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1.0 Introduction

This master thesisag performed at Ericssoel&com AB, a unit of Ericsson that
develop ATM switches. The purpose of the thesisvto design and implement a
GraphicalUserInterface(GUI) for managingheequipmenti.e. subracksaindboards)
in a ATM switch. Included in the taskag to implement a seswapplication to access
the Management Information Base (MIB) for the equipment of THé switch.

The equipment management area is concerned with the control of/siegbhard-
ware rather than grof the trafic that goes through the system. The equipment man-
agement functions are used to control the hardwand those parts of the system that
are directly related to it.

Todaythereexistssoftwareto locally controlthe switchvia a puretextual WWW inter-
face.An operatorcanusea portablecomputetthatsupportsa standardveb browvserto
perform equipment management. The portable computer is connected to the ethernet
connector of the AM switch, and can thereby control the switch through http-based
communication.

Thewebbrowseron thecomputerrommunicatesvith a“local managemergener” in

the switch which will answer to management requests. The data in the responses is
either html/images-files stored in the file system or html-code generated within the
ATM switch. These html pages are created using scripts designed in erlang and con-
tains the managed data. All the information that is displayed to the operator is fetched
from the management information base (MIB) in tAdvswitch.

An operator using WWW inteate has to step through nygrages to perform all the
different actions on the hardve. It is not een possible to vie the equipment as
graphical objects, which is the main mvation for this thesis. Implementing a GUI
will also reduce the lge amount of dferent menus in the user intack.

The idea for the user intade is to use thadility to create custom GUI components

with Java and use some layout manager to put them on the screen. Each GUI compo-
nent describes one yéical hardvare unit.

This report cwers the follaving studies:

» ErlangprogrammindanguageThesenersideshouldbeimplementedn Erlangfor
real-time requirements.

« Open Elecom Platform (DP), the deelopment evironment at Ericssonelecom.
» Java programming language for object oriented design of the GUI.

* ATM switch hardvare architecture.

* ATM switch softvare architecture.

The remainder of the report is structured as fadto

GUI For Managing the Equipment In AriTM Switch Syster8 January 1998 4



Chapter 2 of the report is a description of the harevin the switch. It also describes 2.0 Switch Hardware

the meaning of the tasks that an operator can perform on theanardw

. . . ) AXD 301 switching system hardwe consists of these main components [4]:
Chapter3 describeshetablesin the MIB usedfor handlingthe hardwareandthelinks i ; . .
on the PIUS. » Cabinets for housing equipment subracks atereal pever equipment

. . ) ) ) e Subracks for housing (circuit) boards
Further the present inteaite to control the switch hardve is described in chapter 4.

A detailed list of the requirements of this project is alsemin this chapter * Boards for realising the switch functionality

Chaptel5 presentsheclient-senerarchitecturef theapplication Thefunctionality of 2.1 Cabinet

the Erlang modules that is implemented to interact with the management resources is

also described. Thexlcomponents that is implemented for the GUI is presented. At AXD 301 switching system hargwe is installed in a switching cabinet, asvaiin
the end of the chapter the protocol used to send messages betweea diedtzand Fig.1. The cabinet contains avRer Distritution Unit (PDU) for rgulating the paver
the Erlang semr is described. supply to the boards installed in the equipment subracks.

The implementation of the Erlang senand the Je client is described in chapter 6.
This chapter also describeviido operate the inteate.

Chapter 7 concludes the report.
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Fig.1. AXD 301 Switching System Cabinet (Front view).
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2.2 Subrack

A switchis madeup of variousboardsstoredin a subrack Fig.2.shavs thefront view
of a fully equipped 10 Gbit/s switch. The boards labell€dntthis figure are the
Asynchronous flansfer Mode (AM) Termination Boards.
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2.3 Plug-In Units

Theindividual boardsn thesystemareknown asPlug-inUnits (PIUs).PIU is thelevel

you deal with when you are repairing

or testing the system.

It is possible to test the boards if ytere currently blookd. This generates awent

which shavs the details of the test. The boards accessible from the back of the switch
are called the Connection Boards (CBs). Fig.4shwhat this wuld look like if you

could tale a slice through the switch. At the front of the switch youe ltae lager of

the two boards, and at the back yowéahe connection board and all of the cabling.

Front

Back

. Minimum Configuration/r

Fig.2. 10 Gbhit/s switch (front view)

There is a backplane in the switch (shoas the dotted line dm the side of Fig.2.),
whichmeanghatthereis onesetof boardsaccssiblérom thefront of theswitch,anda
different set of boards accessible through the back (see Fig.3.).
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Fig.4. Side view of boardsin the switch.

On the front of each board there are three Light Emitting Diodes (LEDs),\a8s 8ho
Fig.6. Each LED is of a dirent colour to help you to distinguish the meanings. The
meanings are constant for all the boards in the switch.
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Fig.3. 10 Gbit/s Switch (back view).
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Fig.5. Position of LEDs on the boards.
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TheredLED lightsupwhenthereis analarmonthis board(thefirst LED from thetop
in thefigure). ThegreenLED lights up whentheboardsinternal(5 volt) power source
is working (the LED in at the bottom).

The most important LED is the yelio(in the middle) one. This one is lit when the
boardis blocked,indicatingthattheboardcanberemoved.Whenthis LED is OFF, the
board has not been blaak and so should not be reved from the subrack.

2.4 Typesof AXD 301 Boards

There are &rious types of boards that can be included in the Switch. These are
described imTABLE 1. The switch must hee Control Processors (CPs) and Switch
Cores (SCs) boards. In addition there may be one ABR an@lwek (CLK) boards.
The rest of the boards ar& FATM Exchange &rmination) boards of dérent types.
Fig.2. and Fig.3. also stvs the basic minimum configuration of boards that are
required to realise the switching functionality of the AXD 301.

The boards are usually identified by labels which contain a barcode and the name of
theboard.Thesedentitiesareshownin Fig.1.,Fig.2.,Fig.3.andtheldentity columnin
TABLE 1.

Identity Name Description

SC Switch The SC board provides functionality for the space switching
Core (SC)  of ATM cells. Because the switch core has a redundant plane,
board each subrack must be equipped with two SC boards.

CLK Clock The CLK board provides switch timing and synchronisation
(CLK) functionality. The board is equipped with four dedicated syn-
board chronisation inlets to support the network synchronisation

functionality. For redundancy reasons, each subrack must be
equipped with two CLK boards.

