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Abstract

This thesis dedls with a substantial problem: the lack of reliable
and robust information © support the ever more important function of
energy management. Specificdly, it investigaes the use of a
communication technology namely eectronic data interchange [EDI],
known as the computer to computer exchange of information via
acceptable standards and communication links to address the problem of
data collection and integration.

In recent years technology has progressed at an astounding pace.
Computer hardware and software applications have reached a level of
sophistication that few people could have foreseen. Consequently,
information and the technology used for its exchange are a drategic
concern in amost every organisation. Today’s energy managers are
confronted by an astounding array of issues and quantities of data
relating to energy and environment.

The present work addresses approaches to the attainment of a
robust and reliable information flow within and between organisations to
support effective decision-making.

Electronic data interchange techniques for enhancing the integrity
and rdiability of information flow are developed and tested within two
case studies.

Finally, the future work required to increase the agpplicability and
accuracy of routing electronic data interchange is elaborated in terms of
the required integration with other aspects of information technology.



Chapter 1

INTRODUCTION

“Energy management can be defined as the combination and application of business
management and industrial organisation methods, to assist the optimal use of energy
resources for effective task processing” .

“ Good information is essential to effective decision-making.” [ Robert Priddle IEA1999]

1.1 ENERGY MANAGEMENT
The ned for energy effidency, bath for economic and ewvironmentd

reesons, has never been grester. The Internationd Energy Outlook 2000
[IEO2000] predicts thet energy consumption will increese by 60% over peiod
1997 to 2020. Enagy use worldwide will continue to grow a an aveage
anud rae of 11% and by 2020 the world consumption will rise from 380
quedrillion British themd uwnits (Btu) in 1997 to 608 quedrillion Btu in 2020
(figure 1).
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figure 1.1 world energy consumption (Quadrillion Btu) 1970-2020

It is the assumption of economic growth (espeddly in the devdoping world)
that, more than any other fector, is the resson for the antidpated increase in
energy demand.
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The Internationd Energy Outlook 2000 [IEO 2000] dso points out that world
cabon emissons are projected to rise from 6.2 hillion metric tons in 1997 to
81 hillion meric tons in 2010 and 100 hillion meric tons in 2020. In this
forecad, world carbon emissons exceed ther 1990 levds by 40% in 2010 and
by 72% in 2020 (figure 2). Emissons in the indudridissd world grow by 1.1
billion meric tons baween 1990 and 2020, with nealy one-hdf of the
increment attributed to an incresse in naturd gas use.

Billion Metric Tons

Mindustrialized EEE/FSU
MDeveloping ETotal World =

=
[
i

1990 1997 2010 2020
figure 2.2: World Carbon Emissions by Region, 1990-2020

Confronting this growing world enagy demand rasss two quesions Wil
there be enough energy avaldble and in wha forms? Resssuringly, there
gopears to be no progpect of absolute shortage, a@ least for the next twety or
thirty years and probably beyond. Fossl enagy resources are ill  abundant:
for exanple, the cumuldive production of naurd ges hes ussd only one gxth
of the 325 trllion cubic metres of known resrves Cod resrves ae even
larger, providing a bass for continuous production for hundreds of yeas
Known uranium resources even on the bass of present knowledge, could
megt the curent levd of demend for a peiod of 8000 yeas if advanced
nudear technology is developed [IEA 1997].
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Condderdion of energy in rdadion to the built ewironment throughout the
world's developed countries reveds tha 20 — 55% of dl ddivered enargy can
be directly asxociged with buildings and industry [IEA 19%4a and 1994b.
Consquently, new technologies goplied to the buld environmet and indudry
may be expected to meke a dgnificat contribution to a reduction in energy
consumption. By rasng the efidency of enagy utlistion, it is possble to
reduce enagy consumption by 10 — 30%, represating a saving of aound
3Mtce per year [DTI 199].

Some progress hes been made in recat years as huilding energy  management
(snsrss HVAC contrd equipment) and  information  technology (IT) sysems
have evolved to a point whee they can support and integrate the adtivities
involved in energy management. With regpect to  environmental  impect  and
economics, the adlity to meke wdl-founded dedsons regading energy
consumption and supply is of the umod impotance This requires some
means to asess the current paformance and agreed tagels agand which to
judge performance.

12 ENERGY MANAGEMENT: TARGETSAND BENEFITS
Energy targets are required:
to ensure enargy isavailable to satidy al demands
to enaure enagy is used and supplied with minimd cos/ ewironmenta
impect;
to ensure energy is not wadted.

The chdlenge of achieving thee tages is the dhving foce for the
devdopmett of computer-basad energy  management toodls that endble users to
underdand how energy is consumed within thar propeties and how they can

improve the use of energy resources for effective task processng.
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The Energy Effidency Initidive a repot published by the IEA [Danish
Enagy Agecy ad the Enegy Chater 1999|, identified four mogt essantid
dements of a coherent framework for effective energy management polides

1. Focus market interest on energy efficdency

Actions include: fostering voluntary agreements; establishing and enforcing
building codes and minimum energy performance standards; integrating energy
efficiency in procurement practices; and using gover nment purchasing to stimulate
the market for advanced technol ogy.

2. Ensure access to good technology

Actionsinclude: encouraging the devel opment, adaptation and diffusion of energy
efficient technology; improving district heating systems; and expanding the use of
combined heat and power.

3. Devdop and maintain a supportive inditutiond framework

Actionsinclude: integrating energy efficiency in sectoral policies; and ensuring the
availability of impartial expertise.

4. Act to ensure continuity
Actionsinclude: establishing policy clarity; demonstrating |eader ship; implementing
effective evaluation and monitoring techniques; and strengthening international
collaboration.

Enagy management is the at of redudng the consumption of energy whildt
maintaining or improving the sandard of sarvice

1.3 DECISION SUPPORT SYSTEMS

As the enagy manegemat function grows in complexity, computer basd
“information systems’ have been devdoped to support the process. These
sydems ae die to record and monitor energy consumption, and to andyse
daa in such a way as to highlignt any deviaion from the normd bessd on
higorica trends and patterns. Redlidic targets for reductions can then be st

BEght par cet of an enagy manager’'s day is dedicaed to information
recaving, communicating and use in support of a wide vaidy of taks Snce
infformetion is the bess for virtudly dl adivities pafomed in an organisttion,
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sydems ae required to produce and manage it. The objective of such a sysem
is to enaure tha rdidble and accurate information is avaladle and presented in
auseable and understandable form [James A. Senn 1985).
The tam “Information Sysem” is fomdly defined by Niv Ahittv ad Seev
Neumann [1983] as
‘... a set of people, data and procedures that work together. Giving a
particular emphasis on systems means that the various components
seek a common objective of supporting activities like communication of
information, management activities and decision-making.’
As mawy oganistions today possess one o more of these informaion
gydems, they can be conddered to have some degree of intdligence Energy
management must therefore cover abroad goectrum of cgpabilities
A dedson aupport sydem provides three functions Frdly, it accepts daa
from intend or extend sources Secondly, it ats on daa to produce
information. Fndly, it produces information for the intended usas Examples
of the ue of infomation sydems can be found throughout the indudry. In
eech cag, the naure of the adtivity, in tems of processng daa to provide the
information needed by usas is the same dthough the procedures may vay.
Emodel is an goplication tha integraes daa processing, grgohing and
regresson moddling. Emodd can determine basdine energy use to  detlermine
retrofit savings ad hdp to idetify opediond and mantenance problems
[Energy Sygems Laboratory, Texas A&M Univerdty 1997]. Enforma is an
goplication dedgned to cod-effectivdy gahe daa ad convet it into
information  aout  building peformance [Architectwrd Energy  Corporaion,
USA 1999|. Interlane is desgned to meet the enargy management needs of
commerdd and gmdl indudrid busnessss When added to an exiging mder,
Interlane Power Manager provides usars with monitoring and control  of  thar
enagy [TeCom Inc, Horida 1999. In the UK the TEAM sydem is in
widesread use for energy manegement. The sydem  comprisss  three
windows-based  goplications for enargy accounting, autometic  monitaring  and

10
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contract  taiff andyss [Energy Auditing Agency Ltd, UK 1998]. Appendix |
summarises the features of the TEAM package.

Thee gplications ae curetly beang deployed in  dfferent organisations
worldwide to support enagy rdaed deddonrmeking. However, issues of
sudanahility are requiring ever more sophigticated decision support.

1.4“ADVANCED DECISION SUPPORT SYSTEMS': THE NEED

Although contemporary dedson support sydems can be dfective they ae
built on top of a pooly desgned daa entry modd. Therdfore they have
dfficulies to integraie high frequency, multi-aspect data When goplied to the
mut-vaidble issue of sudanddlity, it is likdy tha these sygems will
produce results that ae incomplele and therefore likdy to midead. Even the
mos sophidicated sysem, will be undde to produce meaningful and robust
information in tams of daa andyss if the undalying daabese is incomplete
Such sydems may opade wdl when goplied within the limits of thar initid
desgn, but they will not be ade to offer multi-varidble information support or
operate co-opadivdy with other goplications for finendd goprasd or
geogrgphica information digalay, for example

One example of an advanced decison support sysem is the EnTrack package
devdoped by ESRU - the Energy Sydems Ressarch Unit & the Universty of
Srahdyde EnTrack offers dl the functiondity of a oconventiond energy
managemat  sydem  for monitoring and  tageting whild  undatsking  the
dmuldion of enagy supply sydems and the demand dde dfidency meesures
The sydem ds dlows usas to track ad andyse bulding pafomance a
vaidble frequency and to formulae and implement intevetion messures that
improve the pafomance of the entity. Fndly, EnTrack theoreticaly provides
an open ended achitecture to support integration with new  communication
technologies for dectronic data trander.  This fedure of EnTrack will be the
subject of the next two chepters.

11
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1.5 INFORMATION EXPLOSION

The nomcommittd way by which information is provided through the avalable
daa resources (eg. Interne) has leed to an informdion explodon. This
gtudion is cudd because a disorepancy between redity and orgenisationd
expecdtations of daa rdisbility ad confidentidity hes been  creded.
Unfortunatdy, even advanced decison support sydems like EnTrack do not
lve the problen of information overflow. This ooccurs because information
explogon reslts in lage and complex databases tha ae extremdy difficuit to
menipulate and adyse Consquetly, the effectiveness of the information
produced is limited. It is therefore necessay to introduce rdaive order by
evolving the besc data entry module of such information systems

In this resserch the use dectronic data interchange (EDI) to overcome the
problems of informaion explogon is explored. The Hedronic Commerce
Asoddion [ECA 1998] hes defined EDI as " ...the computer to computer transfer
of information in a nationally standard, pre-determined format” .

A moe genaic defintion of EDI is offeed by Emmdhanz (1990): “...the

inter-organisational exchange of business documentation in a structured, machine
processable form”.

FHgure 13 is dhowing the man concegpt of udng the Hedronic Daa
Interchenge  [EDI] communication technology to overcome the barier of
information flow from the source to the system.

Decision
ED'I ' Support
communication System
Sourceof | technology >
Information L
Information
M anagement Energy
Network Management

figure 1.3: EDI concept

Technicdly there are three man components that mus be addressed before

eectronic exchange can commence.
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Standards: EDI dandads define the techniques for dructuring daa into
the dectronic messge equivdents of pgper-based  documents  In
other words thee ae dandadised methods for describing  the
components tha meke up a trading document, eg. product code,
price, name, address etc.

Software:  EDI manegement or tranddion <oftware is desgned to
trandate messges as they move from dandad to intend  formats
and vice vasa EDI messges beween trading patnes can move
directly to the gpplication software.

Communications: The communications infradructure  required  for
dectronic trading is andogous to the pipe work of the process that
endbles messges to flow between trading patnes Different options
ae avdladble such as exchange of discs or tapes private networks
eic. However, most UK organisations now engege the savices of a
third paty network operator who operle a VAN (Vdue Added
Network).

The evdudion of the goproach that the communication technology uses to
enable thiskind of interaction is the subject of thisthess

1.6 OBJECTIVES AND OUTLINE OF THE PRESENT WORK
The present rexsarch addressss the fdlowing vison of energy  management

posshilities

Advances in computer technology will dlow a radicd new gpproach to
decisonmeking in which infomation technology will play an integrd
pat. New communication technologies based on the Internet will dlow
the robust and rdiable exchange of informetion.

In order for advanced decison support sysems to be fully utilised by
the communicaion technologies a number of exiging baries ad
defidendesin the exising sructure of the I T tools must be overcome.

