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ABSTRACT

Traditionally, connection management applicatiorefefred to aspatchbay} for
high-speed audio networking, are predominantly bgesl using third-generation
languages such as C, C# and C++. Due to the mapidase in distributed audio/video
network usage in the world today, connection mamesge applications that control
signal routing over these networks have also ewblaecomplexity to accommodate
more functionality. As the result, high-speed autkbdworking application developers
require a tool that will enable them to develop ptar connection management
applications easily and within the shortest posstlshe. In addition, this tool should
provide them with the reliability and flexibilityeguired to develop applications
controlling signal routing in networks carrying kiae data. High-speed audio
networks are used for various purposes that incladeio/video production and
broadcasting. This investigation evaluates the iptisg of using Adobe Flash
Professional 8, using ActionScript 2.0, for devéhgp connection management
applications. Three patchbays, namely the Broadpasthbay, the Project studio
patchbay, and the Hospitality/Convention Centrelpaday were developed and tested
for connection management in three sound instalathetworks, namely the
Broadcast network, the Project studio network, taedHospitality/Convention Centre
network. Findings indicate that complex connectipanagement applications can

effectively be implemented using the Adobe Flask Hhd ActionScript 2.0.
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CHAPTER 1

1 Introduction

The evolution of legacy Analogue studios to FiremMiEEE1394 standard) based
technology brought with it many complications witaspect to audio and control data
routing between communicating studio devices. Insimple legacy studio
configuration, a large number of cables (of différtypes) are used to connect audio
devices Figure 1.1 Foss, 2005].

Audio Breakout Bo

\ __--1 Effect Unit
PC / \\ L ¢
N \\y.-- MDI -
Ay //
MIDI Breakout Boy [~ 1\ * tEes
;4 LS \\ v
y N ADAT /6/
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ro < \ 4
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Analogue Audio

Figure 1.1: Simple Legacy Studio Configuration
[Foss, 2005]

Each cable type carries different types of audita.daigure 1.1 shows a simple

analogue studio configuration with cables carrying:

 MIDI (Musical Instrument Digital Interface) data For example, cables
between the MIDI Breakout Box device and the Effguit device.

« Analogue audio data — For example, cables betweeMixing Desk device
and the Analogue Audio Patchbay device.



» ADAT (Alesis Digital Audio Transmission) — For exaia, cables between
the Mixing Desk device and the Audio Breakout Bexide.

* AES3 (An audio Engineering Society Standard fortthasmission of stereo
digital audio, often termed AES/EBU) — For exampdables between the
Mixing Desk device and the Effect Unit device.

As observed inFigure 1.1 many cables (of different types) are requireddote
audio, MIDI and control data between audio devidesa result, adding one device
requires an addition of more cables into the neétwogsulting in undesirable cable
clutter. This makes connection management costhgims of time and the money
required for purchasing many cables of differeipety; and difficult. It is also labour
intensive for sound engineers, since audio routnghese networks is performed by
physically switching cables between devices. Moegpadditional costs are incurred
through purchasing hardware Analogue Audio Patcibawich are used to increase
the flexibility of the network to allow fast andmmeenient access to audio signals at all
strategic points in the signal paths [Sound On 8outd, 1999]. Audio signals
converge to a single, convenient location for dfec routing using hardware
Analogue Audio Patchbays.

In 1993, Yamaha Corporation initiated a projectathmLAN in which Firewire was
chosen as the networking standard for small argklarofessional studios to reduce
cable clutter and provide a flexible peer-to-peetworking standard. mLAN stands
for music Local Area Network. It is a Firewire-bdsgrotocol for high-speed
transmission and control of multiple channels ofliauand MIDI streams over a
network [Yamaha Corporation, 2004c]. It involveteliigent connection management
that allows the audio engineer to make connectanrt have full control over the
entire music network without having to plug or wmpla single cable [Yamaha
Corporation, 2004c].Figure 1.2shows the studio devices displayedFigure 1.1,
this time they are daisy-chained using a singlewire cable in an mLAN network.
Daisy-chaining audio devices using a single Firewble significantly reduces cable
clutter and the cost of installing and managing shelio since there is no need for

purchasing many cables (of different type) and Wwareé Analogue Audio Patchbays.



MIDI and digital audio Over Firewire

/

PC
Effect Units
IEEE1394 node with device
Synthesizer Mixing Desk
Micronhone

Figure 1.2: Simple Studio with Firewire Configuration

In the mLAN network configurationHigure 1.3, the use of one Firewire connector
for carrying data means that audio, MIDI and cdnttata traverse the same cable
using time-division multiplexing techniques with ckasignal sent occupying a
dedicated channel. The number of audio channelgostgnl by mLAN is influenced
by the speed of the bus, which directly affectsiiedwidth of the network, and how
many channels the total network can support. mLAN support thousands of MIDI
cables and thus tens of thousands of MIDI chaniiteis.however, very common for
manufacturers to make equipment with 8 MIDI poudpmorting 128 MIDI channels
per device [Yamaha Corporation, 2004c].

Audio routing in mLAN networks is done on a centnaétwork controlling
application, referred to as a patchbay, runningaamorkstation that is connected to
the mLAN network. Many audio solution companieséndeveloped patchbays using
third-generation languages for use with their pietpary hardware. The Audio
Engineering Group (AEG) of the Rhodes Universityrpoter Science Department is
working in collaboration with Yamaha Japan, to ioyw the original mLAN
architecture and develop a flexible mLAN ClientA8ararchitecture that is discussed

in chapter 2



1.1 Project Motivation

Only the Windows Explorer - style patchbay (als@kn as NAS Explorer patchbay
— Figure 1.3 has been developed for the client side of the ML®Blient/Server
architecture described isection 2.3 The NAS Explorer patchbay uses two
collapsible/expandable tree lists that displaydberce and destination devices on the
network. It is easy to use even for first time gsend allows the viewing of many
devices on the network. However, the NAS Exploraicpbay cannot be used in all
sound installation networks (Broadcast networkspjeéet studio networks and
Hospitality/Convention Centre networks — these eks are discussed in detail in
section 3.1 For instance, although the NAS Explorer patgtddbows for the display
of many network devices at a time and is easy & tigloes not provide a graphical
representation of the connection status for indialddevice plugs (whether a plug is
connected or not connected). This feature is eissentcomplex sound installations
such as Broadcast networks. Broadcast networksamplex, distributed in nature,
and deal with many connections at a time. Due i®dbmplexity, it is important for

the sound engineer to readily view the connectiatus of plugs.
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Figure 1.3: NAS Explorer Patchbay



Music producers and musicians in Project studiovaks prefer a patchbay that
displays, visually, devices on the network suclg@phic-based patchbays instead of
tree lists used for the NAS Explorer patchbay. Assalt, the NAS Explorer patchbay
is difficult to use in Project studio networks. kdality/Convention Centres networks
are usually controlled by inexperienced personrte wo not need to see the whole
list of plugs as exposed by the NAS Explorer paaghfFigure 1.3, but only those
(plugs) that have devices connected to them. Fumibie, the naming convention for
devices and plugs used by the NAS Explorer patcitbtno complex for novice users
in Hospitality/Convention Centres networks. The NE®olorer patchbay makes use
of names such a®GT - I/One Destand AES1L for device nodes and plugs
respectively. These do not make sense to Hospitphtchbay users; they prefer
working with simple familiar names such as speak®crophone and radio that make

sense to them.

Table 1.1shows examples of current non-mLAN patchbay tythes are developed
using third-generation languages such as C, C++Cahfibr Broadcast, Project studio
and Hospitality/Convention Centre networks. Non-nN_patchbays do not utilise the
mLAN Client/Server architecture describedsection 2.3

Table 1.1: Current non-mLAN Patchbays Examples

Patchbay Type Patchbay Examples

Grid-Based Patchbays e OTARI mLAN Control Software , the CobraN¥t
Manager

» Digigram’s ESControl Management Software for
EtherSound networks

List-Based Patchbays * mLAN Patchbay
« PathfinderPC Router Control Software

Graphic-Based Patchbays | « mLAN Version 2 Devices patchbay
» Digigram’s Hospitality Audio Manager

Chapter 3gives a detailed description of these non-mLANcpbhays. They are
categorised into three groups namely; grid-baséchpays, list based patchbays and
graphic-based patchbays.



1.2 The Problem Statement

Due to the rapid increase in distributed audio/iéf&rewire-based network usage in
the world at the time of this investigation, mLAldtphbays that control audio routing
over these networks have also evolved in complexdy accommodate more

functionality. Furthermore, the inclusion of Fireaiias a networking standard has
resulted in a steady increase in the use of Grdpbéer Interface (GUI) as more and
more people move away from physically switchingiauchbles to perform audio

routing to software based audio routing. More fiordality needs to be exposed on
the patchbay interface for the user. This functibhecan be incorporated into

patchbay applications using third-generation laggsaas explained in the preceding
section but at a high cost in terms of the effod éme required to develop them. In
addition to this, current software development teghes require that software be
developed iteratively in cycles, alternating the#elepment phases with testing. This
means software development tools and networks usieould support fast

development of prototypes and parts of the systartesting as well as provide a way
of quickly modifying these, once they are testedath cycle level. This has led to a
need among high-speed audio networking patchbaglogers for a development tool

and environment that will:

* Enable the development of connection managemenicappns easily and
within the shortest possible time.

* Provide strong graphic control component capaéditihat will allow the
developers to incorporate as much functionalitpessible on the patchbay
interface with least effort without compromisingetuality of the software.

* Provide the reliability and flexibility required faleveloping applications
controlling signal routing in networks carrying k¢iane data.

« Allow for the implementation of connection managemapplications that
satisfy specific studio network requirements fdfestent sound installation

networks.

The main aim of this investigation was to evalubhtepossibility of using a high-level
graphic tool that supports scripting technology @@veloping mLAN connection
management applications instead of the traditidhiatl-generation languages. Five



possible scripting technologies that could be usetlide; the Microsoft Silverlight,
the Sun Microsystems JavaFX, the Adobe Systems &dideish Professional 8, the
Adobe Systems Adobe Flex 2, and the Laszlo Sys@pesnlLaszloChapter 4.

Adobe Flash Professional 8 using ActionScript 28swhosen as the Integrated
Development Environment (IDE) of choice for devetmp mLAN connection
management applications for mLAN Client/Server reks. It was chosen for this
investigation because of its support for Objece@ed Programming (OOP) concepts
and its XML capabilities. In addition to this, ihe& beginning of this investigation,
there was Adobe Flash expertise in the Rhodes Cmmfgience department and the
software was already available locally. No costsewiecurred to use Adobe Flash
and the developer had access to experienced Adabk &sers, which accelerated his
learning of the Adobe Flash toolkit. To achievesthgoal, three connection
management applications were developed for comtgo#iudio routing in three sound
installation environments, namely Broadcast netwpfroject studio networks and
Hospitality/Convention Centre networks. Two usdpilitechniques were then
employed for evaluating the usability of the theggplications to see if they fulfilled
the requirements of each audio. The two usab#ighhiques used include a heuristic
evaluation that was done to find usability problesnsl missing functionality on the
patchbays that were fixed before the applicatioesewsent to potential users for a

further usability testing based on a usability dioesaire.

The secondary aim of this investigation was to meitge, using specific sound
installation requirements, which patchbay desigmd{gased, list-based and graphic-
based) would best suit the three sound installatietworks. Two prototypes, a
computer prototype and a paper prototype, weregdedi and tested by real users to
gather requirements, help decide on the best designayout for the Project studio
and the Hospitality/Convention Centre patchbaypeesvely. Since the nature of
Broadcast networks are well defined and well knawthin the audio industry, the
best design and layout for the Broadcast patchles/alhosen from analysing current
Broadcast network patchbaySHapter 3.



1.3 Chapter Summaries

Chapter 2describes the current state of the mLAN projectdiscusses the main
mMLAN components, namely the Enabler/Transporterhitacture, the mLAN
Client/Server configuration, and the XML communioatprotocol that was used for
communication between the mLAN patchbays and tineesg€known as the mLAN

Connection Management (MCMS) server).

Chapter 3 describes current non-mLAN Client/Server and mLANient/Server
connection management applications. This chaptatiites and describes the three

basic sound installation network categories theitite:

» Broadcast networks.
* Project Studio networks.

* Hospitality/Convention Centre networks.

Chapter 4discusses five alternative development environsartdeveloping mLAN

client patchbays:

* The Microsoft Silverlight.

e The Sun Microsystems JavaFX.

* The Adobe Systems Adobe Flash Professional 8.
* The Adobe Systems Adobe Flex 2.

* The Laszlo Systems OpenLaszlo.

The Adobe Systems Adobe Flash Professional 8 wasechfor developing mLAN
Client/Server connection management applicationsdefailed description of the
Adobe Flash Professional 8 programming interfasedso given.

Chapters 56 and 7 describe the development process of a grid-bastdhipey for
Broadcast networks, as well as two graphic-baséchpays for Project studio and
Hospitality/Convention Centre networks, respectivélse case, Sequence diagrams,

and Object models are used to describe the furadiignincorporated into each



patchbay discussed. Each application was evaluated tested using a heuristic
evaluation checklist and a usability test questame

Chapter 8describes Adobe Flash Professional 8 and ActiopS2r0 capabilities that
aided the development of the three mLAN Client/$erpatchbays described in
chapters 5, @&nd?7.

Chapter 9gives the conclusion to this research, and bridibgusses the benefits of
using Adobe Flash and ActionScript 2.0 for deveigpimLAN Client/Server
patchbays.



CHAPTER 2

2 The Current Status of mLAN and the mLAN

Client/Server Architecture

A number of audio networking technologies have bdeveloped and deployed by
various audio solution providers across the auddustry, to deal with end-to-end
connection management in various sound installatiorhese (audio networking
technologies) are a combination of hardware antiveoé protocols that are designed
to control audio and MIDI data routing over variomgdiums such as Firewire and
Ethernet. True end-to-end connection managemenida® the capabilities of routing
audio and MIDI data from a hard-end plug of a dewc a data-bus line implemented
within a device, onto an audio network, and vicesag[Okai-Tettey, 2005]. This is
done using a user-level application that exposewali plugs of devices on the
network. The sound engineer performs audio routiagks on this user-level

application. Examples of current audio networksogutions include:

 The Yamaha Corporation’s mLAN Digital Network Infiieze Technology
[Yamaha Corporation, 2004c].

e The Aviom’s A-NetTM Pro64 Technology [Aviom Inc, Q0.

« The Axia Audio’s Livewire Technology [Axia Audio/T& Corporation,

2005].

The Cirrus Logic’s CobraNetTM technology [Cirruedic, 2007].

The Digigram’s EtherSound technology [Digigram02pD
The Intelligent Media’s SmartBuss Technology [INOE, 2005].

The Yamaha Corporation’s mLAN Digital Network Infieeze Technology was chosen
for this investigation as its extensive developme&ats done by the Rhodes Audio
Engineering Group in collaboration with Yamaha Japéhis provided the researcher
with easy and cheap access to mLAN resources sutireanLAN source code and
documentation. Furthermore, the researcher hadpipertunity of interacting and
learning directly from experienced mLAN developatsno cost. mLAN uses its

architecture (the Enabler/Transporter architectusection 2.2 to support true end-

10



to-end connection management with reasonable QuafitService (QoS) and it
implements mechanisms that control bandwidth afionawithin the network,

therefore optimising its utilisation and its distrtion of audio to network devices.
This chapter defines mLAN and describes the mLAN alier/Transporter
architecture and its components that enable suttessnnection management in

mLAN networks.

2.1 The current mLAN Architecture

According to Fujimori and Foss (2003), mLAN can described as a networking
technology that allows the transport of audio angsim control data between audio
devices. mLAN uses Firewire, also known as IEEE 1394, tasbase networking
technology. Firewire is a high-speed serial-busnddad that offers enhanced
connectivity and data transfer for video, audio @torage peripheral applications
through a universal input/output (1/0O) interfacenpferson, 1999]. It was chosen as
the mLAN base networking technology for the follogireasons [Anderson, 1999,
Foss, 2005]:

* It has low latency transmission of audio (i.e. doe$ have long delays in
audio transmission) and determinism (i.e. providaearanteed transmission
within a particular time frame) required by a netkvoarrying real-time data.

* It has power-carrying capabilities that enable ¢banection of devices with
no power supply.

* It supports hot-plugging and plug-and-play perfange capabilities, which
eliminate the need for a host workstation whencattay or detaching devices.
This is because when attaching/detaching devicksono the network, an
automatic bus reset forces network re-enumeratianprocess which
automatically detects new devices without the nded a controlling
workstation.

» It provides peer-to-peer data transfer capabilifidss eliminates the need for
routing audio and MIDI data to a controlling worksbn in order for one
device to communicate with another. This reducexgssing overhead and

improves communication speeds between devices.

mLAN network devices are also referred to as nQdEEE 1394 nodes or units.
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Figure 2.1displays the current mLAN version 2 architecturattwas utilised for this
investigation. The diagram shows two mLAN compa&titévices, th&ynthesizeand
the Mixer, connected to a controlling hoWVorkstation On the Workstationis a
module known as the Enabler that enables connechetween mLAN plugs to be
made [Foss, 2005]. The Enabler comprises a Hardwhstraction Layer, an A/M
(Audio and Music data) Manager layer, and an mLAdMgFAbstraction Layer. Each
mMLAN device incorporates a Transporter, which ispansible for the transport of
audio and music data in a manner that is complatit the Audio and Music data
transmission protocol [Fujimori et a003]. The Transporter comprises a Node
Controller and the firmware that facilitates audiod music data encapsulation and

transmission between communicating mLAN devices.

ol

YY)
YY)
wiv || ®
WH

JaBeue

Enabler

Workstation

Transporter
= = Transporter
— = S
—1 =17 |2 [
- hr —
& = | 3 z
C - il ~ =
M o
o

AT

Transporter
Ctrl Interface
Transporter
Synthesizer Ctrl Interface
Mixer

Figure 2.1: mLAN Version 2 Architecture
[Fujimori et al. 2003]
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2.1.1 The Enabler

The Enabler is responsible for setting audio andsinwata parameters for
transmission and reception of audio and music datpiences for all Transporters
under its control [Foss, 2005]. Many Enabler moduteay exist within one mLAN
network but each Transporter is controlled by amg Enabler at a time [Fujimori et
al.2003].

2.1.1.1 mLAN Plug Abstraction Layer

The top most layer of the Enabler module is the MLRIug Abstraction Layer,
which is responsible for implementing input andpaitmLAN plug abstractions for
all possible “hard” end points of all Transportenader the Enabler's control
[Fujimori et al. 2003]. These mLAN plug abstractions can be viewedtlze
terminators of the audio and music data sequerasate transmitted and received
by the Transporters. This layer also provides an fdpplication Programming
Interface) that can be used by connection manageappiications (patchbays) for
performing tasks such as making and breaking aodimections and word clock
synchronisation [Foss, 2005].

2.1.1.2 A/M Manager Layer
Below the mLAN Plug Abstraction Layer is the A/M Neger layer, which is

responsible for reading audio and music data tresssom and reception parameters
from the associated Transporter, and for updativege parameters in response to
requests from the mLAN Plug Abstraction layer [gri et al.2003]. Figure 2.2
shows the Enabler’s layers and interfaces. It @asden from the diagram that each of
the Transporters under the control of an Enablsrah@ransporter object that keeps its
state information and handles requests from bathPllng Abstraction Layer and the
actual Transporter [Fujimori et &003]. The A/M Manager layer also provides an
API that is used by the Plug Abstraction Layer ¢éof@rm its tasks.

2.1.1.3 Hardware Abstraction Layer (HAL)

The bottom layer of the Enabler is the Hardwaretrstasion Layer (HAL) whose sole
purpose is to hide away the hardware implementatidrihe Transporters. This layer
and the Transporter Control Interface allow non-mLéhip manufacturers to acquire
mMLAN compliance [Fujimori et al2003, Figure 2.3. Each chip manufacturer can
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provide a plug-in that bridges between the A/M Mgeraand their vendor specific

Transporter Control Interfac€&igure 2.3.
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Figure 2.2:The Enabler’'s Layers and Interfaces
[Fujimori et al. 2003]

Figure 2.2shows three Transporters; one of which contaihode controller from
Manufacturer A, and two of which contain Node Cohérs from manufacturer B.
Both Manufacturer A and B have created workstatmng-ins and embedded
Transporter Control Interface software. In additiorthis, Manufacturer A and B will
have created their own proprietary messaging potédzetween their respective plug-
ins and Transporter Control Interfaces. The A/M Biger shown irFigure 2.2has
instantiated three Transporter objects that profoadé\/M related control, and access
to their respective hardware Transporters. The-plagare responsible for fulfilling
these control and access requests. Via interaatitnthese Transporter objects, the
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MLAN Plug Abstraction layer can build mLAN plug eois, which in turn are
accessible to connection management applicatiansbri et al.2003].

2.1.2 The Transporter

The Transporter is composed of hardware chips angdwvbre that allow mLAN
devices to transport isochronous streams withirmh&N network as well as detect
and interpret instructions passed by the contmllianabler via asynchronous
transactions [Foss, 2005]. These Transporter hasdwehips and firmware
collectively form a Node Controller. All devices rpgaipating in mLAN network
transactions host a Node Controller. Hardware cthips have been implemented for
the mLAN project include the PH1 chip, the NC1 ¢lapd the PH2 chip [Fujimori et
al.2003, Foss, 2005].

2.1.2.1 mLAN Sequence Encapsulation and Extraction Hardwae

The components of an mLAN connection managemenmesyare designed to control
the encapsulation of sequences into streams otrahemitting device side and their
subsequent extraction on the receiver’s side [Faginet al, 2003]. Data structures,
formats and hardware have been developed for tigapsulation and extraction of
sequences in MLAN networksigure 2.3 displays two Node Controllers for a
Synthesiser(the transmitting device shown iRigure 2.) and for aMixer (the

receiving device shown iRigure 2.J).
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Figure 2.3: mLAN Node Controllers in a Transmitting Device (Synthesiser) and
a Receiving Device (Mixer) [Fujimori et al. 2003]

Each Node Controller comprises the following congras [Foss, 2005]:

* An mLAN 2.0 Configuration ROM (Read Only Memory) I+ keeps and
provides information for the device enumeration cgss. Information
provided by the ROM is utilised for:

a) ldentifying software drivers for network devices.
b) Identifying diagnostic software for network devices

c) Specifying capabilities for network devices.
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d) Optionally specifying module, node and unit chagdstics for

network devices.

« The A/M Manager Layer — This layer is responsilde rfreading audio and
music data transmission and reception parametemn fthe associated
Transporters, and for updating these parametemssiponse to requests from
the Enabler.

* The Link Layer — This layer provides the interfdmetween the transaction
layer (A/M Manager Layer) and the physical layemriny asynchronous

transactions.

 The Physical Protocol Layer — This layer is thetdmot layer of the
Transporter and provides the interface to the IEHBE4 bus. It is this layer
that is responsible for detecting packet bits frhra bus and transmitting

them packet bits to the network. This layer islengented in hardware.

* The Processor — It controls the functioning of &i& Manager Layer by
translating to it the asynchronous commands itivesefrom the controlling

Enabler.

2.1.2.2 mLAN Audio and Music data Transmission

Audio and control data in mLAN networks can be sraitted either isochronously or

asynchronously.

a) Isochronous Transactions

Isochronous streamdsransmitted and received by mLAN devices conditut
isochronous packets, which form sequences thaspmah successive samples of an
audio channel, or successive MIDI commands of a IMi@nmand stream [Fujimori
et al.2003,Figure 2.4.
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[Fujimori et al.2003]

Figure 2.4displays anisochronous streamvith isochronous packets. Each packet
contains a number afata blocks A data blockcomprises audio samples and MIDI
data from different sequences that occur at theegaomt in time. The sampling rate
of the transmitting device determines the numbedaifi blocksin an isochronous
packet. The isochronous packEtqure 2.4 consists of sidata blocksand aheader
that contains &hannel numberAll packets with the samehannel numbeform an
isochronous stream Eachdata blockcontains 32-bit quadlets that carry audio and
MIDI data. The quadlets are ordered within tfaa blocksand those (quadlets) that
occur at a particuladata blockposition are referred to collectively as a seqeenc
[Fujimori et al.2003]. Figure 2.5displays the packet format of &ochronous packet
[Foss, 2005].

18



Ty
Data length tag| channel tcode sy
ceererere e e %~ lsoc Header
Header CRC
Lt eyl LI LIl _
Ty -,
oo S0 DBS FM [ QPC E Asi DBC
L e P Header
110 FWT FDF SYT
et e PP /
TN
CIP data
Lo e = Isac data
]
]
' >‘CIF‘data
]
Last quadlet of data hlock (padded if necessand
cererere e s
Data CRC lsoc CRC
et et ettt el

Figure 2.5: The Isochronous Packet Format
[Foss, 2005]

This section describes only a fesochronous packdtelds shown inFigure 2.5that

are relevant to this investigation [Foss, 2005]:

* Thedata lengthfield - Holds a value that specifies the numbebyiks of data
carried in the packet.

* The channelfield - Holds the isochronoushannel numbegrssigned to the
packet and can contain any number from 0 to 63chvig the number of
nodes allowed on a single bus in mMLAN networks. dchieve packet
transmission between two communicating devicesh bad¢vices should
transmit and receive packets at the salrannel number

* TheSID (Source node ID) field - Holds the source devaamntifier, which is a
6-bit physical ID of the node transmitting the paick

 The DBS (Data Block Size)ield - Holds a number that indicates the data

block size.

19



 TheDBC (Data Block Countfield - Holds a sequence counter and continuity
checker that is used by receivers for audio synmthation and to detect any
lost data blocks.

 The SYT(Time Stamp)field - Indicates the time that a particular datack
within the packet should be presented at the receivhis is also used for

audio synchronization.

In isochronous transactions, isochronous packets t@ansmitted every 125
microseconds which is equivalent to 8000 packetsgeond.

b) Asynchronous Transactions

Asynchronous transactions enable an IEEE 1394 roderite/read commands
to/from another node’s addressed memory locatiactoAding to Foss (2005), an
asynchronous transaction is initialised by a retpresode and received by a
responder node. Each transaction consists of tvisestions that include [Foss,
2005]:

* A request subaction - Transfers the address, comraad data (for writes)
from the requester to the responder.
* A response subaction — Returns completion statustegy back to the

requester node, or returns data during read tréiosac

Asynchronous transactions are performed using &sgnous packets.

2.1.3 mLAN Device Synchronisation Mechanism

In order for two communicating devices to succdsfiansmit and receive audio
data from each other, they need to transmit aneivedata at the same sample rate to
avoid duplication of audio samples and buffer des§, which introduces undesired
audio breaks that affect the quality of the trardi audio [Foss, 2005]. Current
supported sample rates are 32 kHz, 44.1 kHz, 48 BB2 kHz, 96 kHz, 176.4 kHz
and 192 kHz. mLAN utilises the device synchronmatmechanism defined in the
IEC 61883-6 specification [IEC, 2005], which depgma two key points:
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* A cycle master/cycle slave relationship.
* The inclusion of the Common Isochronous Packet Y@i€ader below the

IEEE 1394 isochronous header in each isochronatlepransmitted.

Each mLAN node implements a Cycle_Time registerictvhs incremented via a
24.576 MHz clock. The Cycle_Time registers of altlas are synchronized loycle
start packets sent by the cycle master node every 12fsdconds. Thesycle start
packets contain the Cycle_Time value of the Cycilmelregister of the cycle master
device. All isochronous packets transmitted areetstamped with a 25-bit sample
rate of the transmitting device’s Cycle_Time regjistalue and a delaying offset
added to it. This value is stored in the SYT fiefdhe CIP headerspction2.1.2.3.

At the receiving device, the SYT field time stamgdue is extracted and used to re-

create the sampling rate of transmitted audio sasnpigure 2.4.

Transmitter Device Cycle Master Device Receiver Device
Cycle Time B Cycle Time .| Cycle Time
Register D Register Reqister

- ;
\ 1
\ 1
\ !
Audio samples, !
(48 kHz) \ ;
ﬁ p 8" sample !
Time stamp + offset ¥ Tjme stamp
Isochronous packet match?
PLL 48 kHz

Figure 2.6: Sample Clock Synchronisation
[Foss, 2005]
In Figure 2.6, a transmitter device is generating audio sampled48akHz, and
formatting them intadata blockswithin isochronous packets. At each S&ample rate
clock tick, the Cycle_Time value of the transmittEvice is sampled and an offset
added before its transmission within the next paakethe SYT field of the CIP
packet header. The value in the SYT field is ingzhtb be the presentation time of a
data block (event) received by the receiver. The offset isovkm as the

TRASNFER_DELAY, and takes care of the delay inadirie the transfer of an
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isochronous packdtom its transmitter to its receiver, and allowackets travelling
along different paths to be presented at the same tt also takes into account bus
resets that may occur during transmission. At #eeiver’'s side, the time stamp is
read. If this value is the same as the receiveydeC Time register value, it indicates
a match to the Phase Locked Loop (PLE)gure 2.4. A CIP packet may contain
multiple events and only one time stamp. In ordeagsociate the SYT time stamp
with a particular event, a unit known as the SYTTERVAL is used that varies
according to the sampling ratégble 2.]1. The SYT_INTERVAL is defined as the

number of events between two successive SYT tiarass.