CP Control The CP board provides the switch with a Central Processing
Processor  Unit (CPU). For redundancy reasons, each subrack must be
(CP) equipped with two CP boards.
board

CP-10 CP Input Provides and input/output logic between devices and the CPs
Output CPU, and IO control between the CPs CPU and its harddisk.

(I10) board  The board also provides customer and support equipment
alarm inlets. For redundancy reasons, each subrack must be
equipped with two CP-10 boards.

AT ATM Ter- The AT board terminates the switch redundancy, and man-
mination ages ATM cell buffering.
board

TABLE 1. Board Ypes in the AXD 301 Switching System
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Identity Name Description

CB_ET Exchange  The ET-CBs provide different line exchange termination func-
Termina- tionalities depending on the physical ATM interfaces being
tion Con- supported, such as 34 Mbps PDH and 155 Mpbs SDH. Each
nection ET-CB provides one or more ports for connecting physical
Board links.
(ET-CB)

CB_ABR Available The ABR-CB manages the ABR service in the switch. Only
Bit Rate one ABR-CB may be installed in a subrack.
server
Connec-
tion Board
(ABR-CB

TABLE 1. Board pes in the AXD 301 Switching System

2.5 Equipment Modules

Although the indridual plysical PIUs are the basio/ld when you are testing or
repairing the system, when you are performingather task, the basicvel is the
Equipment Module (EM).

An EM is a logical construct - that is, it does not reatigteas a pysical entity How-
ever, the EM allavs you to group the folleing boards togetheand treat the whole
EM as a single object:

* An ET-CB and A, that can be treated as a single ET EM.

¢ A CP-IO and CPthat can be treated as a single CP EM.

* Two CLK PIUs and tw SC PIUs, that can be treated as a single SC EM.
« A ABR-CB and AT, that can be treated as a single ABR EM.

Being able to treat an EM as a single object means that whenever you use that EM for
configuration, fault localization, etcetera, the functions will be carried out automati-
cally on all the PIUs within the EM. This also means that all management operations
otherthanthebasicrepairandtestingof physicalP1Us,arecarriedoutonlogical repre-
sentation®f PIUswithin theEM. Theonly PIU identity thathasanymeaningor these
management operations is the logical PIU identity belonging to arFiE\6. shavs

you the diferent plysical and logical vies of the system.

Thephysicalview shavs how two PlUsareconnectedia thebackplaneandthateach
PIU has its wn set of Light Emitting Diodes (LEDs). Each pair of PIUs fits into one
slot in the subrack. In the logical wiethe follaving types of EM are shan:

« The Exchange Termination (ET) EM. Each slot in an ET EM is occupied by two
PIUs. The AT board is placed in the front slot and the ET-CB is placed in the back
slot

* The Control Processor EMs are made up of a single slot with a CP-10 board and a
CP board. The Control Processors are linked to the closest ET EMs

» TheSwitchCore(SC)EM. Thisis madeup of two slotspersubrack Eachslot con-
sists of a CLK board and an SC baard
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The ABR EM. Thisis made up of two slots per subrack. Each slot consists of a ports for connecting physical links. You can create ET EMs based on different physical
ABR-CB and an AT board. interface types, such as:

» 155 Mbps electrica
» 155 Mbps optical

e 34 Mbps
v [ ET; e + 622 Mbpsoptical

When the Equipment Module is created, information about the EM is stored in the EM

table (see Section 3.1.4). Because the EM isalogica (rather than aphysical) construct,
it only really exists as entriesin tables.

Logical view
CP-10
PIU
CcP
PIU
ET-CB
B

Slot
Slot.

Subrack

Physical view

Backplane

LEDs Connectors

Fig.6. Thedifferent views of the system.

The ET-CBs provide different line exchange termination functionalities depending on
the types of physical interfaces being supported. Each ET-CB provide one or more
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3.0 EQM MIB

This chapter describes the Management Information Bases used for handling the
equipment of the AM switch.

Information about the equipment that reakup the system is held ianous database
lists. The management block containesal tables forming a Management Informa-
tion Base (MIB).

There aists two Management Information Bases in the AXD 301 switch system, one
for handling the PIUs and EMs (equipment management MIB) and one for handling
the interces, i.e. the links on the EBs. Information from the MIBs can be fetched
through a set of instrumentation functions, aiPESNMP Agent integce.

3.1 Equipment Management MIB

It is throughtheinterfaceto thisMIB possibleto create plock, deblock,deleteandtest
the EMs and PIUs in the system. Some of the tables are described in [6] are listed
belaw.

3.1.1 Thesubrack table

Thereareoneor two rows in thistable,onefor eachsubrackin thesystemTherowsin
thistablearecreatedasaresultof createor increaseSCEM. An entryof thetablecon-
tains information a bout a subrack such as.

 subrackld. Identifier of a certain subrack.
» subrackUserLabel. A user friendly subrack name.
» subrackPos. The subrack position in the cabinet.

3.1.2 Thesdlot table

This table contains onewdfor each slot in the system. Thepés¢s twenty slots for

each rav in the subrack table. Awoin this table is identified by both the subrack Id
and the slot numbeAn entry in this table contains information about a slot in the sub-
rack:

 slotSubrackld. A reference to the associated subrack.
+ slotNo. Identifies the slot position within the subrack.
 slotSide. The &lue of this object identifies the subrack side of the slot.

 slotState. This object canvefour diferent \alues: usedOccupied (4) means that
theslotis usedby anEquipmenimoduleandequipedwith HW, unusedOccupie(B)
means that the slot is not used by &guipment moduledi there is HW inserted,
usedEmpty (2) means that the slot is usgdtoere are no HW inserted and
unusedEmpty (1) means that the slot is not used y¥Equipment module and no
HW is inserted.

* slotEm.Thisvaluetogethemith theslotSubracklddentifiesthe Equipmenmodule
that uses this slot.
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» slotExpPiutype. The type of Plug-In Unitpeected to use this slot.

3.1.3 The SC EM table
This table contains only onewalescribing the Equipment module ScEm. It holds
information about:

« ScEm7ype.Thetypeof theswitchcore.Whenthe Equipmenimoduleis createdhis
valuedecideshow mary Plug-InUnitsthatwill becreatedandin which slotsin the
subracks themust be placed.

» scEmAdmState. The adminastvatistate of the SC EM.
» scEmOpState. The operational state of the SC EM.
» scEmActivePlane. Indicates which plane is aetiplane A or plane B.

* scEmActivePlaneMode. Indicates the plane selection mode, recommended or
forced.