13
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Conssquently, this ressach wok encompesssd  the  following  gpedific
objectives
to dudy the requirements of the communication technology [EDI] for
data trandfer;
to employ the communication technology [EDI] in oonjunction with
advanced decison support T toolsfor energy management;
to implement, vdidae and veify the above when incorporated within
different types of usr environments

Outline

Chapter 2 destribes one advanced decison support sysem, with the focus on
its daabase integration, mantenance and  andyss feaures Chepter 3
identifies the essentid features of an EDI endbled gpproach and destribes the
dructure and devdopment of an EDI taxonomy for daa communication
between gpplications. Chapter 4 addresses the issue of gpplicability of the EDI
endbled goproach udng a number of cae dudies invaving Highland Region
Councl (HRC), North Lanarkshire Councl (NLC) and Strathdyde Universty
in Glaggow. Chapter 5 destribes the future posshility of a web-bassd EDI
implementation.  Fndly, Chepter 6 presats the proect's condudons and
indicates possble directions for further work.

14
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Chapter 2

ENTRACK PROGRAM

The needs for energy sustainability and environmental control, and the
traditional approaches have been discussed in chapter 1. It wasfound that the main
disadvantages to decision support of many of the commonly adopted approaches
focus on theissues of integrity and containment of information. It was argued that
what is required isan advance decision support program capable of maintaining the
integrity of the information that is communicated at different level has of
abstraction.

This chapter describes a system, EnTrack, which facilitates an integrated
approach to communicating information. A review of the system’s capabilitiesis
given, followed by a description of possible ways of communicating and integrating
data employing electronic data interchange (EDI) methods.

2.1 INTRODUCTION
EnTrack is desgned to dlow resource managars to track and andyse sydem

pafoomance ove time ad theeby to fomuae effedtive intervention
measures to improve the peaformance of the entity. In practice, it can dso be
goplied draegicdly in order to edablish broad policy, or tecticdly in order to
invedigate paticuar design and operationd changes It should be noted that
dthough the sydem has been primaily devdoped & a hulding enegy
tracking too, employing dfective and dfidet management of enagy, the
sydem can dso track information that is not necessaily buldng o enagy
rlaed, eg. water consumption, vehide fud dataand thelike.

EnTrack has been ceated in a manner that dlows the andyds and comparison
of supply agand demand enagy dreams in oder tha dmilaly meached
profiles may be brougnt togeher for futher evdudion and possble
integration.

Additiondly, EnTrack can be usad to undetske the condat monitoring and
integration of informetion on propaty and renewable energy schemes  trend

16



EnTrack Program

adyss ax tageing. Fndly, EnTrack is GIS" compdible This offes the
aoility to match and corrdate supply to demand enagy dreams on a tempord
and spdid bass

2.1.1 EnTrack functionality
EnTrack is a new gengaion M&T sydem contaning three intardaing

program  modules for monitoring, predicion and targeing. In  conjunction
with the provison of thee man feaures EnTrack has been devdoped to offer
the following additiond capebilities
a daabae soping fadlity to dlow the definition of goups of entities
with a gmila funcion or geogrgphicd location, for processng as a
angle enity;
GIS compatibility;
the adlity to configure goedfic user requirements such as  reporting
sreens  for  taiff andyss  prget cod  evduaion,  environmentd
emisSonseic,;
entity dassfication by fud consumption for suppot of SHedtive
resource targeting;
forecading bassd on gmulaion techniques udng regresson  equations
fomed from hidoricd fud consumption data and mahemdticd modds
of the various renewable energy technologies,
a rage of tage sdting ads from smple NP dassficaions, through
trend andyss to ful dmulaions of future demand agand  use-
Specified assumptions,
damand ad supply profile metching for dther dnge o  hybrid
reneweble energy sthemes desgned for both autonomous or  grid
connected goplications.

1 Geographical Information System
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2.1.2 Technical characteristics

The sydem ocomprisss two prindpd componets a daa coolection and
processng dandard, and a software package for the dorage, manipulaion and
andyss of the daa in support of fud use manegement. The oftware package
is bult on top of a progresve dadbase desgn tha provides many advanced
data management features [Evans 2000]. Daa of awy frequency, detal and
type may be recorded, and geogrgphicd maps can be used to improve
efective usx interaction. A tagding module can be usd to devise
consumption targets and to determine gppropriate design interventions:

Tageting is enhanced by meking use of predicor eguaions deived from
andysng buildng pefomance ad chaadteidics axd from refaence to
EnTrack's entity dassfication procedures The sydem in its current  form
utilisss a combinaion of mouse controlled sendtised maps and charadtes in
conunction with rdated pop-up menus for sSydem navigdiond purposss
Thexe provide the means of access to a wide range of andyss and report
production fadilities. Keyboard interaction is employed for basic dataentry.

18
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2.2 ENTRACK ENVIRONMENT

EnTrack operates in grgohicd, interadive mode via menu driven command
sdedtion. The sydem has a modular dructure comprisng severd  interdaed
sctions as depicted in figure 21, Essatidly, it is compossd of four man
modules

The Daabase Mantenance module, on which this reseerch is focused
in tems of the sysem's needs for automaic data importation and
integration. This modue has a dda cgpture schema coveing ettty
description  parametes and fud  consumption.  In addition, dimae and
environmental information are included.

Daa Sdection peaforms daabase scaning to sdect and focus on a
gecific range of daa according to the problem defined. EnTrack's
flexibility in the sdedtion of infoomaion pamits the aggregaion or
desegregtion  of  entities,  thus  dlowing paticular agpects of  energy
management to be explained.

Moddling provides the posshility to concave demand/aupply targets
ad to deermine goproprite desgn  inteventions to  dtan  them.
Furthermore, targeting requires the use of predictor equations derived
from the dored fud oconsumption daes in oder to andyse ettty
performance.

The andyss and Repot module is reponsble for the evdudion and
the trandormetion of the sdedted daa into usful informetion. Data
andyss involves grgphica reporting, target establishment,
dassfication and comparisons of performances of entities

The interaction between the four modules can be continuous in order to
hdp the user with the dedson meking process In other words the user
andysss the results, changes some paameeas of the problem, and executes

sHections and forecading in an iterative loop.
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Data Entry
> User Property
' Descriptive
l Details
Database Maintenance | 3| Supply Entity
Data Stream
Database v— Gl
Integration «—| Data Selection imatic
Scoping Events
Module ' :
DataModeling [ P Targeting
Database |
Classification Forecasting

s 2
» Analysisand Reports [«

Reporting

Demand and

Supply
Matching

Target
Establishment

figure2.1 Main EnTrack functions.
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2.3DATABASE MAINTENANCE MODULE

It is dressed that the mod important componet of aly enagy manegemeant
decison support IT tod is the daa oolettion and mantenance module
becaue of its impact on daa flov manegemet. Usng an  inadequatdy
desgned and maenaged daa collection sysem will produce results that ae
uspect and, more likdy, resllts tha ae ineccuratle and mideading. A mod
excdlet sydem on daa andyss canot  produce mesningfu and  robust
informetion if the daa input is unrdidble In the previous chepter it was dated
tha EDI oconditutes an endding technology for information flow management
in decigon support I'T sysems.

Thus the purpose of this section is to present the potentid of integrating EDI
into future dedson support tools. A possble way of achieving this is by
fooudng on the EnTrack sydem's daa etry requirements and examining its
internd database Sructures from the viewpoint of dataflow autometion.

As llufraed in figue 22, EnTrak’'s daabae mantenance module
comprises four bedc daa caegories Each caegory contans a number  of
dadbass tha ae regpongble for the avaldbility of information in the daa
sdection and andyss module Thexe dadbasss ae propaty desiptive
Oetals energy consumption daa both for supply and demend, and dimdic
datain terms of degree-days.

21



EnTrack Program

Latabase Maintenance
Enter
Edit
Datahase Maintenanc
Data Selection

Modelling

Analysis & Beport

1| Prewious mehu

Mernn

Manipulation, import & export of data.

figure 2.2: EnTrack data maintenance function

2.3.1 Property descriptive details database
The EnTrack program uses a badc daa entry dadbase to dore informetion

regading dl the desxiptive ddals of an ettity. The purpose of this datcbese
is to provide the sysem with information, such as the reference of an ettty or
the numbe of buldings the etity indudes Also, informetion regarding
technicd charadeidics of the etity (condruction maeids themd
trangmittance, floor aea voume exposure ec) as wdl as ddals of its
geogrgphica  location  (dae, address, post code ec) is induded. Findly,
information about the types of the control sydems regading the use of energy
within the buildingsisado avalade

Table 21 shows the contents of the propety desriptive detals databese
Badcdly, daa fidds, which represat daa ssgments of a transaction set [see
chepter 3 p322, ae spaded into two caegories. The fird involves data
that is imported by the user once and is common for dl the propaties that a
datast can handle The sscond involves daa tha is entered by the usy ad
mey differ for eech property of the datasat.
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Tablell.1: Property Descriptive details interface synopsis

Theoreticdly, EDI provides the potentid to integrate both categories of dda
fidds during the initision of the daasst. However, the sysem requirements
for datast initistion ae only 10% of the data fidds shown in teble 21, and ae
summaised asfollows
= reference number, where the sydem refas to a spedfied entity during
processing;
building number, indirect identifier of the meter holder;
= code5, (demand-side, supply-side).
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Conddeaing the above, it is more effident & this dage of devdopment to
autometicaly imported and mantained the second category daa segment by
EDI because in this cae 85% of the daa fidds will be automdicdly covered.
As a result of this complex datasgts can be remotdy accessed and integraied
eadly into the sygem.

A smilar daabese has been utilised to hold the supplie’s deals such as the
gte type (hydrodectric, photovoltaic ec).

2.3.2 Fuel streams details database
The mog impotat daabase tha EnTrack employs rdaes to fud

consumption infformetion. This daabese indudes informaion  regarding  the
energy conumption of an enity and the daes over which this consumption
occurred. In addition, the database incdudes the detalls on the type of the fud,
the supplir and a reference to the assodaed etity. Also, information about
the source of the enargy Sream is avdlabdle (meter name type ad
identification, tariffs, meter dids, certification dates etc).

DATA ENTRY ELECTRICITY

Reference pre-defined selection Essential
Date user entry Essential
Type (Fuel Index No) pre-defined selection Essential
Source (Energy Stream) pre-defined selection Essential
Account user entry

Tariff user-defined selection

Building No user entry Essential
Meter id user entry

CRT Date user entry

Reading Type user-defined selection

Day Meter user entry

Day Advance user entry

Night/Eve Meter user entry

Night Advance user entry

Eve/Weekend Advance user entry

MD Day user entry

MD Night user entry

React kVAR user entry

Capacity user entry

Power Factor user entry

Total Units calculated value

Cost user entry

Cost / Unit calculated value

Tablell.2: Fuel streams details interface synopsis

Table 22 illudraes the contets of the fud dreams dadbese in tams of
dectridty. This daabase holds a new caegory of daa ssgment rdating to
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EnTrack's  inbuilt  mahematicd  equations.  Although  this  datdbase  of
cdadaed vdues hdds dmila daa fidds as the previoudy described
datadbase, the philosophy of the two caegories ae different. In this database
usr entries are imported eech time a new st of fud consumption is recorded
by the metes At this point EDI is conddered as a necessay communicetion
meda for impoting and updding daa adttomdicdly. The sysem
requirements for daasst initision ae the 20% of daa fidds maked as
“esstid” in teble 220 However, bes paformance of the sysem requires dl
data fieddsto be assodiated with the EDI preferences

Fndly EnTrack employs dadbases for dimatic daa and ewironmentd data
rdaing to CO, emissons EDI provides the dbility to remotdy access dimate
data and to integrate thee data into EnTrack in support of daa andyss ad
gmulation based dudies

2.4 DATA ENTRY METHODS
In gengd, deddon auppot sysdems employ two intefaces for daa

importation. Data can be popuaed menudly via the keyboad and
automaticaly usng asandard format import module provided by the system.

2.4.1 Manual importation

The procedure followed in EnTrack for conventional importation  involves
meter reading and collection of invoice data, which ae then entered into the
gydem via the keyboard. This is redisad in EnTrack udng the two intefaces
gown in figures 23 axd 24. The procedure for manud populaion of new
data condsts of two steps.

Fraly, the user is requeded to enter the destriptive deals of the ettty in
oder for EnTrack to regider the new etity under a pedfied reference
number. Mogt of the descriptive deals are populaed only once snce these do
not change over time.
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Code

Location

Post Code :

Build. No.

MNorthings :

=Py Dn==Next Page =Py Up==Prewious Page <=Fl> For Lizt
figure 2.3: Property descriptive details interface

Secondly, dfter the descriptive detalls of the new ettty are dored, the user
needs to enter the asodaed energy deals by dae Additiond information
regarding the fud type the number of buildings induded in the entity and the
meters identities are d0 requested. After each new ettity has been entered a
sydem tidy is performed in order to integrate the new datawithin the system.

EntersEdit

late lItility Source Build no. Account munber

11/(11/1954 B

Hater id. H. nunber

Supplier Heter operator Auailability
h [

Tariff Reading type
[ |

axit and update

e |

figure 2.4: Entity fuel data details interface
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Help
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Hanipulat ion, inport & export of data.

figure 2.5: Supported suppliers

2.4.2 Automatic importation
Automdic importation conditutes the dooway by which EDI  communicates

with the sysdem. In genad, the automatic sydem dlows the meers to be
connected via data loggers or other suitable inteface, dlowing the energy
consumption to be monitored remotdy by other goplictions  EDI usss its
own communication protocols via a pre-defined network.