Table 2.2: SFC (Nominal Sampling Frequency Code) Diaition

SFC (Nominal Sampling Frequency Code) definition

Value (decimal) Sample transmission frequency SYITHRVAL
0 32 kHz 8

1 44.1 kHz 8

2 48 kHz or not indicated 8

3 88.2 kHz 16

4 96 kHz or not indicated 16

5 176.4 kHz 32

6 192 kHz or not indicated 32

7 Reserved

The transmitter prepares the time stamp for thetawging the following condition:

mod OBC, SYT_INTVAL =0

whereDBC is the Data Block Count an8YT_INTVAL is the number of events

between two successive SYT time stamiabje 2.1

At the receiver’s side, the index within a packethe event to which the SYT time

stamp applies can be calculated from:

index = mod((SYT _ INTVAL - mod(DBC, SYT _ INTVAL))SYT _ INTVAL)

where DBC is the Data Block Count and SYT _ INTIVAs the number of events

between two successive SYT time stamiabje 2.1
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The receiver is responsible for estimating the ignof events between valid time
stamps. Using this formula, the receiver determitines time stamp of a received
packet as well as igdata block If the time stamp does not match its registeueait
will not process thiglata block and followingdata blocksuntil the cycle time is
matched [Foss, 2005]. Using these mechanisms twéNndevices can be
synchronised to transmit and receive audio and Mi& from each other at the same

sample rate.

2.2 mLAN Client/Server Configuration

Figure 2.7displays the mLAN Client/Server configuration tieused by the mLAN
networks and that was utilised by connection mamegw applications developed in

this investigation.

Client Device
running mLAN
Control Patchbay

XML messages

TCP/IP socket
connection

MLAN mCMS
Enabler API
+
Firewire Enabler module mLAN .
compatible units
-
Synthesizer - Mixer
—_ \‘
[Transporter Module ] [Transporter Module ]

Controllel

IEEE 1394 Node
Controllel

Bl

IEEE 1394 Node 1

Figure 2.7: mLAN Client/Server Configuration
[Fujimori et al. 2003]
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The mLAN Client/Server configuratiorFigure 2.7 shows two mLAN compatible
devices (theSynthesizerand the Mixer) connected to the mLAN Connection
Management Server (mCMS) workstation using a Fmewdable. The mCMS
workstation integrates the Enabler module and thabker API. Each device on the
mLAN network hosts a vendor specific Transportednie [section 2.1and an IEEE
1394 Node Controller. It is a requirement that ddvices on the mLAN network
incorporate an IEEE 1394 Node Controller, which d&s mLAN devices to

communicate with each other and the mCMS worksiadieer Firewire.

A communication protocol has been defined by Klagir (2004) that utilises
Extensible Markup Language (XML) messages. Thisroamication protocol enables
mLAN client applications to communicate with the M8 server through a TCP/IP
socket Figure 2.4. The current socket number is 52941. Any commatinn
medium can be used between the client and the rsasvéong as they are able to

communicate over the TCP/IP socket.

/ MLAN Client \ / mLAN Server \

T  w )
| I | | I |

N [

Figure 2.8: Client Server Communication Model
[Klinkradt, 2004]

The Client/Server approach allows for the decogplconnection management
between the controlling workstation that runs thent applications and the mCMS
server. In addition to this, communication usingngy&c XML messages allows for
multiple applications, developed in any languagedanect and communicate with
the mCMS server. The network can use any mediunys{pdl Firewire cables,

wireless or Ethernet technologies) as long as timantunicating devices can pass
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messages via TCP/IP [Fujimori et dD03]. As a result, client applications can be
deployed for a wide range of devices that includaeptbps and standalone
workstations. When a user performs a connectioragement request (e.g. making a
connection or disconnection between two plugs) lm@ ¢onnection management
application, a request-specific XML document isateel by the application and sent
to the mCMS servelListing 2.1shows a typical connection request XML document
that requests a connection between an output witlg sourcePlugIiD“1” (on a
device with deviceGUID “0013f00400011” and of type “audio”) to an inpuug
with destinationPlugiD“33” (on a device with devic&UID “0013f00400000014”
and of type “audio”). When the request is fulfiljeaudio is routed from the output

plug to the newly connected input plugs.

<?xml version="1.0" encoding="utf- 18" ?=
- <mLANServerCommand version="1.0"=
- <object name="patch"=
- =method name="connect":
<parameter name="sourceGUID" valu=="0013f00400400011" />
<parameter name="sourcePlugType" value="audio" />
<parameter name="sourcePlugID" value="1" /=
<parameter name="destinationGUID" valu=="0012f00400000014" /=
<parameter name="destinationPlugType" value="audio" /=
<parameter name="destinationPlugID" value="33" />
</methodz=
<fobject=
</mLANServerCommand >

Listing 2.1: XML “connection” Request Document

On the server side, the Request Server module gsesehe information in the XML
document and forwards the request to the Devicessfice module. The Devices
Interface uses the Enabler API to access the Hieelis and implement the request
in collaboration with the Transporter modules oohe@ommunicating devicd-[gure
2.9.
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IEEE 1394 Bus

Figure 2.9: mLAN Client/Server Communication Interfaces

MCMS server responses are sent by the server tocdhaection management
application using XML documentslisting 2.2 shows a section of an XML
“configuration” document that is sent to the mLANent application at start-up, and

each time the sound engineer requests an apphoapdate from the mCMS server.
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<ruml version="1.0" encoding="UTF-8" standalone="no" 7=
- «mLaMClientCommandz
- <ohject name="patch">
- zmethod name="refresh"=
- <parameter name="configuration" value="Tue Feb 27 11:10:43 2007">
- =mLAMConfigurations
- <IEEE1394Metwarks>
- <IEEE1394Bus bandwidthavalable="2756" busMame="3FF">
+ <IEEE1394Device GUID="D013f00400400011" firmware="DICE II1 OGT 0.1" model="DIGE II Evaluation Board" nickname="IOne Connects-left"
nicknamelswriteable="yes" numPaossibleDeviceConnections="4" vendor="WaveFront">
- <IEEE13940evice GUID="0013f00400000014" firmware="X1 OGT 070222" mode/="Firewire Digital Audio Snake" nickname="I0ne Connects-right"
nicknamelsWriteable="yes" numPossibleDeviceConnections="3" vendor="1/0ne Connects">
- <mLANDevices
- <mLANDevicePlugs:
<plug direction="out" id="66" isDangling="no" namels\Writeable="no" plughame="Analog In 1" plugType="audio" />
<plug direction="in" id="115" isDangling="no" namelsWriteable="no" plughame="MIDI Out" plugType="midi" />
</mLaNDevicePlugss
- <mLANDevicePlugLlayouts currentPluglayoutID="1" numPlugLayouts="3">
<pluglayout id="0" namels\Writeable="no" plugLayoutMame="tx1: 8 ADAT 8 AES. tx2: 16 Anal" />
<pluglayout id="1" namelsWriteable="no" plugLayoutMame="tx1: 8 AES 8 Analog" />
<plugLayout id="2" namelsWriteable="no" plugLayoutName="tx1: 8 Analog" />
</mLaNDevicePlugLayouts:
- «mLAMNDeviceSyncSources numSyncSaurces="4"»
<syncSource currentSampleRate="0000bb80" id="0" namelsWriteable="no"
supportedSampleRates="00007d00|0000ac44|0000bb80| 00015888 |00017700]|0002b110]|0002ee00]|" synchMode="1"
syncSourceMame="8YT" />
<syncSource currentSampleRate="0000bb80" id="2" namels\riteable="no"
supportedSampleRates="00007d00|0000ac44|0000bb80| 00015888 00017700|0002b110|0002ee00]" syncMode="3"
syncSourceMame="AES RX" />
</mLANDevIicESyncSources>
- «mLaMDeviceMordClockOutputs numwordClockOutputs="1"=
<wordClockOutput currentSyncSourcelD="0" id="0" masterGUID="0013f00400400011" masterWordClockOutputID="0" />
< /mLaNDeviceWordClockOutputs>
</mLANDEvVICE:
«/IEEE1394Devices
</IEEE1394Bus>
«/IEEE1394Metwork:>
- <Connections>
<Patch destEndPointLocator="NODE_GUID="'0013f00400400011',MLAN_PLUG_ID="Audio In 1"
srcEndPointLocator="NODE_GUID="0013f00400000014', MLAN_PLUG_ID="'Audio Out 2" />
</Connections:
<gession end="2007-02-27 10:56:54" sessionlD="0" sessiondame="dummy" start="2007-02-27 10:56:54" />
< /mLANConfiguration:
</parameters
</method=
</obiects

Listing 2.2: XML “cconfiguration” Document

The XML “configuration” document elements corresgoto the actual physical
components that constitute the mLAN network, aroilite:

* ThelEEE1394Networlelement.
e ThelEEE1394Buslement.
* ThelEEE1394Deviceelement.
a) TheAudioPlugelement.
b) ThemLANDevicePlugLayoutlement.
c) ThemLANDeviceSyncSourcekement.
d) ThemLANDeviceWordclockOutpugdement.
* Theconnectionglement.

* The ®ssionelement.
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The following sub-sections describe these elemardstail.

2.2.1The IEEE1394Networkelement

The IEEE1394Networkelement is the top-level element that contain® zermore

IEEE1394Buslements, oneonnectionglement and ongessiorelement.

2.2.2The IEEE1394Buselement

The IEEE1394Buslement contains zero or moieEE1394Deviceelement(s). The
number of bridges on the mLAN network determinesribmber of IEEE1398uses
that the network had.isting 22 shows an IEEE139%us named “3FF”, which
represents the local IEEE13Bds connected to the host workstation. The barttwid

attribute value “2756” is the amount of unused hedth on the mLAN network.

2.2.3The IEEE1394Deviceelement

The IEEE1394Deviceelement constitutes of four sub-elements, zerommre
AudioPlug element(s), one mMLANDevicePlugLayouts element, one
mLANDeviceSyncSourcetement, and onmLANDeviceWordclockOutputdement.
It maps directly to a particular physical mLAN dewion the mLAN network.
Globally Unique Identifier (GUID) numbers are use&m uniquely identify each
MLAN device on the network.isting 22 displays twolEEE1394Deviceslements,
which  represent two devices with GUIDs “0013f00400411” and
“0013f00400000014". Other attributes of tfiEE1394Devicelement(s) include:

» Firmware — The firmware of the device.

* Model — The model number of the device.

* Nickname — The nickname of the device.

* NicknamelsWriteable — The variable which specifi@bether a device
nickname can be changed (“yes”) or not (“no”).

* NumPossibleDeviceConnections — The number of plessdnnections for the
device.

* Vendor — The vendor of the device.
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2.2.3.1The AudioPlug element

Each IEEE1394Deviceelementcontains onemLANDeviceelement, which in turn
contains zero or morAudioPlugelements. ThenLANDeviceelement indicates that
the current device is an mLAN device. There are tyyes ofAudioPlugelements;
the AudiolnPlug element and théAudioOutPlug element. Thedirection attribute
identifies the type oAudioOutPlugelement. ThAudiolnPlugelement represents an
input audio plug, and thA&udioOutPlugelement represents an output audio plug.

OtherAudioPlugelement attributes include:

Id — This attribute is the identification numbertbé plug.

» IsDangling — This attribute states whether the glag a dangling connection
or not.

* NamelsWriteable — This attribute specifies whetier name of the plug can
be changed.

* PlugName — This attribute specifies the name opthg.

* PlugType — This attribute specifies the type ofpthey (Audio or MIDI).

2.2.3.2The mLANDevicePlugLayout®lement
Each IEEE1394Deviceelement contains onenLANDevicePlugLayoutslement,

which contains device Plug Layouts that are sugpdoly the device.

2.2.3.3The mLANDeviceSyncSourceslement
Each IEEE1394Deviceelement contains onenLANDeviceSyncSourceslement,

which contains synchronisation sources that arp@tigd by the device.

2.2.3.4The mLANDeviceWordclockOutputslement
Each IEEE1394Device element contains onemLANDeviceWordclockOutputs

element, which contains the currently set wordklime the device.

2.2.4The connectionslement

The connectionelement constitutes of one or m@achelement(s), which represent

individual connections that exist between mLAN deg on the mLAN network.
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Each patch element identifies a single connection using twitritautes; the

destEndPointLocatoattribute and thercEndPointLocatoattribute.

The destEndPointLocatorattribute holds information that identifies a
particular destination plugListing 2.2 shows a patch element with

destEndPointLocatoattribute value of :

"NODE_GUID='0013f0040040001M1,AN_PLUG_ID="Audio In 1"

Where theNODE_GUIDvariable holds the GUID of the destination device
(0013f004004000)1and the MLAN PLUG_ID variable holds the plug

name Audio In J of the destination plug receiving audio from swurce

plug.

The srcEndPointLocatoattribute specifies the information that identifibe

source plug such as:

"NODE_GUID='0013f00400000014', MLAN_PLUG_ID="AwOut 2"

Where theNODE_GUID variable holds the GUI0013f0040000002)4of
the source device transmitting audand the MLAN_PLUG _ID attribute
holds the textual name of the source plagdio Out 2.

2.2.5The sessiorelement

Thesessiorelement holds session information for managing 4rased sessions, and

is not used in the current implementation of mLAN.

2.3 Chapter Summary

This chapter discussed the current status of mLAN iéss Enabler/Transporter and

mLAN Client/Server architectures. mLAN is defineslanetworking technology that

is based on Firewire, which allows the transportaaflio and music control data

between audio devices. Firewire was chosen asdbke betworking technology for

mLAN for the following reasons:
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* It has low latency and determinism required by &woek carrying real-time
data.

» It has power-carrying capabilities and supports-giogjging and plug-play
performance capabilities which eliminate the neddaocontrolling host

workstation

mLAN was chosen for this investigation because nobsts development was done
by the Rhodes University Audio Engineering Groupcaillaboration with Yamaha
Japan. This provided the researcher with easy hedpcaccess to mLAN resources.
Furthermore, the researcher had the opportunitgarhing from mLAN developers
themselves. mLAN, using the Enabler/Transportehitacture fection 2.1 supports
true end-to-end connection management with reaser@bality of Service (QoS).
Data formats and hardware, such as the PH1, theda®@lhe PH2 chips, have been
developed for sequence encapsulation and extractioh AN networks. Collectively
these components described in this chapter en$i@@iee connection management
in mLAN networks and form the basis for this invgation. The mLAN
Client/Server architecture using XML messages eawlthe decoupling of client
applications from the underlying Enabler moduleerBfore, mLAN clients can be
developed in any language and deployed on mLAN odsvas long as they can

communicate with the server over TCP/IP.
The next chapter surveys current connection manageapplications for three sound

installation networks (the Broadcast networks, Breject studio networks and the

Hospitality/Convention Centre networks).
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CHAPTER 3

3 Connection Management Applications for Sound

Installations Networks

A connection management application (patchbays) lmarregarded as the nerve
centre for audio signal routing within high-speedlia/video networks [Axia Audio,

2007]. It facilitates connection management byvailhg the user to perform many
signal routing tasks on a single application. Triesents the user with centralized
signal control capabilities in small personal stsdiand large professional audio

networks. Tasks that can be performed on a patcapglcation include:

» Establishing and breaking audio connections betwieeice plugs.

» Setting and clearing word clock Master/Slave canfigions.

* Viewing network topology at different levels (Netko Bus and Device
levels).

» Saving/loading routing settings to/from a text.file

» Enabling the sound engineer to edit device progedich as device and plug
names.

* Enabling the sound engineer to create or delete aseounts as well as
manage resource distribution within the audio nekwo

* Enabling network users to book devices for thewgie use.

Connection management applications have been geatland deployed for various
sound installation networks, each having differantio routing requirements. For
purposes of this investigation, three sound iretialh networks were identified, and

these include:
+ Broadcast networks.

* Project studio networks.

* Hospitality/Convention Centre networks.
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The following sub-sections discuss in detail eafcthese sound installation networks.
3.1 Types of Sound Installation Networks

3.1.1 Broadcast Networks

Broadcast networking solutions involve a high degoé complexity. In Broadcast
studios, digital audio/video is distributed as r@ain of digital data bits over a single
or combination of two or more networks. As a resBhbadcast networks span large
areas and involve the use of complex mixers ardbbrunits to route various kinds of
audio/video data between audio devices and/or mksvdletwork Administrators for
these networks are usually highly skilled soundiregys who understand how the
audio/video data is routed on the network. Thesearis involve patching of many
plugs, therefore requiring a complex connection aga@ment application that can
expose as many plugs as possible for effectiveaxtiion management.

3.1.2 Project Studio Networks

Project studio networks are much smaller than Brastinetworks, which tend to be
distributed in nature. Project studio networks aseally located in one building or
one room with only one administrator, and relagvigwer devices. These networks
usually consist of only one network (routing onlyeotype of audio or video data)
while Broadcast networks combine one or more audiworks. It follows therefore
that they typically deal with fewer connections.eDwo the small nature of Project
studio networks, sound engineers for these netwarkd to develop a mental model
of the layout and topology of their studio. Thisbscause there are shorter distances
between devices to be connected or disconnectétk Aesult, network administrators
for these networks tend to physically switch theles connecting network devices to
perform audio routing. Sound engineers for thesevar&s are usually music
producers, who have enough technical knowledgeheir tstudio network to route
audio while Broadcast studio sound engineers ar@ewessarily music producers but

specially trained audio network administrators.

3.1.3 Hospitality/Convention Centre Networks

Hospitality/Convention Centre networks are the leasmplex of the three sound

installation networks, and can be operated withimmah experience and training.
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They are usually operated by inexperienced usecshalre no time to spend learning
or understanding the inner workings of the netwamkgd how audio is routed and
transmitted by the network. All they are concerrdmbut is performing the audio
routing tasks on the patchbay without having to vknbow these tasks are
implemented on the network. As a result, connectrmnagement applications for
these networks should hide the physical implememtaof the network that is
involved in the routing of audio and expose onlyides to be connected in a manner

that can be understood by an inexperienced user.

3.2 Current non-mLAN Client/Server Connection
Management Applications

mLAN-based and Non-mLAN connection management agptins have been
developed that do not utilise the mLAN Client/Senagchitecture described in
section 2.1 Traditionally, these are predominately developsthg third-generation
languages such as C, C++ and C#. Three categdrieemmLAN Client/Server

connection management applications can be idetitified they include:

» Grid-based patchbays.
» List-based patchbays.
* Graphic-based patchbays.

The following sections discuss these connectionagament application categories

in detail, and give current examples for each.

3.2.1 Grid-Based Patchbays

Grid-basedpatchbays are the most complex. They display ds\acel their plugs as
well as visually display their connection statusidébased patchbays combine a tree-
like structure (collapsible/expandable tree nodesYHisplay devices on the audio
network, and a grid-matrix that displays a visugpresentation of the connection
status of individual plugs on the network (whethgulug is connected, disconnected

or not usable). Grid-based patchbay examples ieclud

« The OTARI mLAN Control Software.
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« The CobraNet" Manager.

* The Digigram’s ESControl Management Software.

3.2.1.1 OTARI mLAN Control Software

Figure 3.1displays a screenshot of the OTARI mLAN Controft®are for Otari
ND-20B networks that was developed by Otari usirg- At displays five Otari ND-
20B devices, namelyLAN ND-20B (54) — (1 MLAN ND-20B (57) — (2mLAN ND-
20B (59) — (3)mLAN ND-20B (FE) — (4andmLAN ND-20B (FF) — ($Figure 3.1.
OTARI (2001) defines an OTARI ND-20 unit as a “netw distribution unit which
provides a networking solution for audio signalglultiple OTARI ND-20 units can
be connected via an IEEE 1394 network to convepplsed audio signals into
different formats or distribute audio signals witlihe network. OTARI ND-20 units
support 24-bit quantization and 96 kHz sample tagzefore can be used as a high
guality analogy-to-digital and/or digital-to-analogconverter, or a digital signal
sample rate converter. It has a maximum of 32-chlaaundio capacity (16 channels at
96 kHz) and a maximum of 96 channels for the enii2-20 network system
[OTARI, 2001].
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Figure 3.1: OTARI mLAN Control Software
[OTARI, 2005]
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The OTARI mLAN Control Software application comprise thiree panels on which
connection management tasks are performed. Thelse@

* The Topology pane.
* The Audio Routing Matrix pane.
* The Clock Setup pane.

a) Topology Pane

The Topologypane enables the sound engineer to view the layfoilte IEEE 1394
network at three different topology levels, namtilg Network level, the Bus level,
and the Device level. Network level topology displayed on théNetwork pane,
which displays all buses and bridges connectetigdbst workstation. If there is no
bridge unit on the IEEE 1394 network, only one Imislisplayed on thé&letwork
pane. Bus level topology is shown on tBes pane, which shows all devices on a
particular bus on the IEEE 1394 netwoFkdure 3.3.
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|

I test 1

File Edit Topoloey o Clock Setup RURETS
xoex Topology ixxxﬂdm j\(XXC\uck Setup | /
oexNetmark | %xxBus | kXDE_V‘-C_BI / wzlletwork
L
mLAN ND-20E (54) mLAN ND-20E (65} mLAN ND-20E (FA) -
sxxDevice ==
0D Dxl
=] i b xhame:
mLAN ND-20B G7) mLAN ND-20E (55} mLAN ND-20B (FE} mLAN ND-20E (FF) imLAN HD-20E (54}
D HxxRoot Device
xxiendor:
QTARL
sexcModel:
mLAN MD-208
fersion:
) ( ) < xxxInput Plugs
A-11 AESS ~
A-2: BESS ==
Device Details | |[:3i=
8.5 aFS3 |
sxOutput Plugs
A-1: AESS ~
A-2: BEST =
A-3: AESS
A-4: AESS
A5 AFSE puc] 1

s Symbol Key
xxxDevice

xxxRook Device
xxxClock Master

wa0Clock Slave

Figure 3.2: OTARI mLAN Control Software — Bus Pane
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The number in parenthesis affixed to each devieceenes the Device ID. Iirigure
3.2, the devicemLAN ND-20B (65)s configured as the word clock master for the
network, whilst all other devices are slaves. Tightrhand section oFigure 3.2
displays theSymbol Keyand the selecteDevice Details which shows information
for a particular device, which is selected on thes Bopology pane. TheDevice
Details section currently shows details for the deviceAN ND-20B (54)which is

selected on the display. Device information dispthincludes:

* Its device name — mLAN ND-20B (54).

» Its device vendor — OTARI.

» Its device model — ND — 20B.

* Its device Input plugs — A-1: AES3 to A-5: AES3.

* Its device Output plugs — A-1: AES3 to A-5: AES3.

The Devicepane displays input and output plugs for a pddicdevice on the IEEE
1394 network Figure 3.3.
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Figure 3.3:OTARI mLAN Control Software — Device Pane
[OTARI, 2005]
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If a plug is selected on the main display of frevicepane (i.eA-1: AES3plug in the
Figure 3.3 -eircled), its information is displayed on the rigigction of the pane (the
Plug Detailg. A-1: AES3plug details displayed include:

e Its plug name- A-1: AES3.
* Its plug type — audio plug and is an output plug.
* Its sample rate — 48.0 kHz.

b) Audio Routing Matrix

The Audio Routing Matrix is used for setting audeutings. It displays IEEE 1394
devices and their associated plugs in two tréegufe 3.]. At the centre of the
application is a grid-matrix that displays the cection status of IEEE 1394 device
plugs, on which connection management is perforfhbd.tree list on the left side of
the matrix lists input plugs while the tree lisbsm above the matrix lists the output
plugs. Plug cross-points with blue round dots regné live connectiong-[gure 3.1.
For example, inputs plu@-1: AD on devicemLAN ND-20B (57)s connected to
output plugA-1: AES3on devicemLANND-20B (54) The red “X” icons represent
the cross-points on which connections cannot bestrfaalr instance, red “x” icons are
shown at the device level column of the outputs ficr the devicenLAN ND-20B
(57) (shown circled irFigure 3.1 and its open plugs on the input plugs tree because
plug cannot be connected to a device but only tahem plug, and plugs of the same
device cannot be connected to each other. Thecbfi denotes a point connecting

different layers such as a bus to a unit, or atorgach I/O plugHigure 3.1.
Audio connections and disconnections are maderbplgiclicking on the cross-point

of two plugs to be connected or disconnected. Caiores and disconnections are

applied by clicking thé\pply button Figure 3.4.
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Figure 3.4:Update and the Apply Buttons
[OTARI, 2005]
The Updatebutton is used to force a process that gets testlanformation about the
network devices, and plugs connection states. Atthoworking with the Routing
Matrix is easy once a user is oriented with iaes not clearly show the user which
tree list contains output nodes or which tree dishtains input nodes. By using a
combination of colours and shapes to represeneréifit connection states of the
device plugs, the Audio Routing Matrix makes ityefs the sound engineer to see
which plugs are connected. Collapsible trees aftmwhe viewing of many devices at

a time.

c) Clock Setup Pane
Figure 3.5 shows theClock Setuppane in which word clock Master/Slave
configurations are performed on the OTARI mLAN GohSoftware.
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|,:51| test 1

File Edit Topology Audic Clock Setup  Window

| wxexTopalogy | sxcfudio | wxxClock Setup !

xxClock Mode: | omanual v ixxxGroup Master: wxxetwork

xxxCapable Masters G @
xxxCapable Slaves

= Untitled Bus = Untitled Bus sxxMaster

= mLAN ND-20B G7) 48.0 kHz mLAN ND-20B &9}
1 mLAN ND-20E E4) (Untitled Bus)
mLAN ND-208 (FE} (Untitled Bus)

mLA&N ND-20B (FF) (Untitled Busl

2

3
mLAN ND-208 693 48.0 kHz

e

[ ~ AN

Remove Slavé Button Make Slave Button

Figure 3.5:0OTARI mLAN Control Software — Clock Setup Pane
[OTARI, 2005]
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The Word Clockpane has two main sectionsigure 3.3, namely the “Capable
Masters” section, and the “Capable Slaves” secflidrve “Capable Masters” section
displays devices that can be configured as mastdces and the “Capable Slaves”
section displays devices that can only be madeesldvevices that are not currently
set as a slave or a master are displayed in thdlenmblumn between the “Capable
Masters” column and the “Capable Slave” columns&ba word clock Master/Slave
configuration, the sound engineer clicks and selaatievice to be made a master on
the “Capable Masters” field, and then clicks antk&s as many slave devices as
possible from the “Capable Slaves” field. Clickithgge Make Slaveébutton makes sure
newly set slave device nodes appear under theitemavice on the “Capable
Masters” field. If the sound engineer is satisfieticking the Apply button would

apply the configuration to the network.

To clear a word clock Master/Slave configuratidre sound engineer simply clicks
and selects the master device to be cleared arid theRemove Slaveutton. When

the Applybutton is clicked, the slave setting is cleared amalied to the network.

3.2.1.2 CobraNet™ Manager
The CobraNet™ Manager software, like the OTARI mLADbntrol Software,

displays the current status of the CobraNet™ ndtwsing a combination of two
device tree lists and a grid-matrix. CobraNet™ ssamdard developed by Peak Audio
that is owned by Cirrus Logic Inc [Cirrus Logic,@Q. It is based on the hardware
and protocol-layer of traditional Ethernet netwojlRsand R Electronica B. V., 2007].

Benefits of using CobraNet™ include:

» lIts transportation of high fidelity, uncompressegitdl audio in real time over
off-the-shelf, switched Ethernet networks.

» Its use of standard Ethernet hardware and equipnadnth guarantees cost
effective digital networking as no new infrastruetmneed to be installed to use
it.

e Its use of SNMP (Simple Network Management Profocambined with
numerous fault tolerant features provides relighilpowerful control and

monitoring of the network and its devices.
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Three packet types make up the CobraNetBtocol, namelyeat isochronous data

and reservation packet$Cirrus Logic, 2007]. Thebeat packet is directed at a
multicast address and carries the network operaagameters, clock, and
transmission permissions. Only one device on tiear& transmits beat packets, but
all devices on the network are required to listntiese packets [Okai-Tettey, 2005].
Theisochronouspacket is the carrier of audio data and is suddiyiinto bundles. A

bundle is the smallest network audio routing enpelavith a capacity to transmit up

to 8 audio channel3.able 3.1summaries CobraNet™ capabilities.

Table 3.3: CobraNet™ Capabilities

Capability Description

Latency 2.66 ms and 1.33 ms with low latency mod

1%

5.33 ms otherwise.

Number of channels Up to 64 channels of 20-bit audio at 48 kHz
sample rate.More channel count with 16-bi
audio and less with 24-bit audio.

Network transport CAT-5 cabling. Daisy chain and star

Control and monitoring CobraNetTM Manager developed by D&R
Electronica

Open standard/Proprietary based Proprietary based, but uses a standards bgsed
transport

Figure 3.6shows the CobraNet™ Manager software interfaceh Eavice displayed

on the CobraNet™ Manager software has 4 receivoukets and 4 transmitting

sockets, and a reference numbeéiglire 3.4. These form the connection points for
connection management on the matrix. CobraNet™ gem8&oftware makes audio
connections by setting-up bundle numbers. An agditnection is made between a
receiver and transmitter if they have the same leundmbers set. Bundle numbers
range between 1 and 65535. Different manufactymerglicts use different ways of

manipulating these bundle numbefsalle 3.4.

Table 3.4: Ways of Setting and Manipulating BundleNumbers

Manufacturer/Product Method for controlling bundle
numbers

D&R Lyra Use a webpage

Rane NM48/NM84 Use an encoder

Yamaha NHB32-C/ACU16-C Use USB with an external pater

Crown PIP Use their own IQ software

Others Use DIP Switches
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Bundle numbers can also be automatically assigoedetsices when the sound
engineer clicks on a cross-point of two socketbadoconnected on the matrix. The
cross-points are prepared using SNMP messagesdRdgalectronica B. V., 2007].
Figure 3.6shows an example of this concept for two crosstgdior socketd x2 on
deviceUSB MixerandRx2on deviceLyra and socket3x2 on deviceYamaha NHB-
32USB MixerandRx3on devicelLyra.