¢ scEmincrease. Used to increase the switch from 10G to 20G. It also indicates the
state of the increase aaty.

3.1.4 TheEM table

TheEmtableincludesinformationaboutall EM:s exceptthe SCEM. Thereis onerow

in thetablefor eachEM. Whenarow is createdhecorrespondingowsin the piu table

are created automatically for the PIU:s belonging to the EM. This table holds informa-
tion about:

* emSubrackld. The id of the subrack this EM belongs to.

« emSlotNo. The alue of this object together with emSubrackld uniquely identifies
the equipment module. Thalue should normally be the slot number of the first
plug-in unit in this EM.

» emType.Thetypeof theequipmenimodule Whentheequipmenmoduleis created
the \alue decides o mary plug-in units will be created and in which slotsythe
may be placed.

« emAdmState. The adminastretistate of the EM.
¢ emOpState. The operational of the EM.

3.2 Equipment InterfacesMIB

The interfce to this MIB mads it possible to perform block, deblock and test opera-
tions on the links in the system. There are tables of interest in this MIB [7].

3.2.1 TheifTable

The ifTable contains standard information for all managed extesf at a node. The
rowsin thistablearecreatecautomaticallywhenarow in theemTableis createdif this
EM consistof PIU(s)thathave links. Therows aredeletedvhenthecorrespondingEM
is deleted. Some useful entries in this table are:
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« ifindex. A unique walue for each inteaice.
« ifName. The tetual name of the inteate.
« ifAdminStatus. The administrag state of the link.

 ifOperStatus. The operational state of the link.

3.2.2 TheifIndexToPhysTable

This table specifies the Subrack, Equipment Module and Plug-In unit slot number for
each sublayeFollowing entries are needed to

+ ifindexToPtysSubrackld. A reference to the associated subrack.

* ifindexToPtysEmSlotNo. The slot number for the Plug-In unit that this link belong
to.

* ifindexToPtysEmPly. The number of the ghical link (on this specific EM).

3.3 The EQM Block Functionality

The functionality of the EQM block is implemented in Erlang Modules.

3.3.1 Egm PIU Module

A PIU is a general term for the hardre units which are placed in a subrackthiff

the subrack the PIU is placed in one equipment slot. This module contains @mne serv
for eachPIU in thesystemThePIU senerrepresentsnePIU in thesubrackOncom-
mands from the operator it is possible to:

» deblock a PIU seer which then loads and starts theide processor on the real
PIU. Thereafter it informs other sofane functions that the PIU is debleck

» block a PIU sersr which then stops thedee processor on the real PIU and
informs other softare functions that the PIU is blaatk

* block a link on a EFPIU senrer which then calls the diee processor on the real
PIU and thereby blocks the link in the haede. Thereafter it informs other soft-
ware functions that the link is bloe#t.

» deblock a link on a EPIU sener which then calls the diee processor on the real
PIU and thereby deblocks the link in the haadev Thereafter it informs other soft-
ware functions that the link is bloe#t.

3.3.2 Egqm EM Module

An EM is the basic unit for configuration anxtension of hardare resources and its
related software resources. It consists of one or more Plug-in units. This module con-
tains one seer that is representing all EM:s in the system. On commands from the
operator it is possible to:

e create an EM which then creates its PIU sesv
* deblock an EM which then deblocks its PIU sgsv
« block an EM which then blocks its PIU sers.

GUI For Managing the Equipment In AriTM Switch Syster January 1998 15

» delete an EM which then deletes its PIU An EM is the basic unit for configuration
and etension of
seners.

The ET and CP EM:s only ha one PIU and the SC EM carveawo PIU:s for a 10
Gbps configuration and four PIU:s for a 20 Gbps configuration.
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4.0 Problem Definition

Thischaptedescribeshepresentinterfaceto controlthehardwareof the ATM switch.
This will finally motivate the idea to maka GUI written in Jaa. A detailed list of the
requirements of the GUI is\gin at the end of the chapter

4.1 Present Equipment Management Interface

The equipment management functional area are split into three main areas: Create,
Open and Delete (Fig.7.).

The Create operation menu piaes a single operation menu title that\wBoyou to
performthemanagementperatiorto createanew EM. You selecttheoperatiormenu

title Delete - Equipment Modules to delete an EM. This opens a data list form which
displays each EM that is configured to the AXD 301 system. In the Open operations
menuyou canperformmanagemeraperationonaPIU, EM or aLink. Youselecthe
operation menu titl®lug-In Unitsto perform block, deblock or test on a PIU. This
opensadatalist form which displaysatableof all the PIUsconfiguredto the AXD 301
switching system. Eachwoin the table summarises an widual PIU.

= Netscape: AXD301 Management System (avcZ87)

File Edit ¥iew Go GCommunicator Help

ERICSSON 2 Equipment Management
Ims_ens_call_sopport 1 Configuration

& Create Open Dekete
Charging Mgmt _ " Proiuerid ists
Iis_thy_sharging_parameters ——
Ims_ro
DP Livilists
Equipment Equipment Equipment

Event & Alarm M-gm!_®- Module Modules Modules
Current Alam Lise =
Evem List (e TP
Register Infonmation Slots:

External Alam Adm

Equipment Mgmt_Z_
Configuration
Doniter

Network Synchronkzation < _
Metwork Synchronization

Pertormance Mgmt_
lis_pert_yoeas_ain

[ [ | [ @ @2 2|

Fig.7. The equipment management configuration seen of the pesent contol system.

You can access an indiual PIU by selecting a tablewdcon. This opens a medata

entry form where you can perform the desired management operation. If the PIU is a
ET-CB, you can also select ggertet linked \alue which shers a data entry of the

links on the specific PIU.dTperform ag management operations on a link, youeha

to select a table woicon to open a e data entry form. From here you can perform
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block, deblock and test on a single link. Operations corresponding to EMs are per-
formed in similar vay by selecting th®pen - Equipment Modules menu title. All the

html pages are created using scripts designed in Erlang. The Erlang application will
function as a CGl script.

The problem with this inteate is that it taés sgeral steps through Erlang generated
html pages to perform gmqmanagement operations on the equipment. Thesese
someshort-cutghroughthemenusystemput it still requiresalot of patientto wait for
the pages to skoup. It is possible to vie the plug-in units and the links graphically
but you can not perform gmimanagement operations on them.

