area of the file should be
displayed, while the Unused Fields optlon enables
the user to indicate that certain fields in the
input form will not be used in this editing session.
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[ |
1 Menu |
! 1 .8BD 19 JERS |
i 2 .BBS 20 .r8C |
1 3 .ACH 21 .FsD |
[ 4 JAFH 22 LGRP |
! 5 .aNA 23 .NER |
| FORM NAME [ 6 JARX 24 .PAM I
’i | 7 «CAD 25 .POS |
-4 { DISPLAY HEADER (Y/N) . 8 .CAX 26 JPRE |
s [ 9 .CEC 27 RNV |
/ _J | UNUSED FIBLDS (Y/N) E 16 .CLS 28 JRPG |
' | 11 .cro 29 .8DA |
j [ 12 .Crx 30 .TTX
1 i 13 .DEP 31 .7 |
) :] i 14 .pBp 32 7Y% |
! 15 .BEX 33 LURS |
. J ! 16 .DIF !
i 17 JEQP t
N i 18 .ERC i
I . :
! 1
' ] i i
! i 1
1
)l
’} Pigure C1 Form Selection Panel
I .] The default values for the options are shown in
- Figure Cl.
8 The 'TAB' key is used to jump to the next fleld,
'BACKSPACE' to jump to the previous f£ield, and
f 'RETURN ' to exit this panel.
1
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The Header Area

The f£ile header is displayed using the panel shown
in Figure €2 if the Display Header option ls active.

* *
* HEADER FOR FORYM .formname *
* "

File Header of 10 lines

Pigure €2 File Header Panel

The data area consists of 10 rows, each of 79
characters. Editing is the same as for the Form
Selection panel with each row considered to be a
field.

Selaction of Unused Fields
If the Unused Fields option is active, then the user

is prompted te select the unuzed fields with a
typical panel as shown in Figure c3.
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* *
* Pield Field Field Field Field Field *
* namel name2 name3 named name5 nameé ¥
[ N N N N n L} f

Type Y if the field is unused.

Figure C3  Panel to select unused fields.

The text area of this panel is the same as that of
the form used to input the data, Below each fileld
name is a single character in reverse video used to
select the fleld as used or unused. Selection of the
field as unused will result in the user being denied
access to that fileld during editing of the input
form. Editing of this panel is the same as for the
Form Selection panel.

Input Form Panel

A typlecal Input Form Panel is shown in Figure C4.

In order to minimise user confusion the input ferm
panels were made to resemble as closely as possible
those on paper from widch the data is copied. Data
£ields are entered directly belew the corresponding
f£ield names in the text header, and adjacent f£ields
are clearly separated by blanks.

The maximum screen gize is 24 rows by 132 column
characters including the message area. However, not
all 132 columns are used for all f£mrms since the

90

i,



e Lo (d O o 23

i

* *
* Field Fleld Pield Field Field Pield *
* namel  nane2 name3 name4 nameS name6 ¥
ERkk KRR AR A S

Scrolled Data Area

1
1
1
|
!
|
I
)
|
!
!
!
1
1
1

| Message Area : !

Figure €4 Screen Layout for Input Form Panel

width of the form is determined by the number of
fields and f£ield sepa.ators. At present the width of
all input forms is the range 100 to 132 columns.

The length of the sc¢.en is fixed at 24 rows for all
forms, and is made up of the lengths of the text
header, the data area, and the message area. Since
the length of the text header is determined by that
of the f£ield names, it dAiffers for each form,
varying from 3 to 7 rows. S8ince the length of the
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message area is always 1, the lenwth of the length
of the data area in each form also varies from 15 to
19 rows. All lines in the data area are 80
characters long and are scrolled.

The message area is used to display informational
and warning messages such as 'Illegal value', 'Top
of buffer’, 'Bnd of buffer’.

Option Selection

On termination of the editing session the user Is
prompted with the panel shown in Figure C5.

DELETE RECORDS (¥/N} N
SORT RECORDS (¥/n) N
ANQTHER FORM (¥/m N

FPigure €5 Option Selection Panel

BExcept for the options, the description of this
panel 4is similar to the Form Selection panel. The
Delete Regords optlon is used if there are any blank
records in the input form. If the recerds are to be

92

PR gy — R S T R R T

3




S M Sovis s s e v R st e i

3

sorted then the Sort option is selected. The Another
Form option enables the user to stay in IFE to edit
another form, or to exit from IFE.

Sort-key Panel

If the Sort option is active, the user is prompted
with a panel similar to that of Figure C6.

* *
* Field Field Field Field Field Field *
* namel name2 name3 named name5 name6 *
i [} 0 0 0 0 SORT-REY (0-9) !
1 |
! A A A A A SORT ORDER(A/D}!{

Figure C6  Sort~key panel

The description of this panel is similar to that of
the Unused Fields panel, the main difference being
that for each field that is to be sorted 2 fields
must be Ffilled in, viz. the sort-key number and the
order of the sort fo. that sort-key. The sort-keys
determine the order of the sort, eg. a sort-key of 1
indicates the field is khe primary sort-key while a
sort~key of 2 indlcates thet the field is the
secondary gort-xey. The sort-order specifies whether
the field should be sgorted in ascending or
descending order. Bditing d{s as for the Form
Selection panel.

If the user has indicated that he wants “o edit
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another form, then the Form Sglection psnel is now
displayed. Otherwise IFE terminates. 23
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