Grey Matrix Area Yellow Matrix Area

Lyrs UZB hixer Yamaha NHB-3

[ret| e o ]

HHHE

Lyra

Yamahas NHB-3:USE Mfixar

Figure 3.6: CobraNetTM Manager
[D and R Electronica B. V., 2007]

The Gray Matrix Areaon the routing matrix depicts cross-points forksts that
cannot be connected because they are on the same @laternal audio routing is not
allowed). TheYellow Matrix Arearepresents cross-points for sockets that can be
connected. There are three types of connectioi#mbe made on the CobraNet™
Manager software [D and R Electronica B. V., 2007]:

* Multicast connections - These involve a single graitter transmitting to

many receivers.
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* Unicast connections - These involve a single tramemtransmitting to only
one receiver using bandwidth on a dedicated link.
Private connections - These involve a private regednly receiving audio
from a known transmitter.

The CobraNet™ Manager software uses a built-in chalee to plan connections that
are applied to the network based on the time theysaheduled to run. A user can
configure a cross-point of two sockets to hold dticast, private, unicast and secure
connection events by simply right-clicking the regd cross-point and selecting the
correct menu item. CobraNet™ Manager software altmvs the user to define
custom plug-in functions anmmhacrosthat can be triggered from the scheduler and/or
from any plug-in. Each macro can hold one or meentes. The sound engineer uses
the Macro Event List to add, delete and change oneeents. There are three types of

events that can be added onto a Marco Event List:

«  SNMP Events — These are events that can be trigdgr&NMP messages.
* Cross-Point Events — These are events set on s-panst of two sockets.

* Plug-in Functions — There are events triggeredxbgreal plug-in functions.

3.2.1.3 ESControl Management Software

The ESControl Management Softwakagure 3.7 is a Client/Server application for
connection management in Digigram's EtherSound erasfgproducts that include
EtherSound ES8in, ES8mic, ES881, ES1241, ES16166464ES and miXart 8 ES
[Digigram SA, 2007a].
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Figure 3.7: ESControl Management Software
[Digigram SA, 2007a]

Like the OTARI mLAN Control Software and the CobetlM Manager Software
discussed irsections 3.3.1.J1and 3.3.1.2 respectively, the ESControl Management
Software combines two tree lists and a grid-matnxwhich connection management
is performed. The ESControl Management Softwarge8eapplication uses a non-
dedicated Ethernet to connect to the EtherSoundanktit controls. The ESControl
Management Software also incorporates a multi-ckgaplication with the following

features and capabilities [Digigram SA, 2007a]:

* A matrix interface [Figure 3.7.

» Automated network discovery capabilities.

» Save network-wide EtherSound configurations fotansreload.

* Supports remote system management and diagnosig TSIP/IP to connect

to the server.

To establish audio connections, the sound engisiegply clicks the cross-point of

two plugs to be connectedrijure 3.7. The green “x” icons on the grid-matrix
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represent a live connection. Audio connections lsarbroken by clicking a cross-
point with a green “x” icon for the plugs to be @bsnected.

3.2.2 List-Based Patchbays

List-based patchbays display devices and theirczssal plugs in a list structure. This
means list-based patchbays display a large nunmibdewce nodes and plugs at a
time, a feature that is required for large and dempmudio networks. List-based
patchbay examples include the Yamaha's mLAN Patchdad the PathfinderPC

Router Control Software.

3.2.2.1 Yamaha mLAN Patchbay

Figure 3.8 shows the list-based Yamaha mLAN Patchbay for otlimtg audio
routing between version 1 mLAN devices [Yamaha Goapon, 2004b]. It has three
panels on which connection management tasks aferped, namely theéAudio
panel, theMIDI panel, and th&/ord Clockpanel. TheAudio tab, theMIDI tab, and
the Word Clocktab are used to access these panels [Yamaha @bopor2004b,
Figure 3.8. The mLAN PatchbayudioandMIDI panels display device plugs in two
separate lists. Therom list displays source plugs and the list displays destination
plugs. If a plug on thérom list is connected, the connection information loé t
destination plug that is connected to it is showaatly opposite to it on th€o list. If

a plug on thécrom list is not connected, a “---" (hyphen) is disptayon theTo list
[Figure 3.8. Figure 3.8shows that the output plu§UX2 is connected to input plug
Input 1, and is transmitting at 32 kHz.
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Figure 3.8: Yamaha mLAN Patchbay — Audio Page
[Yamaha Corporation, 2004b]

To establish audio connections on the Yamaha mLAbHbay, the sound engineer
right-clicks the source plug on th&om tree list. By traversing the submenus that
appear, the engineer selects the desired destinaitigg. Output plugs that cannot be
selected are disabled (shown greyed-out onAtdio panel Figure 3.§). Right-
clicking areas that are displayed as “----" haseffect. If the connection is successful,
the destination plug information immediately apgaartheTo column of the Yamaha
mLAN Patchbay Figure 3.9

To break audio connection, the sound engineer -glitiks the output plug on the
From section of the Yamaha mLAN Patchbay and seleetsiisconnect (T)” menu
item on the submenu that appears. Word clock M&tare configurations are set on
the Word Clock panel of the Yamaha mLAN Patchbay. To set the &ffSkave
configuration, the sound engineer right-clicks thevice to be made slave on the
Slave section of th&/ord Clockpanel Figure 3.9. On the submenus that appear, the
user selects the proper master device for the tedlestave Figure 3.9 shows this

process for setting the master devitagnolia
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Figure 3.9: mLAN Patchbay — Word clock Synchronisabn
[Yamaha Corporation, 2004b]

3.2.2.2 PathFinderPC Software

The PathFinderPC software is a Client/Server Rotetrol software package. It is
designed to provide facility-wide control over anymber of audio, video and
Machine Control routers including the Axia Livewnlestributed routing system [Axia
Audio, 2007]. The software consists of a server u®called the PathFinderPC
Server that communicates via a serial port or Eetewith the routers, and a client
application called the PathfinderPC Client thaa igraphical user interface on which
sound engineers perform connection management {asks Audio, 2004, 2007].
The client application connects to the server ughmg TCP/IP protocol over any
established Local Area Network or even over therhdt. The server application
makes the client requested-changes to any of thieenin the routing system and
provides updates to the client application intexfathe PathfinderPC package also
includes a tool called the Panel Designer and atitiadal application called the
PathfinderPC Mini. The Panel Designer tool allowslesigner to create custom
software routing panels. These panels are therasalaiin the PathfinderPC Client
application for the end-user. The PathfinderPC Mipplication is used in a situation
where the only controls the end user should acaesthose available through one of

the custom designed panels [Axia Audio, 2004, 2007]

Details of the PathFinderPC Server are beyond tiopes of this investigation.
However, additional information can be acquirednfréhe PathfinderPC manual
[Axia Audio, 2004, 2007]. The PathfinderPC clieppécation includes the following
features and capabilities [Axia Audio, 2007]:

* It has three different routing views and methodsviewing and for making

route changes.
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* It has a simple interface for creating and acti@téentire scene changes to
quickly change multiple routes in the system.

* It has the ability to lock routes so that they nmg be changed by another
user during a show.

» It has resource sorting capabilities.

* It has aVirtual Router Creationpanel to create custom route lists for a
particular room and/or to tie points together fraiffierent kinds of routers.

* It has an Event Programming Interface for creasitagndard events.

The PathfinderPC client is used to make routesiterand edit virtual routers, create,
edit, and activate scene changes, as well as dehegants. It also has a search
engine for finding route points and scenes througlioe entire routing system. At
start-up, aServerdetails dialog box opens that allows the soundrexegito specify
thelP address or a fully qualified name of the computening the server application
as well as the TCP/IP socket number of the serpefication (the default socket
number is 5200). When the sound engineer clicksChart Viewunder the view
menu, a graphical grid view of the routing statsidisplayed Ffigure 3.1Q. Green
dots represent cross-points with live connectiohsclv have streaming audio. Grey
dots represent cross-points with live connectiartsaith no streaming audio.
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Figure 3.10: PathfinderPC Router Control Software
[Axia Audio / TLS Corporation, 2007]

3.2.3 Graphic-Based Patchbays

Graphic-based patchbays provide a pictorial reptatien of the devices and plugs
on the audio network. The Yamaha’'s mLAN Graphiacpbhay for version 2 devices

is an example of graphic-based patchbays.

3.2.3.1 Yamaha mLAN Graphic Patchbay

The Yamaha mLAN Graphic patchbay enables the usesetup and manage
connections between mMLAN devices using a graphterfece to connect and
disconnect virtual audio/MIDI connectors [Yamahar@wation, 2004a]. C++ was
used for developing the Yamaha mLAN Graphic Patghbkigure 3.11shows a

screenshot of the Yamaha mLAN Graphic patchbay thsplays three mLAN

devices on the IEEE 1394 network:

¢ The mLAN Windows PC.

e The Ol1x.
e The MOTIF ESY.
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Device graphicscan be dragged around to specified locations withe Yamaha

MLAN Graphic patchbay display. Figure 3.11 theO1xdevice is dragged from the
right-side of the application shown as a solid braquare (its original location) to
the left-side of the application by simply clickiitg dragging and dropping it at one

of theDrop locations designated by the brown empty squares.

Original location of the

Ienu Bar Possible drop locations 1z device graphic
Tools Bar
Stepeedtion ——
of the Ol i ; i
graphic mLAN Windows P(

MOTIF ESi

Figure 3.11: The Yamaha mLAN Graphic Patchbay
[Yamaha Corporation, 2004a]

The Menu Barof the Yamaha mLAN Graphic Patchbay contains wariediting and
setup function menu itemdlenu Baritems can be assessed by clicking the desired
menu name to display the pull-down menu, and tHeose the appropriate menu
item to apply [Yamaha Corporation, 2004&igure 3.12shows theTool bar of the
Yamaha mLAN Graphic Patchbay that contains iconkjckv allow the sound

engineer to use the same functions and commantisahde accessed from thienu

@@@ o Qe

SR8 dnae

Figure 3.12: mLAN Graphic Patchbay — Tool bar
[Yamaha Corporation, 2004b]
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Tool baricons enable access to capabilities such as:

* Opening saved routing settings (1).

» Saving routing settings (2).

* Viewing either MIDI or Audio plugs (3).

» Setting Master/Slave configurations (4).

* Refreshing the mLAN Graphic Patchbay (5).

* The help documentation (6).

To establish audio connections using the Yamaha MlGraphic Patchbay, the
sound engineer opens the “Outputs Connector Winduwhe source device and the
“Inputs Connector Window” of the destination devibg clicking their maximise
buttons. These display the input and output plagdetail Figure 3.13. Figure 3.13
shows theVIOTIF ES7device and thenLAN Windows P@evice to be connected. To
make the connection between plugs, for example detwthe plugOut 1 of the
MOTIF ES7device and the pluth 1 of the mLAN Windows PGlevice, the sound
engineer clicks the box next to the output and tinpbels of the two plugs on the

open “Output” and “Input Connector Windows”.

7

e

SESE SRR

=
o
i i

Figure 3.13:Yamaha mLAN Graphic Patchbay — Establishing Audio @nnection
[Yamaha Corporation, 2004b]
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A virtual cable connector appears in the bBiglire 3.13 for the plugOut 1 of the
MOTIF ES7device. If the connection is successful, a coldutable of the same
colour as the output node is drawn to reflect tbenection between the two plugs

connectedfigure 3.14.

mLAN Windows PG

Wy By W s il b b i by B e e ke b il

EEEEE SRR Zkb Nk

Figure 3.14: mLAN Graphic Patchbay — Successful Carection
[Yamaha Corporation, 2004b]

Other connection management tasks that can berperfbon the Yamaha mLAN

Graphic Patchbay include:

* Breaking audio connections.

» Setting word clock Master/Slave configurations.

3.3 Current mLAN Client/Server Connection Management
Applications

At the time of this investigation, only a Windowg#orer - style patchbay (known as
the NAS Explorer patchbay Figure 3.15 had been developed above the mLAN
Client/Server architecture describedsiection 2.2The NAS Explorer patchbag a
list-based connection management application theive users to perform various
audio patching tasks such as establishing audimemions or disconnections
between output and input plugs of two or more fpan®r nodes, and setting of word
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clock configurations [I/One Connects, 2007a]. Thevides shown in the NAS
Explorer patchbay screenshéiqure 3.13 are two 1/0One audio breakout boxes, the
OGT - 1/0One Srcand theOGT - 1/One Destand a Yamaha CorporationAP4
board, as well as the host workstation, AN Windows PCAn 1/One breakout box
carries over a hundred audio channels with wordkcland control data on one
Firewire cable [I/One Connects, 2007b]. Each efsthdevices hosts an IEEE 1394

Node Controller that it uses to communicate witheotdevices over Firewire.

" NAS Explorer Patchbay DEx
File Settings wordelock Help
¥ fuda W Mid ndwidth 43 %
Source Destination ﬁ“l
=B Bus ID: IFF)
420 mLAN Windows PC - 48kHz S
=43 OGT - 0ne Dest - 48 kHz b
< I AnalogIn 1 ,
# DOGT - 10ne Src->Analog Out 1 = I 1 B . t I_
I AnalogIn 2 . OGT -10ne Dest>Analogn 1 d d h b
I 4nalogn 3 M Analog Out 2 anawi abe
I AnalogIn 4 I Anaiog Out 3
I AralogIn 5 T Aralog Out 4
I Aralog|n & T Aralog Dt §
I dralogn 7 T dralog Ot &
R dralogn B T dralog Ot 7
T dralogn 9 T dralog Ot B
R dralogn 10 T dralog Ot 3
R draiog In 11 R 4ralog Out 10
R dnalog In 12 R dnalog Out 11
R bnalogIn 13 A 4nalog Out 12
I AnalogIn 14 I Analog Ot 13
I AnalogIn 15 I Analog Ot 14
I Analog In 16 I Analog Out 15
I AESTL I Analog Out 16
I AESTR I AEST L
I AES2L I 4ESTR
I AESZR I aEs2L
I AES3L I AES2R
I 4ES3R I 4ES3L
I 4ES4L I 4ES3R
I 4ES4R I 4ES4L
I 4DAT 1 I 4ES4F
I 4DAT 2 I 4DAT 1
I 4DAT 3 I 4DAT 2
I 4DAT & T 4D2T 3
I 4DAT 5 T 4DAT 4
I 4DAT & A 4DAT §
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) 4DaT 8 R “DaT 7
& SerialIn R 4DAT 8
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=8 MAP 4-28kHz S w8 MEP4-28kHz S

Figure 3.15:NAS Explorer Patchbay

The NAS Explorer patchbay uses the Client/Servehnitacture of the mLAN project
and utilises XML messages as the communicatioropobtbetween it and the mLAN
Connection Management Server (mCMS) server. Figure 3.15,two separate

sections of the NAS Explorer patchbay are visifleere is theSourcesection and

Destinationsection. TheSourcesection displays a tree list of output plugs airfo
nodes on the mLAN network, while ti@estinationsection displays input plugs of
the four nodes on the mLAN network. Using these twbapsible/expandable tree
lists, the NAS Explorer enables sound engineevsete many devices in a simple and

understandable way. Due to the NAS Explorer’s sititgl connection management

53



tasks are easily performed. For instance, to astablconnection between two plugs,
the sound engineer clicks and expands the two dawides whose plugs are to be
connected on th8ourceandDestinationtrees OQGT - I/One Srand theOGT - 1/One
Dest devices -Figure 3.15. Once the trees are expanded, the sound engiaeer

select the plugs to be connected and right-clittkeeiof them.

In Figure 3.16 the sound engineer selected the output pluglog In 1on the source
device OGT - I/One Sraand the input plugAnalog out lon the destination device
OGT - I/One DestA “Connect Analog In 1 --> Analog Out 18ubmenu will appear
[Figure 3.1 that the sound engineer clicks to establish trenection between the
two plugs. The request is implemented automaticaitiiout any further involvement
of the sound engineer if there is enough bandwadtlthe network otherwise an error
message dialog box pops up notifying the user efptoblem. If the connection is
successful, audio should be routed from the ouppug Analog In 1on the source
deviceOGT - I/One Srdo the input plugAnalog Out lon the destination devi@@GT

- I/One Dest

=D Bug [ID: 3FF) =D Bug ID: 3FF)
w8 mLAN Windows PC - 48 kHz § -4 mLAN Windows PC - 48 kHz 5
w8 OGT -10ne Dest - 48 kHz M =480 0GT - 10ne Dest - 48 kHz M
. E‘.ﬂa TAnL?:; I:T 18kHe S g #&nalog In 1--»Analog Out 1
B snslogln 2 B snalog Ou 3
B2 snalogIn 3 R &nalog Out 4
B2 énalogIn 4 I nalog Out 5
B2 &nalogIn & R &nalog Out £
2 tnalog In 6 I nalog Out 7
A dnalogin 7 I analag Out 8
I &nslogln & I fnalog 0w g
I &nslogln 4 B fnalog Ou 10

Figure 3.16: NAS Explorer Patchbay - Establishing Adio Connections

Breaking audio connections is performed by rightkthg one of the plugs to be
disconnected, either on th8ourcestree or Destination tree and clicking the
“Disconnect OGT - I/One Src -> Analog Out 1” submehat appeardjgure 3.17.
This command will break the audio connection betw&ealog Out 1lon deviceOGT

- 1/0One SrcandAnalog In 1of deviceOGT - 1/One Dest
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R dnalog In 4 B &nalog Out B
I snalogIn I Analog Qut 7

Figure 3.17: NAS Explorer Patchbay - Breaking AudioConnections

Dangling connections can be cleared by simply raiicking the plug with the
dangling connection. A “Clear Dangling Connecti@ibmenu item will appear that

the sound engineer clicks to clear the danglingreotion Figure 3.18.

= Busz [ID: 3FF]
- mLAN Windows PC - 48 kHz 5
w88 OGT - 10ne Dest - 48 kHz M
=¥ OGT -10ne Src- 48 kHz 5
+-B Analog In1
% ZIEear' Dangling Conneckion
B snalogin 4
B snalogin
B snalogin B

Figure 3.18: NAS Explorer Patchbay - Clearing Danghg Connections

A dangling connection is a destination-less routieff only at the sending or
receiving side of two communicating devices. Thasyrccur on the receiving device
plug if the corresponding source device it is reiog from is removed from the
network without performing a proper disconnectidime opposite is also true in
which case the dangling connection would occurensburce plug.

Setting word clock Master/Slave configurations snel on theWordclock panel
[Figure 3.19. To set a global master the sound engineer chbiks the device to be
made a global master on theailable Wordclock Mastersection of theNordclock
panel. A submenu will appear with the menu itemakd Global Master” that the
user clicks to commit the setting to the mLAN netiwvolhere is also the option of

selecting the word clock source and the sampleafdatee device to be a master.
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Figure 3.19: NAS Explorer Patchbay - Setting MastdSlave Configurations

The NAS Explorer patchbay also displays the amofiftandwidth available on the
mMLAN network.Figure 3.15shows that at the time this snapshot was takee thas
57% available bandwidth. The sound engineer opwratihe NAS Explorer
application has an option of viewing either Audio MIDI plugs individually or
together by simply unselecting or selecting therappate check box on the top-
middle section of the NAS Explorer application. Aduhal functionality that can be

performed on the NAS Explorer patchbay includes:

* Renaming mLAN devices on the network.
* Modifying the server port number and its DNS name.
» Saving network routings status into a file.

* Opening saved settings.

Although the NAS Explorer patchbay can serve thedseof small sound installation
networks like simple Project studios, it can not used in application areas. For
instance, b simply looking at the trees, one catglbthe connection status of a plug
or which plugs are connected, except by physicakyganding the individual plugs.

This may prove to be disadvantageous in large amdptex networks like in
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Broadcast networks. Other patchbay designs neé@ implemented that utilise the
mLAN Client/Server architecture to deal with thevetse requirements in complex

networks.

3.4 Chapter Summary

This chapter listed general audio routing requineiséor high-speed audio networks
that need to be satisfied by any reliable conneati@anagement application. Some of

the important audio requirements include:

» Establishing and breaking audio connections betwiesrce plugs.

» Setting and clearing word clock Master/Slave canfigions.

» Saving/loading routing settings to/from a text.file

» Enabling the sound engineer to edit device progediuch as device and plug
names.

» Enabling the sound engineer to create/delete ws®uats as well as manage
resource distribution within the audio network.

* Enabling network users to book devices for theigie use.

This investigation identified three sound instatias, namely the Broadcast networks,
Project studio networks and Hospitality/Conventi@entre networks for which
patchbays are to be developed that utilise the mL@Int/Server architecture
discussed insection 2.2 Broadcast networks are the most complex of theeth
networks since they span large areas and are bdigd in nature, and use
sophisticated software and hardware such as bridgdsrouters to connect one or
more audio/video networks routing various kinds oflata while
Hospitality/Convention Centre networks are the $aspand are usually operated by
musicians. They deal with fewer connections compaceBroadcast networks that
require experienced engineers to operate and d#dalhwndreds of connections at a
time. Project studio networks are in between the éxtremes in terms of connection

complexity.

A number of non-mLAN Client/Server connection magragnt applications have

been developed for these networks using third-geioer languages such as C, C++
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and C#. These applications can be grouped int@ threups, namely the Grid-based
patchbays, the List-based patchbays, and the Grdyaised patchbays.  Only one
mMLAN Client/Server-based patchbay, the NAS Exploreas been developed. The
NAS Explorer patchbay is easy to use and underdiahdannot be used in all sound

installation networks.

The next chapter investigates the alternative agweént environment for mLAN

Client/Server patchbays.
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CHAPTER 4

4 An Alternative Development Environment for
MLAN Client/Server Patchbays

Connection management application developers foAKIClient/Server patchbays
need to achieve a balance between producing a dugtity, highly interactive
application, and the amount of time and effort regfito develop the application.
mMLAN Client/Server patchbays are connection managerapplications that utilise
the mLAN Client/Server architecture discussedsection 2.2 As discussed in
chapter 3 current non-mLAN and mLAN Client/Server patchbgesg. the NAS
Explorer patchbay discussedsaction 3.3 are predominantly developed using third-
generation languages such as C, C++ and C#, whuphire enormous amounts of
effort and time to develop a usable Graphic Usé¢erface. This is because third-
generation languages and their development envieatsndo not provide essential
tools and techniques for quickly creating and malaifing the behaviour of the
graphic elements that form GUI applications. Fumh@re, third-generation languages
use complex syntax and structures that make iicdlff for GUI developers to

develop highly interactive GUI applications in tieortest possible time.

This investigation evaluates the possibility ofngsian IDE that supports scripting

technologies for developing mLAN Client/Server fditgys. Scripting technologies

were initially created for purposes of manipulatergd gluing together components
for distributed systems that are developed usiitg-theneration languages such as C
and C++. At the time of this investigation, scmygfitechnologies had matured to
incorporate powerful development tools, OOP coreepd support the development
of highly interactive GUI applications for both theeb and desktop standalone

applications.

Prechelt (2002) compared scripting languages aind-gieneration languages for the

following characteristics:
* Runtime.
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e Memory consumption.
* Source text length.
 Comment density.

* Program structure.

* Reliability.

* Amount of effort required to write programs.

Prechelt (2002) concluded that scripting languagesmore effective and productive
than third-generation languages like C and C++cliak (2002) also found that third-
generation language programs are typically twohted times as long as scripting
language programs and they tend to contain a signify higher density of
comments. Moreover, his investigation found thaipsing language programs take
only one third of the time required by programnfersthe third-generation to design,
write, and test the program. This is mainly becaofemany improvements in
scripting technologies that have evolved to includeny third-generation language
concepts such as OOP, inheritance, use of claggests, encapsulation, constructors
and powerful graphics development tools. Examplessaripting languages and
development environments available for applicatdevelopment today include
JavaScript, HyperText Preprocessor (PHP), PerljoA8cript, Sun Microsystems
JavaFX, Adobe Systems Flash Professional 8, anthé\&tex 2.

4.1 Possible Alternative Client Development Environmerg

This section discusses possible mLAN Client/Servdients development
environments and scripting languages that can leel by interactive application
developers. The development environments discussidle:

* The Microsoft Silverlight.

e The Sun Microsystems JavaFX.

* The Adobe Systems Adobe Flash Professional 8.
* The Adobe Systems Adobe Flex 2.

* The Laszlo Systems OpenLaszlo.
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4.1.1 Microsoft Silverlight

Microsoft Silverlight is a cross-browser, crosstfgdem for building and delivering
next generation .NET based media experiences ahdinteractive applications for
the Web [Microsoft Corporation, 2007a]. It suppaftsynchronous JavaScript and
XML (AJAX), Visual Basic.Net (VB.Net), C#, Pythonand Ruby [Microsoft
Corporation, 2007a]. It also uses vector-basedhicap media, text, animation, and
overlays that enable seamless integration of geapand effects into any existing
Web application. Since Microsoft Silverlight based on the Microsoft .NET
Framework, it gives developers the opportunity & wexisting skills and tools.
Microsoft Silverlight presentation capability is deml on the Microsoft .NET
Framework 3.0 (the Windows programming infrastreefuand the eXtensible
Application Markup Language (XAML) [Microsoft Corpation, 2007b]Figure 4.1
shows the Microsoft Silverlight authoring environmevhere developers create and

modify media components during application develepin

Tools Bar Properties Panel Authorinlg Stage

Files Panel

Figure 4.1: Microsoft Silverlight Application Autho ring Environment
[Microsoft Corporation, 2007b]

61



The XAML tab is used to access the XAML editor that alldknes developer to enter
XAML commands to control the application graphiesid add interactivity to the
application under development. Microsoft Silvertigipplications run on both Mac
and Windows Operating Systems (OS). Its architectatomprises of three
components; the presentation framework, the .Namework and the installer and

updater modulesHgure 4.3.

.NET for Silverlight LAGAnC.
" pata | | WPF " Networking MS AJAX Vil
LING  XLING | Extensible ‘ REST  POX Library V10
S —————— Controls R55 | JSON !
DLR JavaSecript
Python B_CI.I Engine
: : Generics
Collections
(CLEERaeation Ergine
KAML
Ul Core Inputs DRM
Vector Text Keyboard Media |
Animation  Images Mouse ——
. Ink __ Controls |
= Layout
Meadia Editing I
VCl ———
WA
P
Presentation Core RS
Browser Host
Integrated DOM Application Installer
MNetworking Integration Services
Stack

Figure 4.2: Microsoft Silverlight Architecture
[Microsoft Corporation, 2007b]

4.1.2 Sun Microsystems JavaFX

Sun Microsystems JavaFX a group of products developed by Sun Systentsatiea
based on Java technologies which enable develtper®ate and deploy interactive
Rich Internet Applications (RIA) of high quality €8 and in a very short space of
time. Sun JavaFX applications can run on the deskio most popular web browsers,
or on mobile devices that support Sun MicrosystdiansaFX technologies. At the
time of this investigation, the Sun MicrosystemgaFX releases included the JavaFX
Script and the JavaFX Mobile [Sun Microsystems,7200
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« JavaFX Script- Is a scripting language that is declarative stadically typed
allowing developers to create rich, interactive [gbia User Interface
applications with ease using the Java2D swing Gitimonents.

* JavaFX Mobile — Is a software system that providesnified runtime
environment, which allows for flexible developmenft interactive RIA for

wireless carriers and mobile devices.

4.1.3 Adobe Systems Adobe Flash Professional 8

Adobe FlashProfessional 8 (also known as Adobe Flash) is aepfulvmultimedia
authoring and playback system from Adobe Systenas ih bandwidth friendly
because it uses small files and is browser indegrgnjghdobe Macromedia, 2005].
Adobe Flash Professional 8 uses vector-graphic aiom technology that allows
developers to develop quality interactive RIA fowale range of platforms. It uses

ActionScript as its scripting language for applicatdevelopmentdection 4.2

4.1.4 Adobe Systems Adobe Flex 2

Adobe FlexX (Flex), like Adobe Flash Professional 8 is an éwS8cript-based

development system for developing Flash-based @gipmins that was developed by
Adobe Systems. It was initially introduced as aalavPlatform, Enterprise Edition
(J2EE) application. Adobe Flex compiles ActionStrgode and XML-based user
interface descriptions (MXML) into binary Flasheld (SWF files) like Adobe Flash
Professional [Adobe Systems, 2007]. Armed with @ewrange of user interface
functions and tools, Flex is a powerful tool foeating rich client applications. It
provides a modern, standards-based language agdaprming model that supports
common design patterns and includes an Eclipsedbdseelopment environment,
advanced data services, and a fast, enterprise-cliast runtime based on the Adobe
Flash Player software [Adobe Systems, 2007]. WHildobe Flash provides a
powerful authoring tool for web developers, AdoldexFenables more application
developers to leverage the powerful Flash runtimeréate data-driven RIA. Adobe

Flash and Adobe Flex seem to be directed at ddiegsame thing but in actual fact,

2 JavaFX Script Programming Language Reference -

https://openjfx.dev.java.net/JavaFX_Programming_ uageg.html
Adobe Flex 2 Language Referenddutp://livedocs.adobe.com/flex/2/langref
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they complement each other to produce high perfoce&ross-platform applications
for desktops and the web.

4.1.5 Laszlo Systems OpenLaszlo

OpenLaszIldis an open-source platform for developing ricteinet applications for

the web. OpenlLaszlo applications run on any popblawsers and platforms
(Windows, Mac, Linux, Internet Explorer (IE), and@dfox). Its programs are written
in XML and JavaScript, and then compiled into Fldslalso supports a rich graphics
model with scalable vectors, bitmaps, movies, ationatransparency, fonts, audio,
streaming media, reusable components, user ineerfaicigets, control panels,
property sheets, keyboard navigation, browser "béckton" navigation, and

graphical editing tools Ljaszlo Systems 2007]. Figure 4.3 shows a typical

OpenLaszlo application called Pandora, which isusimdiscovery service that uses
OpenLaszlo to implement a slick, easy to use iaterffor listening to personalized

internet radio stations via streaming MP3 audio.