Using Jaa to write the client wuld be \ery helpful. Jaa comes with anxensive set

of classesarrangedn packagesthatyou canusein your programsFor example Java

providesclasseghatcreategraphicaluserinterfacecomponentgthejava.avt package)
andclasseso controlthelayoutof componentsvithin their containembjects Jazaalso
provide classes todep track of user and windcsystem eents (jaa.avt.event pack-

age).Theseargumentsstronglymotivatea clientwrittenin Javato view andoperatehe

equipment of the AM switch.

4.2 Detailed Requiements
Here follows a detailed list with the requirements of what actions the operator should
be able to perform through the graphical user iaterf

* An operator should be able to perform the management operations create, delete,
block, deblock and test on an imdiual plug-in unit, equipment module or link.

» Keep track of the Administrag and Operate states of the equipment and display
both to the operator

* Operate the LEDs orvery PIU in order to indicate the blocking state and if there
are a alarms on the ptsical PIU.

* It must be possible to weboth the front PIUs and back PIUs of the subrack.
« The interhce must be automatically updated to display some dynamic data.

It should be possible to get a logicalwief the subrack where you canwiand
operate the EMs as graphical objects.

¢ The GUI should be as user friendly as possible.
In orderto solve therequirementgiven,theremustbe somesener processet handle

the requests from the client. These processes should be implemented in Erlang. The
Erlang programs must prigle functionality to:

« Receve requests from the GUI client and identify them.

» Provide functionality to create, delete, block, deblock and test on the fuardw
request from the client.

* Interact with the hardare. Scanning the egmMi and egmIfMi for PIUs, EMs and
Links and identify them.

« Send data to theya client to update the GUI.
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The application should also be easipanded in the future, both in terms ofwne 5.0 The Architecture Of The Application

equipment as well as for more program functionality
ThischaptedescribesheErlangmodulesandJavaclasseshatis implementedo fulfil
the requirements from chapter 4. The protocol designed to communicate between the
client and serer is also described.

Theapplicationis acombinatiorof aclientor afront endportionthatinteractswith the

user and a seev or back end portion that interact with the information resources

within the AXD301 system. The front end is implemented & 3and the back end

portion is implemented in Erlang. The client and theergpvocesses interact through
message passing mechanisms. The basic idea of the interaction between the client and
the serer is shavn in Fig.8.

Operator
‘ Graphical User Intesice
Ly
r—— - - - - - - - - - — — = il
Jua Client
Lo e —_— = d
2. 5. A
JDK / Java
Fr—— g ——————— -4 — — — - OTP/Erlang
\ \
: ( Erlang Semr ) :
\ \
! 3. 4. !
I I
| I
\ \

Fig.8.The Client Server Interaction.

The arrovs in the figure has folWing meanings:

1. A user performs a management operation on a specific equipment unit through the
user interéce.

2. The Jaa client sends the requested operation to the Erlangrseith necessary
information to identify the equipment unit.

3. The Erlang semr identifies the incoming request to call the appropriate instrumen-
tal function to a MIB.

4. The outcome of the operation is returned from the MIB. This will indicate if the
requested actionag successful or not.

GUI For Managing the Equipment In AiTM Switch Syster January 1998 19 GUI For Managing the Equipment In AriTM Switch Syster8 January 1998 20



5. Areply is sent back to the operatirthe action vas successful the reply includes
new datato updatetheinterface.Otherwisethereply includesa messag¢o indicate
what went wrong.

The client runs in a thread that handles incoming ostivafic. It acts as a dispatch
for incomingpaclets.It decodeshe pacletandcallstheappropriateeodeto handlethe
paclet. Messages coming from the sarean be treated just élary other @ent. The
messages sent between the seand the client is an asynchronous operation so the
client and the seer will not wait for the message to either aeriat the destination or
to be receied. All message passing on the serside is synchronous, which means
that the serer must fully handle a request before it can rexanother one.

5.1 Design

Most netvorked applications can be bk davn into three basic modules [3]:

* Thenetwork interfacemodule thatsupportghe soclketcommunicatiorbetweerthe
client and the seer.

» Application specific module, which priges functionality to perform all client
requested operations.

* The user intedce module, a set ofyia components that the user can interact with.

In orderfor theseobjectsto work asawhole,they musthave well-definedinterrelation-
ships.Theuserinterfacecodeshouldexcelin handlinguserinterfaceissuesandshould
pass on another actions to an appropriate program component.

5.1.1 Netvork Interface Module

This module intgrate the Jaa and Erlang programming languages. T/PQhere
already &ist an Erlang application which mesit possible for a ¥a Applet to com-
municate with an Erlang program. This application is calleel [%]. Communication
between the Client and Senis sockt based and bothv#aand Erlang hasw# pack-
ages that hide the sagtkcommunication from our other code. Fig.9.vghthe Jie
architecture.

r———-—-- B ! !

| Browser | | |

I I I I

| Applet | | | Senrer
I I 181

| Jve [—> o < Jive

| | (=

| Jaa | | | Erlang
| | | |

L - 1 1

Fig.9.The Jve Architecture.
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Before using ay of the functionality in the Je application a e serer, which han-

dles the interaction betweernvdaand Erlang, has to be started. The 3erer listens

to apre-definegsocletportthroughwhereit cansendandreceve messagest actslike

a message passer between tiva dient and our Erlang code. Each message sent
between the client and therdiserer contains one byte to describe the message type,
and each messagevieaa routine that kives haw to parse the data. By usingsdlj the

Java client can communicate with Erlang through three mechanisms:

* Spavn new Erlang processes.

» Do Erlang apply on functions.

* Send messages to Erlang processes.
TheJavasidealsocontainsnvrapperclassedor eachErlangvariabletype:integer, float,
string, list, tuple, atom and pid. Once wada¢he underlying netwrk model, we can
start to design the client and the application specifiesedenerally they will have

complementarynethodsWhenoneproducesa messagetheotherknovs how to parse
it.

5.1.2 Poject Specific Module

The core of the application is the Equipment management MIBs that contain all infor-
mationaboutthe equipmenbf the ATM switch.Boththeclientandsener needaccess

to thisinformation.Onthe Client sidetheinformationaboutthe equipments savedin
memory which will be updated within a certain intatv

The project specific module are designed in three Erlang modules:

« egmGuiSerer

* handleRequest

* submitRequest

Theintermodulecommunications shovn in Fig.10. Fig.10.ThgiveSererlistensto a

predefined soek port. When ne& data is receed, the message is parsed to identify
the diferent messages that can be sent to Weesgrer, i.e. span, apply or send.

All ‘send’ messagearedeliveredto theegmGuiSererin our applicationspecificmod-
ule. The egmGuiSeer receies all application specific requests:
* Get management data, which is used to fetch information from the MIB.