The method employed by EnTrack in order to automaicdly import daa is
based on a gengic communicaion gaeway. From this gaeway EnTrack asks
the usx to define the preferences according to which the daia will be accessd
(provider, transaction type €etc)

At this dage the user has to choose from a range of text and comma separaed
file foomas for automaic importetion of enargy daa The procedure condds
of two seps Frdly, EnTrack requires the type of daa that will be imported
(energy, dimae, environmentd). The us has to then choose the gppropriate
file foma from a lig (figure 25). Thexe file formas ae presssodaed with
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the daasgts tha EnTrack menipulaes The second sep embodies the internd
manipulation of the file for daa processng by the EnTrack sysem. When the
importetion of data concdudes the usr has agan to run a sysem tidy for full
daa integrtion. The resarch into EDI communication technology hes
reveded tha it is possble to obtan from the EDI nework, both sandard and
nondandard energy daa files With the devdopment of a processng routine
in EnTrack's engine thee files can be compledy assocaed with a current
EnTrack database.

2.5 DATA SELECTION

EnTrack has a cgpaility to define soedfied groups of daa with smilar
functions for collective andyds This cgpeblity is cdled data scoping. These
groups can be ddined through thar common charadteridics in tems of detes,
functiondity, geogrephica locaion, fud type meer refaence ec. However,
these daa groups mus be located within the sysem’'s dadbases EDI can
provide the ability to remotdy access other data types As a reult of this the
andyds is more robugt dnce there is an interaction of a wider soectrum of dda
types. After the group of daa is defined, the EnTrack processor andyses it, as
if it was a dnge etity. This daa sooping fadility is supported by EnTrack's
flexible daabese dructure whereby a dgnificant number of fidds are avalddle
for sdection to control subsequent complex seerch procedures.

2.7 ANALYSISAND MANIPULATION MODULE

EnTrack possesses a flexible reporting fadlity that cen talor sydem outputs to
a vaidy of nesds Output presntaions ae avaladle through a number of
textud or grgphicd reports Informaion is avaldde to show the different fud
consumption over a peiod of time or the amount of gaseous emissons causng
environmenta  impact. Again, EDI provides an opportunity for a more deailed
ad dfident andyds due to the wider spectrum of daa that is avalade
through the network. Furthemore, the usr is aie to use the scoping fadlity
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in combinaion with remotdy accessad databases to determine the range of the
entities tha will be asessad and the durdion over which this assessment will
occur. Fgure 26 shows a sample of written reports produced for a pedific
entity’ sdectriaty consumption.

Energy report - detailed for

Period D1/01/71903 to : 300171995

Energy sSourcs

Mixed
Mixed
Mixed
Mixed
Mixed
Mixed
Mixed

electricity
electricity
electricity
electricity
electricity
electricity
electricity
electricity

310151983
3004519083
310751993
311051993
31/01/1994
30/,04/,1994
3170751994
3171051994

Heat electricityy 04/03,1993
Entrack found 17 records.

=Previous =Next =Exit T

figure 2.6: Detailed energy report

2.6 MODELLING AND TARGETING
EnTrack has a moddling module to dmulae future demands agand usa-

goadfied assumptions This fadlity enadbles EnTrack to undeteke a  trend
andyss ad s future tages A tageing module dso exigs which can be
usd to devise demand / supply targets and to determine gppropriate design
interventions to atan them. Tagding is endbled by the exigence of predictor
equations deived from hidoricd entity data, and from reference to EnTrack's
entity dasdfication procedures Once more EDI, by enading the usx to
remotdy access cother dadbases, gives the opportunity of deiving a more
enhanced predictor equaion snce the andyss is basad on a grester number
entity observations

In order to digplay the tageing outcomes, an ettty is sdected for processng
according to the fallowing seps

section of data usad for the production of prediction equaions which
is encbled through the scoping faality described previoudy;
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an automated multi linear regresson procedure (figure 2.7).

PREDICTION EQUATIONS and PERFORMANCE RATING

Eegression Equation Results

Equation Name :

E Square Value : 0.35430

Period {days) : 3.937790
Degree days : 1.15833

figure 2.7: Regression equation result

From the rexults of the regresson andyds EnTrack is dble to produce datidics
in likdy future peafomances thus assding in the sdting of tages The
outcome of this targeing exerdse may be expressed in different formas as
falows

scatter grgph (figure 2.8);

bar chart (figure 2.9);

CUSUM greph (figure 2.10);
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Scatter Graph of Recorded Utility against Degree Days
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figure 2.8: Scatter graph of utility recorded upon degree days

FHgure 27 <how the recorded energy consumption agang degree-days to
which has been fitted a bet fit rdaionship to represat the ettity’'s
pearformance agang dimete
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Bar Chart Showing Monitored and Predicted Utility
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figure2.9: Bar chart showing predicted and monitored utility

In figure 29 both the monitored and predicted energy consumption of an
etity (or st of entities) is shown over a period of time axd in rddion to
degree-days In this regad EDI may be used to incease the sygem's
fledblity by supporting the merging of red and Imulaed data produced by
differet organisdions. This posshility is exemplified in figue 291 ad
29.2.
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Monitored
6000
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4000
kW/h 3000+ O Consumption set 1
@ Consumption set 2
O Consumption set 3
2000
1000
Predicted
0_

42 85 149 332 395 387 281 259 195 169 77 45
Degree-Days

figure 2.9.1: Energy over climatic variations

Hogure 291 shows a compaison of the monitored peaformance of two or
more entities againg the predicted performance over the dimatic variaion.

In figure 292 the pecatage of enagy use of four monitored and one
predicted entity is displayed. This is possble because the user is adle to access
more than one database viathe EDI network.

Predicted

9%
28%

28%

12%

2304 Monitored

figure 2.9.2: Energy usage percentage over a year
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CUSUM — Cumlative Deviation of the Utility
from Predicted
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figure2.10: CUSUM Graph

2.8 ENVIRONMENTAL ASSESSMENT
Of paticua rdevance is the sygem's adlity to trandorm fud consumption

daa to eguvdent polution wunits thus dlowing an  asessmat o
evironmentd impact.  FHgure 211 dhows a report regading the consumption
of decricdty of a spedfic etity over a one-year period. Information is ds0
given on the totld CO, emissons over a year paiod. The same informaion is
giveninfigure 212, dislayed in grgphica format.
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Energy Data

Reference Build Mo. :
Name
Fusl Type Tariff - Number : m Identifier : -
Year Units
Values - (Mized electricity)

Jan : 0 26518 Jul a 12132

Feb : 0 a Aug a a

Mar : O a Sep a a

Epr : 0O 14313 Ot a 13093

May 1l a Nov a a

Jun 1] a Dec a a

Total : GE056 Pollution : 41 Kg/CoZ/m2

figure 2.11 Cost of energy and pollution measured value
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2.9 ADDITIONAL CAPABILITIES

EnTrack's additiond cepabiliies compared to the dandad functiondity of
conventiond monitoring and targeing sysems may be summaised as follows
The sydem has been dedgned goedficdly for the manegement of lage
propaty sas and is equipped to ded with a high diversty of entity types It
hes a flexible propaty socoping capability that supports dasdficaion by desgn
paangeas and / or fud consumption. The sydem dso possesses a prediction
cgpability that can be ussd to compae the pafomance of smilar buildings
unde dffeeet dimdic influences o to exploe the saving potetid of
dternaive desgn or contral intervention.

2.9.1 Demand Side Modelling
In order to assess the potentid for the integration of demand and supply-dde

enagy dreams qudity daa on the consumption of dectridty, ges ail, solid
fud ecisrequired.

Once inddled within EnTrack, these data will dlow the determination of pesk
ad baxe load chaateidics together with frequency and megnitude of
fludtudtions across the dte This will provide an  ealy identification  of
abnormdities within  the consumption profile thet, in tun, will pemit remedid
or corrective actionsto be implemented.

The impotance of acquiring daa of a utdble quattity and qudity s
paamount in order to enhance the qudity of any subssquent andyss This can
betx be achieved through the provison of fud consumption deata from the
rdevant utility in dectronic foma (this may corepond to hdf houly meter
reedings if the dze of supply judifies it in cod swving tems) and through the
ingdlation of additional and automeatic Sub- metering where gppropriate.

EnTradk's sooping  fadlity will then pamit the aggregdion of  ettities in
support of renewable energy matching sudies [Born 2000].
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2.9.2 Demand to Supply Matching
An example of EnTrak's capadlies in rdaion to demand to supply

metching is shown in figue 213, This example illusrates a survey of Soottish
schools where a normdised paformance for the schools in KWhinf per year
is deaived. On the supply dde renewable energy resource edimates may be
provided dther in tams of technicd feaghility, or agang economicd and/or
environmenta  condrants  Tempord  supply-demand  maching is dso  possble
wheare dotfdls and surpluses may be identified. Potentid dtes for renewable
enggy devdopment may then be assessed according to a predeermined range
of sdetion fectors and sodo-economic and environmentd  “value  assesImeEnt
factors’.

2.10 CONCLUSION
This chgpter hes destribed the functiondity of the EnTrack sysem, and its

cgoability to pefom efident daa andyss ad produce usful and rdigde
infformation for supporting dedsonmeking in enargy  manegement.  EnTrack
comprises an open achitecture sysem for energy management and  contributes
to the bridging of the ggp beween rawv daa and usgful infformaion. However,
the qudity of the andyds and conssquently the rdigbility of the information
produced, depend on the way tha new ddaa is introduced to the sydem.
Sydems like EnTrack require rdidble and secure daa from gopropriate  but
dvase sources A fird dtempt & undedanding how EDI may effect dda
control has been established.
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Chapter 3

APPROACHES TO EDI

The need for advanced decision support information systems in energy
management has been established (Chapter 1), and an example of such system
capabilities has been discussed (Chapter 2). It was found that the main
disadvantages and inadequacies of the commonly adopted energy management
decision support systems focus on theissues of information explosion. It was argued
that what is required is a technology capable of controlling, managing and
transmitting data at any required level of abstraction, in a fully automated manner
and in support of different user requirements.

This chapter describes the possible implementation flavours of a
communication technology which facilitates such information exchange, namely
EDI. This is followed by a description of the theory of the possible information

exchange methods that may be employed.

3.1 INTRODUCTION
3.1.1 Internet: thedilemma

FHgure 31 shows the increese in cgpadty of the Border Gateway Protocol
(BGP) over time (1989 — 2000) [CAIDA 1999]. The BGP protocal is the
curent exteior routing protocol in the Intenet tha  caries  routing
information. It uses a path vector protocol that dlows the sdection of the best
path for rouing the informetion. The dze of the BGP table is proportiond to
the amount of information flow.

Dexite the fact that the Intengt is an enadling technology in taems of a new
posshility to retrieve or didribute information to the exiding options (ord by
pasond conteacts and tdephone in writing via fax o mal, in a textud or
visud form via tdevidon €c), it does not solve the problem of the oveflow of
infoomation. On the oontrary, the noncommittd way by which infomaion is
provided through the Internet does not ese the search for gpecfic and
quditetive information. The Intenet on its own canot be conddeed as a
rdisddle solution to the necessty of bringing order to the lage amount of
avalable information.
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figure 3.1 Border Gateway Protocol (BGP) table size

3.1.2 EDI: the alternative route
Duing this ressach the posshility tha dectronic daa interchange (EDI)

coud be used to sove the problem of informaion oveflov betwean
goplications has been examined. It was found that EDI was adle to support the
exchange of information between incompatiible computes without the need to
resort to the Intenet’'s protocols and routers EDI was developed when
organisations redised that in order to reman respondve and compitive, they
needed information fagter because the dfident processng of informdtion s
vitd to thar planing and contrd functions. However, it has been redisd that
EDI is not a revolutionay concept. As the power of computing and
tdecommunication has grown, EDI technologies have evolved & a naud
data carier, replacing the pgper document. Nor is EDI a new concept or a new
practice It has exiged for over two decades in Europe and Noth Ameica in
indudry sectors, with products or savices having a short shdf life but a high
unit price.

In the ealy 1970s lage companies pionered dectronic  busnes
communication. With thousands of dores and supplies to contend with, these
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organistions not only generated but processed mountains of pgper. As a result
of ths axd in order to decdronicdly communicate between them, supplies
wee forced to address the dandadisstion of  dectronic  busness
communictions In 1978, the United Saes HEectronic Daa Interchange
Sandard, known as X12, was deveoped [EDI Awae 1995]. Furthermore, in
1986, OFTP protocol (ODETTE' Fle Transer Protocol) over the X.25
nework, which is the mog common protocdl ussd for EDI file trander
throughout Europe, has been edablished [EDI-Hdlas 1997]. (Deals of the
X225 nework diagnodic eror messsges and  infredructure ae  given  in
gopendix 1l and gopendix IV repectively). ScottishPower hes used the OFTP
protocol in oder to edablish an EDI connettion with their cusomers and
suppliers. This choice was made because of the advatage of this protocol in
exchanging billing information and enagy rdaed documents Its  fedures
indude:

File restart. If a communication sesson is log patway through a file

tranamission, the file will be picked up from a recent 'check-point

when anew communications sesson commences [Hasall 1997].