Tl gt Paper Scratcher

Camplighter by SouthFM by Bilnd Melon
by Gl By

Vaices

rmwm&

firr o mbam

Figure 4.3: Pandora Music Discovery Service
[Laszlo Systems2007]

OpenLaszlo documentationhitp://www.openlaszlo.org/documentation
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4.2 The Alternative Development Environment and
Scripting Language for mLAN Client/Server Clients

Of the 5 development environments discussed irpteeeding section, Adobe Flash
Professional 8 using ActionScript 2.0 was chosethaslevelopment environment for
MLAN Client/Server clients. Adobe Flash Professldhavas chosen because at the
time of the inception of this investigation therasnvFlash expertise in the Rhodes
Computer Science department and the software wasdyl available locally. No
initial costs were incurred to use Adobe Flash #mel developer had access to
experienced Adobe Flash users, which acceleratdehrning of the Adobe Flash
toolkit. Adobe Systems uses the teAtobe Flashor simplyFlash to refer to both
the Adobe Flash Player and to the Adobe Flash Bsa@feal 8 multimedia authoring
program [Adobe Macromedia, 2005]. For this invesign, Adobe Flash Professional

version 8 was utilized.

4.2.1 Adobe Flash Professional 8 Description

Adobe Flash Professiond8lis an authoring tool that designers and developsesto

create presentations, applications, and other noriteat enables user interaction
[Adobe Macromedia, 2005]. It was originally designto create animations for
display on web pages in the 1980 s.This is becAdede Flash files are smaller in
size as they use vector graphics, which requineifsigntly less memory and storage
space than bitmap graphicsAt the time of this investigation, Adobe Flash
Professional 8 provided a powerful interactive folath, with an object-oriented, type
safe dynamic scripting engine that supports Actaip® 2.0, graphics effects filters

blend modes, bitmap rendering and advanced videb aardlio playback features
[Adobe Macromedia, 2005]. Coupled with these fesduis its flexible design and
animation authoring IDE that is composed of manggpamming interfaces, which
include the code editor, the animation editor, Weetor art editor, a compiler, a
debugger and a very good help system, which wéesséntial in the development of

mLAN Client/Server clients.

° Vector graphics are smaller because they areesepted by mathematical formulas while

bitmap graphics are larger because each indivigixal in the image requires a separate piece af dat
to represent it [Macromedia, 2005].
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Blend modesallow the user to create composite images, in ecqss called
compositing. Compositing is the process of varythg transparency or colour
interaction of two or more overlapping objects. igling allows the user to create
unique effects by blending the colours in overlagpiMovieClip§ [Adobe
Macromedia, 2005]. Elements that make-up a blenddemdinclude [Adobe
Macromedia, 2005]:

* Blend colour - Is the colour applied to the blenalda.
» Opacity - Is the degree of transparency appligtiedlend mode.
» Base colour - Is the colour of pixels underneaghiilend colour.

* Result colour - Is the result of the blend's effatthe base colour.

The blend modedeature was utilised for representing the changteges of the
connection status for mLAN plugs on the Broadcattvork patchbay (grid-matrix)

when the user either performed a connection oodisection.

Another feature of the Adobe Flash Professiond)B that was useful in developing
mLAN Client/Server clients is thgraphics effects filterFilters allow the user to add
interesting visual effects to text, buttons, and vM€lips and are most often
associated with applying drop shadows, blurs, glamsl bevels to graphic elements
[Adobe Macromedia, 2005]. This feature was integial developing the
Hospitality/Convention Centre patchbay that reqiiitbe use of shadows on the
MovieClip objects, which represented individual mmin a hospitality building. This
feature will be explored further inhapter 7that discusses the development of a
patchbay for Hospitality/Convention Centre networks

Figure 4.4shows the important components of the Adobe HRasfessional 8 design
and animation authoring IDE that were utilised foeating patchbay graphics,
animations and writing the scripts that controktngraphics.

6 A MovieClip symbol in Adobe Flash is a reusablecp of flash computer graphic - usually

consisting of one or more graphic/button symbolsvMClip behaviours are controllable easily using
ActionScript. MovieClip properties that can be gotied using ActionScript include; MovieClip
dimensions, position, colour, and alpha value totina but a few. MovieClips can be deleted, and
duplicated using the copy-paste functionality. MaMips form the basic unit for an Adobe Flash
application.
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Figure 4.4: Adobe Flash Professional 8 Design andhAnation Authoring IDE

When developers are creating Adobe Flash conteimgushe Adobe Flash
Professional 8 IDE they work in a Flash documelet fThese Flash documents have
the file extension .fla (FLA). The components thatm a Flash document include
[Adobe Macromedia, 2005]:

* The Stagewhich is the rectangular area where the develofsrep graphic
content, including vector art, text boxes, buttamgorted bitmap graphics or
video clips, when creating Flash documents. $taegehas many features that
aid graphics creation such as tmom-inand out capabilities to change the
view of theStageas you work, the grid, the guides, and the rulehsch help
the developer position content precisely on $ti@geand theHand toolthat
lets one move th&tagefor example if because @boming- oytone cannot
see some parts of the Stage. Biagearea is also the rectangular space in
Adobe Macromedia Flash Player or in a web browsedew that appears

when the Flash application is being played back.
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* TheTimelineorganizes and controls a document's content awerih Layers
and Frames. Flash documents divide lengths of timweframes. Layers are
like multiple strips stacked on top of one anotleach containing a different
image that appears on tl&#age The major components of tiiémelineare
layers, frames, and the playheaHigure 4.5 shows the Adobe Flash
Professional 8 IDE Timeline components.

Layers Frames Playhead

e F,,E- — = PC?‘DV i .
k& Tl & scene 1 . B 4 m v ..'llhrarY-FlrEErld.ﬂa - .
o G 2an | D Cutrent Erame Indigator, ™" =
M s i E Frame Rate Indicator 8

A skyles L ol - .
g o | e cem m_n Elapsed Time Indicator -
.79 /‘ el 4| @l Jl o afes | 0k £ >
oo Nl 1200 0 3R A0 T L B0 S O TR B0 B 90 L 100 S R

G Centre Frame Button H Onion-Skinning Buttons

Figure 4.5: Adobe Flash Professional 8 IDE Timeline

Figure 4.5shows three layers, the “Labels” layer, the “Stylleyer and the
“Actions” layer. The “Labels” layer contains alié labels that the user sees
when the application is loading like “Please wéie application is loading
components” in three patchbays. The “Styles” lay@rtains the styles that the
applications use. These include all the skins Wexe used for Flash build-in
components, the colours and the Text Font styldse TActions” layer
contains the ActionScript 2.0 code that controks ltlehaviour of the graphics
and MovieClips on theStage At playback time the “Playhead” moves
through the timeline as a document plays to displag current frame
displayed on thé&tageand subsequently tH&tagecontents on that particular
frame. The current frame number is indicated by tQeirrent Frame
Indicator” while the rate at which frames are beungwed is indicated by the
“Frame Rate Indicator”, and is measured in frames gecond (fps). The
default frame rate for Adobe Flash applicationdasfps. The “Elapsed Time
Indicator” displays the time in seconds taken &xhea particular frame in the
Timeline from the beginning of the playback at feafin
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* ThelLibrary panelis where Adobe Flash Professional 8 stores arlayis a
list of the media elements in the Flash documerties€ are usually
MovieClips, bitmap graphics, Fireworks artwork aady Flash built-in
components that the developer adds to the Flasimakeat.

* ActionScript codeshown in the Actions panel ikigure 4.4 allows the
developer to add interactivity to the media elermentthe Flash document’s
Library panel This investigation utilised ActionScript 2.8ctionScript 2.0s
a scripting language based on ECMAScript scrippnggramming language
that was standardized by ECMA Internatidnahd specified in the ECMA-
262 specificatioh

These 4 components are fundamental in the creatiohdobe Flash applications
components. The following section discusses howelmmponents are utilised for
creating a MovieClip Flash graphic symbol, whichrnis the basis for Flash

applications.

e The first step is to open a new Flash Documéngure 4.9. The Flash
Document exposes many drawing and programmingfates that are used
for creating the symbol. Some important interfattet are shown ifrigure
4.6 include theTools panel, theColour Mixer Panel, theLibrary Panel,the
AlignmentPanel and théctionsPanel. The initial graphic is created using
the RectangleTool that the user clicks and draws the shapehigaequired
on the Stage[Figure 4.9. The Stroke ColourTool is used to specify the
border colour of the graphic to be drawn whilst BileColour Tool is used to

specify the fill colour.

! European Computer Manufacturers Association (ECMebsite -http://www.ecma-

international.org
8 Standard ECMA-262 (3r d Edition - December 1999) -
http://www.ecma-international.org/publications/SIECMA-ST/Ecma-262.pdf
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Tools Panel Timeline Stage Colour Mixer Panel
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Figure 4.6: Creating a MovieClip Symbol — Flash Dogment

* When the basic graphic has been drawn orSthge it is selected using the
Selectionrool [Figure 4.9.

* With the graphic selected, right-click it and chedise “Convert to Symbol...”

menu item to convert the graphic into a symlibaglire 4.7.
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Figure 4.7: Converting a graphic drawing into a MoveClip Symbol

* A Convert To Symbgdanel appears on which attributes of the new syt

specified. Attributes that can be specified incl{figure 4.3:

a)
b)

The symbohame —Specifies the name of the MovieClip.

The symbotype —Specifies the type of the graphic to be created
(MovieClip, Button or Graphic). Note that Figure 4.8 the Movie

Clip radio button is selected because a MovieClip syrsbéing
created.

The symbolegistration— Specifies the registration point of the
MovieClip.

The symbolinkage identifier— Specifies the ID name that will be used
to reference the MovieClip in thabrary Panel.

The symboklass— Specifies the name of the class to be assigned t
the MovieClip.
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Figure 4.8: Specifying MovieClip Properties

» After specifying the new clip attributes click t@& button. A MovieClip with

the specified name will appear in thibrary Panel Figure 4.9.

i = Library - MovieClip_Symbo... =

-

MovieClip_Symbal,fla v | = e

One ikem in library

Mame 2
EES] test MovieClip Movie ¢ 01
il

Figure 4.9: MovieClip in the Library Panel

Symbols in Adobe Flash can be drawn completely atiohScript. The MovieClip
symbol behaviour can be controlled easily usingidd&cript, which can be in the
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form of a class assigned to the clip in tBenvert To Symbgbanel or just a script
written in theActions Panel. The MovieClip attributes that can be cdigdousing
ActionScript include its (this section lists onlyose properties that were utilised in

developing the three patchbays):

» Dimensions — The developer can specify the heigtitvadth of a MovieClip
symbol using the heightand_widthvariables.

» Position — The developer can specify the X and drdmates position of the
MovieClip symbol using the _x and wariables.

« _alpha value — This attribute allows the developer set the alpha
transparency value of a MovieClip symbol. Valid ved are 0 (fully
transparent) to 100 (fully opaque).

» Enabled — The attribute is a Boolean variable itiditates whether a
MovieClip symbol is enabled. The default value oéleled isrue but can be
set to false using “[MovieClip name].enabled = édls

* Name - Specifies the name of the MovieClip symbol.

* Rotation — Specifies the rotation of a MovieCliprgyol, in degrees, from its
original orientation. Values from 0 to 180 degreepresent clockwise
rotation; values from 0 to -180 degrees represemier clockwise rotation.

» Visibility — A Boolean variable that indicates whet a MovieClip symbol is
visible. MovieClip symbols that are not visible (@vieClip name]._visible =
false) are disabled.

* Mouse position — The developer can get the X ammbatdinates position of
a mouse pointer over a MovieClip symbol using tkeouse and _ymouse

variables.

Each MovieClip symbol supports a wide range of Euvdandlers, some of which

include the:

* onPress () Event Handler — Invoked when the usekscthe mouse while the
pointer is over a MovieClip symbol.
» onRelease () Event Handler — Invoked when a useases the mouse button

over a MovieClip symbol.
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e onRollOver () Event Handler — Invoked when the us®ves the mouse

pointer over a MovieClip symbol area.

* onRollOut () Event Handler — Invoked when a usere@sothe pointer outside

a MovieClip symbol area.

Other actions that can be performed on a Movie§ipbol include:

* Duplicating it using the “duplicateMovieClip(naméifg, depth:Number,
[initObject:Object])” method that returns a Movi@Cbbject.

» Deleting it using the “removeMovieClip ()" or theriloadMovie ()’ methods.

Figure 4.10shows theéActionsPanel that depicts ActionScript Event Handler code

that uses MovieClip properties and methods outlingtie preceding section.
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Figure 4.10: Specifying MovieClip Properties
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Four MovieClip Event Handlers are shown in AaionsPanel displayed iRigure
4.10

a) The onRollOver Event Handler

_root.test_MovieClimpnRollOver = function () {
1. Repositions the "test_MovieClip" clip
2. Increases the size of the "test_ MOM® clip by a factor of 2 (Normal size*200%).

I3
b) The onRollOut Event Handler

_root.test_MovieClimnRollOut = function () {
1. Shrinks the size of the "test_MovieClip" clip &yactor of 2 to its normal size.

2. Repositions the "test_MovieClip" back to itsgimal _x and _y position.

c) The onPress Event Handler

_root.test_MovieClimnPress= function () {
1. Enables the "test_MovieClip" cliptie drag-able using a mouse pointer.

I3
d) The onRelease Event Handler

_root.test_MovieClimnRelease= function () {
1. Disables the "test_MovieClip" clip drag capabpithus stopping the drag action.
2. Gets the final X and Y coordinates of the mgusi@ter when released over a
MovieClip and outputs the values to the Adobe Flastput screen.
3. Gets the new X and Y coordinates of the "testviBiolip" clip and outputs the

values to the Adobe Flash output screen.

h

Once the developer creates the Adobe Flash apphcéor MovieClip symbol) on

the Flash document, it is published by clicking tRée” menu on the Adobe Flash
Professional 8 IDE and selecting “Publish”. A coegmed version of the Flash
document with all the media is created with theeegion .swf (SWF). “SWF” stands
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for “Small Web File”, and is a proprietary vectaraghics file format produced by the
Adobe Flash software. The Adobe Flash Player isl tisglay the SWF file in a web
browser or as a standalone application. This inyason utilised the latest Flash
player, Adobe Flash Player 9. According to AdobecManedia, the Adobe Flash
Player is a high-performance, lightweight, highlypeessive client runtime that
delivers powerful and consistent user experien@ssa major operating systems,
browsers, mobile phones, and devices [Adobe Maad@ane2005]. Adobe Flash
Player 9 consists of five important components émesture effective rendering of flash

applications [Adobe Macromedia, 2005]:

* A Virtual Machine (AVM)nown as AVM2 that interprets and executes byte
code. ActionScript code is compiled to this bytel@oAVM2 supports full
runtime error reporting, built-in debugging, anchdry socket support so
developers can extend the player to work with amary protocol. Adobe
Flash Player 9 also contains AVM1, which execuegmty ActionScript for
maintaining backward compatibility with existingraent.

* A hierarchical frame-advancingisual Object ModelAdobe Flash maintains
a hierarchy of MovieClip objects and graphics ilayered display list, where
each object has its own frame-subdivided timelandepth number, and layers
map onto a z-order.

* A set of media decodershat can decode and playback multiple streams of
compressed audio and video simultaneously. It hadioadecoders for
Adaptive Differential Pulse Code Modulation (ADPCMMP3, and
NellyMoser audio streams. It also supports videaecs, including the
Sorenson H.263 and Sorenson Spark codecs.

* A suit of advancedendering algorithmsfor rendering vector graphics that
include lines, gradients and filtered bitmap filkdobe Flash is a vector
engine, but its support of bitmap fills means ialiso a bitmap engine. When a
bitmap is dragged onto tH&tage Adobe Flash actually creates a four-sided
shape then attaches a bitmap fill of the graphachEshape fill can have a
texture transform as well as simple shader capsilfor playing with the

colour and alpha.
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A framework library that has basic string functions, arrays, sortimgl a
mathematical functions. Adobe Flash also adds supdor TCP
communications, asynchronous loading, and a vevarazed and easy-to-use
XML interface that enables easy use of the comnatitic protocol by the
mMLAN client and the mCMS server.

4.3 Chapter Summary

This chapter discussed an alternative developnieBt dnd the scripting language
chosen for developing mLAN Client/Server clientalléwing from the survey of
current patchbay applications éhapter 3 it was shown that current mLAN and non-
MLAN patchbay applications are developed in C, @ntl C#. However, Prechelt in
his comparison of scripting languages and thirdegation languages using the
criteria of run time, memory consumption, sourcet tength, comment density,
program structure, reliability and amount of effogtjuired to write programs found
that scripting languages are more effective anddywtive than third-generation
languages like C and C++. This is because thegpidayes use complex syntax and
structures which require far more time and efforinmrite a quality GUI application
than scripting languages. For instance, he proved third-generation language
programs are typically two to three times as losgeripting language programs and
they tend to contain a significantly higher densifycomments. As a result, this
chapter evaluated an alternative development emviemt that supports scripting
technologies. Five possible alternative mLAN Cli€etver client development
environments were considered that is Microsoft &llght, Sun Microsystems
JavaFX, Macromedia Adobe Flash Professional 8, Adelbx 2, and Laszlo Systems
OpenLaszlo. Of the five alternative development immments discussed,
Macromedia Adobe Flash Professional 8 using Actioipf 2.0 was chosen as the
development environment because it was alreadyakrenvironment at the Rhodes

Computer Science Department.

The next chapter explains in detail the developrmpentess of the Broadcast network

patchbay.
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CHAPTER 5

5 Broadcast Patchbay Design and Development

Broadcast hardware studio networks are more compiiex Project studio and
Hospitality/Convention Centre networks. Broadcastd® requirements, and the
nature of the patchbays for these networks are dedlhed. Therefore, it was decided
that the Broadcast patchbay be developed before Rhgect studio and
Hospitality/Convention Centre patchbays, as it hiael potential of testing Adobe
Flash capabilities as an alternative for developmmgAN connection management
applications. The assumption was that if Adobe Hrladlowed the effective
implementation of a complex patchbay such as tleadrast patchbay, it would be
easily utilised to develop simpler patchbays foe thther networks. Grid-based
patchbays are commonly deployed within Broadcastorks because they allow for
a realistic viewing of the input and output plugsath devices on the audio network,
using two device trees and a connections grid-sn@@hapter 3: section 3.2]1The
grid-matrix displays the state of the connectiamen(ected or disconnected) for each
pair of plugs displayed on the visible tree nodéwe tree-like structure coupled with
the grid-matrix allows the display of as many desicwhich is a requirement for
Broadcast networks that deal with hundreds of commes at a time. In contrast to
non-mLAN grid-based patchbays discussedeantion 3.2.1the patchbay developed
for Broadcast networks in this investigation uétis the mLAN Client/Server

architecture discussed section 2.3

Figure 5.1displays eight phases of the Iterative and IncréatdProcess (Rational

Unified Process - RUP) that was followed in the elegment of the Broadcast
patchbay. RUP is a software engineering procedsptiozides for the framework of

best software development practices. Following pihexess reduces risks involved in
the development of software, and ensures that éheeded software successfully
fulfils end user requirements within a predictaddbedule and budget [Rational SDC,
1998, Kruchten, 2000]. This chapter discusses taildeow this process (RUP) was
adopted in the planning, designing and implemematif a grid-based patchbay for
Broadcast networks.
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_
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| Analysis and Design

Implementation

'/>I§]oyment

Evaluation [*® Test

Each iteration
results 1n an
executable release.

Figure 5.1: An Iterative and Incremental Process (RP)
[Kruchten, 2000]

5.1 Broadcast Patchbay Requirements Analysis

As already mentioned, many grid-based patchbaye h@en developed to control
audio routing over Broadcast networks. As a resdffware requirements for the
Broadcast patchbay were acquired from alreadyiegisfrid-based patchbay manuals
such as the Otari ND-20 mLAN Control Software mdrfQd ARI, 2005]. Broadcast
patchbay requirements were listed from analysirgftinctionality provided by the
Otari ND-20 mLAN Control Software. Also added werd. AN network specific
requirements such as the ability to view only aydiags, or only MIDI plugs, or both
together, and changing device Plug Layouts. Texsgaharios (Stimulus/Response
sequences) were used to describe each featureparated into the Broadcast
patchbay. The IEEE Recommended Practice for Saoftwd&equirements
Specifications [IEEE Inc, 1998] was utilised as tkt&andard guideline for
documenting these requiremen#&ppendix A-Alprovides a complete Software
Requirements Specification document for the Brospatchbay.
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5.2 Broadcast Patchbay Description

The Broadcast patchbay developed was named theGRd”, which reflects that it
was developed for Firewire networks and would usgrid-matrix for connection
management. The Broadcast patchbay comprises these panels, namely the

Control Window theWordclockpanel, and th&ettinggpanel.

The Control Window[Figure 5.3 is the main control panel that appears when the
Broadcast patchbay is started. It is on this panal important audio routing and
connection management tasks are perforntadure 5.2displaysa screenshot of the
Broadcast patchbagontrol Windowthat shows a typical mLAN network with three
mLAN compatible devices, namely th@LAN Windows PCdevice, thelOne
Connectsdevice, and theMAP4 device, together with their associated plugs. The
Control Windowhas two main sections; the “device trees” sectibat comprise of
the Sources treand theDestinations trepand a “grid-matrix” section (that is named
the Control Grid-Matrix in Figure 5.3. The Sources treexposes the output device
nodes and their plugs, whilst tBestinations trealisplays the input device nodes and

their plugs.
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Figure 5.2: Broadcast Patchbay Control Window

The Control Grid-Matrix displays the connection status of two correspanginigs
(output and input plugs) visible on tis®urces treend Destinations treeln Figure
5.2 theControl Grid-Matrix shows two live connections between theAN Windows
PC and thdOne Connectslevices. The source plugsudio Out 1land2 of themLAN
Windows PCdevice on the&sources treeare connected to destination plugsalog
Out 1 and 2 of the IOne Connectsdevice on theDestinations tree These live
connections are represented by green square gréphlies on theControl Grid-
Matrix. Also shown are dangling connections, which apregented by blue round

icons on the actual input and output plug nodeshen“device trees”. Examples of
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dangling connections displayed include the dangtognection on the destination
plug AES2Lof thelOne Connectslevice on théestinations treeand on the source
plug MIDI OUT1: MPX1 of the mLAN Windows PQlevice on theSources tree

Connection management tasks that can be performethe Broadcast patchbay

Control Windowinclude:

» Establishing audio connections.

* Breaking audio connections.

* Renaming mLAN network devices.

» Clearing all device connections for a particularAhLnetwork device.

* Viewing detailed device information for a particutaLAN network device.

* Requesting the display of only MIDI plugs, only Aaglugs or both together.
* Saving / Opening routing settings into / from at tide.

» Clearing dangling connections.

* Updating the patchbay with latest mLAN network mmf@tion from the

MCMS server.
* ldentifying a particular mLAN network device.
» Changing Plug Layout type for a particular mLANwetk device.
» Changing the patchbay Mode Settings (either ImntediaDelayed).

The Wordclock panel Figure 5.3 allows the user to set/clear word clock
Master/Slave configurations. It displays the mLABIwork devices in two sections,
namely the “Master Capable Devices” section, aral ‘tBlave Capable Devices”
section. The “Master Capable Devices” section digpla tree of device nodes that
can be configured as a master device on the mLAWork, and the “Slave Capable
Devices” section displays a tree of device nodes ¢An be configured as slaves on
mLAN network. Figure 5.3 displays a screenshot of t¥ordclock panel that
displays three mLAN devices on the network, nantieémLAN Windows P@evice,
the IOne Connectsdevice, and theMAP4 device. The screenshot shows the
configured global master, th®ne Connectgevice, with two slaves, thenLAN
Windows PQlevice and th&1AP4 device, below its tree node in the “Master Capable

Devices” section. A global master device is a nrade&vice for all mLAN network
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devices. Only one global master device can exighimLAN network at a time. The
IOne Connectslevice is transmitting and receiving at a sampte of 48 kHz, and
therefore, all its slave devices are synchroniseiiansmit and receive at this sample
rate.

Wordclock
Master Capable Devices Slave Capable Devices
© BB IEEE1394Bus 3FF © I |[EEE1394Bus 3FF
OB mLAN Windows PC B mLAN Windows PC
BB Word Clock Output - 1D: 0 [44.1 ki # B |One Connecls
£ B3 |One Connects B MAP4A

& B Word Clock Output - 1D: 0 [48 kHz
B mLAN Windows PC (Word Che
B MAP4 (Word Clock Output - 1D

B MAPY
B Word Clock Output - 10: 0 [44.1 ki

A
v

Figure 5.3: Broadcast Patchbay Wordclock Settings &hel

Connection management tasks that can be performéuedVordclockpanel include:

» Setting a global master unit for the whole mLANwnetk.
* Enslaving a single device to a particular masteroge

» Releasing all slave devices of a particular masgeice.
* Removing a single slave device from its masteraevi

» Changing a master device word clock sample ratetamnaord clock source.

The Settinggpanel has two sections, namely the “Server Settisgstion and the “PC
Plugs” section. The “Server Settings” sectibiglre 5.4 allows the user to configure
the DNS name and the port number of the mCMS seiwdoe utilised by the
Broadcast patchbay. The current port number is 432%nd the DNS name is

“Localhost”. The mCMS server can reside on any wtakon anywhere, as long as
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the Broadcast patchbay can make a TCP/IP connectiirand pass XML messages

using the specified port number.

Server Settings 1

Plugs

Server Name

localhost

Server Port Number 52041

Apply

Cance|

Figure 5.4: Broadcast Patchbay Server Settings Pahe Server Settings

The “PC Plugs” section of th8ettingspanel Figure 5.3 allows the user to specify

the number of both MIDI and Audio source plugs tfee mMLANWindows PQdevice.

Figure 5.5shows that at this time, there are two audio soptags and eight MIDI

source plugs. The audio source plugs and MIDI sophags combo boxes are used to

configure the number of each plug type. At the twh¢his investigation, the mLAN

firmware did not allow for the configuration of daacand MIDI destination plugs for

themLANWIindows PQlevice.

Settings
Server Eemngs '|

AUDIO PLUGS

Audio Source Plugs

ugs

Audio Destination Plugs ¢

MIDI PLUGS

Midi Source Plugs

Midi Destination Plugs | "3l

Apply

Cancel

Figure 5.5: Broadcast Patchbay Server Settings pahe PC Plugs

5.3 Broadcast Patchbay Design and Implementation

5.3.1 Modelling Broadcast Software Requirements

The requirements elicitation phase discusseskeation 5.1ed to the creation of two

central, high-level models, namely the Use CaseéVladd the Object Model, which

further reinforced the understanding of the systemuirements and the patchbay

84



users. The Unified Modelling Language (UML) wagdigor graphically specifying,
visualising, constructing and clearly documentine t Broadcast patchbay
requirements before the development process sta@eaphically modelling the

patchbay requirements has many benefits that ieclud

* Providing a structured approach to solving the |emb

* Providing an easy way of dealing with the complexinf software
applications such as the Broadcast patchbay, kbrg its components into
smaller manageable bits.

* Providing a way of managing and reducing the risknistakes once the
development process starts [Maksimchuk and Nait2094].

The Use Case Modelmodels the scope of the Broadcast patchbay. Hasly
understood by both developers and application uddns provides a good way of
communicating requirements between the developegtrauser.

The Object Model (Class Diagram) describes a static view of théesgsn terms of

classes and their relationships [Booch, RumbaughJanobson, 2005]. It paves the
way for more concrete and complex models such awifcdiagrams and Sequence
diagrams, which define the system before implentemtiatarts. For purposes of this
investigation, only sequence diagrams were utilisecause they model the flow of
logic within the system in a visual manner, enabline documenting and validating

of system requirements, and can be used for batlysis and design purposes.

5.3.1.1 Use-Case Driven Analysis

5.3.1.1.1 Use Case Diagram
Figure 5.6displays the Broadcast patchbay Use Case diagrdmchvdisplays the
high-level functions of the Broadcast patchbay aedtifies two entities (Actors) that

interact with the patchbay, namely the sound emgiaad the mCMS Server.
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Figure 5.6: Broadcast Patchbay Use Case Diagram

5.3.1.1.2 Description of Actors

a) Sound engineer

The sound engineer is the operator of the Broagishbay. In Broadcast networks,
this is usually an experienced user who understir@lsomplexity of the network. At
the time of the investigations, the Broadcast gaghhad one user level, but it was

desirable to have multiple user levels with diffareghts.

b) MCMS Server

The mCMS Server services requests from the Broagaashbay $ection 2.2and
2.3. It resided on the same workstation as the Brasidpatchbay, but can be
installed on a different workstation that the Broast patchbay can access remotely
over any medium (wireless or dedicated Ethernetesjband communicate with

using XML messages.
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5.3.1.1.3 Description of Use Cases

a) “Manage Files” Use Case

This Use Case describes a feature that enablesadilned engineer to save audio
routing settings into a text file on the host waeaki®n. Saved audio routing settings

files can also be opened on the Broadcast pataldiay theOpenFile menu item.

b) “Connect to mCMS Server” Use Case
At start-up, this feature allows the Broadcast Iplad&y to connect to the mCMS server

using the server name and port number specifigtidgound engineer.

c) “Establish Audio Connections” Use Case

This functionality enables the sound engineer taldish audio connections between
two plugs (input and output) of the same type (auati MIDI), on different devices
on the grid-matrix of the Broadcast patchbay dependn the Mode set (either

Immediate or Delayed).

d) “Break Audio Connections” Use Case
This feature allows the sound engineer to breakoacdnnections on the network,
and is based on the Mode set (either Immediatestay@d).

e) “Update System” Use Case
The sound engineer uses this feature to force raysipdates and use latest
information from the mCMS Server to update the Ipla&y display.

f) “Apply Changes” Use Case
This feature allows the sound engineer to applyhygha made on the patchbay to the
actual physical mLAN network. Examples include gppml changed Master/Slave

configuration settings, and new audio connectiotsdisconnections.

g) “Set/Clear Master/Slave Configuration” Use Case
This feature enables the sound engineer to setlaad a word clock Master/Slave
configuration on the patchbay before performing aognection management tasks,

such as establishing and breaking audio connections
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h) “Identify Device” Use Case
This feature enables the sound engineer to ideatggrticular device on the network

to work with.

i) “Change Plug Layout” Use Case
This feature allows the sound engineer to changdéling Layoutfor any device on
the mLAN network. Devicé’lug Layoutsare changed to optimise bandwidth usage

on mLAN networks.