» Setmanagemerdata,asaresultto acreatedelete block, deblockor testcommand
on a piece of equipment in the system.
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Fig.10. Inter-module calls on the server side

TheegmGuiSereris justareceving processhatparsencomingmessageandinvoke

methods in the handleRequest module to perform the requested action. All requests to
get management data are handled by the handleRequest module. All other requests to
set management data due to a management operation is handled by the submitRequest
module. The MIB, which holds the managed data, is called via the instrumental func-
tions.

5.1.3 User Interface Module

At its best,designinga userinterfacecanbeaneasytaskusingsometool to graphically
lay out all your GUI components. At itsonst, it insolves laying out the design by
hand. Screen layout in\lais accomplished by placing items on the screen by using
some layout managelypically a combination of the layout managersvied with
Java will accomplish what you ant.

TheGUI startswith onemainscreerthatdisplaysthefront of the subrackwith the cur-

rently configured plug-in units. From this screen, the user can choose from tasks such
asblock, deblockandteston a plug-in unit. It shouldalsobe possibleto view the back

of thesubrackon demandrom the operatorWhenthe backof the subrackis shown, it

is possible to perform management operations on the connection boards and the links
on esery ET CB.

From the main menu, the user can openvawimdow that shavs the logical vier of

the subrack. This windwois a separate frame that displays the switch core and the cre-
ated EMs of the system. It is from this menu possible to perform management opera-
tions such as create, delete, block and deblock of a EM.

To represent the EMs and theypltal hardvare of the switch, the folling classes
have to be implemented:

* Subrack, which is the placeholder of the plug-in units.

« EM, which represents an equipment module.

* PIU, which represents a yéical plug-in unit and is the place holder of the links in
case of a ET CB.
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* Link, which represents a link on a ET CB.

TheEM, PIU andLink is implementediscustomcomponentsyhich malesit possible
to drav custom graphics on them and to rgeenput @ents from the user

5.2 TheProtocol of the Application

This section describes the protocol used to pass messages between the egerGuiServ
and the jve serer (Fig.10.).

In Erlang the only form of communication between processes is by message passing
[1]. A message is sent to another process by the pramiti(send):

Pid ! Message

Pid is the identifier of the Erlang process to whickssage is sent. A message can be
ary valid Erlang term. Messages sent from the client are called request messages and
messages sent from the samare called reply messages.

5.2.1 Request M essages

The request messages are those vedddy the egmGuiSegr They are sent encapsu-
lated within the Erlangariable type tuple of size 3:

{Request, Resource, M ethod}
The diferent fields are described belo

Request. TheRequests anatomthatidentifiesthetypeof theequipmentj.e.aplug-in
unit, an equipment module or a link. The possilallei®s for the atom in the Request
field are:

¢ change_piuThisrequestmeanghatthesener shouldperformthemethodspecified
in the method identifier field upon the plug-in unit identified in resource identifier
field.

» change_em. The change EM request means that thex should perform the
method specified in the method identifier field upon the equipment module identi-
fied in the resource identifier field.

e change_link. This request nexkthe semr to perform a management operation
specified in the method identification field upon the link identified in the resource
identifier field.

* get.Thegetrequests usedto fetchinformationfrom theMIBs. Thisrequests used

to automatically update the user ingeé.
Method. The method field contain an atom that identifies the management operation
thatshouldbe performedon a pieceof equipmentThedifferentvaluesin thisfield are:

« createThismethodis usedto createtheequipmenmodulespecifiedn theresource
field. It is only used together with a change EM request.
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 delete.Thedeletemethodis usedtogethemwith thechangeEM requesto deletethe
equipment module specified in the resource field.

» block. The block method can be used together wighohthe change requests. It
males the semrr to perform a block operation on the PIU, EM or Link specified in
the resource field.

» deblock. This method is identical to the block methazkpt it performs a deblock
operation on the EM, PIU or Link.

« test. This method is used together with the change PIU or change Link requests to

perform a test operation on the equipment specified in the resource field.
Resource. This field identifies xactly the piece of equipment to be controlled. It con-
tains a List with the follwing information:
* Subld. This is an inger that mags a reference to a subrack.

» SlotNo. SlotNo is an inger between 1-20. It is used together with the Subld and
Side to identify a slot in the subrack.

* EmNo. The EmNo is an inger that identifies an EM.

« Side. This is an inger that identifies the side of the subrack. If thegietés equal
to 1, the referred side is front and if the geeis equal to 2 the referred side is the
back of the subrack.

* EmType. An intger that specifies the type of an EM.

« Name. This Brameter is a string thatvgs a user friendly name to an equipment
module. It is only meaningful together with a create operation.

5.2.2 Reply messages

After receving and interpreting a request message, theesegplies. The replies look
like this:

{send, Receiver, M essage}

send is anatomthattells the Jive sener to forwardthe contentof theMessagdield to
the Jaa client.Receiver is an intger that identify the Ja object that should recei
the messagév essage is a List of \ariable size. Wo types of reply messages:

Update. The update response is used by theesafter a successful management
operation or after thget request. the message include information from the tables in
the MIBs that is used to update the user iatsf

Textmessage. This males the client to display a windawith a specified tastring.
The textmessages are used as a reason phrase ofieLsig requestdilure.
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6.0 Implementation

This chapter describes the implementation of the application specific module or the
sener and the Ja classes implemented for the front end. A manual for the GUI is
given at the end of the chapter

6.1 Server Implementation

The serer part consists of three Erlang modules:
* egmGuiSerer. This module recees the requests from the client.

« handleRequest. The handleRequaditiates the incomming messages to check if
requestedctionis permitted It providesfunctionalityto fetchinformationfrom the
tables in the MIBs.

* submitRequest. This module iwgked when a management operation has passed
the \alidation algorithm in the handleRequest module.

6.1.1 egmGuiServer

The jive module is as we already mentioned implemented in Tiespstem. Before
using ay functionality in the jre module a jie serer has to be started. This is per-
formed by the init function in our egqmGuiSery

init(Port) ->
jive:start(Port),
jive:allov({guiSener,start,2}).