On-the-fly compression. Daa can be compresad by the sending
gydem, and astomdicdly uncompressed by the recaving sydem
[Hasdl 1997).

End-to-end acknowledgements. When a file is recaved by the
dedination sydem, an acknowledgement can be st back to the
snding sysem, proving tha the file was recaved. This is known as an
End- To- End Response (EERP) [Hughes 1994].

Security. Passwords ae exchanged in both directions during the dat up
of an OFTP s=son and the sesson aborted if ather is not recognised
by the opposite system [Sklar 1998].

! (Organisation for Data Exchange by Tele-Transmission in Europe)
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Flexibility. There ae dandads for running the OFTP over an X.25
network.

Widespread support. Mog Europeen VANS and many of the mgor EDI
usars support communications with tharr trading partnersusng OFTP.

3.2 EDI METHODOLOGY
Duing this ressach diffent goproaches on the EDI  implementation have
been dudied. Badcdly, two ways of implemeting EDI have been identified:
the dandard approach, which uses dructured message formats and the non
dandard goproach, in which there is no nead to edablish messge dandard.
This mehod has been characterised as an  undructured (or  bespoke)
goproach. However, it is conduded that both goproaches use the same EDI
implementation methodology .
The EDI mehodology for daa trander beween two sydems involves five
main processes

extracting deta from a.computer system;

trandating the detainto atrangmittable format;

tranamitting the message

trandaing/interpreting the message a the recaving end;

downloading the datain the recaiving computer goplication

3.2.1 Preparation of electronic documents
Extracting daa from the sysem by means of prepaing the dectronic
documents is the mog demending pat of implemeting EDI. From a number
of methods avalable to generate the dectronic documents, this research has
identified three man caegories tha vaying according to the  goplicaion.
These are summarised asfollows
Usrs may maenudly transcribe daa from thar printed reports into a
software packege from whee it can be communicated dectronicdly to
thar cusomes EDI software peckages tha require only a modem ad

42



Approachesto EDI

a PC dlow usas to gengae ettry forms pemitting them to enter
informeation viathe keyboard.

Altenaivdy, usars may have acess to commonly used daabese
products, or Soreadshedts, from where they can export data for thar
EDI transactions It is dso possble with inexpensve commedadly
avaldble PC ooftwae to read dectronic report files from other
goplicaions, and re-format them into data files that can be usad by EDI
packages

For busneses that have exiding application sysems regardless of the
plaform, they can ocondder having the goplicaions enhanced to
gengae output in a fomat tha is eadly trandaable This gpproach
necessaily  requires  cudom  softwae  devdopment. With  cugom
Oftware, enhancaments may be done intemdly if such expatie is
avalable, or it can be developed on a contract basis.

3.2.2 Outbound trandlation

Trandaing data is a farly complex procedure invalving the encoding of the
trandaring files in a dandad message forma. Although the philosophy  of
EDI is to exchange dructured files in a dandard format, it is a fact tha some
oganisdions ae udng thar own nondructured (bespoke) fla file format.
However, in oder to exchange thee files udng EDI, thar tranddion into a
pre-defined Sandard message format is essentidl.

ScottishPower  uses both  TRADACOMS and UNEDIFACT  dandads  for
different types of files TRADACOMS is an EDI messsge dandard developed
by the ANA (e-cettre UK) in the UK. However, its use is being reconddered
a the dae fidds withn it hdd a sx-chaacter dae rahe than eght
chaacters, which gave ue to isue for the Yexr 2000 compliance
UNEDIFACT gyntax was introduced by the United Naions in 1986, and is
becoming the worldwide badis for internationd trading.
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The messsge dandard associaed with EDI is a common forma with a defined
dructure. The content, quantity and pogtion of dl dements that compromise a
documett can be defined usng the dandad. The termindlogy assodiaed with
the dandard is given in figure 32 in rddion to the dructure of a typicd form
usd in such goplication enwironments Each page rdding to a document is
known as a transaction set. This comprises a number of data segments each of
which corresponds to a line box or table on the form. A data ssgment is made
up of one or more data elements. The overdl foma used is shown in figure
33. Defined character drings dgnd the dat and end of each component part
and the individud daa ssgmentddements have segpardors asodaed  with
them [Halsdl 1997].

Transaction set
¥ r <
MMM M MK CO««C1 +« I
B S 8 W :‘!—D*El
K 3
XXX XX "‘HR‘_H__‘ '
D grmen
S S b T ok ;
39 o .
X KHH ::> '
¥ Cd«CO«3
HHK - Data element ————’/4

figure 3.2: form encoding

The encoding rules ae rdaivdy smple and the chaacter st is limited. The
trandaion to a dandad forma can be accomplished by intend sysems or it
can be done by a sgpaae packege of softwae Regadless of the means
choeen for trandaion, the end result of the process will be an output file
gengated in a edfic foma tha aty substiber to the dandad can
understand.
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L] Communications header information  ——

Interchange control header, BG * :ﬁ
Functional group header, Gs o« ——3——
Transaction set header, sT « [— F
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o#%3

4

Transaction set trailer, 5E =
Tramsaction set header, 5T *=
Data seginenis
Transaction set trailer, 5E ®

Functional group trailer, GE « 11—
Interchange control trailer, G « —————
Communications trailer — ——

figure3.3: overall document

3.2.3 Communication of information
The way that daa is trangmitted can be a function of the number of usars In a

one-to-one EDI rdaionship, trangmitting data can be achieved via a modem
connection. However, this would become impracticd with more then jus a
srdl number of recdvas Even if the man usy had an extendve privae
network avalable, successful trangmisson would require tha dl recavers be
linked into the newok. Providing this kind of connection to the sender's
computer poses a sious security problem. However, EDI usars do not have to
rdy on dther of thexe dtandives They can tun to third-paty network
savices ocommonly refared to as "Vdue Added Neworks' or  VAN.
Appendix I summarises the man feaures and chaadeidics of the VAN
network savice ScottishPower is usng a VAN provided by GEIS (Gened
Electric Information Systems) called Tradanet.

This ressarch condders thaa VAN provides an answer to the pressing problem
of security. It dlows trading patnes to be secure in the knowledge that they
can trade information, but a the same time avod gving information away.
Neither paty has access to the othe's sydems but can dHill fredy exchange
agreed-upon information. In addition, a full savice VAN can provide other
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svices  induding trandation, dandads compliance checkingg, and  EDI
software to ease the implementation process.

3.2.4 1nbound trandlation
This process is the revarse of outbound trandaion. Once the files have been

placed in the dectronic malboxes by the VAN, the recdver can retrieve them
a thar convenience The next dep in the process is to "demgo’ the file ad
trandate it into the spedfic format required by the recaver's goplicaions
Snce a gandad forma has been used, the user will be adle to fird recognise
which company the transaction is from, and then which type of transaction it
IS When trandation is complete it can be made ussble in ay dedred forma as
required by the recaiver'sinternd gpplications

3.2.5 Processing electronic documents

End-users with a highly automated process may route the information directly
into thar sydem and at upon it without intervention. Altemdivey, the user
may do litle more than print reports In ather cae and regades of the
scde, EDI can be succesdully implemented. The find dep in the process may
be to tranamit an acknowledgement transaction back to the vendor to dose the

loop.

3.3 EDI SOFTWARE

Of the three components tha meke up the EDI triangle dandards, software
and communications, this research highlighted the fact that it is the software
thet oontributes the grestet number of vaiddes and mud theefore be
caefully sdected to accommodate the way EDI sydems ae usad. The
resarch d0 showed that, in tems of bedc functiondity, an EDI software
package mud be adle to paform two fundamenta tasks It mud incorporae a
fadlity to dlow daa to be entered and encoded into an EDI dandard format.
Convesdy, for incoming mesages the <oftwae mud dlow daa to be
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decoded and entered into an in-house format. These two fedures define EDI
Software.

The choice of oftware is of cudd importance to the effectiveness of an EDI-
endbled sysem. The process of oftware sdection cannot, however, be meade
in isdlaion from the rex of the EDI sysdem and should be viewed in padld
with intrindcaly related business and technicd issues,

3.3.1 EDI Software Selection Factors
From the study of EDI network requirements, the following software selection

factors have been identified:

Ease of upgrade: As an EDI trading rdaionship maures there is likdy to be
a requiremet for enhancement of the exiding sydem. This may aie a a
relt of addiiond messges changes to exiding messsges or  Sandards,
addition of new trading patnas and thar individud messging requirements
indudon of additiond network connections or an increee in the number of
business gpplications to be integrated.

Network connectivity: Some EDI software packeges are redrictive snce they
do not dlow usas to be connected to dl of the mgor EDI neworks This is
the exoegption to the rule snce mos of the popula packages have multi-
network connectivity.

Multi-gandards capability: In cases whae a aupplier is faced with a
gtugion in which two or more trading patners require EDI messages to be
trangmitted uang dffeeet dandads the softwae mus be ade to
accommodate this need.

3.4 AREAS OF DEVELOPMENT
3.4.1 Accuracy of information

The premie of this prgect is that the issue of informaion flow accuracy is of
utmogt importance and, if digegaded, will gredly reduce the precison of
dedsonmeking and, utimady, the gpplicaion of effective energy ad
environmental managament.
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The contetion is tha the accuracy of the informetion deived from dda
andyss can only be increesed and optimised if dl rdevat aspects, fedures
and chaadterigics of a sydem ae automaed during the data collection and
integration process This requires tools that adopt a fully integrated gpproach,
and integraes daia sdection criteria and daa trander. It is obsaved tha EDI
technology is ale to solve the information flow problem by interconnecting
gydems for automdic dda transactions usng  dandad  communication
protocols.

3.4.2 Extending applicability
Although the daa colection and integretion issues ae tractable, problems

aie when trying to automae the transaction because of dructurd
incompdtibility. However, dffeent types of EDI deployment can be bendficd
in overcoming this dataincompetibility barrier.
To summarise, EDI can be implemented by a dandard structured approach or
by an unstructured goproach. Furthermore, applications and types of EDI
technology may be dassfied into three categories
= initial data selection criteria, where no communication protocols are
necessay,
= data transfer and integration, necestaing the edablisment of
communication protocols and trandation modules,
= ambitious and highly conceptualised interconnection network, where
full configuration of EDI technology is needed.
It is evident thet the potetid of EDI in contraling information flow has never
been gredter. Thisis akey issue facing the energy management community.

3.5 CONCLUSION

The preset chepter has identified the main gpproaches to EDI technology and
hes ddaled the drucdure and devdopment of an EDI  taxonomy for
sudainable and controlled information flow between gpplications
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The folowing chgptas discuss issues rdaing to the implementation and
testing of the EDI gpproach.
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Chapter 4

APPLICABILITY

This chapter identifies the main phases of EDI technology deployment. The new

communication technology pointed out in this present work isassessedintermsof its

applicability in real world issues.

4.1 APPLICABILITY
4.1.1 Levels of abstraction and applicability

Diffeeent EDI interconnection environments do not require the same levd  of
moddling abdraction. However, the required levd will depend on the type of
the trandaring files Hles ae commonly dructure defined, but there is dso
the progpect for undructured file definition. This depends on the agreement of
the usars according to the type of daa (invoices tables figures ddidics
datdbases ec). A schemdic representaion of the EDI nework was established

asfdlows
EDI NETWORK
APPLICATION \
Establishment of
Communication
Integration Preferences
sem Tid
¥ y Logon to EDI Network
Choice of the database
Database provider
Upload
(Case Study 1, Case Study 2)
TRANSLATOR < o
Dataset < < | Structur
Selection EDI message Case Study 1
standard
Choice of the Type of
EDI deployment
Adaptor
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In this chgpter the assessment of EDI goplicability will be undetsken in
phesss asshown infigure 4.1:

Phase 1. Intid deagn dage goprasd involving the provider of the
EDI inteface At this dage, no decison has been taken regarding
sydems regulaion and dtributes The providr may wish to
dictae for example what kind of informaion will be avalade or
the frequency of the transmisson.

Phase 2: Focusss on an in-depth sudy of the EDI interconnection.
Expats a this dage will be concaned to ascatan the optimum
configuraion of the nework for daa transmisson. Sudying the
requirements, they will edablish the format of the file and choose
the communicaion preferences to be employed (protocols
neworks savers). Hndly, this phese indudes the choice of the
sftwae tha the EDI providr will ue to hot the
interconnection.