5.3.1.2 Class-Driven Analysis

5.3.1.2.1 Object Model

Figure 5.7displays the Object Model that depicts the stmattrelationships between
objects written for the Broadcast patchbay. Ituglent from the Object Model that
the patchbay developed was of sufficient completatyest the capabilities of Adobe

Flash as a serious connection management appfiadticelopment tool.
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Figure 5.7: Broadcast Patchbay Object Model

The model displays the objects that model the Brasidpatchbay human interaction
panels and the mLAN network. ThHEEE1394 Networlobject is shown to contain an
aggregation ofEEE1394 Busobjects on the mLAN network. EatBEE1394 Bus
object contains an aggregation KEEE1394 Deviceobjects, which in turn each
contain an aggregation @fevice Audio Plugbjects. ThdEEE1394 Devicand the
Device Audio Plugbjects are created and instantiated by the Thgeb The model
also shows the interrelationships between the wariBroadcast patchbay panel
objects (theSettingspanel, theWorkclock panel, Login panel, and theControl

89




Window and their associated XML document objects. Th&L>Xdocument objects
are classes that represent all XML messages thaisad by the Broadcast patchbay

to communicate with the mCMS Server.

5.3.2 Broadcast Patchbay Sequence Diagrams and Implemeni@an

This section uses sequence diagrams to describe dgnoups of the Broadcast
patchbay objects collaborate, and how messaggsassed between them in order to
fulfil the use cases of the Broadcast patchbayudsed insection 5.3.1.1Each
sequence diagram typically captures the behavibar single scenario within a use
case [Maksimchuk et al, 2004].

5.3.2.1 “Connect to mCMS server’” Use Case

At start-up, a TCP/IP connection is establishedvbenh the Broadcast patchbay and
the mCMS server. Once the connection is made, aupdpettingsdialog box is
displayed Figure 5.4. The user utilises this dialog box to specify gerver DNS
name and the port number if the patchbay is beimgfor the first time, and this
information is not already in the registry of theshworkstation. If this is successful,
a Login pop-up dialog box appears that allows the sourgineer to specify the
username and the password information to autheetigith the mCMS server. Once
the authentication process finishes successfullg, ¢onnection information (the
server name, the port number, the username, angabksword) is stored in the
registry of the host workstation. This prevents Sedtingsand Login dialog boxes
from popping up each time after the initial setkgure 5.8is a sequence diagram
that describes this start-up process, and shbeselationships between the objects
involved in this process. It shows that at startiine Broadcast patchbay creates a
ServerandmLANSockebbjects. The&erverobject contains the following methods:

» getServerNameAddress € )This method gets the server DNS name from the
Server Settingdialog box.

o getPortNumber ( ¥ This method gets the server port number fronSierer
Setting dialog box.

» connectToServer (serverName : String, serverPditimber - This method

uses themLANSockebbject to connection to the mCMS server. It takes t
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arguments, the server name and port number, thageis from the
getServerNameAddress éndgetPortNumber () methods

getUserName (3 This method gets the sound engineer’'s username tine
Logindialog box.

getPassword () This method gets the sound engineer’s login passvirom
theLogin dialog box.

login (userName : String, userPassword : Strirglhis method takes two
arguments, the sound engineer’s username and pasawod creates an XML
“login” message that is sent to the mCMS served aarries the sound

engineer’s username and password for authentication

X

: Sound Engineer

X

_ Control Window ‘ ‘ : Server ‘ ‘ : mLANServerDetails Window

‘ : Login Window

‘ : mLANSocket

: mCMS Server

[ﬁ
|
|

User is prompted for
Server information 3. PromptUser()
e

9 ? ? I

p— ‘ ‘ ‘ ‘
2. <<create>>

‘2.1. <<create>> ‘ ‘

[ [ 11

This method gets the Server IP address/DNS and port number of the
B{setUpServer() |serverto connectto either from the registryifitis not the first time to

N

< run this application otherwise the method prompts the user for Server
infomation through the Server Settings Window

2.2.1. [no Senver Info In Registry] promptUser() !

1%

2.2.2. getServerName/Address()|

p—

|
o

4.1. getUserName()

2.2.3. getPortNumber() ‘
g U ‘
2.2.4. [server details]lconnectToServer(ServerDetails)|
—
2.2.4.1. connectToServer(ServerDetails)
2.2.4.2. [no LOgin information] promptUser()
4. [annected] login() 5] ‘

4.2. getPassword()

T
2 2/]—’ connect(sarveraetal Is)
1

5.1. s% LoglnXML(LoginJDebails)
|

|

5. Iogm(Longetal‘ls)
|

Figure 5.8: Broadcast Patchbay Start-Up Sequence &gram
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Listing 5.1shows the XML “login” document that is sent to th€MS server to
authenticate the user. It shows that the usernarfamin” and the password is

“mlan”.

- <mLANCommand version="1.0">
- <abject name="useradmin" namespace="">
- <method name="logon"=>
<parameter name="username" value="admin" /=
<parameter name="password" value="mlan" /=
</methodz
</object>
</mLANCommandz=

Listing 5.1: XML “login” Request Document

The sound engineer has the option of reconfiguthigyconnection information stored
in the host workstation’s registry by using the s&ettingsandLogin dialog boxes
that can be accessed via the “Dialogs” menu itanbycclicking the appropriate icon
on the Tool bar of the Broadcast patchiagiire 5.9.

Server Settings Icon

Fire Grid

-
s

Last Configuration Update:
Sun Oct 21 18:05:59 2007

# 8 mLAN Windows PC

Destinations
&I MAPY

£ B |[EEE1394Network

& 83 |[EEE1394Bus 3FF

Sources

e IEEE 1394Network
© B |EEE1394Bus 3FF
!1 mLAN Windows
£ MmaPa

>

Figure 5.9: Accessing the Server Setting Dialog Box

The Use Case diagram also shows that the “ConaeaCMS Server” Use Case has
an optional feature of setting up PC plugs usiregSéttingsdialog box Figure 5.3.
There are a total of 4915 Bandwidth Units on theAMLnetwork. These Bandwidth
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Units are shared by all Transporter nodes on theark that wish to stream audio or
MIDI on the Firewire bus. The number of source RGgp determines how many
Bandwidth Units are allocated to the PC. If notRdll plugs are needed, reducing their
number to a minimum of two reduces the amount ofdbadth that is in use. This

means that other devices have more bandwidth mtdisposal.

Once the patchbay connects and authenticates hahmCMS server, the mCMS
server invokes the Enabler module that gets theenumetwork information. The
MCMS server encapsulates this information into &tLXconfiguration” document

[Chapter 2:Listing 2.9 that is sent to the Broadcast patchbay.

On receiving the XML “configuration” document, tBeoadcast patchbay extracts the
network information and uses it to reconstruct teAN network object hierarchy
that represents the actual mLAN netwdfigure 5.10shows a sequence diagram that

describes this network reconstruction process.
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Figure 5.10: Receiving the Configuration XML Docum@t Sequence Diagram

Figure 5.10shows that, to reconstruct the mLAN network, theddlcast patchbay
loops through the XML “configuration” document elents as follows:

» It checks if theSourcedree and Destinationstree have nodes, and if not, it
creates atEEE1394 Networkode on both trees.

» Loops through all bus elements, and creates a tas on both trees for each
XML bus element found.

* For each bus element, loops through all device etsnand creates mLAN

device nodes on both trees.
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For each device element, loops through its plugnetds, and creates plug

nodes on both trees, depending on whether theppués or outputs.

The following paragraph describes how the grid-iraif the Broadcast is updated to

reflect the latest connection information from thEMS server.

Figure 5.11is a sequence diagram that describes the relatmmsimd interactions

between the Broadcast patchbay objects when thengairix is updated, either when

the sound engineer scrolls tBeurcedree or theDestinationstree, or whenever the

patchbay receives an XML “configuration” documenainh the mCMS server:

The patchbay loops through all visible nodes onSbarcedree, and checks

the value of the Boolean variable “Connection_Ailior each node.

If the Boolean variable value is “false”, it meatiat node is not a plug,
therefore it marks the row cross-points correspumdd this node on the grid-
matrix as unusable (unusable cross-points are slypeyed-out on the grid-

matrix [Figure 5.173).

If the Boolean variable value is “true”, that nodea source plug node. For
this plug, it checks its Boolean variable “Conndttdf its value is “false”, it
does nothing, otherwise it loops through all visibbdes on thBestinations

tree.

For each visible node on tlizestinationstree, it checks its Boolean variable
“Connection_Ability” value. If its value is “false’it marks the corresponding
cross-point as unusable, otherwise it checks ifptag ID” attribute is the
same as that held by the variable “connectedDdgtniaof the source plug
node on theSourcestree and that the GUID of both plugs’ parent nodes
different. If that is “true”, a live connection ax$ between the two plugs, and
a green graphic box is drawn at their cross-pomthe grid-matrix Figure
5.11.
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Figure 5.11: Updating the Grid-Matrix

5.3.2.2 “Establishing Audio Connections” Use Case

Audio connections can be established on the Bra&idpatchbay in two ways,
depending on the current mode of the patchbay,henétis in “Delayed Mode” or in
“Immediate Mode”. Audio connections are made betwe® AN plugs of the same
type that are on different mLAN devices. Plugs iffiedent types cannot be connected

(an audio plug can not be connected to a MIDI plug)

a) Establishing Audio Connections in “Delayed Mode”
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If the patchbay is in “Delayed Mode”, the soundiergr makes audio connections by

clicking all plug cross-points on the grid-matrof, plug pairs, on different devices to

be connected. This creates blue graphic circleshenclicked cross-points, which

represent pending connectioddure 5.12. A pending connection is a connection

that has been made on the patchbay but that hagehdteen applied to the actual

physical mLAN network and has no streaming audio.
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Figure 5.12: Pending and Live Connections on the @Gi-Matrix

In Figure 5.12 the sound engineer is connecting output p/Agslog In 3andAnalog

In 5 on theOTG-I0One Srcdevice (displayed on th8ourcestree) to input plugs
Analog Out 7and Analog Out 10on theOTG-10ne Destdevice (displayed in the

Destinationdree).

When the user clicks th@pply button, the patchbay loops through all pending

connection cross-points, each time creating an Xbtinnection request” document

97



[Listing 5.4. The XML “connection request” documents are gerthe mCMS server
which implements the connections through the Emabtedule.

<?xml version="1.0" encoding="utf-18" ?=
- «mLANServerCommand version="1.0">
- zobject name="patch"=
- <method name="connect":»
<parameter name="sourceGUID" valus="0013f00400400011" />
<parameter name="sourcePlugType" value="audio" /=
<parameter name="sourcePlugID" value="1" />
<parameter name="destinationGUID" valu=="0013f00400000014" />
<parameter name="destinationPlugType" value="audio" /=
<parameter name="destinationPlugID" value="33" /=
</method =
</object=
=/mLANServerCommand =

Listing 5:2: XML “connection” Request Document

Listing 5:2shows an XML “connection request” document thauestis a connection
between the output plug with sourcePluglD “1” (on device with GUID
“0013f00400011” and of type “audio”) to a destioatiplug with destinationPluglD
“33” (on a device with GUID “0013f00400000014”,chalso of type “audio”). If the
connect request is implemented, the blue pendimpexion graphic changes to a
green box that reflects a live connection, and @iglrouted between the two newly

connected plugs.

Figure 5.13shows a sequence diagram that describes the pratesstablishing
audio connections in “Delayed Mode” as discusseth@preceding section. As the
user moves the mouse-pointer on the grid-matri, gatchbay selects the nodes on
the Sourcedree and theDestinationstree. Assuming the user wants to establish an

audio connection, and clicks a cross-point of telected plug nodes:

* The input plug ID and its parent node GUID values assigned to the
corresponding source plug node variables “conn&asstination” and
“connectedGUID” respectively. This occurs whethke tapplication is in
“Delayed Mode” or “Immediate Mode’Higure 5.13.

» Since the patchbay is in “Delayed Mode”, the souptey node Boolean

variable “n_Connected” value is set to “true”.
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«  When theApply button is clicked, the patchbay loops through vagible

Sou

rcedree nodes.

* For each source plug node found, the patchbay shisk‘n_Connected”

variable. If its value is “true”, an XML “connectiorequest” document is

created and sent to the mCMS server with the degimplug node ID and its

parent device node GUID, and a green live connediaphic box is drawn

at the appropriate cross-point.
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Figure 5.13: Establishing Audio Connections in “Dedyed Mode”

b) Establishing Audio Connections in “Immediate Moa”

If the patchbay is in “Immediate Mode”, when theisd engineer clicks a cross-point

of two plugs to be connected, an XML “connectionquest”

document is

automatically created and sent to the mCMS servilrowt any further involvement

of the sound engineer.

The green graphic boxasvdron the clicked grid box that

represents a live connection between the newly exted plugs. Establishing audio

connections functionality is implemented as follows
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* When a cross-point of two plugs (on different degiand of the same type) is
clicked on the grid-matrix, the patchbay captutes ihput and output plug
IDs, their parent device GUID values, and theiretyf(MIDI or audio). The
input plug ID and its parent GUID are assignedhe output plug device
variables “connectedDestination” and “connectedGUH3pectively.

« An XML “connection request” documentLigting 5.3 is created, which
carries the input and output plug IDs, their pamevice GUID values and
their type, and sent to the mCMS server that implasithe request.

* The patchbay creates a green graphic box, whialesepts the newly created

connection.

Only one connection can be made at a time in “ImatedMode”, in contrast to many

connections that can be made at a time when tlohipay is in “Delayed Mode”.

5.3.2.3 “Breaking Audio Connections” Use Case

Audio connections can be broken as easily as tlaeybe made. Breaking audio
connections can be done in two ways, depending bether the patchbay is in

“Delayed Mode” or in “Immediate Mode”.

a) Breaking Audio Connections in “Delayed Mode”

If the patchbay is in “Delayed Mode”, the sound ieegr breaks audio connections
by clicking all live connections (depicted by gregmaphic boxes on the grid-matrix).
When a live connection graphic box is clicked iret&®yed Mode”, it changes to a red
rectangle graphic, which represents a pending disaction.Figure 5.14reflects that

a pending disconnection exists between the sourgeAudio Out 2on themLAN
Windows PCdevice (on theSourcedree) and the destination plugnalog Out 2on
the OGT-IOne Destlevice (on th®estinations trep
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Figure 5.14: Pending and Live Connections on the @Gi-Matrix

To commit the disconnections to the mLAN netwothe sound engineer clicks the

Apply button. This action clears all pending disconmectriangles and sends XML

“disconnection request” messages to the mCMS sdéoverach disconnected pair of

plugs.Listing 5.3shows a typical XML “disconnection request” messagnt to the

MCMS server that carries information about theidasbn plug to be disconnected.

The XML “disconnection request” message requestisaonnection of the audio
input plug with ID “32” on a device with GUID “00130400000014” [Listing 5.3. If

the disconnection is performed successfully, theehimy grid-matrix is updated

appropriately.
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<7xml version="1.0" encoding="utf-16" 7>
- «mLANServerCommand version="1.0"=
- <object name="patch"=
- <method name="disconnect":
<parameter name="destinationGUID" value="0013f00400000014" /=
<parameter name="destinationPlugType" value="audio" /=
<parameter name="destinationPlugID" value="32" />
</method:=
</object=
</mLANServerCommand:>

Listing 5.3: XML “disconnection” Request Document

Figure 5.15shows the relationships and interaction betweerBtisadcast patchbay

objects when disconnecting plugs in “Delayed Modieshows that:

* When the sound engineer clicks a particular crasstpof two connected
plugs, the source plug node ID and its parent edéD are assigned to the
source plug node variables “n_Destination” and faconhnectedGUID”
respectively.

» If the patchbay is in “Delayed Mode”, the sourcagphode Boolean variable
“n_Disconnected” is set to “true”, which represeataew disconnection that
has not been applied to the mLAN network.

* When theApply button is clicked, the patchbay loops throughSallircedree
nodes. For each source plug node found, the patchdieecks its
“n_Disconnected” attribute. If its value is “truedn XML “disconnection
request” document is created and sent to the semlerthe destination plug
node ID and its parent node GUID. The red grapt@ngle is cleared at the

Cross-point.
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Figure 5.15: Breaking Audio Connections in “DelayedMode”

b) Breaking Audio Connections in “Immediate Mode”

If the patchbay is in “Immediate Mode”, the soumgji@eer breaks audio connections
by clicking each live connection (depicted by greeaphic boxes on the grid-matrix)
to be disconnected. Once a live connection is etickts connection is immediately
disconnected without the need for the user to dinekApply button. The green live
connection graphic box is automatically cleared athe& patchbay updated
appropriately. Breaking audio connections functiityé implemented as follows:
 When the sound engineer clicks a cross-point of teonected plugs, the
input plug ID and its parent node GUID are assigiwetthe outplug plug node

variables “n_Destination” and “n_disconnectedGUIBSpectively.
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* An XML “disconnection request” documerntigting 5.3 is created and sent to
the server with the input plug ID, its type, argiparent device GUID.

» The green graphic box is cleared at the cross-poirgflect the disconnection.

In “Immediate Mode”, only one disconnection candieonnected at a time whilst in

“Delayed Mode” many disconnections can be perforateal time.

5.3.2.4 “Setting/Clearing Master/Slave Configurations” UseCase
For any two mLAN devices on the mLAN network tonsenit or receive audio

packets from each other, they need to be synclaodriis transmit or receive at the
same sample rate. The Broadcast patchbay usedVdrdclock panel to set the

following word clock Master/Slave configurations:

* Change a master device word clock sample ratetamebrd clock source.
» Set a global master device for the whole mLAN nekwvo

» Enslave a device to a master device.

* Release all slave devices for a particular masteicd.

* Remove a single slave device from its master device

The Wordclockpanel can be accessed using Werdclockpanel icon on the main
Control Windowor through the “Dialogs” menu itenfigure 5.9. To set a word
clock Master/Slave configuration, the sound engirteses to specify the word clock
source and the sample rate for the device to bégewad as the master device.
Figure 5.16and5.17 show two panels that are used to set the word dodkce and
the sample rate for a device call@dP4 To access th&/ordclock Sourc@anel the
user right-clicks the device on the “Master Capablevices” section of the
Wordclockpanel Figure 5.13. On the submenu that appears, the user selegts th
“Wordclock Source Selection” menu item. A sub-pafiElgure 5.1 will be

displayed on which the user can select the desicgd clock source and sample rate.
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Figure 5.16: Accessing the Wordclock Source Panel

Wordclock Source Selection

Current Wordclock Source

Selected wordclock Source: SYT Clock

Intemal Clock

* 48 kH

il SVT Clock

441 kHz

Available Wordclock Sources

Figure 5.17: Setting the Word Clock Source and Sanme Rate

To select aword clock sourcethe sound engineer uses the “Selected Wordclock

Source” combo box that lists all possible word klsources for the selected device.

Figure 5.17shows two possiblevord clock sources for tHdAP4 device, namely the

“Internal Clock” and the “SYT Clock” word clock sores. The panel also displays

possible sample rates for tiMAP4 device. The current sample rate for fiaP4

device is 48 kHz shown by a selected radio buttagure 5.17. Supported sample
rates for theMAP4 device are 32 kHz, 44.1 kHz, 48 kHz, 88.2 kHz &6dkHz.
Sample rates that are not supported are greye(it@6t4 kHz and 192 kHz sample

rates) Figure 5.17. To change the sample rate, the user simply teléwe
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appropriate radio button and clicks tB®ne button to apply the changes to the
network. An XML “wordclock source” document is cted and sent to the mCMS

server.

Once the word clock source and the sample rate lbese selected and applied to the
device to be made a master, the global master canbe set for the whole mLAN
network. To set a global master unit, the soundnereg right-clicks the device on the
“Master Capable Devices” section of tNéordclock panel and selects the “Make
Global Master” submenu iterfrigure 5.18.

Wordclock
Master Capable Devices Slave Capable Devices
© BB |EEE1394Bus 3FF © ED |EEE1394Bus 3FF
& B mLAN Windows PC & B mLAN Windows PC
& S e e < I
B Wor Reisise Al SIEvES . B Word Clock Output - ID: 0 [48 k
bl ke Global Master .. A ‘ B MAP4
@ B MAP4 | wordClock Source Seleckion. .
Settings...
About Adobe Flash Player 9..,
- > - >
Ok

Figure 5.18: Setting the Word clock Source and Sankp Rate

If the configuration is legal and there is enougimdwidth on the network, an XML
“global master” request documerttigting 5.4 is sent to the mCMS server, and the
configuration committed to the network. Th@ordclock panel is updated
appropriately, and all devices, except the deviemd made a global master, are
deleted from the “Slave Capable Devices” sectiahattached to the newly set global

master device node.
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<?xml version="1.0" encoding="utf-15" 7=
- «mLANServerCommand version="1.0">
- «object name="samplerate">
- «method name="syncsetup"=
<parameter name="masterGUID" valu=="0013f00400400011" /=
<parameter name="masterWordClockOQutputID" valus="0" /=
<parameter name="masterCurrentSyncSourceID" value="1" /=
<parameter name="masterSampleRate" valu=="0000BB80" /=
<parameter name="slave" value="NODE_GUID="0013f00400000014' ' WORD_CLOCK_ID="0" /=
</method=
=/object=
</mLANServerCommand

Listing 5:4: XML “global master” Request Document

Figure 5.19describes the process of setting a global madtenwhe operator right-
clicks and selects the “Make Global Master” memmitfor a particular device on the

mMLAN network:

* The patchbay gets the master device details (it$DGllis sample rate, its
wordClockOutputID, and its currentSyncSourcelD).

* It loops through all its slave devices and get& tB&JID values (making sure
that their “wordClockOutputlD” variable value isehsame as that of the
master device).

» It creates and sends an XML “global master” docunterthe mCMS server
carrying the master device and slave devices irdaon.

* The “Capable Masters Device” and “Slave Capableid@é\ree are updated
appropriately, and all slave device nodes are lagthdo the global master

device.
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Figure 5.19: Setting a Global Master Device

It is possible to have two or more master devigesme mLAN network. In that case,
slave devices are attached to their master devidisidually [Figure 5.2Q. To
enslave a single device to its master device, ¢thhed engineer selects and highlights
the master device on the “Master Capable Deviceti@e of theWordclockpanel.
This is shown irFigure 5.20for the MAP4 device. On the “Slave Capable Devices”
section, the sound engineer right-clicks the deticbe made a slave of the selected
master, and selects the “Make A Slave” submenu .it&m XML “syncsetup”
message is automatically sent to the mCMS servamiplementation. Assuming the

sample rate and word clock source has been set:

« When the sound engineer selects and highlights de ran the “Master
Capable Device” section of th&/ordclock panel to be a master, its
“new_Master” variable is set to “true”, its GUID casample rate are assigned

to the global variables “masterGUID” and “masterplaRate” respectively.
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* When the sound engineer selects a slave node d&ldnee Capable Devices”
section of theWordclockpanel, it is deleted and attached to the mastde no
on the “Master Capable Device” tree.

* An XML “syncsetup” documentAppendix B: Listing 1J7is created that
carries the sample rate and GUID values for thetenatevice, and the array
of all its slave device GUID values including thealy attached slave devices.

The XML document is sent to the mCMS server to anpnt the setting.

Wordclock
Master Capable Devices Slave Capable Devices
© B |[EEE1394Bus 3FF © B9 |IEEE1394Bus 3FF
& B mLAN Windows PC & B mLAN Windows PC
B Word Clock Output - ID: 0 [48 kHz B3 Word Clock Output - ID: 0 [48 k
© B MAP4 ©m \MAP4
BB Word Clock Output - ID: 0 [48 kHz (=] V

Settings...

About sdobe Flash Player 9.,

Ok

Figure 5.20: Setting individual Slave Devices

All slave devices for a particular master devica a#so be easily released by right-
clicking the master device and selecting the “Rsdeall Slaves” submenu item
[Figure 5.21.
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Figure 5.21: Release all Master Device Slave Device

An XML “syncsetup” message is sent to the mCMS eerwhich automatically

implements the request and tiW¥ordclock panel is updated appropriately by
removing the slave device nodes from the clearestenalevice, and attaching them
to their respective slave device nodes on the Slaapable Devices” section. When

the sound engineer selects the “Release all Slawgshenu item:

» All its slave device nodes are deleted from thep&de Master Device” tree
and attached to their individual slave node on “thapable Slave Device”
tree.

* An XML “syncsetup” document is sent to the mCM$vee that contains the
sample rate and GUID values of the master devicg/ich slaves have been
cleared.

» Slave device nodes are deleted from their mastgcel@ode on the “Capable
Master Device” tree and attached to their individakave nodes on the

“Capable Slave Device” tree.

It is possible to remove only one slave device frammaster device with more than
one slave device. This can be done by simply radjbking the slave device to be
removed from its master on the “Master Capable €sJ/i section, and selecting the

“Remove Slave” submenu iterRifjure 5.22.
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Figure 5.22: Removing a Particular Slave Device

An XML “syncsetup” message is sent to the mCMS serand the slave device node
is automatically removed from its master device attdched to its slave device node
on the “Slave Capable Devices”. When the sound nemgi selects the “Remove

Slave” submenu item on a particular slave node:

Its slave node is deleted from the “Capable MaByice” tree and attached
to its slave node on the “Capable Slave Deviceg.tre

An XML “syncsetup” document is sent to the mCM$vse that contains the
sample rate, GUID value of the master device ard3bIDs of its remaining

slave devices.

5.3.2.5 “Identify Device” Use Case
In a large mLAN network, it is often necessary flioe sound engineer to identify a

particular device to work with on the network. T¢mund engineer can do this on the
Broadcast patchbay by right-clicking the device enxaah the Sourcestree and

selecting the “Identify Device” submenu itefidgure 5.23.
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Figure 5.23: Identifying a Device

The patchbay automatically creates an XML *“identtigvice” request document
[Listing 5.9 that is sent to the mCMS server, which contaiies GUID of the device
to be identified. If the request is implementedcassfully, the device will respond by

flashing one or more of its LEDs.

=?#ml version="1.0" encoding="UTF-8" 7=
L <mLaNServerCommand version="1.0">
- zobject name="patch"=

- zmethod name="identify"=

<parameter name="GUID" value="0013f00400400011" />
=/method:=

</object=

= /mLaMNServerCommands

Listing 5.5: XML “identify device” Request Document

5.3.2.6“Change Plug Layout” Use Case
To change the Plug Layout of a device, the sourgineer right-clicks the device

node on th&ourcedreeand selects the “Change Plug Layout” submenu itégufe
5.14. A Plug Layoutpanel opensHigure 5.23. It displays the current Plug Layout
of the selected device. The sound engineer can usavthe “Select Plug Layout”

combo box to select a new Plug Layout to apphhis device.
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Figure 5.24: Change Plug Layout

When the user has chosen the appropriate Plug LayouhePlug Layoutpanel
[Figure 5:29, the setting is applied by clicking tiAgply Button.

Change Plug Layout
Current Plug Layout:

Detault

Select Plug Layout:

Default -
Default

Apply Cancel

Figure 5.25: Select Plug Layout Panel

Listing 5.6shows a typical XML “Plug Layout” message thasent to the mCMS
server when the sound engineer applies the Plugutasetting by clicking thé&pply
Button. It is requesting the Enabler module to g@PIlug Layout with ID “1” to a
device with GUID “0013f00400000014". If the Plugyout is successfully applied,
the mCMS server sends an XML “configuration” documtnéo the patchbay with
updated network information that the patchbay m tuses to updates its display. The
effect of changing a device Plug Layout settingeducing or increasing the number

of plugs for the device depending on the choseg Payout.
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<?xml version="1.0" encoding="utf- 15" 7=
- «mLANServerCommand version="1.0">
- <object name="patch"=
- @method name="setCurrentPlugLayout">
<parameter name="GUID" value="0013f00400000014" /=
<parameter name="plugLayoutID" value="1" /=
=/method=
</objects
</mLANServerCommand

Listing 5.6: XML “plug layout” Request Document

5.3.2.7 “Clear Dangling Connections” Use Case
Dangling connections can be cleared in two wayhgeeiby connecting a plug with a

dangling connection, or by clearing the danglingwreection. When the sound
engineer attempts to make a connection betweemtlAN plugs, one of which has
a dangling connection, the dangling connectionrst €leared automatically and then
the connection madedstion 5.3.2.2.]L When a dangling connection is cleared, an
XML “clear dangling connection” message is seriti®mCMS server that carries the
information about the plug with a dangling connetiThe information carried by the
XML “clear dangling connection” message includes @UID of the parent device of
the plug with a dangling connection, and the plpgc#ic information that includes
the plug transmitting direction (in or out), theuglID, and the plug type (audio or
MIDI) [ Listing 5.7.