Port contains the soekport that the yie serer should listen to. Thevig serer is
started in the ne line of the code and mek it thereby possible to perform Erlang
apply on functions and to send messages to an Erlang process/ént security
problems it is only possible to access functions whichxgcély declared by the
Erlangside.Thisis doneby theallow call in thelastrow of thecodeabove. Thecall to
this function containa tuple which nameghe module the functionandthe arity of the
function that the client is alleed to access. This means that the client isvalibto
spawvn function start in the Erlang module egmGui®erVhe init() function is only
called once, when the semnprocess is started for the first time. The start method is
spavned by the Ja client when the user visits the html-page with the Applet. The
code for the start function look kthis:

start(Receier, Pidld) ->
Pid = jive:get_pid(Pidld),
recever(Receier, Pid).
Recever is an intger which specifies the\laobject that should reei replies from

the serer. When the client connects to theelserer, the serer starts an Erlang proc-
esswhich allowstheJive senerto sendmessaget it. The Java clientknowsthis proc-
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ess as the self process [2]. The Pidld is amgértéhat identifies the va client that
should receie the information sent from the servin the second m of the code the
actualPid of the Erlangprocessassociateavith the Pidld is returned Thereceve func-
tion is called with Receer and Pid as parameters. This will initiate a selvop.

The egqmGuiSeer is our application specific serwhich is a gry simple loop. It
receves the requests from the operator through theesirer. It runs continuously
waiting for requests from the client. Here is the code for the maiardenp:

recever(Receier, Pid) ->
receve
{Request, Resource, Method} ->
Result = handlerequest:handle_request(Request, Resource, Method),
Pid ! {send, Recegr, Result};
Other ->
recever(Recerer, Pid)
end.

TheegmGuiSerer procesasits own mailboxandall messagewhich aresentto the
processarestoredn themailboxin thesameorderasthey arrive. Thereceive primitive

is used to recee messages. In the aleo {Request, Resource, Method} is a pattern,
actuallyan Erlangtuple of sizethree,which arematchedagainstthe messagethatare

in the process’'mailbox. The pattern is used to parse the message. When a matching
messagés found,themessagés selectedremovedfrom the mailboxandthenanother
process, handleRequest, is called to handle the corresponding actioari@bles in

the patternis atfirst unbouncbut becomedoundwhenatupleof sizethreeis selected

from the mail box. Ag messages which are in the mailbox and are not selected by
receive remains in the mailbox and will be matchediagt the net receive. The last
clause in theeceive has the unboundaviableOther as its message pattern. This will
match ay message which are not matched by the first clause. Here we ignore the mes-
sage and continue byaiting for the ngt message. This is the standard technique for
dealing with unkneyn messageseceive them to get them out of the mailbox.

6.1.2 handleRequest

The handleRequest module isaked to perform all application specific requests. It
has one function that is called by the egmGuiSetw handle the requests:

handle_request(Request, Resource, Method) ->
Result=apply(handleRequest, Request, [Resource, Method]).
The Request parameter is an atom. This atom names the function that is to handle the

requestedction.Resourcés alist whichidentifiesa pieceof equipmenandMethodis
an atom that specifies what to do with the Resource, i.e. block or deblock. apply is a
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BIF which apply the function Request in the module handleRequest t@tiraent
list [Resource, Method]. The handleRequest module definesiiojananagement
functions to handle all requests:

change_piu. This function is imoked to handle all management operations on each
plug-inunit. It checkgheadministratve andoperationabtateof the PIU to validateif

it still is in correct state. It should fok@mple not be possible to perform a block oper-
ation on an already bloekl PIU.

change_em. The change_em function issoked to perform management operations
on an equipment module. The state of the EM is @btk alidate the operation.

change_link. Called to perform a management operation on a link.

get. The get function is called to fetch information from the MIBs. The data is sent to
the Jaa client to update the intade.

Each management operation that is correct is finally used toveeahess in a MIB
table. The submitRequest module defines functions to change a table due to a manage-
ment operation.

The Result from the apply call is returned to the egqmGuéBevhich sends it to the
client. The reply is either medata to update the GUI or an error message.

6.2 The Graphical User Interface

In this sectionwe only shaw the highlightsof the userinterfacecode. Themostimpor-
tant classes of the GUI isamined in more detail. The components that is imple-
mented to describe the equipment of tidMswitch works in a similar &y, so we
only describe the implementation of the PIU class.

Fig.11. shavs the class hierargton the client side. It sk that the GUI components

all inherit the Rnel class and implement the ActionListener istezffrom the Ja

API package [8]. Bnel is a container that does noténés avn windaw - it is con-

tained within some other contain@he arravs in the figure shes the relations

between the container components. The main container is the EgqmGuiClient which
holds contain the Subrack, PIU and Link components. The EM component is added to
a separate frame.
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Fig.11. The class hierarchy of the Java client.

6.2.1 The EgmGuiClient class

The EqmGuiClient class is the main container of all the GUI components. It is a sub-
classof theEAppletclassfrom thejive packageThe EAppletoverridestheinit method

in the Appletclass.This methodis calledin the constructoof the EqmGuiClientto ini-

tialize the Jie client. This will tak care of the connection with the sanThe Jve
packagelsoprovide the EReceve interfacewhich mustbeimplementedy eachclass
which want to receie messages from the Erlang 2rone method has to be imple-

mented from the EReaa interfice:
public wid receve(EVar var) {

EVar evars[] = ((EList)ar).value();
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String guard = ((EStingyars[0]).\alue();
if(guard.equals(“tetmessage”))

/I display tetmessage in a wineo
if(guard.equals(“update™))

/I update all GUI components

}

The receie method is imoked wheneer some data are to be reesl from the eqm-
GuiSener. It is called with the message as parameter when the Erlangasidie te
communicate with the object. B¥is an abstract class that is a superclass of all other
ErlangwrapperclassesThevar parameteshouldbe of the Erlangvariabletypelist, if
following the instructions of the protocol. In linedwf the code alhw, the whole
message is parsed into an array ofEdbjects. The first position in the array should
contain an EString object identifying the type of the message. The EString object is
corvertedinto a Jasa stringwhichis usedin theif-statementgo call theright function-

ality for handling the rest of the message. The first if statement is matched when the
senerhasatextmessagéor the EgmGuiClientA window is thenshowvn with the mes-

sage Thishappensvhenanerrorhasoccurreddueto amanagemeraperationandthe

sener replies with an errormessage. The second if-statement is called as a reply to a
successful management operation or as a reply to an update request. All custom com-
ponents that represents the equipment of Id Awitch is then updated.

The EqmGuiClient defines methods that ek possible for other \a objects to
communicatevith the Erlangside.For example,changePiu(js a public methodthatis
used to send a block, deblock or test request to the Erlareg. serv

The constructor of the EgmGuiClient loads all images used by theargetf uses a
MediaTraclker to fully load the images before yhare displayed.