Phase 3. The find dage before the intidion of the sydem is the
decison on the foom of the file dructured or undructured. This
decigon involves dl EDI usas of the interconnection. At this
dage the end-usars has to decide if there will be further internd
processng of the incoming daa before use within thar own
yysems

52



Aplicability

PHASE1
Interconnection
Model

Design
PHASE 2
EDI Network
Properties and

Preferences
Configuration

!

PHASE 3

File Form Establishment

N

Structured Unstructured
Standard Non-Standard
Development Development

figure4.1: application development phases

4.2 CASE STUDIES
The ue of EDI in daa trargmisson, and its auitadility for contralling and
managing data, is demondrated within two case sudies

A dructured dandad devdopment of an EDI nework for ddaa
tranamisson  (invoces axd enagy  oconsumption daad  invalving
ScottishPower and North Lanarkshire Council (NLC).

An undructured, rnondandard devdopment of an EDI  network
interconnecting  Highland Region  Coundl (HRC), Glaggow City
Counal (GCC), the Enagy Sygems Resach Unit (ESRU) of
Srathdyde Univeraty and ScottishPower.
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Thee caxe dudies ae used to condude on the advantages and disadvantages
of the different types of EDI interconnection.

4.2.1 Case Study 1
4.2.1.1 Application first phase

This section prests the initid dage desgn from ScottishPower of the EDI
network. ScottishPower uses the EDI nelwork to provide hilling information,
invoices and enagy consumption data to ther cusomes across the UK. For
the purposes of this ressarch, only the connection between ScottishPower and
NLC was examined. However, the network propetties and preferences are the
sare with ay o the end-usars only the type of the trandaring files varies
according to the needs of the end-user.

The way tha SoottishPower had intended to implemet the EDI network is
shown in figure 4.2. ScottishPower decided to use the X-tra software, desgned
by thar softwae devdopment depatment, for busness goplication and for
data trandation and communication.

The modd adopted dlows the end user to employ the same ftware for daa

retrievd and manegement.

Application X-tra software

Software .
Suppliers

Back end system PP

Translator . _
P Communicaton [P
Report Writer Customers
(NLC)

figure 4.2: EDI network

4.2.1.2 Application second phase
Phase two conditutes the dage where the configuration of the network tekes
place The initid concan is the edablishment of the communication protocols
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ScottishPower uses the OFTP protocol over an X.25 network. ScottishPower
hes sdected this protocol for two subdantid ressons Frdly, it is a wdl-
known protocol in Europe, and consequently it is supported by many products.
Secondly, according to pre-described festures [see p. 3.1.2], it constitutes one
of the most popular trandfer protocols for energy relaed documents.

The OFTP protocol hdps to avoid duplication of data dnce the file restart
fegture continues the trangmisson of data from the recent “check point” in the
cece of a communicaion sesson  aror. Meawhile the end-to-end
acknowledgement fedure diminades the posshility of trandaring the same
data twice. Security passwords fadlitate the confidentidity of energy data and
findly data compression accderates the trander process when subdantid daa
amounts are involved. For thexe ressons the OFTP protocol is widdy used for
EDI daatrander.

SoottishPower uses a dandard forma for  billing invoices as wdl as enargy
documents Consequently, the deddon was made to edablih a mesage
dandard [see p. 31.2] for file transactions. The choice to adopt a Sructured
EDI brought anumber of bendfits, which are summearised asfallows

= dl usarsto employ the same software with ScottishPower;

= dl usrsadhereto ScottishPower’s document formet;

= dl users have to subsaribe to a vdue added network indicaed by
ScottishPower.

The ooftware chosen by ScotishPower to implement this nework is X-tra
This product is amed a providng an intaface for menipulaing ad

communicaing data
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figure4.3: X-tra's user interface (EDI translator)

FHgure 43 dows X-tras EDI tradaor, through which an enagy file is
tradated into a preddined foma. Futhemore the tradaed file is
communicaled to the end usxr by utlisng the communication protocols
(figure4.4).

However, ScottishPower's X-tra <oftware is mideading in flexibility. It is a
typicd dektop goplicaion that will operae comfortably on its own meits
within the limits of the desgn. It canot, howeve, dlow the user to interact
whenever datatrandfer problems occur.
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figure 4.4: X-tra’s user interface (file communication)

The lag gep in the second dage of the EDI schema implementation is for
ScottishPower to subscribe to a Vdue Added Nework on which dl the
tranderred datawill be routed.

4.2.1.3 Application third phase

In this phase the EDI nework is configured and the end-user subscribe to the
network. North Lanarkshire Coundl’'s (NLC) PFaning and Devdopment
Depatment is a subscriber to  ScottishPower’s EDI network. NLC is more
intereted in the trander security in tems of confidentidity that the dructured
file interchange provides raher then the flexibility of trandearing more then
the preddined files tha the undrudured file exchange provides NLC's
decidon ssems to be correct gnce it is more interested in trandfaring dandard
dectriaty invoices and the monthly energy consumption of thar propaties
then in bulding a deddon support fadlity They subscribe as usas of the X-tra
software for the purposes of inbound trandaion of theincoming deta

NLC dso addresses issues regading building energy  management.  For  this
purpose the X-tra software is ingopropriate because it is unable to andyse data
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and deive efettive and rdidde enegy informetion. EnTrack, as desxribed in
chgpter two, is a primary tool for decison support in energy management and
NLC hes employed it for such reesons. The involvement of EnTrack into the
pre-described network is established asfollows

f: T i
{{% MS-DOS Prompt - DBASE =101 ]|

The location of thefileis
givenin order toinitiate
the transferring procedure

{5 M5-DOS Prompt - DBASE =]

: g
: NETRACK

The user chooses the
dataset in which energy
data will be transferrec
from the EDI network.
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BUILD [ATE_CODE |AC_HD

Energy data has been
processed and has been
incorporated into
EnTrack’sfuel database.

Data has been
transferred and
maintained by
EnTrack’ssystem
tidy function.

EnTrack isnow able
to analyse the new

energy data.
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FHgure 45 shows the schemdic representaion of the EnTrack’'s link to the
EDI network.

NLC EnTrack Program
datafile
—p X-tra
software Processing EnTrack’s
/n Routine —» Syst em
Adaptor
Importing
Routine
Export

> File

Metadbof
N4 Datast [ P

selection

Data I ntegration
System Tidy

figure 4.5: EDI-EnTrack link

The procedure for integraing the incoming EDI messsge in EnTrack involves
three basic deps.

Frdly, the EDI message is processed by a routine in EnTrack with which a
spaaion of daa fidds unnecessay for the sydem occurs This  process
enaures that incompdible daa is avoided during the trander ad that energy
consumption is not rdated to different time periods.

The scond dep involves the primary integration of the EDI message within
the EnTrack sydem. Exiding dadbesss ae updding thar daa dements
according to the incoming information. The whole EDI trander is rdessd
with a minimum of 12 s#s of daa This has normdly been bassd on the 12
months of the year with the data being collected on a monthly cyde However,
EDI sydem is aie to cary out higher frequency data tranders as soon as is
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gopropriate to the complexity of the sysdem. At this dage data is ensured of
ther qudity snce ndther incompaible nor  inauffident daa has bemn
trandared. The find dep is edadblished by the sysdem's tidy function wheress
the secondary and find detaintegration is secured.

4.2.1.4 Meter identification error

After importing fud use daa uang X-tra some arors were concening fud
and propaty incompatibility. When a propaty was cdled up for reporting, its
dectricty consumption was incorrect (when compared to the initid pre
processed datd). It was subsequently discovered that there was a number
mssng from the X-tra expot file which gves the mee identificaion
number. This hgppened as a result of a change to the procedure for hending
meter identification. Figure 4.6 shows EnTrack’s metering bregkdown.

Entity
/ T
Building Building
01 02
Meter Meter Meter
I dentification Identification Identification
Number Number Number

figure 4.6: entity hierarchy

According to this dructure, eech entity hes a reference number from which use
& more buldings may be accessed. That is the etity might have seved
meters and eech meter might have severd tariffs
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Noth Lanakshre Coundl's export file was missng the mee identification
numbas This problen could only be fixed by asking ScottishPower to modify
the fooma of the EDI exchange file This proved to be a time consuming task
which highlighted the problem of adopting a dructured goproach where the
utility contrals the exchange format.

4.2.2 Discussion
Employing this kind of EDI nework interconnection gives use to sved

immediate advantages.

Speed. The moving of informaion beween computers is
achieved rgoidy and with litle o no humen intervention.
Facamile trangmissons work wdl for amdl documents but for
severd hundred pages, thisis not afeasble solution.

Accuracy. Usng an EDI nework the mgor drawvbeck of
requiring re-entry into the sysem is overcome Informaion that
pases directly between computers without having to be re
entered diminates the chance of transcription error.

Security. Usng dructured file fooma means tha the posshbility
of trandared files beng intecgted is unlikdy because
passwords ae exchanged in both drections during an OFTP
E5on.

However, security cannot be conddered as an immediate advantages in the X-
tralslink with EnTrack because the OF TP sessonisnat avallable for thislink.

Although thee bendits ae convindng, adtud acogptance and  implementation
of EDI is less prevdet then might be expected because the technologicd
complexity of EDI presents anumber of mgor barriers asfollows

Expense. Computes and ther busness goplication sydems ae
complex axd expensve EDI  requires tha  information
technology be extended beyond core functions So while there
ae Ubdattid saings to be ganed from the use of EDI, the
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cod of redesgning and deploying software goplications to
integrate EDI into the exiding infragructures is high enough to
offset the anticipated advantages.

Network complexity. The ned for an  extedve
tdecommunications  cgpability  introduces a second mgor  barier
to the widesoread implementation of EDI. Beyond the computer
itdf, a badc reguirement of EDI is to trangmit and receve
infometion to and from a wide vaidy of cugomas o supplies
Thisreguired a heavy invesment in computer networks.

4.2.3 Case Study 2
4.2.3.1 Non-Standard Devel opment

Although the philosophy of EDI is to dandardise messsges and processss, it is
a faa tha gmndl organistions may have nondandad reguirements, which ae
not going to changein the near future. Common examplesare:

HRC is a use tha will not send dandard EDI messages, but ingteed
usesther own proprigary flat-file forma;

Glagow City Counadl usss an gpliction sydem tha is only
patidly configured. So, some messsges mud be turmed into a
reedable report and printed out, indead of beng passd
dectronicdly;

a gven type of mesage may nead trandding twice, for example
into the man EDI trandadion <oftwae and then into  another
aoplication for processing;

SoottishPower  deploys  different messsge types that need to be
roted to differet gpplications depending on the daa contaned
therein.

In order to sudy the nondandad devdopment of the EDI nework a desk
cae dudy has been undeteken. The virtud neture of this case dudy will be
endbled by the implementation of an EDI nework modd capable to ted and
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vaify the undrucdured EDI daa trander usng a centrd dient save.
However, the configuraion of this modd will be bassd on the dreedy teded
network preferences ussd in the physcd devdopment of the dructured EDI
network in case sudy 1.

4.2.3.2 Non-standard EDI model
The soond cae dudy of EDI  devdopment involves three different

organistions  (utility, locd authorities and  inditution). The man concarn  of
these organistions is the exchange of enargy consumption daa for building
enagy management and contral.
Bdore the initidion of the EDI nework, the following aguments have to be
congdered:

= thenework partners are usng different decison support sysems,

= enagy dataincompdibility between their goplications

= different fileformats
Consquently, the nesd for a nondandad EDI interconnection via an
undructured  file format is essentid. This connetion is desribed & a
corporate  EDI  gateway implementation, often refered to a “Multi-levd”
implementation.  Hgure 4.7 dhows pratticdly how this interconnection  wes
visudised during this research.
All the end-usas of this kind of neworking ae interconnected to the saver
via an goplication adapter. The adaptor is the essentid media in order for the
usr to communicate files It is devdoped by the usars in order to download
and upload information into ther backend sysems by converting the daa into
the forma accepted by the backend sysem. The saver is usad as a malbox to
download and upload informetion. This modd dlows transactions to be
trangmitted between the usas manly by udng XML (Extesble Makup
Language). It is bdieved tha XML is a poweful daa representation sadard
for digtised information ddivery and formatingg XML documents ae essly
coveted to ohe XML documets gmplifying backend  integration.
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Additiondly, XML separaes the daa from the presntation dyle This dlows
the presantation to be tuned to wide vaiely of output devices [W3C XML
1999.

Practicaly, thee ae two ways of interconnecting in such a nework. Either the
usr is connected directly to the server (GCC, ScottishPower) via its own
adgpter, or, in the case where a st of usars is employing the same gpplication,
the connection can be edablished via a common adgptor (HRC, ESRU). In a
gtudtion like this it is possble for usas to arange a fla file forma
transction (comma sgpaded or text forma) through the sarver. A typicd
example can be the use of EnTrack’'s dandard export fadlity (CSV format) for
data trander between Highland Region Counall and ESRU.