<?xml version="1.0" encoding="utf-15" 7=
- amLANServerCommand version="1.0"=
- <object name="patch"=
- «<method name="clearDanglingConnection"
<parameter name="GUID" value="0013f00400400011" /=
<parameter name="direction" value="out" /=
<parameter name="plugID" value="15" /=
<parameter name="plugType" value="audio" /=
</method=
</object=
</mLANServerCommand =

Listing 5:7: XML “clear dangling connection” Request Document

Alternatively, dangling connections can be cleared directly bidietking the blue
round icon of the plug with a dangling connection the device trees. This
automatically clears the dangling connection by ngiag the blue dangling

connection icon of the clicked plug, and sending WL “clear Dangling
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connection” messagd.isting 5.1 to the mCMS server for implementatioRigure
5:2]. This method of clearing dangling connectionsdescribed by the following

sequence diagranfrigure 5.2

£ ‘ %W
) : Control . IEEE1394 i _ Server - MCMS Server
: Sound Engineer Window Device DanglingConXMLDoc E——

[g 1. clickDewNode

1

11 .éetDevDetailsO ‘ ‘

1.2. getDevGUID()

1.3} 94<createDanglingConXMLDoc> addlnfo(devGL{lD)>

1}4. send(danglingCon)QH‘Loc)

If the dg gling
connec| )nis cleared 1.5. changeNodeGraphic()

succes; ully, the blue EJ:I

round n de icon is

cleared ‘

14.1. tnt(DanglngConEMLDoc)

Figure 5.26: Clearing Dangling Connections

The patchbay gets the GUID value of the clickedenod the tree that has a dangling
connection, creates and sends an XML “clear daggionnection” document to the
mCMS server that carries the GUID of the deviceb#o cleared. If the Enabler
successfully clears the dangling connection, thee bbund icon on the tree node
(newly cleared node) is changed to the normal yelhode icon that depicts a tree

node representing a plug with no dangling connedtagure 5.24.

5.3.2.8 “Change Device Name” Use Case

At the time of this investigation, the mLAN devittenware allowed the renaming of
devices only, plug names could not be changed.hBonge the name of a device, the
sound engineer would right-click the device on ®murces treeand selects the
“Rename Device” submenu item. Rename Devicpanel Figure 5.27 appears on

which the sound engineer can specify the new ndriealevice.
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Figure 5.27: Rename Device Panel

When the sound engineer clicks @& button, anXML “rename device” message
[Appendix B: Listing 1Jlis created that contains the GUID of the devioebe

renamed and the new name for that device. If thameng process succeeds, the label

name of the device is automatically changed tan#he name on both device trees on

the interfacefrigure 5.2§.
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Figure 5.28: Renaming a device

5.3.2.9 “Managing Files” Use Case

The Broadcast patchbay allows the sound enginesae routing settings into a text

file as well as load saved routing settings inte gatchbay. To do this, the sound

engineer uses the “File” menu on which the “Savehmitem is used to save the
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setting and the “Open” menu item is used to operedaettings. When the sound

engineer selects the “Save” menu item:

* The patchbay gets tH&ources tre@nd converts its node information into an
XML object using the$ources tretoXML () method.
* The Sources tre&XML object is then saved into a text file withinspecified

location within the workstation.

To open saved routing settings in a text file witla specified location in the
workstation, the sound engineer selected the “Operiu item on the “File menu”.

When the sound engineer selects the “Open” menu ite

» The patchbay opens the “Open” file dialog box, vehtre user navigates to a
specific file location and selects the file to bgened and clicks th®pen
button of the “Open” file dialog box.

* The file data is loaded into the patchbay, and eaed into an XML object
that is parsed as XML.

» The patchbay loops through all source device nddgsayed on th&ources
tree of the patchbay and compares them to their correipg XML elements
in the loaded XML data. If a device node existtha XML data but not on
the Sources tregit is ignored, otherwise, the patchbay loops tigio each of
the device plugs.

» For each device plug found on tB®urces treeits “connected” variable is
compared to that of the same plug in the loaded Xdla. If its value is
“true”, then that plug has a live connection. Tiadue is compared to that of
the XML plug variable, if the plug XML “connected/ariable is also “true”
the plug is ignore, otherwise the live connect®disconnected and the green
box icon cleared on the grid-matrix. If th®ources treeplug variable
“connected” value is “false” and that of the santegpin the XML data is
“true”, the patchbay gets the destination plug 2l @ parent GUID of the
connected plug. This information is used to lodhte destination plug on the
Destinations treelf the plug’'s parent device is on the network,ahild plug
nodes are searched for the plug with the ID froex XML plug data. If the
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plug is found, the two plugs are connected, a gggaphic box drawn on the
grid-matrix at their cross-point. An XML “conneati request” is created that
contains the plug IDs, plug types and names of pbifys that is sent to the

server to implement a connection request.

5.2 Broadcast Patchbay Usability Testing

This section discusses the usability testing ploasiee Broadcast patchbay. Note that
this usability testing was not meant to be an iptdestudy as it was not the aim of
this investigation but was done to ensure thaBatladcast patchbay requirements

captured in the beginning of this chapter were adesly implemented.

The RUP software development process encouragesstemt usability testing of the
software by potential users, to ensure that théwsoé performs the tasks it was
designed to support satisfactorily. Various usabiiesting methods were employed
during and after the development of the Broadcasthiay. The international
standard on usability testing, the ISO 9241-11 89frovided guidance during the
testing of the Broadcast patchbay. It defines Uibalas the “extent to which a
product can be used by specified users to achigeeifeed goals with effectiveness,
efficiency, and satisfaction in a specified contektuse”. Another international
usability standard that was found to be usefuhes ISO/IEC FDIS 9126-1 (2000),
which defines usability as the “capability of thaftevare product to be understood,
learned, used, and be attractive to the user, wised under specified conditions”.
Therefore, it is clear that usability is a qualtgribute that assesses how easily user
interfaces can be used. According to Nielsen (20@Bbility is defined by six quality

factors:

» Fit for use (or functionality) — Determines if thieveloped system supports
the tasks it was designed to support.

» Ease of learning — Determines how easily the systgmlearn for new users.

» Task efficiency — Determines how quickly occasionsgrs can perform their
tasks on the system.

» Ease of remembering — Determines how easily users me-establish
proficiency with the system if they have not besimg it for a long period.
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» Subjective satisfaction — Determines how pleasadtsatisfying the system'’s
interface is for the user.
» Understandability - Determines how easy is it toenstand what the system

is doing, for example in situations of system figlu

At different stages in the development of the Boaesti patchbay, different usability
testing techniques were utilised that generateet afsproposals for redesigning and

modifying the patchbay in regard to these six Ugglactors.

5.2.1 Usability Testing User Profiles

Broadcast networks are complex in nature, and swally controlled by well trained
sound engineers who understand how audio is rowit#ih the mLAN network. The
Broadcast patchbay usability testing was carrietl lmu users who fulfilled the

following requirements:

» Had worked within Broadcast network studios foleaist 3 years.
* Between the age of 18 and 60 years.

» Have experience working with grid-based patchbays.

Appendix C-Clshows a detailetUser Profile Formthat was utilised for gathering

usability testing users’ information.

5.2.2 Usability Methodologies and Findings

Two different usability testing methods, namely treuristic evaluation and the user
testing, were selected to test the usability of Bneadcast patchbay. A preliminary
heuristic evaluation was the first technique appliét detected minor usability
problems and missing functionality in the softwdhat were fixed as much as
possible before the user testing of the softwarg@imgpective users. Nielsen (2004)
defines the heuristic evaluation process as a flityadngineering method for finding
the usability problems in a user interface desmthst they can be attended to as part
of an iterative design process”. The heuristic ex@bn “System Checklistised was
developed by Deniese Pierotti from Xerox Corporat{d994) and is shown in

Appendix C-C3The usability principles (the "heuristics") evailed by thisheuristic

119



evaluation checklist include the following, whicbrngply with Nielsen’s (2005) ten
usability heuristics:

Visibility of System Status.

* Match Between the System and the Real World.

» User Control and Freedom.

» Consistency and Standards.

» Error Prevention.

* Recognition Rather than Recall.

* Flexibility and Minimalist Design.

* Aesthetic and Minimalist Design.

* Help Users Recognize, Diagnose, and Recover FroarEr

* Help and Documentation.

The Broadcast patchbay was updated to incorpor&eimg functionality before it
was sent for usability testinghe usability questionnaire shown Appendix C-C2
was used for the Broadcast patchbay usability ngstand was derived from the
Software Usability Measuremerihventory (SUMI) tool [Kirakowski, 1994], the
Purdue Usability Testing Questionnaire (PUTQ) tfloh, Choong and Salvendy,
1997], and the Questionnaire for User Interfacéstation (QUIS) tool [Chin, Diehl
and Norman, 1988]. It had 45 questions with eachstjon grading the user’s
response on a Likert scale from 0 to 9, where Oesgmtedstrongly disagreeand 9
representedtrongly agredSiegle, 2004]. The questions utilized the follogicriteria

that were relevant to the three patchbays developed

a) Consistency
The consistency section of the usability questimenevaluated the consistency of the

following aspects:

* The font size and type used in naming and labeldiiffgrent panels of the
patchbay.
* The wording used within the patchbay interface [gagrd that it is consistent

with the user guidance provided.

120



* The grouping and ordering of menu options for dédfé panels of the

patchbay.

b) Learnability
This section tested how easy it was to learn totlisgatchbay, and how much load
(names and commands to remember when performingection management tasks)

the user was required to remember. This sectianealaluated the following aspects:

* How straightforward was performing tasks on thelpbay.
* How steep was the learning curve for the user.

* How meaningful and useful were the patchbay command

c) Terminology, User Guidance and System Information
This section evaluated the usefulness of the systéeminology and user guidance

material provided. The questionnaire evaluated:

If the terminology used in the guidance materias nelated to tasks.

System feedback - How helpful are error messages.

If the patchbay provided the CANCEL option.

If error messages are disruptive or informative.

d) Screen Positioning
This section of the usability questionnaire evadahe patchbay to see if:

* Reading information on the screen is easy.

» Positioning of messages on the screen capturedti@ion of the user.
e) Flexibility
This section evaluated how much control the patglgaave the user. Specifically, the

guestions for this section evaluated the patchh#ynespect to:

* The customisability of its panel components.

* Its zooming capabilities for clarity of the dispéa/interface components.
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* Its menu options dependability in the context ef panel and their purposes.

* Its zooming capabilities for display expansion.

f)  Minimal Action
This section evaluated the patchbay to see ifavipied default values, function keys

and options for accessing frequently used features.

g) Perceptual Limitation

This section of the usability questionnaire evadahe patchbay to see if:

» It uses blending colours for different panels.
* It demarcates groups of information.
» Active windows and components are highlighted.

» Its screen density is reasonable.

h) System Capabilities
This section evaluated the efficiency and religpibf the patchbay when the user
performs connection management tasks with respesgded, reliability, security and

error handling.

The Broadcast patchbay users were two sound engjrage from Germany and the
other from Canada, who fulfilled test user requieets stated isection 5.4.1The
developer could not get local usability test ussh® fulfilled the requirements in
section 5.4.1As a result, the developer could not have faekte usability testing
sessions with the users, and instead users weeel &slperform common connection
management tasks on the patchbay according to dmgretion and complete the

usability testing questionnaire, which was sentrthierough email.

5.2.2.1 Broadcast Patchbay Usability Testing Results

This section discusses results of the Broadcasthpay usability testing process.
Figure 5.29 shows the Broadcast patchbay version 1 interfaeé was sent to

usability users for the first testing iteration.
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Figure 5.29: Broadcast Patchbay Version 1

The following sections present usability testingulés for each of the eight aspects

described in the preceding section.

a) Consistency

One of the users identified consistency issues ttigdNordclockpanel title font type
and size did not match that of the m@antrol Windowand other panels. Both users
strongly agreedhat the labels were located at consistent logativall screens of the
Broadcast patchbay interface panels. Both usteosgly agreedhat the grouping and

ordering of menu options for different panels af Broadcast patchbay was logical.

b) Learnability
This section evaluated how easy the patchbay wdeaim to use. The following

results were noted:
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* Both usersstrongly agreedhat learning to use the Broadcast patchbay was
easy.

* Both usersstrongly agreedthat remembering names and use of commands
within the Broadcast patchbay was not challenging.

* Both userstrongly agreedhat performing tasks was straightforward.

» Both usersstrongly disagreedhat the Broadcast patchbay required a steep

learning curve.

c) Terminology, User Guidance and System Informatio

This section of the usability questionnaire evadathe terminology and error
messages used by the system. Both useragly agreedhat the Broadcast patchbay
terminology used was related to tasks and the enessages were not disruptive but
informative. However, one of the usestrongly disagreedthat the Broadcast
patchbay provided the CANCEL option. The systemraitiprovide the user with the
option of rolling back, for instance, when one nmlkemistake while performing a

connection management task.

d) Screen Positioning

This section looked at the positioning of differegtaphic components of the
Broadcast patchbay interface. Both useaggeed that the Broadcast patchbay’s
organization of information was logical and stamdadowever, one the users also
thought the “Date and Time” information at the tight corner was redundant
information, which the workstation (running the gidiay) displays by default.
Therefore, this information wasted space. The gearent of the legend elements in
three lines also wasted valuable spdeigyre 5.29. Both usersstrongly agreedhat
error messages dialog boxes were positioned atecwent locations to attract the

user’'s attention.

e) Flexibility
This section evaluated how much control the patghyaae the user:

124



* Both usersagreedthat the Broadcast patchbay provided the user @ittt
manipulation capabilities such as being able tcedally manipulate the
application grid-matrix box when establishing andedking audio
connections.

* Both userdisagreedthat the Broadcast patchbay allowed the usersspay
elements according to their needs, for instaneeBtimadcast patchbay did not
provide the user ways of customising tree list sooleof changing its colours.
The system provide only one way of doing thing, tiser was allowed to
customise aspects of its components.

f) Minimal Action
Both usersstrongly disagreedhat the Broadcast patchbay provided default \&lue
and function keys for frequent control entries. Bystem did not provide shortcut

keys and icons for fast access to frequently us@@ls and features.

g) Perceptual Limitation

This section evaluated the aesthetic aspects ofBtimadcast patchbay interface
componentsBoth users had problems with the “table cloth” effemtroduced by the
alternatingBlue andWhite bars Figure 5.23, which they thought were hard on the
eyes and gave the interface a sluggish feel. Intiaddthe small green and blue
graphic circles on the grid-matrix made it hardtfog user to see and work easily with
the cross-points in a case where there were mamyections displayed on the grid.
However, both userstrongly agreedthat the system screen density, that is the

spacing between patchbay interface componentsreaasnable.

h) System Capabilities (Speed and Reliability)

This section evaluated the efficiency and reliapitf the Broadcast patchbay when
the user performs connection management tasks negpect tospeed, reliability,
security and error handling. Both ussteongly agreedhat tasks such as making and
breaking audio connections, which were performedtf@Control Windowgrid-
matrix executed efficiently. One of the usdrsagreedhat the system reliability was

good enough. Reliability issues were found onwhadclockpanel that include:
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* On theWordclockpanel, if one changed the sample rate of a mastece
that has slave device nodes, the master devicelsaatp label changed but
the sample rate label of the slave device nodeairad the unchanged.

* On the Wordclock panel, one could make a word clock Master/Slave
configuration between two devices with differeningde rates.

5.2.2.2 Redesigning of the Broadcast Patchbay

The usability testing process revealed problemsh wite patchbay, notably the
improper functioning of th&/ordclockpanel, the sluggishness of the grid-matrix, the
wasted space on the malontrol Window and consistency issues on tverdclock
panel. Only the critical features were incorporaieid the second version of the
Broadcast patchbayFigure 5.30shows the redesigned and final Broadcast patchbay.
Alternating Blue and White bars on the grid-matrix were replaced by a simpld g
with a grey background, effectively removing theabte cloth” effect. Live
connections (previously denoted by small green bl graphic circlesHigure
5.29.) are represented by much bigger green squarestitvat fill the whole grid box

in the new Broadcast patchbay version 2. The “Ratk Time” labels at the top-right
of Figure 5.29were removed and the patchbay legend moved amcangad at the
bottom of the patchbay to save space. The rearaegts left more space for
displaying the “grid-matrix” and the “device tree#&s shown inFigure 5.3Q tree list
components were resized to that node names andyctksplayed without any need

for scrolling, unlike the case for the Broadcagthbay version 1Higure 5.29.
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Figure 5.30: Broadcast Patchbay Version 2

Standard tool bar icons and shortcut keys were catllléhe Broadcast patchbay for

frequently performed connection management taslkent@ance the speed by which

the user executed tasks. In addition, roll backoogtwere added for all connection

management tasks performed on the Broadcast pagtciNmably, the CANCEL

button was included in all the patchbay panelsthadiser had the option of reversing

the processes of establishing and breaking audimemtions by clicking twice the

grid-matrix box which the connection status is geieversed. For instance, assuming

the sound engineer clicks the cross-point grid-ixdiox of two plug nodes that are

connected by mistake. To reverse the connectioiindf patchbay is in “Delayed

Mode”, the sound engineer clicks again the samssepoint grid-matrix box of the

two newly connected plugs. Their connection shaadroken.

5.2.2.3Broadcast Patchbay Version 2 Test feedback

The Broadcast patchbay version 2 was further eteduay the two prospective users.

Feedback showed that both testers were satisfiethdoynodifications made. They

found the interface, especially the grid-matrix,d® easy on the eyes and much
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clearer, because of the inclusion of connection disd¢onnection square graphic
boxes that fill the whole grid box in contrast ke tsmall circles used in the version 1
of the patchbay. The rearrangement of the legenthatbottom of the patchbay
created more space for displaying the “device tretsarly, and allowed for the

addition of four more rows and two columns on thd-gnatrix.

5.3 Chapter Summary

Standard Human Computer Interaction (HCI) and Qbféoented Programming
(OOP) concepts were utilised in conjunction with Bational Unified Process (RUP)
Iterative and Incremental Process for the developroéthe Broadcast patchbay for
Broadcast networks. The Broadcast patchbay developmprises three main panels,
the Control Window the Settings panel and théNordclock panel. TheControl
Windowis used for audio routing and modifying devicegaies such as the device
nickname and device Plug Layout configurations. $b#ingspanel enables the user
to specify the mCMS server DNS name, port numbed, tae number of source PC
plugs for the host workstation. TM#ordclockpanel enables the sound engineer to
set/clear word clock Master/Slave configurationsiclvhallow mLAN devices to
transmit and receive packets at synchronised samnagpés. It is a requirement in
MLAN networks that any two communicating devicessdoat the same sample rate.
A heuristic evaluation was performed by the deveidpefore the patchbay was sent
to prospective testers, who performed the actuability test based on a 45-question
guestionnaire shown iAppendix C-C2Their findings resulted in the redesigning of
the Broadcast patchbay to provide for maximum spesege and ensured the proper
functioning of theWordclock panel for setting/clearing word clock Master/Slave

configurations within Broadcast networks.
In the next chapter, the Rational Unified Procdts'ative and Incremental Process

for software development is applied to the develepiof a patchbay for Project

studio networks.

128



CHAPTER 6

6 Project Studio Patchbay Design and Development

Project studio networks are smaller than Broadeastorks, and typically deal with
fewer device connections. They are generally opdrdty music producers who
understand how the audio network routes audio fomm output plug on a source
device to a particular input plug on a destinatitavice. Due to the small size of
Project studio networks, sound engineers for thesevorks have the tendency to
switch physical audio cables between the actuakiphl devices to perform audio
routing. This has led to them developing mental edf their studio device
topologies, for instance, they know where each aephysically lies within the

studio without necessarily looking at it.

As a result, graphic-based patchbays are normaldd un these networks, because
they use graphic representations (that are cusateisof the network devices, and
therefore present sound engineers with a familiarkiag environment that matches
their mental model of the real studio. A well desid graphic patchbay can allow
sound engineers to customigevice blocksto match the layout of their real studio,
and useconnector line¥ betweendevice blocksto create the cable-switching
capabilities as they would have in a real studlee @evelopment of the Project studio
patchbay followed the eight phases of the Iterasind Incremental Process (RUP),
which includes the requirements phase, the analgsid design phase, the
implementation phase, the deployment phase, andeteng phase [@apter 5:
Figure 5.1. This chapter discusses in detail how these dgwveént stages guided the

development of a Project studio patchbay for uderaject studio networks.

6.1 Project Studio Patchbay Requirements Analysis

Although graphic-based patchbays are commonly dgeplowithin Project studio
networks, it was not clear which patchbay layoull arhat functionality should be

incorporated into the patchbay to be developedPimject studio networks. As a

9 Device blocksre graphic boxes that represent network devicekepatchbay display

[Figure 6.1.
10 Connector linesre connection graphic lines that join two gragtigs on thepatchbay
display Figure 6.1.
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result, a computer prototype of a typical graphasdd patchbay was developed for
purposes of gathering Project studio patchbay rements, and was also used for
determining the best layout that would satisfy €cbjstudio users. Nielsen (2004)
defines a prototype as a “working model of the Ifsystem built to develop and test
design ideas”. A computer prototype was choserg&ihering requirements for the

Project studio patchbay for the following reasons:

« It allows for interactive design of the softwarefdye its development. In
addition, a computer prototype provides interactieedback for the user,
which enables users to visualise how the finalesyswill behave.

« Itis high-fidelity in appearance and interactianitaallows the user to explore
the graphic design of the final system. It alsmwa# for the choosing of
appropriate colours, fonts, component alignments)s, and the white space.

e It has low-fidelity in depth since it comprises rosf the system’s

components with no backend.

The computer prototype was tested by eight tygiraject studio users who fulfilled

the following requirements:

* Have experience working within Project studio netgdor at least 3 years.
» Are between the ages of 18 - 60 years.

» Have experience working with graphic-based patchbay

Appendix C-Ckhows a detailedser Profile Formthat was utilised for gathering the

usability testing user information.

6.2 Project Studio Computer Prototype

Figure 6.1shows the computer prototype that was sent tot eigérs within South
Africa and abroad (Germany and Canada) for testimbis prototype included the

following features and capabilities to:

» Establish audio connections.

* Break audio connections.
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The prototype interface consisted of dummy graptienponents, such as the
bandwidth bar, theéDisplay buttons,the Mode Settingbuttons, and thdNetwork

buttons, that were incorporated into the final pb#&y design.
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Figure 6.1: Project Studio Patchbay Prototype

A shorter version of the usability questionnair@wsh in Appendix C-C2with 12

guestions, was completed by each user who testecbthputer prototype. Sections of

the usability questionnairéppendix C-CR which were not relevant to the testing of

the computer prototype but to the final system,enemoved. This therefore, reduced

the size of the questionnaire significantly. Thesfions removed evaluated the:
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» Usefulness of error massages.
» System speed and its reliability capabilities.

» Panel components consistency (title font size gpé)t

These sections were only relevant if the patchley il its panels and the backend

mMCMS server was active.
The questions used evaluated:

* How easy the system was to use for a new userhawdmuch mental load
the user had to carry to use the system.

* The flexibility of the system features.

* The size, colour and shape of the interface commusr{r instance thdevice
blocksand button components).

* The arrangement and layout of the patchbay interf@mponents.

The users were given a section to write any suggesand comments they deemed
important for the prototype design. The analysis tbeé gathered patchbay
requirements resulted in the developer listing ofpartant patchbay features.
Stimulus/Response sequences were used to desombihbse features were to work
in the complete product. The prototype did not hav&e connection to the mCMS
server.Appendix A-A3provides a complete list of the system requiremémtsthe
Project studio patchbay that were gathered fromtdsters’ feedback, which was
collected using a usability questionnaifEhe IEEE Recommended Practice for
Software Requirements Specifications [IEEE Inc,8]|98as utilised for documenting

these requirements.

6.3 Project Studio Patchbay Description

The Project studio patchbajeveloped was named “FireSwitch”. It comprises four
main panels, namely th€ontrol Window the Settingspanel, thewordclockpanel,

and theDevice Informatiorpanel.
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The Control Window[Figure 6.3 is the main panel of the Project studio patchbay,
and incorporates important features that facilitatedio routing and connection
management in mLAN Project studio networksgure 6.2shows a screenshot of the
Project studio patchbay that displays a typicaljd@tostudio network with four
mMLAN compatible devices, namely th@mLAN Windows PQdevice, two 1/One
breakout boxes (th®GT - 1/0One Sralevice and th®©GT - I/One Destlevice), and
Yamaha Corporation’®AP4 device. TheControl Windowdisplays mLAN devices
on the network as square graphic boxes (referregsitevice blocKsin different
colours, which are assigned randomly whendbeice blocksre first created. Each
device blocldisplays the name of the device it representswitrel clock state of the
device (either master or slave) and the device Earafe. It also has a button labelled

“Information” that is used to display detailed infeation about a device.

EM Engish (South africa) B <

Flle Dislogs Help

BEHL HM e

Device Block

Connector Line

Master- (48 kHz)

OGT - I0mne Dest

Infarmation

Used Bandwidih 38%

Figure 6.2: Project Studio Control Window
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Eachdevice blockas two expandable/collapsilgkig blocksattached to it. Thplug
blocks(the input plugs blockand theoutput plugs blockdisplay input plug graphics
and output plug graphics for each deviEgure 6.2also shows theonnector lines
that represent live connections between devicespl@gnnection management tasks

that can be performed on tB®ntrol Windowof the Project studio patchbay include:

» Establishing audio connections.

* Breaking audio connections.

* Renaming device nicknames.

» Clearing all device connections for a particulavide.

* Viewing detailed information for a particular desion the mLAN network.
» Saving / Opening routing settings into / from at tide.

* ldentifying a particular device on the network.

The Project studio patchbay uses the s&ettingspanel and th&Vordclockpanel as
the Broadcast patchbay describedhamter 5[section 5.2 The Settingganelallows
the sound engineer to:

» Configure the mCMS server name and port number.
» Configure the number of source plugs (for both Mi@id audio) of the

workstation running the Project studio patchbay.

TheWordclockpanelallows the sound engineer to:

* Set a global master unit for the whole mLAN network

» Enslave a device to a particular master device.

* Release all slave devices for a particular masteicd.

* Remove a single slave device from its master device

* Change a master device word clock sample ratetandord clock source as

well as its work clock source output.
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The Device Informationpanel Figure 6.3 displays detailed information about a
particular device. This panel is opened by cligkihe Information button at the
centre of eacluevice blockdisplayed on the patchbay interface. Device infirom

that can be viewed includeSifjure 6.3:

» The device vendor.

* The device model name.

* The device GUID.

* The device supported sample rates.

* The device current device Plug Layout.

Node Nickname  [mian windows PC
Model Name  Windows
GUID  0090270001k36d16
vendor
Firmware Name  0.0.0do

Available Device Plug Layouts Choose Background Colour
Current Plug Layout . . . | .
HEEE B
Select Plug Layout . . . .
EEETH

Default =

[ ok

Figure 6.3: Device Information Panel

Besides viewing device information, tibevice Informatiorpanel allows the sound

engineer to:
* Rename device nicknames.
» Configure the device Plug Layout.

* Change the device background colour.

To rename a device on tBevice Informatiorpanel, the sound engineer specifies the

new name of the device in the “Node Nickname” taxt [Figure 6.3 and clicks the
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OK button. An XML “rename device” documemappendix B: Listing 1]lis created,
and is sent to the mCMS server containing the Gofiihe device to be renamed and
its new name. If the renaming process succeeds]athed of the device on the
patchbay interface is automatically changed torke name specified on thizevice

Informationpanel.

To configure a device Plug Layout, the sound erggirgelects the desired Plug
Layout to be applied on the “Select Plug Layoatimbo box Figure 6.3 of the
Device Informationpanel and clicks theOK button. An XML “Plug Layout”
document [Listing 6.] is created, and is sent to the mCMS server taasithe

implementation of the setting.

<?xml version="1.0" encoding="utf- 146" 7=
- «mLANServerCommand version="1.0"=
- <object name="patch"=
- «method name="setCurrentPlugLayout":=
<parameter name="GUID" value="0013f00400000014" /=
<parameter name="plugLayoutID" value="1" /=
</method=
</object=
=/mLAMNServerCommand =

Listing 6.1: XML “set current plug layout” Request Document

If the setting is successfully implemented, the nf&CMerver sends an XML
“configuration” document to the patchbay that iesigo update the display. The
number of device plugs are then reduced or inccedspending on the Plug Layout
chosen.

The sound engineer can change the device’s baakdroolour by simply selecting
the proper colour box on the “Choose Backgroundo@dlgrid [Figure 6.3 of the
Device Informationpanel and clicking theOK button. The selected colour is
automatically applied to theevice blockThere is no client/server communication for

changing thealevice bloclcolour.

The sound engineer can also drag depicg blocksto any of the eight sides of the
device blockhey are attached to by simply clicking and draggiheplug blockto
positions highlighted Higure 6.4. The device blockscan also be dragged to any
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position within the patchbay display space. Theraa client/server communication
for this process.

If a device blocks too small such that its labels and word clodkimation cannot be
seen clearly, the sound engineer can zoom in ahd®uequired by clicking and
dragging theZoombutton at the bottom right corner of tthevice blocko enlarge it.

Information

Possible Plug
Block drop
positions

Plug Block™ |

Mouse@v

dragging a
Plug Block

Figure 6.4: Moving Plug Blocks

6.4 Project Studio Patchbay Design and Implementation
This section discusses the design and implementafithe Project studio patchbay

using UML sequence diagrams.

6.4.1 Project Studio Patchbay Implementation Sequence Dgaams

The Project studio patchbay uses the same Use Daggam as the Broadcast
patchbay described ichapter 5 [section 5.3.1]J1 which shows the high-level
functions of the Project studio patchbay and idexstitwo entities (Actors) that
interact with the patchbay, namely the sound emgirrexd the mCMS Server. The
high-level functions of the Project studio patchibagiude:

* Managing files.