6.2.2 The Subrack class

The Subrackeclassis the containerof the PIU componentslt usesonePanelto arrange
the PIUs corresponding to the front of the subrack and ancthet # arrange the
PIUscorrespondingo thebackof thesubrackThe Panelsusesa FlowLayoutmanager

to layout the PIU components within tharfels. The Subrack then uses a CardLayout
manager to makjust one Bnel visible at a time:

setLayout(n& CardLayout());

add((Component)fronthel ;FRONT");

add((Component)backRel_ BACK");
ThefrontPanel_andthebackRnel_parameterss the Panelobjectswith all of thefront
andbackPlUsof thesubrackFRONT” and“BACK” arestringsidentifiersassociated

to the Panelsandusedfor fastrandomacces®f the Panels.The Subrackdefinesa pub-
lic method that mads it possible to flip between the back and front of the Subrack:
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public wid shav(String side) {
((CardLayout)getLayout()).shdthis,side);
}

This method is called with the desired side to be displayed as a parameter

6.2.3 Creating a Custom Component

Three custom components are implemented to describe the switctatartitwy all
inherits the Bnel class which enables it to @raustom graphics on thefel and to
trap input gents from the user

The most important method ofyanustom component is the paint() method, which
actually dravs the component. The paint method in the PIU class loekHik:

public wid paint(Graphics g) {
g.setColor(Colawhite);
g.fillRect(0, 0, getSize().width, getSize().height);
if(IslotState.equals(“unusedEmpty”))
/I Draw images based on the type of thggibal plug-in unit.
else
/I Fill rectangle with color representing an empty slot.

}

Thefirst thing thathappensn the paintmethodis thatthewhole sizeof thecomponent

is filled with white color. ThereexistsonePIU objectfor every slotpositionin the sub-

rack whether the slot contains aypttal plug-in unit or not. This is what the first if
doesdecidewhetherthe PIU objectrepresentaslotto which aphysicalplug-inunitis
insertedslotStatds a privatemembetthatcontainsastringwith thecurrentstateof the
slot(3.1.2).If thereis somehardwareinsertednto theslot,a PIU typespecificimageis

dravn onthescreenThe LEDs of thePIU is alsodrawvn. Theelse-clausés matchedf

the slot is empty which just fills the rectangle with a dark color representing an empty
slot. The slotStateariable is also used to decide whether the plug-in unit has to be
repaintedr not. To avoid necessarprocessingime to repaintacomponenthathasnt
changedincethelasttime it waspainted the currentslotStateandthelastslotStateof

the PIU object are compared. This decides if the component must be repainted or not:
If the slot state has changed and the sate indicates that aysical plug-in unit is
removedor insertednto theslot, the PIU componenmustberepaintedThiswill make

the GUI to be updated much quéckand soid flickering images during a update pro-
cedure.

Like all custom components it has tewoide the getPreferredSize() and the getMini-
mumSize() methods to display itself on the screen. All PIUs are of equal size.
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Another important method in the PIU class is setge(). This method takcare of
creating and adding the links to the PIU container in case of CB Edde fragment
for this method is gien belov:
public wid setPiuype(String piuype) {
piuType_ = piuTpe;
if(piuType_.equals("ET155-S1.1 back")) {
if(links_ == null) {
links_ = nav Link[4];
links_[0] = nev Link(sLinkimages_,subrackld_,slotNo_,0,eqmGui_);
links_[1] = nav Link(sLinklmages_,subrackld_,slotNo_,1,eqmGui_);
links_[2] = nav Link(sLinkimages_,subrackld_,slotNo_,2,eqmGui_);
links_[3] = nev Link(sLinklmages_,subrackld_,slotNo_,3,eqmGui_);

addLinks();

}
/I One if statement forvery possible CB ET
else
if(links_ = null) {
removeAll():

links_ = null;

}

Thereis oneif statementor every possibletype CB ET. In theexamplethe PIU typeis

a “ET155-S1.1 back” which has four optical links. The second if-statement checks if
the links already»asts which means that the Link components are already laid out on
the PIU containern case this is a mePIU object the Links are created and stored in

an array of Links. addLinks() is called to layout the Links. The PIU container uses the
GridBagLayout manager toganize the link components as realistic as possible. The
elsestatements matchedf thereareno physicalplug-inunitin theslotor if thePIU is

a SC PIU or a CP-I0O PIU. The link components are thenvedhand the array with
thelinks aresetto null. TheLink componentsirethereforecreatecanddeleteddynam-
ically.
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6.3 Souces of Eents

All of the custom components interact with the user in the saagenley are all con-
tainers with their wn popupmenu added to them. The popup menus has one menu-
iteam for eery possible action you can perform on the componentwBela code
fragment from the constructor of the PIU class:

pm = nev PopupMenu(“Slot - “ + IntgertoString(getSIotNo()));

add(pm);

blockPiu_ = ne&v Menultem(“block PIU");
blockPiu_.addActionListener(this);

pm.add(blockPiu_);

/I one menuitem for ecah operation you can perform on the component

The first line creates the pop-up menu with a title. The titlevsitibe slotposition of
the PIU objectyou canoperatehroughthe menu.The next line addsthe pop-upmenu

to thePIU componentA menuitento performablock operations createdn thethird
line andthePIU is addedastheactionlistenerfor thismenuitemThemenuitemis then
added to the pop-up menu. Wheeethe pop-up menu is slio and the “block PIU”
menu choice is selected, an actiorrd is delered to the parent of the pop-up menu.
In this case the PIU component.

The enableBsnts() method is iroked to hae a specifiedwent delvered to the com-
ponent rgardless of whether or not a listener igiséered. Each component also
implementheActionListenerinterfaceto beableto receve theactioncommanddrom
the menuitems.