Highland
Region
Council

Adapter 1

Adapter 2 n(» Server
/ \ Adapter 3

figure 4.7: Unstructured EDI network ScottishPower

4.2.3.3 Network communication configuration
As in the fird case dudy, the initid concern for the users is to edablish ther

communication protocols with the server. The reseach on this kind of EDI
implementation showed that the communication protocols mud represet a
wide spectrum of gateways The OFTPPlus over the X.28 network seems to be



Aplicability

the optimum solution. OFTPPus supports dl features of the OFTP protocol
and is cgpable of running many concurrent communications sessons (40 or
more is normd in sved inddlaions). However, the most auitable protocol
for this kind of networking is conddered to be the XML Protocol, which dlow
two or more uses to communicate in a didributed environment usng XML as
its encgpaulaion language Solutions devdoped by this protocol adtivity dlow
a layeed achitecture on top of an extensble and dImple messsging formd,
which provides robustness, ampliaity and interoperahility.

For the reason that the exchange file forma is undructured, there is no need to
edablish ay EDI messge dandards. In addition, the trandaion software is
not necessry in this nonsandard connection, if the end-usars employ intend
goplicaions that support functions that the EDI software enddles An example
of such functions is the daa routing and manegement to dlow data flows to be
robud. It is a fact that data is processed through flows, which may have more
o les functiondity as required. Softwae mugt be adle to trandae incoming
data from the saver to the end-user’s gpplication formats. Nevethdess, this is
not dways necessay because it is possble that end-usars ae udng the same
goplication. In this cass HRC and ESRU ae two users that ae both usng
both EnTrack for enagy management purposes On the othe hand,
SoottishPower and  Glagow  City ocoundl  ae  udng diffeet  BEMS
applications.

4.2.3.4 Data confidentiality

The configurdtion of the interconnection pointed out aove rases the issue of
data confidentidity. Data can be accessed by evayone in the collaborating
organisdtions even though one organistion might want to redrid access to
ue of the other orgenistion. This is a mgor drawback of a nonstandard,
mut-levd interconnection.  However, this gtudion can be ovecome by
inend actions that the usas can employ. An example of this dtuaion is
where ScottishPower or Glaggow City Councdl own the daa as enagy
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consumption for their properties, just do not wish to grant access to a 3¢ party.
A possble solution is to publish only srambled daa on the saves for
exanple the data might be published in groups of the individud consumptions
not directly assodaed to eech bulding. However, the totd consumption will
dill represat the corect amount of energy. The cgpabiliies of EDI  exchange
are expected to be high enough to offset the matter of deta confidentidity.

4.2.4 Discussion
This caee dudy hes rassd a number of quesions rdaing to nondructure EDI

deployment. Speed and accwracy ae two  universal advanteges of  EDI
neworking, which ae independent of the file foom a (dructured or
undructured). However, nondandad EDI neworking deployment rases one
more mgor advantage:

Flexibility: The faat that there is no nesd for a dandad file

foma dediniion endbles usas to exchage diffaent type of

files according to their needs.

Notwithdanding thee bendfits the technologicd complexity and expense of
EDI neworking ae two mgor barigs In addition, data confidentidity is a
srious condderaion when establishing an EDI network.

4.3 CASE STUDIES CONCLUSION
In this chepter the goplicability of an EDI neworking for trandering data hes

been teded. The man opjective was to examine the use of EDI in contraling
and managing the trander of daa in order to avod information overflow and,
conssquently, the acquidtion of unrdidble daa Fom the two case dudies it
was oconduded tha EDI is a promigng communication technology for
achieving the prementioned objectives However, the drawbacks tha this type
of information exchange involves (network complexity, expense ad lack of
confidentidity) ae dill ggnificat. Nevathdess it ssems tha it is more
important for an organistion to secure the rdiadility and the robudnes of its
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incoming daa which an EDI nework provides despite the fat that severd
condrants dill exis. The next chepter goproaches the problem of network
complexity and expene by introdudng a web-based Intenet EDI modd that
provides vaue-added functions.
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Chapter 5

INTERNET BASED EDI

This research has shown that EDI can help to automate and streamline a
business by eliminating or simplifying clerical tasks, speeding information transfer,
reducing data errors, and eliminating business processes. Although EDI has been
successfully employed in specific retail industriesand in some large enterprises, it
has not been widely adopted. The primary barrierstowidespread acceptance of EDI
arethe costs of implementation and the costs of communication, which isfrequently
done using value-added networks. In this chapter two web-based Internet EDI
models are introduced, representing a web server dependent and a more generic
solution, respectively. In these models, users conduct transactions using Java-
capable browsersinstead of traditional EDI software, thus eliminating the costs of
VANSs and EDI -related applications.

5.1INTRODUCTION
Electronic Daa Interchange (EDI) hes been presated as an dectronic means

for companies to exchange daa in a dructured and computer processsble
format. It has been showed tha the primary barier to the acoeptance of EDI is
cod; which indudes the cog of implementing EDI software and the codt of
communication. In gengd only lage organisations can dford to utiliss EDI to
conduct data transactions with ther cusomes because EDI, in mogt cesss,
requires a vdue-added nework to support malboxing, protocol converson,
implementaion asSdance,  audting and other  vaue-added savices Thee
s|vicss can be oodly. Because of this may medum and smdl companies
prefer to use traditiond nonautomated means (mal, fax, tdephone ec) to
communicete data rether to employ EDI.

After a dealed andyss of EDI communication preferences this ressarch
proposes an dterndive route to the deployment of EDI. With the populaity of
the Internet, an Intengt endbled EDI offas a lowcod dtendive that is
epeddly sutable for oot sendtive goplications  An  intenet-based  EDI
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modd that enables companies to engage lowcost EDI busnes transactions
over the Intengt is theefore proposed. The modd offes  end-to-end
integration that automates the flow of daa between nework usars and internd
yysems

5.2 CURRENT EDI INFRASTRUCTURE

Although the traditiond EDI infredructure has been presated in previous
chepters, it is necessary for the purposes of this chapter to present a summary
of the current EDI infragtructure.

Erergy manegement  oganisgions have vaious goplicaions for  different
purposes, ruming on differet sydem plaforms  Diffeet types of suppliers
require dso dffeent messsge foomas  The mod common EDI  infrestructure
us mutiple EDI tradaos to tradae the vaious types of fla files
generdted by therr inrhouse gpplications into EDI formatted documents and to
tranamit the daa to thar EDI-endbled users on a dore and forward bess via a
third party VAN (figure 5.2).

Application Flat files
1 <P D trandator 1 }\
licati EDI
Application Fflatfiles
2 EDI docs EG?;':d
EDI trandator 2 — P

<_

EDI trandator 3 }/

Application
3

Flat files

figure5.1: EDI infrastructure
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5.3PROBLEMSWITH THE CURRENT EDI INFRASTRUCTURE
Dexpite the many bendfits of EDI and the fat that the qudity and price of

computers and communications equipment have improved  dgnificatly  over
the past two decades, many organisations are il reluctant to adopt EDI.
Duwing this resarch two mgor hindrances in implementation of the EDI
nework have been pointed out: expense and nework complexity. It is
bdieved tha these man obdades ae regponsble for the disgopointing upteke
of EDI:
= Jak of manegement awaeness of the draegic  bendits and
opportunities EDI may bring;
» thedfficulty of evduaing the tangible bendfits of EDI;
= Jak of top manegement commitmet to the EDI  implementaion
process,
= oconcan with the high cod of EDI hadwae software and vaue-added
network subscriptions,
= dfficulty injudifying theinvesment in EDI.

5.4 INTERNET BENEFITS
The am is to fully explot the Intenel’s promise as a low cod information

trangport mechaniam  with dandardissed formas and  protocdls  The  Internet
offers broad connectivity that links networks around the world, supports point
of use infradructures and offes a plaformindgpendent means of exchanging
infformation.  With  worldwide connections the Intemnet can dynamicdly  link
usrs to aly organisdions even though no previous transactions exid. It is
esimated that by 2002 80% of the EDI transactions will be exchanged via the
Internet [Rellly, Block 1997]

5.5 FIRST PROPOSED MODEL (SERVER DEPENDENT)
A webrbased EDI modd is propossd that adopts the “intdligent gateway”

concgpt, udng a centrd EDI sarver gte (hub) sysem to peform bi-directiond
transctions  In this modd Java-cgpeble browsars dlow usars to conduct EDI-
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like daa transctions usng the Intengt without pre-inddling EDI Software
This diminates the cods of VANs and the cods of traditiond trandation
softwae The architecture of the propossd modd as depicted in figure 5.2,
condgs of two parts the sarver ste (hub) and the supplier ste

5.5.1 Business Documents Flow

Billing ordes and invoices conditute the mgority of daa transactions among
the EDI nework usas The hub gtes backend sydem generdes the
gopropricte files that must be tranamitted to the usar. As shown in figure 5.2,
an EDI trandaor convats the proprigtary-fomat document file generated by
the hub gst€s proprictiary backend sydem, for a paticular use, into an EDI

file
Proprietary Files EDI Files
Backend Mailboxing Web
systems P Transator > Intelligent > or —> server
Gateway Repository
Server Site (hub)
i
I nternet
Backend < >
systems Computer
Supplier Site

figure5.2: New EDI infrastructure

This EDI file is then placed into a mailbox or repostory sydem via a rdidble
odivery gaeway. The repostoy sydem then sends a natification to the
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gpropriate  usr. On recaving the notification, the usxr invokes a Web
browser to login to the webserver, download and view the file Together with
the EDI file the web browss adso downloads Java Apples These Applets
trandate EDI files into a formbased contet tha is digdlayable through the
browser. In addition to the trandation and diglay of EDI files these Applets
trandfer data that can be exchanged with the user’ s backend systems.

The usr can prepae a reply document dther by entering  information
menudly in the browsr or by usng a backend sygem to gengae a reply
document, which is tranderred into the browser by the adegpter. The Java
Applets then send the prepared document back to the Web sarver. On the web
sve dde the document is recaved and depogted into the file repogtory
gydem.  FHom this repogtary, the file is sat via the intdligent gaeway into
the hub's backend sysem where normd processes ae followed in order to
asg3gn theincoming filewith theinternd sysems of the EDI user.

5.6 BASIC COMPONENTS

5.6.1 Backend Systems

The backend sydem in the hub dte generdly contans an goplication sysem,
such as EnTrack or X-tra and its undelying database to dore and operate on
this daa Thex goplicaions have thar own intend propricary daa format.
To conduct bugnes adiviies with the nework users, the backend sygem
generaes documents in the proprictary format and accepts reply  documents
from the end usas As the backend sysem only recognises its own proprietary
format, it requires atrandator to convert documents.

The supplier may have its own backend sygem to manege ther adtivities and
generae reply documents. To automate the processes of incorpording the
downloaded EDI documents into the supplier’'s backend sydem, an adgpter is
provided.
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5.6.2 Translator

A lage oganision typicdly exchages daa with many trading patnes who
require aether different dandards (eg. X12, EDIFACT) or pgper documents. In
gened the trandaor in an EDI-enadbled hub takes the responghility of firdly
convating the sende’s daa foma to a vaidy of formas and secondly
trandating vaious incoming document formes into the propricary format.
The proposed modd does not require any of the paper formats.

5.6.3 Mailboxing or Repository
Malbox savices ae the core component of VANs with may vaue-added

svices huilt on top of malboxing. The proposed modd currently utilises any
database for the malboxes and usss a web save to lig and save up
documents and gpplels The hub cedes and mantans malboxes for each
sooke, with each malbox containing an inbox and an outbox. The inbox dores
the EDI documents ddivered by the hub to the user, while the outbox saves
the reply EDI documents from the usar. By utiliang the access control
fadlities provided by the dadbase the proposed modd mantans the mailbox

and dlows each user to access only its own mailbox.

5.6.4 Webserver

The websave provides authentication by reguiring tha a supplier enter a
vaid usy id (identifying the supplier) and pessword to log on into the sysem.
After logging on, a supplier only accesses its own malbox and the Apples
and has only read privilege for the incoming documents Web saves dso
have the SSL (Secure Socket Layer) encryption capability.

5.6.5 Adapter

The adapter is used by the suppliers to import documents into their backend
sydem by convating the document into the forma accepted by the backend
sydem.
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5.7 SUPPLIER REGISTRATION
Each usy goes through a onetime regidraion via the Web. During the

regidration, the user requess a user id ad entes thar emal address (used
for notification) and other vitd informaion (company name and contact phone
number eic) and picksfrom aligt of supported backend sysems

This regidration process reguires an adminidrator of the sarver to asIgn a
passvord and run a sipt to add the new supplier, providing any additiond
information required, such as the supplier ID to be used for paticular EDI
messages. The soript will mall the password to the supplier, st up the supplier
usr id, enter the supplier inffomaion into the supplier lig ard st up the
necessary authorisations.