137



» Connecting to the mCMS Server.

» Establishing audio Connections.

* Breaking audio connections.

» Updating the Project studio patchbay.

* Applying changes made on the Project studio patchba
» Setting/Clearing word clock Master/Slave Configimas.

* ldentifying a particular network Device.

Sections 6.3.1.1hrough t06.3.1.5 describe the implementation of some of these
features in detail.

Figure 6.5 shows the Object Model that depicts the relatigpgssland dynamic
interactions between objects written for the Priogtadio patchbay. ThEEEE1394
Networkobject is shown to contain an aggregationEEE1394 Busbjects. Each
IEEE1394 Busbject contains an aggregationlBEE1394 Devicebjects, which in
turn each contains an aggregation @évice Audio Plugobjects that can either
represent an output or input mLAN plug. The modseb &hows the interrelationships
between the various Project studio patchbay pafthis Control Window, the
Wordclock panel, theSettingspanel, theLogin panel, and théevice Information
panel) and their associated XML document objectsiILXdocument objects are
created for each XML document sent to the mCMS esemvhen connection

management tasks are performed.
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Figure 6.5: Project Studio Patchbay Object Model

6.4.1.1"Connect to mCMS server” Use Case

At start-up, a TCP/IP connection is establishedvbeh the Project studio patchbay

and the mCMS server. The user logs into the mCMSeseby specifying the
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username and the password in thagin panel. When the patchbay successfully
connects and authenticates with the mCMS serverm@MS server sends an XML
“configuration” documentl]isting 5.3 to the patchbay that contains information of
the current status of the network devices and ttminections. On the patchbay, the
XML elements of the XML “configuration” document earextracted, the network
hierarchy recreated and the patchbay updated \Wehldtest network information

received as followsHigure 6.4:

* Itloops through the XML “configuration” documelEEE1394 Network
element and creates tHeEE1394 Networlobject.

* Itloops through allEEE1394 bulements, and creatdsSEE1394 busbjects
for each XML bus element found.

* For eachlEEE1394 buselement, it loops through alEEE1394 device
elements, and creatédBEEE1394 deviceobjects. For eacldevice object, a
device blockgraphic is created on the patchbay, which is assicga random
background colour. Its size is determined by thmlper of input and output
plugs the device has.

» For eachlEEE1394 deviceelement, it loops through all itmLAN plug
elements, and createsLAN plugobjects. It createplug blocksfor each
device corresponding to each plug object, and lagthem to theidevice
blocks

* For eachconnectionelement, it loops through all itsatch elements, and
draws connector lineson the patchbay interface for device plugs witre i

connections.
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Figure 6.6: Receiving the XML Configuration Documen Sequence Diagram

6.4.1.2 “Establishing Audio Connections” Use Case

The Project studio patchbay allows the sound emgiteestablish audio connections
between mLAN plugs of the same type and on diffederices. To establish an audio
connection, the sound engineer clicks thaximiseicon to expand the input and
output plug blocksof both devices to be connecteéiqure 6.74. This allows the

sound engineer to clearly view plug names of gdiaf block
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With both plug blocksexpanded, the sound engineer clicks either theubytioig or
the input plug graphic of the plug to be conneard drags the mouse pointer out of
the plug graphic towards the other plug to cont@cA connector lines drawn that
represents the new connection.Figure 6.8 an audio connection is established from
the output plugAnalog In 3on the devic®©GT-IOne Srco the input plugADAT 3on
the device OGIIOne Dest When the sound engineer releases the mouse loeer t
input plugADAT 3 an XML “connection request” documemdpendix B: Listing b

is created containing information of both plugsd aent to the mCMS server. If the
network has enough bandwidth, the connection isampnted by the Enabler module
and a connector line is permanently drawn betwblentwo newly connected plugs
and audio is routed between the two plugs. Whenudex has expanded tipdug
blocksof the two devices to be connected and clicks angsdout the mouse pointer

from one of the plug graphics:

» The patchbay creates three variables to hold théhiplug type and name of
the plug the user is dragging from and drawsoanector lineto the mouse

pointer that reflects the new connection.

* As the mouse pointer is moved to the next plug, ¢banector lineis

continuously redrawn.
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* When the user releases the mouse over anothegmpdic (that is not on the
same device as the first plug), the patchbay csetlieee other variables to
hold theconnector linethe ID, the plug type and name of the plug ofribes
plug.

« An XML “connection request” document is created tth@ontains the
information (the IDs, the plug types and namesheftivo plugs) and sent to

the mCMS server.

» If the request is successfully implemented, a paenaconnector lineis

drawn between the newly connected plugs and asdimuited between them.

Output plugs can have many connections, whilsttiqugs can only have a single
connection at a time. This is because output ptagstransmit audio to many input

plugs, while input plugs can only receive inpuinironly one output plug.

aster - (48 kHz)

0OGT - 10ne Dest

| Infarmation |

Infarmation

+ u
|.';'ER' W R R O N

Figure 6.8: Establishing Audio Connections

6.4.1.3 “Breaking Audio Connections” Use Case

The Project studio patchbay also allows the soundineer to break audio
connections. To do this, the sound engineer clibksonnector lingoining the two
plugs to be disconnected and dragg-iglire 6.9. The patchbay temporarily clears
the draggedonnector line An XML “disconnection request” documemgpendix B:
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Listing g is created that contains information of the inplitg to be disconnected,
and sent to the mCMS server which invokes the Emalodule to implement the
request. If the request is successfully implementbd clearedconnector lineis
deleted permanently (in which case, audio stopmasting between the two plugs),
otherwise if the disconnection failed thennector lineis redrawn between the two
plugs and audio continues to stream. When the drsgys theconnector lingoining

two plugs:

* The patchbay gets the ID, the plug type and nantkeoflestination plug to be

disconnected and temporarily deletesdbenector line

« An XML “disconnection request” document is creatéhdt contained the
destination plug information (the ID, the plug typed name) and sent to the
MCMS server.

» If the request is successfully implemented, dbenector lineremains deleted
permanently otherwise it is redrawn and an errossage from the server

displayed.

Master - (48 kHzZ)

0OGT - [0ne Dest

Infurmation]

Infarmation

Figure 6.9: Breaking Audio Connections
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6.4.1.4 “Setting/Clearing Wordclock Master/Slave Configuraions” Use
Case

The Project studio patchbay uses the same methaefilng and clearing word clock

Master/Slave configurations as the Broadcast patchlescribed isection 5.3.1.4

6.4.1.5 “Identify Device” Use Case

The sound engineer can identify a particular devitehe Project studio patchbay by
right-clicking the device blockand selecting the “Identify Device” submenu item
[Figure 6.1Q. The patchbay automatically creates an XML ‘“idigntdevice”
document Appendix B: Figure 1Rthat is sent to the mCMS server. This XML
request document contains the GUID of the devicketadentified. If the request is
implemented successfully, one or more device LH&shf When the user selects the

“Identify device” menu item:

* The patchbay gets the GUID of the selected devickigcorporates it into an
XML “identify device” request document that is sémthe server.
» If the request is successful, one more device LRisflash otherwise an

error message is displayed.

Information

Infarmation

Clear Device Connections
Settings...

About Adobe Flash Player 9...

Figure 6.10: Identifying a Device
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6.4.1.6 “Managing Files” Use Case
The Project studio patchbay allows the sound emgitesave routing settings into a

text file as well as load saved routing settings e patchbay. The sound engineer
does this by selecting the “Save” menu item to $heeouting settings into a text file
and the “Open” menu item to open saved settingseMthe sound engineer selects
the “Save” menu item, the Project studio patchb@ates an XML document object

and:

* Loops through all displayedevice blocksFor eachdevice blockfound, a
corresponding device object is created and addéaetXML object elements
hierarchy. It then loops through tlikevice blockinput and output plugs,
creates a plug object for each plug found thatteched to the device XML
element in the XML document object until all devibéocks have been
converted to XML objects.

» The XML document object is then saved into a teke fwithin the

workstation.

When the sound engineer selects the “Open” memn da the “File” menu, the

Project studio patchbay:

* Opens the “Open” file dialog box, where the userigates to a specific text
file location and selects the file to be openedckiig theOpenbutton of the
“Open” file dialog box loads the file data into tpatchbay, and converts it
into an XML object that is parsed as XML.

* The patchbay loops through all display@gelviceblocks and compares them
with the corresponding device XML objects.

* For eachdevice blockound, it gets each device plug displayed, andpzoes
its variable “connected” value to that of the phigect for the loaded XML
data. If the displayed plug variable value is “ttuehilst that of the loaded
XML object is “false”, a disconnection is performbdtween the two device
plugs, and theonnector linebetween them deleted otherwise a connection is
established between the two plugs and a connentodtawn that signifies the
live connection between the two plugs.
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6.5 Project Studio Patchbay Usability Testing

This section discusses the usability testing plofske Project studio patchbay. This
usability testing phase was not meant to be anwstive study but was done to
ensure that Project studio patchbay requirements wefficiently implemented, and

the patchbay works properly.

Two different usability testing methods, namely treuristic evaluation and the user
testing, were selected to test the usability of Rh@ject studio patchbay. A heuristic
evaluation was the first technique applied. It deteé minor usability problems and
missing functionality in the software that wereefikas much as possible before the
user testing of the software by prospective ugdérs.heuristic evaluation process was
based on the same “System Checklisguristic evaluation form that was used for

evaluating the Broadcast patchbagdtion 5.4 and is shown ippendix C-C3

The usability questionnaire used for testing thejdet studio patchbay was
completed by eight usability testing users whoetgshe system. Three of the users
were local sound engineers, who were part of thedes Computer Science Audio
Engineering group. The other five users were as@gokerform common connection
management tasks on the patchbay according to dmsiretion and complete the
usability testing questionnaire that was sent tenththrough email as they were
located overseas (Germany and Canada) or in otlts ppf South Africa
(Johannesburg and East London). They all fulfillee test user requirements stated

below:

» Have experience working within Project studio netwgdor at least 3 years.
» Are between the ages of 18 - 60 years.

» Have experience working with graphic-based patchbay

6.5.1 Project Studio Patchbay Usability Testing Results

The users were asked to perform common studio tasksto comment on their

experience using a structured usability questioenthat tested the Project studio
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patchbay based on the following aspects, whichexqg#ained in detail irsection
5.4.2

» Consistency.

* Learnability.

» Screen positioning.
* Flexibility.

* Minimal action.

» Perceptual limitation

* System capabilities.

The following sections present usability testingulés for each aspect tested.

a) Consistency

No consistency issues were found on the Projedistatchbay. All userstrongly
agreedthat the patchbay naming (font type and size) eassistent across displays
and menu options, and the grouping and orderingexfu options was logical for all

Project studio patchbay panels.

b) Learnability

All users found the Project studio patchbay to &#gydo learn and use for a first time
user. They allstrongly agreedthat the patchbay was easy to learn to use for
performing connection management tasks and didnwotve a steep learning curve.
The Project studio patchbay allowed users to perftasks easily, and they only
needed to open very few panels to do this.

c) Screen Positioning
This section evaluated the positioning of differgraphic components of the Project
studio patchbay interface. All usessongly agreedthat the patchbay’s organization

of information and components was logical.

d) Flexibility
All usersstrongly agreedhat the Project studio patchbay allowed userdigplay

patchbay components according to their needs aodided them with resizing
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capabilities. The patchbay was found to be flexibi®ough, giving the user total
control. Notable features of the Project studicplay included:

* Its drag and drop capabilities that allowed the ts@ragdevice block$o any
point within the patchbay’s working spad@lug blockscould be dragged to
any of the eight positions ofdevice blocKsection 6.2

* The resizing functionality, which allowed the usermesize thalevice blocks
to view clearly the details of individual deviceaghics.

* The ability to expand and collapptig blocksto view individual plug names
when performing tasks such as establishing andkimgaudio connections
[section 6.3.12

One of the users howevedjsagreedthat the patchbay allowed users to display
patchbay components according to their needs arfdrpeconnection management
tasks flexible enough. He cited the following fleikity issues:

» Connections were disconnected by merely clickingtlo® connector lines
joining connected devices. This meant when the daemgineer clicked a
connector lineby mistake, the connection was broken. This heighb was
too much flexibility.

*  When making connections, the system forced one a&enthe connection
from the outputplug blockto the inputplug block From the way physical
cable connections were made in a Project studichpay, one did not really
“care” whether a cable was first plugged in thepautor to the input. If the
cable was plugged in the input first then one esduhat it goes to a source
output and vice versa. Also, existing systems sashYamaha's Graphic
patchbay did not have such a restriction.

* He thought, when connecting two devices it madeses¢a place their input
and outputplug blocksfacing one another. The patchbay did not allois. th
The outputplug blockwas always above the inppiug blockwhen bothplug

blockswere on the same side oflavice block
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e) Minimal Action

Three userslisagreedthat the Project studio patchbay provided defaalties and
function keys for frequently used control entrigsonly provided the Tool bar icons
for quickly accessing capabilities such as savimgl @pening routing settings,

openingSettingsandWordclockpanels and refreshing patchbay.

f) Perceptual Limitation
This section evaluated the aesthetic aspects oPtbct studio patchbay interface
components. All userstrongly agreedhat the system screen density was reasonable

and the layout acceptable.

g) System Capabilities (Speed and Reliability)

All users strongly agreedthat the system error messages were helpful aad th
patchbay error handling capabilities were accuralegee users howevetljsagreed
that the patchbay was reliable enough when perfggngonnection management
tasks. They found that when one reduces the sizedefiice blockfor example, to
something very small, clicking thmaximise(+) button to expand tha@ugs block did

not clearly show all the plugs. Only when the z¢hedevice blockwas increased,
was it clearer, and. the resizing functionalityraed to be working well on theevice

blockbut not for theplug blocks which remained squeezed together.

6.5.2 Improvements to the Project Studio Patchbay

The users suggested the following improvementeédPioject studio patchbay, they
thought:

* The patchbay should auto-detect devices on theankiwAudio connections
from the same device should be merged into a stwleector lineto reduce
cable “clutter” on the interface.

* If one opens an input or outpptug block the plug blockplugs should be
listed with their connections. It will be nicer ittcorporate a feature that when
a user clicks and holds on a patrticular plug graghput or output) will
show/highlight/draw @onnector lingo the other end — indicating the input or
output it is connected to, and when the mouseléased, the connector lines

disappear.

150



» If one opens an input or outpplug block,both blocks merge into a window
like the NAS Explorer but smaller so the user stdks the graphic patchbay
visible. The plug connections are listed as with turrent NAS explorer
(inputs left and outputs right).

6.5.3 Redesigning of the Project studio patchbay

The Project studio patchbay was redesigned to dieclsome of the suggestions
pointed out by the patchbay testers. Only the ingmbrand critical features of the
patchbay were incorporated, and are discussed below

* Instead of making audio connections only from tlmirse plug, in the
redesigned Project studio patchbay version, audimections can be made
from either the source plug or the destination plug

» The resizing functionality was redesigned to make $othplug blocksinput
or output) zoomed proportionate to thevice blockhey are attached to.

* When connecting two devices, their input and oufplugy blockscould be

easily rearranged to face each other.

6.5.4 Good Features of the Project Studio Patchbay

The Project studio patchbay was found to be flexdgrhough, making it easy for the
sound engineer to perform connection managemeks.td$ie resizing feature made
the device labels as well as the plug labels legibksisting the user when routing

audio.

6.6 Chapter Summary

This chapter demonstrates the power of using Adidagh for developing connection
management applications. The Project studio patchimeolves a high degree of
flexibility as it gives Project studio sound engine total control of the application
and allows connection management tasks to be escbceasily. Adobe Flash’s
authoring IDE allowed the creation Project studiapipic components (MovieClips)
and use ActionScript 2.0 to control these grapbimpgonents’ behaviour. A computer
prototype was used for gathering software requirdmfer the Project studio
patchbay. A heuristic evaluation test assistednsugng the Project studio patchbay

incorporated all standard GUI features before i want for usability testing by eight
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usability testers locally (South Africa) and abr¢@&nada and Germany). Using their
feedback and suggestions, the Project studio payoivas redesigned as required.

In the next chapter, the Rational Unified Procé¥dR) for software development is

applied in the development of a patchbay for HeadipyfConvention Centre

networks.
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CHAPTER 7
7 Hospitality/Convention Centre Patchbay Design

and Development

Hospitality/Convention Centre networks are simptean Broadcast and Project
studio networks, and are usually operated by ineepeed users who have minimal
or no knowledge of the inner workings of the studietwork. Connection
management applications for these networks hidey almeaphysical complexity of the
network. As a result, they are the easiest to dgvelnd deploy compared to
Broadcast and Project studio patchbays discussetidpters 5and 6 respectively.
Although at the time of this investigation, HospitdConvention Centre networks
were common within the audio industry, very few mection management
applications had been developed to control auduating over these networks.
Therefore, the first step in developing the Hodpyt&onvention Centre patchbay
was to determine which type of patchbay designdf{besed, list-based or graphic-
based) would best suit these networks. Since aalyplospitality/Convention Centre
patchbay is usually operated by inexperienced usech a Hospitality/Convention
Centre secretary who do not have to see the coimplaixthe network or understand
how audio is actually routed on the network, thapgic-based patchbay design was
chosen for the Hospitality/Convention Centre pasghlbecause it uses a pictorial
representation of the network devices and theiggland hides away the complex

naming conventions used in Broadcast and Projedtespatchbays.

Having decided on the best design, the next steptavaetermine the layout for the
Hospitality/Convention Centre graphic-based patghlzand the functionality to be
incorporated into the patchbay. To do this, thrapep prototypes were designed and
evaluated by five typical Hospitality/Convention e users to determine the best
layout and the software requirements for the HaipitConvention Centre patchbay.
According to Nielsen (1994), a paper prototypingaisheap and fast technique for
rapid iterative design of user interfaces. A hurs@nulates the backend during paper
prototype testing sessions. Advantages of usingmppaqtotypes include the fact that

they:
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+ Test the software design in the design phase baforeode is written.

« Save money since cutting up paper and cards iserpénsive in either
material or time required.

« Save time since one can create a paper prototypestira few hours not the
days or weeks it takes to create a computer pro¢oty

« Are easy to learn because they are so simple.

The Hospitality/Convention Centre patchbay develeptprocess also followed the
Iterative and Incremental Process (RUP). This @ragliscusses how this process was
used in the planning, designing and implementatbrthe Hospitality/Convention
Centre patchbay.

7.1 Hospitality/Convention Centre Patchbay Requirements
Analysis

The Hospitality/Convention Centngatchbay requirements analysis phase involved
the use of three paper prototypes from which theaindesign and layout of the
patchbay was architected. The paper prototypesinskdied the following:

» The EMS-based hotel paper prototype — The EMS htslem is a hotel
system developed by a company called EMS in Jolsdmng, South Africa.
The paper prototype based on this system displays hooms using picture
graphiczone$’, and eaclzonesource device is listed as a clickable button on

the right of the main display[gure 7.1.

1 For purposes of this investigatiorz@neis simply a room within a Hospitality/Convention

Centre building.
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Figure 7.1: EMS-based Hotel Paper Prototype

The daVinci-based hotel paper prototype — The daVimotel system is a
customisable hotel system developed using the da\daftware program
(also known as the Audio Digital Platform). daVinsia software program
designed to allow the creation and use of custainioenputer control screens
with Audio and Nexia digital systems [Biamp Syster2807]. The paper
prototype based on this system used a combinafibuttons (representing a
limited view of the networkzones— building rooms) and dialog boxes
(representing the detailed view of the netwadnes— building rooms)
[Figure 7.3.
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Figure 7.2: daVinc -based Hotel Paper Prototype

Custom-built hotel paper prototype —A custom-byidper prototype was
designed, which combines some features of the EMbBtlae daVinci hotel

paper prototypes. It displays network deviceg@ses(square graphic boxes)
and devices connected to the plugs of a displagete ¢ong are displayed

using graphic picture icons that represent theadefFigure 7.3.

Hotel Systom - (S

Fie Configure Network Help

[ Reception

Lounge

Figure 7.3: Custom-Built Hotel Paper Prototype

Five users were asked to perform five connectionagament tasks in face-to-face

“think aloud” sessions. These sessions were vidped and sound recorded for post
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session feedback analysiagure 7.4 shows the usability studio equipment that was
setup and used for the face-to-face “think alowet'ssons.

Figure 7.4: Usability Studio Equipment

Appendix C-Csshows the tasks used that were used to test thex paptotype and

the final patchbay software. The users fulfilled tbllowing requirements:

* Had no prior experience working within audio netigor
* Between the age of 18 and 60 years.
 Had no experience using Hospitality/Convention @ergatchbays or any

other connection management patchbay for routinijpau

Their preliminary feedback showed that they allf@gmeed the custom-built hotel
paper prototype, which displays each device widdanhzoneusing a picture graphic
that reflects what that device is, for instanceytlthought it was better to have a
graphic picture of a speaker or a radio, not justithon labelled “speaker” or “radio”.
This created a clear visual impression for the .uBgrlooking at the interface, the
user could see the devices in eadneand what they were. However, the interface
displays fewerzones[Figure 7.3, so a way had to be found for displaying many

zonesat a time. The other two paper prototypes (the ESed and the daVinci-
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based hotel paper prototypes) were found to haliffieult interface to use. The user
was required to make too many clicks to perfornmngpke connection management
task (on many different dialog boxes) such as ngpkim audio connectiodppendix
A-A3 provides a complete Software Requirements Spatific document (SRS) for
the Hospitality/Convention Centre patchbay.The $iR®s a description of how each
feature of the patchbay works using Stimulus/Resposequences. Using the user
feedback, a Hospitality/Convention Centre patchbvag developed as described in

the following section.

For purposes of this discussion, eamtne displayed on the patchbay interface
represents an individual mLAN device on the mLANwmk while device icons
displayed within eaclzonerepresent network devices that are connected txale

plugs of devices represented by Homes

7.2 Hospitality/Convention Centre Patchbay Description

The Hospitality/Convention Centre patchldgveloped was named “FireZones” since
it displays network devices aones It comprises four main panels; ti@ontrol
Window the Settingspanel, theWordclockpanel, and théNetwork Configuration
panel on which connection management tasks arerpaztl.

The Control Window[Figure 7.3 is the main control panel, and has two sections,
namely the “Additional Rooms” section, and the “@ktd Room Display” section.
The “Detailed Room Display” section displays theailed view of the devices in
individual zoneswithin a Hospitality/Convention Centre buildinigigure 7.5displays
three zonesin the “Detailed Room Display” section of the Huafity/Convention
Centre patchbay, namely thOUNGEzone theRECEPTIONzong and theROOM 1
zone Devices in each of thesmnesare also displayed. For instance, H@UNGE
zonehas three devices, namely thBC, the Speakerand theDVD Player devices.
The “Detailed Room Display” section displays a nmaxim of ninezonesat a time. If
the network has more than nine devices, the first of them are displayed in the
“Detailed Room Display” section and the remainingvides are displayed as
clickable buttons in the “Additional Rooms” sectjosuch as th&ROOM 2 device

[Figure 7.9. The “Additional Rooms” section holds a maximufl0 devices.
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Figure 7.5: Hospitality/Convention Centre PatchbayControl Window

Connection management tasks that can be performetedControl Windowof the

Hospitality/Convention Centre patchbay include:

» Establishing audio connections.

» Breaking audio connections.

» Clearing all device connections for a particularAhLdevice.
* Saving/Opening routing settings into/from a tebd.fi

» ldentifying a particular device on the mLAN network

The Hospitality/Convention Centre patchbay usessdmaeWordclockpanel and the
Settingspanel Chapter 5: section 5]las the Broadcast patchbay and the Project
studio patchbay describedéhapter 5.2

The Network Configuratiorpanel Figure 7.9 allows the sound engineers to name
the network devices and their plugs. This avoiasdisplay of meaningless names
such asOGT-I0One PC MAP 4 and Analog In 1 which do not identify the device
properly for a novice user in Hospitality/ConventiGentre industries. Théetwork
Configurationpanelhas two main sections, namely tidetwork Devices and In/Out
Plugs” section and the “User Names for Devices Badices Connected to Plugs”
section.
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Figure 7.6: Hospitality/Convention Centre PatchbayNetwork Configuration
Panel

The “Network Devices and In/Out Plugsection displays a collapsible/expandable
tree of the devices on the mLAN network and theirgp. The“User Names for
Devices and Devices Connected to Plugs” sectiomvhgre the sound engineer

configures:

* The nicknames of the devices on the network.

* The names of input and output plugs of each detaceeflect the devices
attached to them (devices the plugs are strearoifrgm).

To name a device, the sound engineer clicks thecelewode on thée'Network
Devices and In/Out Plugs” tree list. If the devaleeady has a nickname assigned to
it, it appears below the “Current Name of the Catee Device” in the “User Names
for Devices and Devices Connected to Pluggsttion otherwise “NOT SPECIFIED”
is displayed. The new name is specified in 8pecify the New Display Nanext
box. When the sound engineer clicks another nodéetree or clicks th©K button,
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the name is automatically applied to the devicehdf sound engineer is renaming or
naming a plug, the plug is clicked on the “Netwbdvices and In/Out Plugs” tree list

and specifies its new name, and selects the progesplay icon for it that shows the

device this plug is streaming to/froifAigure 7.6shows the pluginalog In 1lon the

MAP 4device, which is streaming toSpeaker

7.3 Hospitality/Convention Centre Patchbay Design and
Implementation

This section describes the design and implememtafithe Hospitality/Convention

Centre patchbay using Sequence diagrams and tleetQibpdel.

7.3.1 Project Studio Patchbay Sequence Diagrams and
Implementation

The Hospitality/Convention Centre patchbay usesstirae Use Case diagram as the
Broadcast patchbay describedcimpter 5[section 5.2.1Jithat shows the high-level
functions of the Hospitality/Convention Centre pdgtay and identifies two entities
(Actors) that interact with the patchbay, namelg #ound engineer and the mLAN
Connection Management Server (mMCMS). The Hospit@ldnvention Centre

patchbay high-level functions shown include:

* Managing files.

* Connecting to mCMS server.

» Establishing audio connections.

* Breaking audio connections.

» Updating system.

* Appling changes.

» Setting/Clearing word clock Master/Slave Configimat
* ldentifying a device.

* Changing device Plug Layout.
Figure 7.7 shows the Object Model that depicts the relatigpsstand dynamic

interactions between objects written for the Hadpyw/Convention Centre patchbay.

The model shows the objects for the HospitalityA@amion Centre patchbay human

161



interaction components and the mLAN network. TEEE1394 Networlobject is
shown to contain an aggregation IGEEE1394 Busobjects. EacHEEE1394 Bus
object contains an aggregationlBEE1394 Devicebjects, which in turn contains an
aggregation obDevice Audio Plugbjects that can be either an output and input.plug
The model also shows the interrelationships betwedime various
Hospitality/Convention Centre patchbay panels @wsttingspanel, theWorkclock
panel,Login panel, and thé&letwork Configuratiorpanel) and their associated XML
document objects that represent XML messages usedommunication purposes

between the Hospitality/Convention Centre patchdray the mCMS server.
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Figure 7.7: Hospitality/Convention Centre PatchbayObject Model

7.3.1.1 “Connect to mCMS Server’ Use Case

At start-up, a TCP/IP connection is establishedvbeh the Hospitality/Convention
Centre patchbay and the mCMS server. When theaugbenticates with the mCMS

server, an XML “configuration” document is sentthe patchbay carrying the current

status information of the mLAN network. The patchleatracts the XML elements in

the XML “configuration” document and recreates theAN network objects, and

updates the Hospitality/Convention Centre patch@de sequence diagrarigure

7.8, describes this process of network hierarchy ed¢ime when the patchbay receives

an XML “configuration” document.

163




(@)
; : ‘ : Server ‘ ‘ : Control Window

:mCMS Server

: IEEE1394 : IEEE1394 Bus
Network

‘ {IEEE1394 H :AudioPIug‘

ConfigurationXMLDoc Device

‘1, send(XMLConfigDoc)

1.1.1. [XMLConfigDoc]:BuildTrees()

1.1. XMJ;ConﬁgDoc

P=—
1.1.2. get1394NetworkObject()
P=—
1.1.3. <<cl orkObject(1394Network)>>

—
i,

1.1.4/*getBusObject() ‘
b

‘ 1.1.5. <<creaieBusObjeci(linlNelwork,busNam

1.1 .addBuSObjecl(busNa?e) /IT

For each I\ 1.1.7/*getDeviceObject()

Device =

1.1.7.1. <<createDeviceObject(GUID,nickname,model,vendor)>>

1.1.7.2. addDeviJ(e(1394Device)

SN
\
m

2. [deviceDispIayN@me I=null]createDevice@Graphic ‘ ‘
u ‘ 4. *getPlug() ‘

\
\
\
\
\
\
\
\

1

|
U
|
|
|

For each Plug AN %
4.1. <<createPIugOL]ec((displayName,niJkName,direclion.DeLGUID,type)>>

‘ 5. addPlug(plug)

6. pIugDispIayNﬁne I=null]createPlugGraphic ‘

!

7. cre‘alePIugGraphic(displayt‘\lame.nickName,direclion.DevGUlD,type)

8. *getConnectioninfo()

=

For each AN
connection

see Connection 1N9. [connection !=0] updateDisplay

Update Sequence
Diagram

—( ‘ 3. <$crealeDeviceGraphic(d#viceDisplayName)>>

|
U
|
|
|
|
|

|
I |
| | | |

Figure 7.8: Receiving the Configuration XML Documen Sequence Diagram

When the Hospitality/Convention Centre patchbayenezs an XML “configuration”
document from the mCMS server, it loops throughXi¥4L elements and recreate the

network objects as follows:

» It gets thdEEE1394 NetworlKML element, and creates thHeEEE1394

Networkobject representing the whole mLAN network.