6.3.1 Handling Eents

Theuserinteractwith the GUI throughmouseoperationsTheprocessMouseEnt()is
calledby the systemwhenthe userpresses mousebuttonor movesit over thecompo-
nent. The code for this process isegi belov:

public wid processMouseEwnt(MouseEent €) {
if(e.isPopupTigger())
pm.shav(e.getX(), e.getY());
}

Theif statementheckswhetherthis eventis the popup-menuriggereventfor theplat-
form. Thenext line shavs thepopupmenuatthex,y positionrelative the origin compo-
nent. All other mousevents are ignored by the component.

menus tak care of displaying themsels, lut attaching behaour to menu items is
something you must handle yourself. The first ordeusfriess is to identify which
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menu item has been selected, and then to go about the implementing the functionality

associated with the menu itena ilentify which menu item thatas selected we sim-
ply implement the actionPerformed method from ActionListener euterfor recet

ing actionevents.Wheneer anactioneventoccurson amenuitem, an ActionEventis
dispatchedo theGUI componentThecodefor handlingactioneventsin thePIU class
is described bele:

public woid actionPerformed(ActionEnt e) {
String command = e.getActionCommand();
if(command.equals("block PIU")) {
egmGuiClient_.changePiu(getSubrackld(),getSlotNo(),
getEmNo(),getSide(),"block™);

return;

The menu item that fired the actioreat is identified by the getActionCommand().
commands thenusedin asequencef if statementsThereis oneif statementor each
menu item. The code shs the case when a block operation is performed on a PIU
object.An instanceof the EgmGuiClientis thenusedto call the public methodchange-
Piu() together with necessary information to identify thgsptal hardware of the
switch. The EgmGuiClient takcare of processing the operation to theeseside.

6.4 Users Guide

Using the program isafrly simple. After the program is stared, the client connects to
thesener. Thesenerreturninformationfrom thetablesin theMIBs andtheclientlays
out its GUI components for the first time. Fig.12.v8hthe back vie of the subrack
with its currently configured plug-in units. The figurewhdhe CLK boards (slot 1
and20) of theswitchanda ET-CB of type 155Mbpselectrical(slot4). TheET-CB has

4 links.

Thebackview enablesnanagemertperation®nthe PIUson thebackof the subrack
and the Links onwery CB ET To operate the PIUs on the front of the subrack you
haveto presshebuttonlabelled“Front”. Thisflips thesubrackaroundandthePlUson
the front of the subrack is sho.
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Fig.12. Back view of the subrack.

6.4.1 Inspecting and Modifying the Plug-In Units

SelecthePIU youwantto operateby pressingheright mousebuttononit. Thisbrings
forward a pop-up menu that alls you to:

« BlockthePIUif it is currentlyunblocledby selectinghe“block PIU” menuoption.

« Unblock the PIU if it is currently unbloekl by selecting “deblock PIU” menu
option.

« Test the PIU by selecting the “test PIU” menu option. The PIU has to be block in
order to enable this operation.

* InspecthePIU by selectinghe“Info” menuoption. This bringsforwardawindow
with the information about the plug-in unit.

6.4.2 Inspecting and Modifying the Links on a Plug-In Unit

Select the rear we of the subrack (Fig.12.). Select the Link yoanito operate by
pressingheright mousebuttonontheLink. This shavs thepop-upmenuwhichmakes
it possible to:

¢ Block the Link if it is currently unbload.
« Deblock the Link if it is currently blo@d.
¢ Test the Link.

6.4.3 Creating an Equipment Module
Presgheright mousebuttonoutsidethesubrackandselecthe“EM view” option.This

bringsforwardawindow (Fig.13.)with the currentlyconfiguredequipmentnodulesof
the system.
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Fig.13. The EM view

Thedarkfieldsindicatethe EMs you cancreateandthewhite fieldsindicatethata EM
is already created. The only EM present in the figure is the SC EM.

Select the EM you ant to create by pressing the right mousttdn to visualize the
pop-upmenuandselect‘createEM”. This bringsforwardthewindow shavn in figure
(Fig.14.).

=] No Name
ETIS5-51.1 — | Name |;
Slotho 4
subrackid  [1
submit
| cancel

Fig.14. Create EM window

Youselecthe EM youwantto createfrom the pull down menuin theupperleft corner
of the windav. You can also ge the EM a user friendly nameo $end the request to
the serer, press the submititton. T cancel the operation press cancel.

6.4.4 Inspecting and M odifying Equipment Modules

You can perform a management operation on awmithdil EM from the EM windo
(Fig.13.). Press the right mousetion on the EM you ant to operate to visualize the
pop-up menu. This ales you to:

¢ Block an equipment module that is currently unblatky selecting the “block
EM” menu choice.

« Unblock an EM whose adminastkatistate is currently bloekl by selecting the
“deblock EM” menu choice.

e Delete an EM that is currently blomd.

* Inspect an EM by selecting the “info” menu choice. This bringsdoiva nes win-
dow that displays information about the EM.
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7.0 Conclusions and | mprovements

All the requirements from the problem definition are fulfilled. The applicatmmksv
well and respondsft to user actions once it is initialized. By demonstration éistak
longer time to start the Applet then to bring fard the main screen of the present
CGl/Erlang user intesice. After loaded, lveever, the Jaa interface is just about real-
time to perform a management operation.

As stated in the problem definition the cgi inded required menu steps through
Erlang generated html pages to perform mmanagement operations. This is accom-
plishedwith only threedifferentmenusn the Java interface;onewindow malesit pos-
sible to viev and operate the PIUs on the front and back of the subrack, and another
window enables operation and monitoring of the equipment modules in the system.

Sinceapagein thehtml-interfaceis createddynamicallyit requireghatthewholepage
is fully reloaded eery time you visit it. The 3a Applet on the other hand only loads
the images to be dran upon the GUI components once. After that, the only data
passed between the applet and theeseswnev information about the switch hard-
ware. This sees you considerable web serVoad.

7.1 Future Features

There are some future features that can be implemented compared to the present user
interface:

« Perform an increase operation on the subrack, i.e. to upgrade 10 Gbps switch to
20Gbps.

» Modifying aEM nameor PIU nameby assigninganew valueto the Nameattribute.
The name attrilite can only be set at creation of an equipment module.

» DoublecheckuseroperationsTo preventaccidentabperationst is desiredo have
a check windw that asks for an ackmbedgement of the requested operation and
disables ayother actions before the windas closed.

* Make a better error handling that tell the user maeety what went wrong and
what to do about it.
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8.0 Abbrivations

API
ATB
ATM
cB
caGl
cP
EM
EQM
ET
GuI
JDK
LCT
LED
MIB
oTP
PID
PIU
sc
SNMP

Application Programming Intesite
ATM Termination Board
Asynchronous flansfer Mode
Connection Board

Common Gateay Interbice
Control Processor

Equipment Module

Equipment Management
Exchange &rmination

Graphical User Intedice

Java Development Kit

Local Craft Brminal

Light Emitting Diode
Management Information Base
Open Elecom Platform

Process Identifier

Plug-In Unit

Switch Core

Simple Netvork Management Protocol
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10.0 Appendix A Constructor & Method Index
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