5.8 DISCUSSION
For many organistions, the pre-described Intenet EDI modd  offers an

dternative olution that is less expendve yet offes may of the VANSs

advantage

= it endbles suppliers to conduct automated EDI transections with the large
etaprise udng only a Jawacgoable Web brows, without inddling any
EDI software or setting protocols.

= it dlows the man usr (hub) to utliee thar exidsing EDI sydem to
conduct automated EDI transactions with the suppliers (Jookes) that ae
not EDI -enabled;

= it can coxis with the tradiiond VAN-EDI tha lage enterprisss ae
dreedly usng,

= it provides security services such as login security, access control and SSL
trangport,

= it provides end-to-end integraion that automates the budnes flow
between the hub and the spokes;

= it supportsInternet EDI.
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5.9 SECOND PROPOSED MODEL (GENERIC SOLUTION)

The sscond web-based modd  conditutes the devdopment of an engine for
gengic communication of data bassd both on EDI prindples and on the
Internet network. In order to accomplish this engine other programs and dient-
sarver sysems have to be provided.

JDBC [Buchanen 1998] is the man gpplication for the devdopment of this
egne IDBCTM is a Jwa trademak Applicstion Programming Inteface
(AF) for executing SQL daements (As a point of inteest, JDBC is a
trademaked name and is not an aconym; neverthdess JDBC is often thought
of as danding for Java Daabase Connectivity.) It condds of a set of dasses
and intefaces written in the Java progranming languege JDBC provides a
dandad AP for tool/datadbase devdopas and makes it possble to write
database gpplications usng apure Java API.

Furthermore, the ODBC Driver Manager as wel as the ODBC driver itdf has
to be asodaed with the JDBC gpplication. The desgn of JOBC is based on
tha of ODBC, a dandad way of accessng SQL-compliant databases ODBC
amply provides a mehod of connecting an goplicaion to a data source. Its
ggnificance is that it drives to be open to as may kinds of goplicaions and
sources as possble, and does so fairly successtully.

However, the key pant for the accomplishment of this engine is to desgn a
JOBC-ODBC bridge for databese access rdferred as “intdligent gateway”. The
JOBC-ODBC bridge is a JDBC drhive tha implements database connection
operdions by trandaing them into ODBC operations. To ODBC, it gopears as
a nomd gpplicaion program. The Bridge implements daabase connectivity
for ay daabese for which an ODBC driver is avalade This kind of bridge
endbles datdbase access wherever ODBC compliance occurs. However, it is
possble to ue a pure Java JOBC driver indead of the bridge and the ODBC
driver. This compledy diminates the diet oconfiguration required by ODBC.
It dso diminates the potentid that the Java VM could be corrupted by an eror
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in the naive code brought in by the Bridge (thet is the Bridge naive library,
the ODBC driver manager libray, the ODBC driver libray, and the database
dient library).

Fndly, a smat importaion engine has to be desgned and goplied interndly
into the DBMS sydem of the organission. The whde funciondity is
displayed graphicdly infigure 5.3.

5.9.1 Engine functionality
The sydem dexribed in the sthema of figure 53 comprisss the complete

visgon of the genaric communication engine

The fird dep is for a user to grant access to the online datdbases via the
ODBC Driva. This can be accomplished usng of a Jaa progran (JDBC
Driver Manager) devdoped for managing the communication link. Snce the
connection hes been edadlished, the following sep is to desgn and buld an
internd  importation engine Jawvds JK (Java Devdopmet Toolkit) can be
ueful in ths Stuation as wdl. Frdly, a module on which the uss can sdett
the type of the file that will be imported hes to be accomplished. Fle sdection
is in tams of its file extendon. Secondy, another module will be respongble
for the manipulagion of daa The ussr mud be ade to access the informaion
(fidds) from the imported dadbase and drag them into the reception database
Fndly, the third module will process and integrate the new daabase into the
man sydem's ddaabases This atire engine can be devdoped udng Javas
DK ad AP, which sppots the buldng of usx friendy and robust
interfaces
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Module 1
Data

Type Module2
Selection

Data
Manipulation

Module 3
Data

| ntegration

Java
Program

ODBC Driver Manager
YIS/ ODBC Driver

Classes

JDBC Driver Client Server

Manager

figure 5.3: Database Access via the JDBC/ODBC bridge

5.9.2 Outcome

Although the engine has nothing to do with the EDI nework itsdf, the idea of
the sydem desribed aove is bassd on EDI communicaion prindples It is
congdered as the evolution of EDI networking towards a more generic type of
transaction. Easy deck access and the independent message type ae
conddered to be the advantages of this sysem.
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The deployment of this geneiic solution for data access and communication
will endble the tranamisson of daabases to the user gopliction in a way tha
is independent from the number of end usars and the type of the nework. The
EDI router has been replaced from a dient save udng ODBC drivas This
introduces the advantage of inexpensive and smple networking.
In condudon, the following aess should be conddered for further research in
order to implement the above.
Rexarch the &t of dases ad intefaces written in the Java
progranming language, & wdl as in a paticular aea of JOBC that
provides a dandad AP for tool/datadbase deveopas and mekes
possible database gpplications deve opment using apure Java API.
* Ressach on the desgn of JDBC bassd practicdly on the ODBC's
standard way of accessing SQL-compliant databases.
= Reeagnexing of the user sydem’'s daabases for assoddion of the

new data. communication module

Comment

Although trediiond EDI has had some success in spedfic indudries
epecidly lage enterprises it has not been widdy adopted by companies The
subdantid barier is the cods asodaed with EDI implementation and VAN
savices The Intengt is a ubiquitous public nework that provides many
advantages over VANs, induding low cod worldwide connectivity, platform:

independence, and ease of use.
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Chapter 6

CONCLUSIONS

The need for a capability to electronically transfer data into advanced decision
support systems has been demonstrated. Having defined the practical objectives
(data accuracy, reliability of information, effective energy management and
confidentiality), the main goal of thiswork was to develop/enhance the electronic
data interchange (EDI) technology within energy management. The solutions
adopted facilitate the electronic data transfer and database integration at an

appropriate level of abstraction.
In this chapter, a general discussion of thiswork is presented and the requirements for future

work introduced.

6.1 CONCLUSIONS

Optimisation of deddonmeking in enagy manegemat hes assumed
greter importance not only for ressons of enargy effidency but dso for
ewvironmentd  impact.  The noncommittd  way informetion  flovs from  the
avaldble sources to support decisonrmeking within - organisstions is ad  hoc
and non optimdl.

In order to improve this gtuation, and provide dfective and eficent
support for energy management, advanced decison support sysems can be
employed. However, while such sysems can provide assessments of energy
ussge thee ae limited fadliies for the dfedive acquidtion and intdligent
integration of multi-variable information.

The man god of this wok was therdfore to invedigate the automatic
communication and integration of information from digparae daa sources into
the dedson uppot sydem in ode to fadlitate high integrity information
flow. It was agued tha the only way to respond to informaion explodon is to
provide a technology that supports the automaic trander of daa namdy
dectronic datainterchange (EDI).



Conclusions

Bassd on a review of technologies for information control and EDI, the
following ojectives were set:

= to Sudy the requirements of EDI technology for data trandfer;

= to employ EDI in conjunction with an advanced decson support tool

for energy management (EnTrack);

= to implemet, axd tet a prototype sydem within  diffeent usy

environments.

Fdlowing on from the literature review, the requirements for daa trander
were established and the main types of EDI technology categorised.

The dadbase mantenance module of the EnTrack program was then
extended by adding of an EDI feaure An additiond daaset for North
Lanarkshire Counal was then edadished usng EDI. A number of condudons
were then drawn:

= the time required to ceste and updae dadbases is dramdicdly

reduced,

= thereguired levd of human interaction has been sgnificantly reduced;

« theinformation flow is accurae, robust and rdidble

= the qudity of tranderred information has been assured in taems of its

compatibility and sufficdency.

The use of the two types of EDI technology (Structured and undructured)
were explaned and subssquently demondrated by means of two practicd case
gudies. Accordingly, their gpplicability were assumed asfollows

= Wheae two usas ae conmnected, the dandard gructured EDI oS

preferred.

« With a muti usr ewironmet, undructured EDI is conddeed to be

moreflexible

= Srudured EDI is a rdidde way of nework devdopment in terms of
deta confidentidity.

= Both EDI types presat condrants regading network complexity and
expense.



Conclusions

6.2 FUTURE RECOMMENDATION
The present work is meady a dep towads an envissged intdligent, integrated
informetion exchange and management network, and work remans to be done
in the aea of dectronic data interchange Severd aess of future research have
been identified:

= Creation of templatesfor fud use exchage.

= Credion of gandard EDI exchange protocols.

= Us support for fast track EDI implementation.

...From the above, it is clear that the objectives of this study have been
fulfilled and that the work is a step in the direction of accomplishing the reality of
electronic data interchange. With the continuous advances in communication
technologies and increasing computer-processing power, the prospect for reliable
and robust information transfer in energy management is promising. It is hoped that
the present work will generate new thoughts and encourage further developmentsin

the area of electronic information exchange in energy management...



Appendix |

TEAM SOFTWARE

.1 TEAM software

It is not intended to cary out a detaled operationd andyss of this software

a this would entall a complete implementation of the sydem to achieve but to

aummaise the functiondity offered to usas This ovaview is intended to act

& a benchmark from which to evdude the rddive merits of more intdligent

decison support sysems in tems of thar goplicadlity to energy manegement.

The fdlowing ovevievw is bessd on a combingion of demondraion and

literature review.

The TEAM sydem is made up from three sgparde windows-based sysems,

eech of which can be spaady purchased and will operate independently of

the other two:

= the energy accounting packege andyses daa and information from
invoices or meter reedings

= the automatic monitoring sysgem is desgned to intaface with BEMS
dataloggers and other autometic recording equipment;

« the contract tariff andyss has been spedificdly devdoped to accept hdlf
hourly metered and invoice daa for the evduaion of the 100kW dectricty
contacts.

|.2 Energy Accounting
The enagy accounting software is the man componat. It is bult up of a
number of modules which, when added to the man daabase, provide more
rigorous andyss and presataion tools for the usar. The softwae has been
cested aound a dandard dadbase that has been developed into a reasonably
professond intaface for the fird time usy to opeae The modules meking
up the complete energy accounting packege are liged asfollows

main database:

grgphicd and datidicd andysis



CUSUM,;

reporting module;

taiff andyss

weekly database adyss
environmenta auditing.

I .3Automatic Monitoring System

The automdic monitoring sysem is a completdy sgparae software package to
the energy accounting sysem. This package hes been desgned primaily to
accept the large amounts of daa produced through BEMS aub meeing as
frequently as on a hdf hourly bess It can dso acoept inputs from many other
data collection sysems.

Although it is amply cdled the automatic monitoring sydem, this is in redity
a complge monitoring and targeting peckage The dam is that the bendfit of
this type of sydem over convetiond M&T software is that because it handles
daa more frequently then the manud input sydems it is theefore able to
identify problems sooner dfter thar occurrence, effectivdy redudng the risk
of escdaion and conssquently maximising any cogt saving potertid.

However, this devdoped desktop type of sysem will operate comfortably on
its owmn meits within the limits of the desgn, some of which will provide
ome bedc file transfer techniques and some of the funciond windows
commands such as “cut and pagte’. It does not provide the ability to configure
links in tems of ocommunicating informdion with oher programs o a
trangoarency  between functions such as detaled finendd goprasd of projects

or even GIS sygems.



Appendix I

VALUE ADDED NETWORK (VAN)

I1.1Value added networks (VAN)

Ore of the key componetts of EDI is the communicaions medium used to
endble the dedronic trangmisson of busness documents beween a lage
number of different orgenistions throughout the world. In the ealy days of
EDI, organisations such as the Artide Number Asoddion evduated the most
gopropriate means to support eectronic communications between companies

As a realt of ther ddibedions it was determined that the use of megnetic
tgpes or diks for the exchange of data wes limited in potentid and would
inevitably cause problems when the voumes of daa exchange grew. They
d0 dedded that direct communications links between organisations would be
difficult to manage in lage numbas They thedore daemined tha the way
fowad was to ue a VAN (VdAdue Added Nework) to support the
communications reguirements of industry and commerce

1.2 TheMajor VANS

The reaut of this initiad EDI attivity, driven by the ANA, was tha ICL weas
aked to devdop an EDI savice This savice known as TRADANET haes
become the mos widdy used VAN in the UK. Subsequently, ICL st up a
jont venture company with GEIS (Gened Hedric Informdion Services) to
focus on the dedtronic messging savices budness This company, INS s
now compledy owned by GEIS beween both compenies they dam to
support the largest community of EDI usarsin the world.

Another VAN which was origindly UK bassd was Igd. It has deveoped a
bdantid usr community initidly in the astomotive and enginexing sedtors
Globd communications company AT&T then acquired it Thus both of the
ealy maket leedas in EDI ae now pat of intendiond organisaions
offering globd messaging sarvices
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The other man contenders in the UK make ae BT and IBM. IBM has had a
presence in the maket for some time and in paticuar hes edablished a niche
for itdf in the insrance busness More recatly the company's presence has
devdoped in other indudry sectors and in paticula, it has deveoped its
European base of users.

The lad mgor player to etter the maket was BT. It's pressnce within the
messaging busness was d0 enhanced by its acquistion of Tymnet. Tymnet
was one of the leeders in the US makeplace and gave BT a source of EDI
products and savices from which to evove and expand into other markets
induding the UK.

All of the &aove companies ae expanding thar make pressnce in an
increeangly wide variety of indudry sectors

In addition there ae some smdle organistions tha offer function services in
paticula indudries eg. AutoLink and DIALn&. These ae often tageted a
the amdler companies

I1.2 Benefitsof a VAN

It was dear from the outset tha any organisstion, committed to EDI, would
have a requremet to communicate with a lage number of dffaet
organisations, whether these are suppliers or didgributors The function of the
VAN thaefore was to provide a sngle chand to fadlitae this type of
communicetion.

The VANS aupport links to thar neworks for dl of the man computer
hardware and Software opading ewironments When you jon a VAN you
need only be concaned aout your link to the network whether it be from a
PC, mini or manfrane computer. What your cudomeas o supplies use to
connect to the network need not to be concaned a dl, as the VAN will take
careof dl theseindividud connectionsto ther services

Until recently, there was a limiting fector, in thet there were no connections
between neworks As a reslt, the ealy devdopment of user communities



tended to focus aound a paticuar VAN. In the retal sector the most widdy
usd VAN is the INS TRADANET savice the automotive indudry on the
other hend devdoped aound the AT&T Easylink network. If an organistion
hed trading patners on different networks it had no option other then to join
more than one.

Now dl of the networks support interconnections with each other. It is
possble therefore, to join one nework and communicate with trading partners
on awy of the neworks via thee interconnections It should be noted,
however, tha the curent naure of these interconnections means thet the full
end-to-end Audit Trall cgpdblities of VANS outlined bdow do not exig when
you send data across more than one network.

In additon to providng the bendits of a gngle communicaions link to
multiple trading partners VANS fulfil the fallowing functions

Mail boxing: At its core the VAN is essatidly an dectronic post office
It recaves dectronic messages which may be ordes invoices €c,,
reeds the addressng infomaion ocontaned in the EDI  ewdope
surrounding these messsges and pods them into the malbox of the
recipient.

All of this can be accomplished within a mater of ssconds ensuring
tha citicd busness documents can be recaved by trading patnes
within minutes

Audit Control: It will be dbvious from the above that it is essntid for the
VANS to provide the end usy with a full audt tral, 0 tha usars have
information & ther digposd with which to manage ther use of such
svices Thee fadlities ae now generdly avalable as a function both
of the networks themsdves and the oftware packages tha ae
avaldde for connection to the networks As  previoudy dated,
however, dealed end-to-end audit is not avalable via mog of the
available network interconnections.



In gengd there can be no doubt tha the ovedl levds of security
mantaned by the VAN opaaos is vey high ad tha sending
important  busness documents dectronicdly is much more sscure  than
using paper based systems.



Appendix |11

X.25 CAUSE CODES

[11.1 X.25 Cause Codes

A causee code indicaes an event tha triggered an X.25 packel. The cause code
cn only goper in etries foo CLEAR REQUEST, REGISTRATION
CONFIRMATION, RESET REQUEST, and RESTART packes Possble
vaues for the cause code can vay, depending on the type of packe. Because
the REGISTRATION exchange is not supported, those cause codes ae not
documented in this section.

Table Al desxibes the memings of cause codes for CLEAR REQUEST

packets.

Table Al Cause Code Descriptionsfor CLEAR REQUEST Packets

|Code (Hex)  ||Code (Dec) |Decription

oo |0 (or 12810 255)  |[DTE originated

o1 1 [Number busy

o3 3 |Invalid facility request
05 5 INetwork congestion

o9 9 [out of order

loB 1 Access barred

loD 13 INot obtainable

11 17 |Remote procedure error
13 19 |ILocal procedure error

15 21 IRPOA out of order

19 25 IReverse charging not accepted
21 33 |Incompatible destination
29 41 |Fast select not accepted
39 |57 Ship absent

Table A2 dexribes the memings of caue codes for RESET REQUEST
packets.

Table A2: Cause Code Descriptionsfor RESET REQUEST Packets

Code (Hex) ||Code (Dec) |Description
{00 [0 (or 128t0255)  |DTE originated
o1 1 |lOut of order
o3 3 |IRemote procedure error
o5 5 |Local procedure error
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o7 7 [Network congestion
09 9 |IRemote DTE operational
|oF 15 INetwork operational
11 17 |Incompatible destination
1D 29 INetwork out of order

Table A3 describes the meanings of cause codesfor RESTART packets

Table A3: Cause Code Descriptionsfor RESTART Packets

Code (Hex) ||Code (Dec) |Decription
{00 |0 (or 128t0 255)  ||DTE restarting
o1 1 [Local procedure error
o3 3 INetwork congestion
{07 7 [Network operational
7F 127 [Registration/cancellation confirmed

I11.2 X.25 Diagnostic Codes

The diagnodic code provides an addiiond hint as to wha, if awthing went
wrong. This code can only agpear in etries for CLEAR REQUEST,
DIAGNOSTIC, RESET REQUEST, and RESTART packes Unlike the cause
codes, the diagnodtic codes do not vary depending upon the type of packet.

Table A4 describes the meanings of possible diagnogtic codes.

Table A4: Diagnogtic Field Code Descriptions
Code (Hex) |[Code (Dec) |[Description

|00 0o INo additional information
o1 o1 linvalid P(S)

{02 (07 linvalid P(R)

10 16 [Packet typeinvalid

1 17 |Packet typeinvalid for state R1
12 18 Packet type invalid for state R2
13 19 [Packet type invalid for state R3
14 20 |Packet type invalid for state P1
15 21 IPacket typeinvalid for state P2
16 22 |Packet type invalid for state P3
17 23 [Packet typeinvalid for state P4
18 24 |Packet type invalid for state P5
19 25 |Packet typeinvalid for state P6
1A 26 [Packet type invalid for state P7
1B 27 Packet type invalid for state D1
1C 28 |Packet typeinvalid for state D2
1D 29 |Packet typeinvalid for state D3




20 £7) |Packet not allowed

21 33 lUnidentifiable packet

22 34 |Call on one-way logical channel

23 35 [invalid packet type on a permanent virtual circuit
24 36 ||Packet on unassigned LCN

25 37 |Reject not subscribed to

26 33 |Packet too short

27 39 |Packet too long

28 40 |imvalid GFI (General Format Identifier)

29 41 |Restart or registration packet with nonzero LCI
2A 42 ||Packet type not compatible with facility
2B 43 lUnauthorized interrupt confirmation

2C 44 |Unauthorized interrupt

2D 45 |Unauthorized reject

30 48 Timer expired

31 49 Timer expired for incoming call

32 |50 Timer expired for clear indication

33 51 Timer expired for reset indication

34 52 Timer expired for restart indication

35 153 Timer expired for call deflection

40 |64 |Call set up, clearing, or registration problem
41 65 |Facility code not allowed -

42 166 ||Facility parameter not allowed

43 67 |Invalid called address

44 68 linvalid calling address

45 |69 |Invalid facility length

46 70 [incoming call barred

47 71 [Nological channel available

48 72 |Call collision

49 73 |IDuplicate facility requested

4A 74 INonzero address length

4B 75 INonzero facility length

4C 76 |Facility not provided when expected

4D 77 |Invalid I TU-T-specified DTE facility

AE 78 IMaximum number of call redirections or deflections exceeded
|50 |80 IMiscellaneous
51 8L |limproper cause code for DTE
52 182 |Octet not aligned
I3 3 [inconsistent Q bit setting

|54 84 [INUI (Network User Identification) problem
70 112 |International problem

71 113 |Remote network problem

72 114 |[International protocol problem

73 115 |lInternational link out of order

74 116 |International link busy

75 117 [Transit network facility problem
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76 118 [Remote network facility problem
77 119 International routing problem
78 120 [remporary routing problem

79 121 [Unknown called DNIC

7A 122 IMaintenance action




Appendix IV

X.25 PACKET SWITCHED NETWORKS

V.1 Introduction

X.25 Packet Switched networks dlow remote devices to communicate with
eech other across high-spead digitd links without the expense of individud
leessd lines Packet Switching is a technique whereby the network  routes
individud packels of HDLC daa between different dedingtions based on
addressng within each packet.

V.2 X.25 gructure

The protocol known as X.25 encompassss the fird three layers of the OS 7-
layered achitecture as ddined by the Intenaiond Standards Organizaion
(10) asfallows

Layer 1. The Physcal Layer is concened with dedricd or ggndling. It
indudes severd dandards such as' V.35, RS232 and X.21bis

Layer 20 The Data Link Layer, which is an implemetaion of the SO
HDLC dandad cdled Link Access Procedure Baanced (LAPB) and provides
an aror free link between two connected devices.

Layer 3. The Nework Layer, which provides communications between
devices, connected to a common network. In the case of X.25, this layer is
reffared to as the X.25 Packet Layar Protocdl (PLP) ad is primarily
concaned with newok rouing funcions and the mutiplexing of
smultaneous logica connections over asngle physica connection.

The usy end of the nework is known as Daa Termind Egquipment (DTE) and
the carie’'s egquipmet is Daa Circuit-teminging Equipment (DCE). The
X225 PLP pamits a DTE usyr on an X.25 nework to communicate with a
number of remote DTEs dmultaneoudy. Connections ooccur on logicd
channdsof two types

Switched virtud arcuits (SVCs) - SVCs ae vay much like tdephone cdls a
connection is edablided, daa ae trandered and then the oconnection is
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rdessed. Each DTE on the network is given a unique DTE address that can be
usad much like atdephone number.

Permanent virtud drauits (PVCs)- PVC is amila to a leesd line in theat the
connection is dways present. The logicd oconnection is  edabdlished
pamanently by the Packet Switched Nework adminidraion. Therefore, data
may dways be sent, without any cal st up.

To edablish a connection on an SVC, the cdling DTE sends a Cdl Request
Packet, which indudes the address of the remote DTE to be contacted.

The dedindion DTE deddes whether or not to accept the cdl (the Cdl
Request packet indudes the sende’'s DTE address a wdl as  other
information that the cdled DTE can use to decide whether or not to accept the
cdl). A cdl is accepted by issuing a Cdl Accepted packet, or cdeared by
issuing aClear Request packet.

Once the originding DTE recaves the Cdl Accepted pecket, the virtud drcuit
is edablished and daa trander may teke place When dathe DTE wishes to
terminate the cdl, a Cler Request pecke is sat to the remote DTE, which
responds with a Clear Confirmation packet.

The dedindtion for each packe is identified by meens of the Logicd Channd
Identifier (LCl) or Logicd Chennd Number (LCN). This dlows the PSN to
route the each packet to itsintended DTE.

X.25 rdies on the underlying robusness of HDLC LAPB to get daa from
node to node through the X.25 nework. An X.25 packet mekes up the data
fidd of an HDLC frame Addtiond flow contrd and windowing ae provided
for eech Logicd Channd a the X.25 levd.

Maximum packet Szes vay from 64bytes to 4096 bytes with 128 bytes beng
a ddailt on mos newoks Both maximum pecket 9ze and pecket levd
windowing may be negotiated between DTEs on cal s up.

X25 gves you a virtud high qudity digtd newok a low ocod. It is
economicd for the same reason tha it is usudly chegper to use the mal then



to run your owvn podd savice thae ae tremendous savings to be mede if
multiple parties share the same infrasiructure

In mog pats of the world, X.25 is pad for by a monthly connect fee plus
packet chages Thee is usdly no hdding chage meking X.25 ided for
organizetions that need to be on line dl the time Ancthe usfful fedure is
gead maching. because of the dore-and-foward naure of Packet Switching,
plus excdlent flow contro, DTES do not have to use the same line peed. SO
you can have for indance, a hogt connected a 56kbps communicaing with
numerous remote Stes connected with chegper 19.2kbpslines.

X.25 has been aound snce the mid 1970s and S0 is pretty wel debugged and
dable Thereaelitardly no data errors on modern X.25 networks.

X.25 does have some drawbacks There is an inherent dday causad by the
dore-and-foward mechanism. On mog sngle neworks the tumraround dday
is about 06 seconds. This has no effect on large block tranders but in flip-
flop types of tranamissons the dday can be vay noticesble Fame Rday
(@0 cdled Fat Packet Switching) does not dore and forwad, but smply
snitches to the dedingion pat way through the frame redudng the
tranamisson dday condderably.

Ancther problem for the networks is a lage requiremet for buffeing to
support sore-and- forward mechanism. One of the reasons that Frame Rday is
0 cod efedtiveistha Sorage requirements are minimd.
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