* Loops through allEEE1394 buselements, and creates #EE1394 bus
object for each XMUEEE1394 buglement found.
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 For eachlEEE1394 buselement, it loops through alEEE1394 device
elements, and creatéSEE1394 deviceobjects. For eachEEE1394 device
object created, if its “deviceDisplayName” variablalue is not “null’, a
graphic square box@ng is drawn on the patchbay interface.

» For each device element, it loops through all itgypelements, and creates
mMLAN plugobjects, if the “plugDisplayName” variable valuéthis plug is
not “null”, a graphic representation of the plugdimwn, and attached to its
devicezoneon the patchbay interface.

* For eachconnectionelement, loops through all ifmtchelements, and if any
two devices attached to particular plugs have a tennection, a random

colour is assigned as their background col&ugyre 7.9.

: Control Window - : Audio OUT : Audio IN Plug SrcDevice : DestDevice :
ConfigurationXMLDoc Plug IEEE1394 Device IEEE1394 Device

ETE 1. getConnection()
connection UZ

2. getOutputPlug()

3. getOutputDevicel

0 |

I

4. getlnp%nPlug() ‘
\ 1

5. getln;?utDevice()
\

|
6. [Both plugDevices isplayed]colourConnectedD(Tvices ‘

For each tonnection element found if the
XML configuartion document, the patghbay
find the s{urce and destination plugs as

well as their devices. Using this infomation
the patchbay gets these connected device
on the intgrface and change thier T

|
-
|
|
|
|
|
|
\

|
|
|
)
|
|
|
\

background colours ,making sure they are
the same since they are connected.

Figure 7.9: Update Plugs Connection Status Sequenbéagram

7.3.1.2 “Establishing Audio Connections” Use Case

The Hospitality/Convention Centre patchbay allows sound engineer to establish
audio connections between device plugs of the sgpgeand on different devices. To
establish the connection, the sound engineer sirjitks the device icon of the

source device, its background colour changes teatethat that device is now ready
to be connected to another device. Having clickeel source device, the sound

engineer clicks the output device like a Speakeotmect to in anotheione Devices
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in the samezone cannot be connectedFigure 7.10is a sequence diagram that
describes the process of creating audio connections

)
. Sound Engineer Control Window SrcDevice : DstDevice : : Audio_OUT : Audio_IN Plug| : ConnectionRequest : IEEE1394 Bus ; ;
_: Sound Engineer

IEEE1394 Device IEEE1394 Device Plug | XMLDoc : mCMS Server

1. ClickBourceDev()

l
2. [if NOT Connect] assignColour(cglour)
3. gefDevDetails(source)
‘

—

4. getSrcDevGUID()
5. getPlugDetails(source)

J<—

6. getsrciD()

?
|
|
|

7. getSicPlugType()

| ‘
|

\
8. ClickDestDev() ‘ LH
=— ‘
i 10. getDestDevGUID()

11. gptPlugDetails (dest) ‘ ‘
. | 12. getDestPlug|D) |

‘ 13. getDestPlugType () ‘ /LH

14. < Connecfion XMLD ‘Les(PlugTye,dEs(GUq‘srcPIug\d‘srcPIu;'If-ﬁz,srcGUID)>>

I I l

| o
\
\
\
\
\
\
|

15. send(ConnectionRequestXvLDoc)

15: nd(ConnectionRs ovt Doc)

|

c

Connected device
are assigned the
same background
colour

‘ I
|
‘ 16. asslgncolo‘ﬂ(colour) ‘
‘ U
‘ ‘ ‘ 15.1.1. €

.
|
|

Figure 7.10: Establishing Audio Connection Sequend@iagram

When the sound engineer clicks both devices toobeected:

e The patchbay gets the details of both device p{tigsplug ID, the plug type
and the plug nickname) that are added into an XManhection request”
document Chapter 5: Listing 5:8 which is sent to the mCMS server that in
turn implements the request through the Enablerutedéigure 7.1Q.

* A random colour is assigned to both devices, whegresents the connection
between both devices.

* Audio should be routed between the newly conneglegs.
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7.3.1.3 “Breaking Audio Connections” Use Case

The Hospitality/Convention Centre patchbay allole $ound engineer to break audio
connections made in the preceding section by kbking the destination device
(for instance, thé&peakeishownin Figure 7.5, and selects the “Disconnect Device”
menu item. An XML “disconnection” request documentautomatically created that
contains information of the output device to bedmected, and is sent to the mCMS
server which invokes the Enabler to implement tegquest. If the request is
successfully implemented, the output device icdowas changed back to its default
“grey”. If this is the only connected device to arfcular source device, its (the
source device) icon colour is also changed to gfault “grey”, otherwise it retains
its colour. It is also possible to disconnect aVides connected to a particular source
device by right-clicking it and selecting the “Dismect All” menu item.Figure 7.11

is a sequence diagram that describes the procesdisobnnecting all audio

connections for a particular source device.

A A

: Control Window SrcDevice : DstDevice : : ConnectionRequest : mLANSocket
IEEE1394 Device Audio_IN Plug XMLDoc

: Sound Engineer

: mCMS Server

1. disconnectAllDevices

\_’J 2. *getConnectedDe\/qDelails(): For All Connectgd Devices

=

3. getDestDevGUID()

1
4. getDestPlugIiD() /I'H

5. getDestPlugType

Disconnecting a
source device, forces
a disconnection of all
devices connected to
this source device

6. <<createConnegtionXMLDoc(destPlug Id,/dLrl,tPlugTye ,destGUID)>>

7.|send(Connection Reques!#MLDoc)

e

signDefaultColor()
F—‘

t t Lﬁ
‘ ‘ 7.1. end(ConnectionReques{XMLDUC)
‘ ‘ 7.1.1. L nnectionReques%MLDoc

‘ 1.1.1.
\

Figure 7.11: Breaking Audio Connections Sequence &gram

If the patchbay is disconnecting all devices coterbd¢o a particular devicé-ijgure
7.17):
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e It loops through all connected devices, and in eagse an XML
“disconnection” request document is created and teethe mCMS server to
disconnect that device (one of the destinationaieto be disconnected).

» The device icon colour of the disconnected devicehanged to the default
“grey”.

» At the end of disconnecting all connected devitks, colour of the source

device icon is also changed to the default grey.

7.3.1.4 “Setting/Clearing Word Clock Master/Slave Configurations” Use
Case

The Hospitality/Convention Centre patchbay usesstmme method for setting and

clearing word clock Master/Slave configurationsthe Broadcast and the Project

studio patchbays describedsection 5.3.1.4

7.3.1.5 “Identify Device” Use Case

In large Hospitality/Convention Centre networkse thound engineer identifies a
particularzonedevice on the network by right-clicking tlzenedevice graphic box
on the patchbay interface, and selects the “ldedtdvice” menu item. The patchbay
automatically creates an XML “identify device” rexpi document that contains the
GUID of the zonedevice to be identified, and is sent to the mCM8&/ar Figure
7.12. If the request is implemented successfully,dbeice LEDs flash.

: mCMS Server

1. identifyldevice

2 |getDevGUID() /I—ﬁ ‘
= 1

3. getGUID()

4. <<createIdenti*yDevXMLDoc(GUID)>>

U

\
‘ 5. send(idemifyDevXMLDoP
I I

i
U

: Sound Engineer

Figure 7.12: Identify Device Sequence Diagram
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7.3.1.6 “Managing Files” Use Case

The Hospitality/Convention Centngatchbay also allows the sound engineer to save

routing settings into a text file as well as loadexd routing settings into the patchbay.

The sound engineer does this by selecting the “Saesu item to save the routing

settings into a text file and the “Open” menu iteamopen saved settings. When the

sound engineer selects the “Save” menu item, thepitiity/Convention Centre

patchbay creates an XML document object and:

Loops through all displayedone blocks For eachzone blockfound, a

corresponding device object is created and addéuetXML object elements
hierarchy of the XML document object.

For eachzone blockthe patchbay loops through all device icons, ensdite

XML plug objects for each plug icon displayed witla particulazone block

The XNL plug elements are attached to their deXibl element in the XML

document object.

The XML document object is then copied into a tieet that is saved within
the workstation.

When the sound engineer selects the “Open” memu, itike Hospitality/Convention

Centrepatchbay:

Opens the “Open” file dialog box, where the userigates to a specific text
file location and selects the file to be openedckiig theOpenbutton of the
“Open” file dialog box loads the file data into thatchbay, which converts it
into an XML object that is parsed as XML.

The patchbay loops through all displayeahe blocksand compares them
with their corresponding device XML objects in tbaded XML document.
For eachzone blockfound, it loops through each device icon displaysatt
compares their variable “connected” value to tHahe XML plug object for
the loaded XML data. If the displayed icon varialédue is “true”, whilst that
of the loaded XML object is “false”, a disconnectis performed between the
two devices plugs and their colours updated appatgly otherwise a

connection is established between the two plugs.
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7.4 Hospitality/Convention Centre Patchbay Usability
Testing

This section discusses the usability testing plbasiee Hospitality/Convention Centre
patchbay. This usability testing process was nanmhé be an exhaustive study but
was done to ensure that Hospitality/Convention f@ergatchbay requirements
captured in the beginning of this chapter usingphper prototypes were sufficiently

implemented, and the patchbay works properly.

The five users used for testing the paper protatywere asked to perform five
connection management tasks showAppendix C-C5n face-to-face “think aloud”

sessions. The tasks evaluated the main functigsabf the patchbay, which include:

» Establishing and breaking audio connections.

* Rearranging the layout device iconsvith adevice zone

* Placingdevice zonesit different positions of the “Detailed Room Dyl
section of the patchbay.

* Swappingdevice zonebetween the “Additional Rooms” and the “Detailed

Room Display” sections of the patchbay.

Once again, the testing sessions were video-tap¢d@und recorded for post session
feedback analysiszigure 7.4 shows the usability studio equipment that was udsed
the final face-to-face “think aloud” sessions festing the Hospitality/Convention

Centre patchbay.

As already mentioned, the test users fulfilledftilowing requirements:

* Had no prior experience working within audio netksor
* Between the age of 18 and 60 years.
 Had no experience using Hospitality/Convention @ergatchbays or any

other connection management patchbay for routinijpau
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At the end of each test session, the test cooatiraatd the user were involved in a
short debriefing session where the user had therappty to provide additional
comments about the system. This session was usgdttéeedback from the user
about other aspects of the patchbay that were owaired by the five usability tasks
such as the effect of the patchbay background @emsler’'s eyes, the general layout of
the deviceiconsandzonesand the overall performance of the patchbay, totioe
but a few. Users were also given a usability qoesiiire to complete. The usability
video footage and the usability questionnaires water analysed, and a list of
usability issues drawn for each patchbay that weiseed by the users. The user tasks
and the usability questionnaire evaluated the Waolig aspects of the patchbay, which

are explained in detail isection 5.4.2

» Consistency.

* Learnability.

» Screen positioning.
» Flexibility.

* Minimal action.

» Perceptual limitation

* System capabilities.

The following section presents some of the crities¢r feedback that was used for
redesigning the Hospitality/Convention Centre ph#shwith respect to the above

stated aspects.

7.4.1 Hospitality/Convention Centre Patchbay Usability Testing

Results

This section discusses the usability testing figdfar the Hospitality/Convention

Centre patchbay.

a) Consistency
Inconsistency issues were found on the Hospit@lidywention Centre patchbay.
When making audio connections, the sound enginledxed the two device icons to

be connected but when making an audio disconnectiensound engineer had to
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right-click the icon to be disconnected and sdleet‘Disconnect Device” menu item.
This resulted in one usdisagreeinghat the patchbay operations were consistent. He
expected that to perform a disconnection, one waiaply click the destination
device icon to be disconnected and the disconmediperformed automatically. All
usersstrongly agreedhat the patchbay naming conventions (font type sime) used
were consistent across displays and menu optiothdhent the grouping and ordering

of menu options was logical for all Hospitality/Gamtion Centre patchbay panels.

b) Learnability

All users found the Hospitality/Convention Centr@&ghbay to be easy to learn and
use for a first time user. They alrongly agreedhat the patchbay was easy to learn
to use for performing connection management tasks did not involve a steep
learning curve for a new user. They thought the afsamiliar graphic pictures for
device icons within deviceonesmade the patchbay visually pleasing and easyhéor t

user to understand and manipulate.

c) Terminology, User Guidance and System Informatio

All usersstrongly disagreedhat the patchbay provided user guidance infolnati
The system did not provide the help system. Thewever, all agreedthat the

terminology used especially on tNetwork ConfiguratiormndWordclockpanels was

related to the connection management tasks pertbomehose panels.

d) Screen Positioning

Screen positioning evaluated the placing of diffiergraphic components on the
Project studio patchbay interface and its panelb.ugersstrongly agreedthat the
patchbay’s organization of information and compdgsevas logical and standard. All
panels opened at the centre of the patchbay.

e) Flexibility

All usersstrongly agreedhat the Hospitality/Convention Centre patchbay waly
flexible because it allowed the user to drag aroumlividual device icons within a
devicezone This way the user had the opportunity to custenti® layout of device

icons on the patchbay interface to fit one’s ne@dsescould also be dragged from
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the “Detailed Room Display” section to the “Addi@l Rooms” section and vice

versa.

f) Minimal Action
All usersagreedthat the Hospitality/Convention Centre patchbagvpted tool bar
icons for quickly accessing capabilities such asngaand opening routing settings,

openingSettingsandWordclockpanels and refreshing the patchbay.

g) Perceptual Limitation

This section evaluated the aesthetic aspects ofHibspitality/Convention Centre

patchbay interface components. All usstirengly agreedhat the system components
layout was logical and clear. They commended tleeofishe coloured background for
differentiating the two main sections of the patmhbnamely the “Detailed Room

Display” section and the “Additional Rooms” section

h) System Capabilities (Speed and Reliability)

The Hospitality/Convention Centre patchbay speedcerwiperforming connection
management tasks was commendable. Audio connecti@ne made by simply
clicking the two icons of the devices to be conedcHowever, some users found that
when making audio connections, the colour of thekell device icon sometimes did
not change from just one click, but required therus make many clicks. Sometimes
only one click worked. As a result, three usgisagreedthat the system was reliable
enough.

7.4.2 Redesigning of the Hospitality/Convention Centre P@hbay

The Hospitality/Convention Centre patchbay was sepeed to incorporate the
important aspects and features from analysing lisaliest feedback. Notable

improvements include the following:

* Instead of making audio disconnections by rightikilig the destination
device and selecting the “disconnect device” mdewm, in the redesigned
version, one needs to just click the destinatiovicdeto be disconnected and

the disconnection should automatically be implemént
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* Making audio connections was modified such thaty amie click on each
device is sufficient for the connection to be inmpémnted.

» A simple user-guide help system was included withapplication.

7.4.3 Good Features of the Hospitality/Convention Centré?atchbay

The Hospitality/Convention Centre patchbay displdgsices in eaclzone clearly
using graphic pictures that represent the actualcds on the network. This makes
the patchbay simple to use since the user can imateddrecognise what devices are
in a particularzone without necessarily having to read their labeldjiclv are
sometimes illegible. Audio connections could be enadd broken easily, and with
least effort. The patchbay background colour was &liendly to the eyes, and also
makes efficient use of the available space. Thd®ka on eaclzonegraphic made it

easy for them to visually stand out as clickabl#dns that the user could not miss.

7.5 Chapter Summary

This chapter describes the use of Adobe Flash faveldping a
Hospitality/Convention Centre patchbay for use inspitality/Convention Centre
networks. Although the Hospitality/Convention Cenfratchbay was the simplest of
the three patchbays developed in this investigatibriested the Adobe Flash’s
programming and graphic authoring capabilities.eEhpaper prototypes that were
evaluated by five potential hotel users were usedjfthering system requirements at
the beginning of the Hospitality/Convention Cenpagchbay development process.
Stimulus/Response sequences were utilised to dedeatures of the patchbay before
the RUP software development process was followedhe development of the
patchbay. The heuristic evaluation was done ornp#tehbay to determine missing
functionality in the Hospitality/Convention Centpatchbay before usability testing
was performed. The development of the Hospitaliyntion Centre patchbay was
made easier by Adobe Flash’s graphic authoring 1Bl ActionScript 2.0
capabilities. This chapter shows the power of ugwtonScript 2.0 code to create
and control the behaviour of graphic MovieClip syisb MovieClip symbols were
created at run time depending on the devices diyrem the network using
ActionScript 2.0 code, which are a referred tazasesand graphic device icons on
the patchbay interface. Not only was ActionScrifit @ode able to create MovieClip

symbols but also attached to them code handldistém and handle user interactions
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with the symbols, hence controlling their behaviotiie Adobe Flash’s ActionScript
2.0 XML API and the XMLSocket class were importamtthe creation of various
XML request documents for communication between ghtchbay and the mCMS

server.
The next chapter concludes this investigation ams$ents lessons learnt from using

Adobe Flash Professional 8 for developing conneactimnagement applications for

different sound installation networks as discussathapters 56 and?7.
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CHAPTER 8

8 Adobe Flash Professional 8 Tools for developing
MLAN Client/Server Patchbays

This chapter discusses Adobe Flash ProfessiondDBB tbols, and ActionScript
capabilities that were employed in the developnadnihree patchbays, namely the
Broadcast patchbay, the Project studio patchbay, tae Hospitality/Convention
Centre patchbay, which are described¢hapters 56 and7, respectively. As already
mentioned, the mLAN Client/Server configuration siIsXML messages for
communication between the client applications ame mCMS server. This grants
client applications independence from the Enabledute, and therefore client
applications can be developed using any languagéras as it provides XML

capabilities.

8.1 Development of the Patchbay User Interfaces

This section describes the Adobe Flash graphic ActtbnScript capabilities that
were utilised for developing the user interface ponents for the three patchbays.

8.1.1 Adobe Flash Built-In Components

Adobe Flash incorporates common IDE built-in congmis offered by other
common development IDEs such as Visual Studio.Netdeveloping graphic user
interfaces. Some of these components that wertluse developing the three
patchbays include; the Button, the Textlnput, themBoBox, the Label, the
Checkbox, the RadioButton and the ProgressBar cosemgs. However, although
Adobe Flash provides these basic components, & doe provide complex built-in
components such as Windows Forms components, th€drdrol component, and
the FontDialog component, to mention but a few, awhienable much GUI
development. As a result, combinations of thesecbesmponents were used for
creating simple panels such as the “Device Infoionatpanel Figure 8.1 that were

in turn used for creating GUI applications.

Figure 8.1shows the “Device Information” dialog box usedthg Project studio for

displaying detailed information for a particularva® on the mLAN network. The
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diagram shows the use of the Textlnput, the ComipBnd the Button components.
When the user opens the “Device Information” dialmgx of the Project studio
patchbay, by clicking thienformationat the centre of eaakevice blockthe patchbay
gueries the device object attached todbeice blocKor information and then updates

the panel with the device information.

Adobe Flash provides ActionScript event handlensdib built-in components and

they can be used to control their behaviour. Adelash also provides programming
interfaces that enable the specification of commeaming ActionScript code, which

add various kinds of functionalities to componeats discussed in the following
sections. The Textlnput component is used forlayspg the nickname of the device,
and allows the user to input a new name for thécdeWhe Label component displays
non-editable device information such as the dewmodel name, the device GUID, the

device vendor, the device firmware name, and tecdecurrent Plug Layout.

The ComboBox component is used for displaying @fiperted Plug Layouts for the
device and also allows the user to change the muRkig Layout by choosing the
desired Plug Layout from the component dropdown Tifie Button component is
used by all three patchbays for different purpodesFigure 8.1 the Button

component is used as tlK button for saving new device settings (the newiaev

name and the Plug Layout), and for exiting theadjdlox.

Device Information

Node Nickname  |mLan windows PC
Model Name  windows
GUID  0080270001036016
Vendor
Firmware Name o00do

Available Device Plug Layouts Choose Background Colour

Current Plug Layout . . . | .
HEEE B
Select Plug Layout . . . .
EEEEE

Default

oK

Figure 8.1: Project Studio Patchbay — Device Inforration Dialog Box
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To use the built-in components, the user dragstimeponent from the Adobe Flash
Componentpanel onto th&tagé®. An instance of that component is created on both
the Stageand the Adobe Flashibrary [Chapter 4. The user can then set the
properties of the component on ®&geusing theProperties Window. The user can
use ActionScript code or thé®roperties Windowto set different component

properties.

8.1.2 Adobe Flash Graphic Authoring IDE and ActionScript
Capabilities
As discussed in the preceding three chapt€tsmpters 56 and 7], the patchbays
developed required the use of different kinds dcdpfic components. The basic
element for creating graphic components in Adokeslirlis a symbol known as a
MovieClip [Chapter 4. A MovieClip symbol is a reusable piece of flasbmputer
graphic, usually consisting of one or more grapbic button symbols [Adobe
Macromedia, 2005]. A MovieClip object is assigneg default to all MovieClip
symbols that are created in Adobe Flash. Threestghesymbol formats were useful
for this investigation, namely the graphic symhble MovieClip symbol, and the
button symbol. They all have different behaviouasd can be controlled using
ActionScript code. In the current discussion, otilg MovieClip symbol attributes
and behaviours are discussed in detail since tbhayed the basis for all graphic
components and panels created for the patchbaggnaome instances incorporated

the other two symbols, namely the graphic symbditae button symbols.

8.1.2.1Adobe Flash Graphic Tools and ActionScript Capabiliies for
Developing the Broadcast Patchbay

The Broadcast patchbay comprises four main paatsiety the menu and tool bars,
the Destinationsand theSourcestree, the grid-matrix and, the legerfeiqure 8.3.
This section explains how each of these parts vea®ldped using Adobe Flash
graphics and Adobe Flash ActionScript capabilities.

12 As already stated iBhapter 4 theStagein Adobe Flash is the working space where the

developer place and manipulates media when devejagiplications.
Chapter 4describes throperties Window
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Figure 8.2: Broadcast Patchbay Interface Components

a) Menu and Tool Bars

The Adobe Flash graphic authoring IDE played aagrdl role in creating the menu
and tool bars. The menu bar is created at run-tisieg ActionScript code and a
handler is attached to each menu bar item, whichbles it to provide the

functionality it is supposed to achieve. Exampdéshe menu bar item’s functions
include opening and saving routing settings intéex file, and opening various
patchbay panels. These functions and more arepatsaded by the tool bar icons.
The tool bar icons are created by inserting graphitures, that reflect the function of
the icon, inside MovieClip symbols, and adding nattivity to them using

ActionScript code.
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b) Destinations and Sources Tree

An important feature of the Broadcast patchbayp display as many possible devices
on the mLAN network as possible. This was achiebgdusing two tree list
structures, namely thBestinationsand theSourcestrees Figure 8.3. Using the
Macromedia Extension Manadér a new customisable tree component called the
“advancedTree” componéntwas used for displaying thBestinationsand the
Sourcestrees. This is because Adobe Flash does not mrosid advanced tree
component to display the complex tree structuresreldver, the Adobe Flash IDE
does not provide the source code for built-in congmts to which additional event
handlers and functionality could be added. This asquirement since the intention
was to modify the look of the component and addarfoinctionality to make it

suitable for use in a Broadcast patchbay.

The “advancedTree” component displays tree lis®de a rectangular scrollable
component. Each tree list item has two parts, tidencon and the node label. Node
icons were assigned to tree list nodes dependirthetype of the node, whether it is
a plug or not. Each node icon is a custom-madehigdbat is assigned to the node by
setting its leafGraphic attribute value, either using ActionScript code, the
Properties Window Node labels are assigned automatically when thaehpay
receives the XML configuration document from thevee and loads them into the
components. Each tree list node is assigned actab@ keeps information about the
node, its connection status and methods that doitgrbehaviour. This information
and methods were used for fulfilling connection agament tasks requested by the

user.

The*advancedTree” component, with its scroll bad aaroll buttons made it possible
to display many device nodes on the patchbay tbeang the requirements for the
Broadcast studio network, which deal with hundrefdplugs at a time. In addition to
this, the “advancedTree” component provided builievent handlers for handling

mouse events, thus enabling the specification dfoA&cript logic for opening the

14 Macromedia Extension Manageran application that comes with Adobe Flashvearfe that

enables the importation of new media into the Adelash IDE.
15 http://www.flashloaded.com/userguides/advanced{fdashloaded 2007].
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nodes and updating the grid-matrix to display tbanection status of the newly
opened nodes.
ActionScript code was used to skin the “advanceeTommponentso that it fitted

well with other components of the patchbay intezfac

c) Grid-Matrix

The grid-matrix was created using a single Movip@&ymbol (with black borders)
that was duplicated at run-time to create a 29bgWw0 column grid-matrix. To make
a MovieClip symbol, a graphic element is drawn be $tageusing the graphic
authoring tool provided by the Adobe Flash IDE, &hdn converts the created
graphic into a MovieClip as describeddhapter 4 There is need for writing lines of
code to create graphic components as is the casthifd-generation IDEs. Each
grid-matrix box is made of two parts, namely the W&€lip symbol and the
ActionScript object that is attached to it, whiantains properties and methods that
control its behaviour. Each MovieClip symbol on géd-matrix is a cross-point of
two nodes displayed on thBestinationsand Sourcestrees, and displays their
connection status. Five states can be displayedach grid-matrix box. The states

include:

* The “connected” state — This state exists onlwib {plug nodes of the same
type and on different devices, are connected, aneépresented on the grid-
matrix by a green grid-matrix box.

* The “not connected” state — This state exists betwtevo plug nodes that are
not connected, and is represented on the grid-xnlayrithe default grey grid-
matrix box.

* The “cannot be connected” state — This state ekistag’een two nodes that
cannot be connected because:

a) They are of different types. For instance, a Midgonode and an
audio plug node. Only plug nodes of the same typmebe connected.

b) One of them or both are not plug nodes. Only ploges can be
connected.
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c) They are plug nodes on the same device. Internating is not
allowed, and as a result they can not be connéatedch other.

This state is represented on the grid-matrix bgllowish grid-matrix box.
 The “pending connection” state — This state existsween two newly

connected plug nodes if the system is in “Delayemtl®!, and the connection

has not been committed to the actual physical aneliwork but only exists on

the patchbay. This state is represented on thengaidix by a blue round grid-

matrix box.

* The “pending disconnection” state — This state texlzetween two newly
disconnected plug nodes if the system is in “Dalaydode”, and the
disconnection has not been committed to the aptugdical audio network but
only exists on the patchbay. This state is reptesean the grid-matrix by a

red triangle grid-matrix box.

d) Legend

The Broadcast patchbay legend uses the Checkboxparmnt, the Button
component, and the ProgressBar component. The 4yi5&heckbox components
allow the viewing of only the MIDI plugs, only threudio plugs, or both plug types
nodes on theSourcesand Destinatiors trees by simply clicking the appropriate
Checkbox component. Each Checkbox component isaphgr symbol that is
converted into a MovieClip, and has action handégtded to it. Assuming the user
wants to display only MIDI plug nodes, he unselédtthe Checkbox is selected) the
audio plugs Checkbox component by clicking it, andking sure the MIDI plugs
Checkbox component is selected. This action invakeaction handler that contains
ActionScript code that will tell the patchbay t@fothrough both tree lists and deleted
all audio plug node for each available device ndleen the nodes are delete from
the SourcesandDestinatiors trees, the grid-matrix is updated so that it ldigp the

connection status of only the displayed MIDI nodes.
The “Mode Settings” Checkbox components allow teeruo set the mode state of

the patchbay to either “Immediate Mode” or “Delayldde”. These components

work just like the “Display” Checkbox componentssdebed above. They use
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ActionScript code to change the state of the patghliepending on which component

was selected or unselected.

The ProgressBar component is used to display theuatmof available bandwidth
units on the network. At run-time the server seti@s XML configuration document
with the latest “used network bandwidth” value, atite patchbay uses the
ActionScript code to calculate the “available netkvabandwidth” value and
automatically invoke the ProgressBar comporieatl ( ) handler to load the value

units.

The Button component was used to createAibygly andUpdatebutton instances for
the “Network” button section. When clicked, tgply button applies the changes
made (audio connections established in “Delayed é/lodn the patchbay to the
actual network, while thé&Jpdate button uses its ActionScript handlers to force a
refresh process by creating and sending an XMLrés#f” document to the server,
which in turn responds by sending an XML “configioa” document to the

patchbay.

8.1.2.2Adobe Flash Graphic Tools and ActionScript Capabiliies for
Developing the Project Studio Patchbay

Different MovieClip symbols were used for creatittte Project studio patchbay
deviceandplug blocks[Figure 8.3. Eachdevice blocks made of a graphic element
that is converted into a MovieClip symbol. Tehevice blockncorporates a button and
a label. The button uses its ActionScript code rafiin itsonPress ( )handler to
open theDevice Informationpanel, which displays more information about a
particular device node. One of the labels disptagsname of the device represented
by thedevice blockvhile the other displays clock synchronisatioromifation for the
device. When the sound engineer changes the Makstee/ relationship and the
sample rate information of devices on the netwdHe labels displaying clock
synchronisation information for all displayeevice blocksare updated accordingly.
Device blockseach have an ActionScript object attached to thbat provide
handlers, which control their behaviour. Eat#vice blockhandles mouse actions.

The ActionScriptstartDrag ( )andstopDrag ( )handlers enabled the incorporation of
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logic that allows the dragging and dropping of thevice blocksat any positions
within the patchbay “work space”.

Patchbay
m/ «—T  Work Space
,
Device Na
Device Block
Resize Btton e = Word clock
]| Information
Information \
\ Possible Plug
Plug Bloc / Block drop
) positions
Mouse pointer
dragging a 4.
Plug Block ™ :

Figure 8.3: The Project Studio Device and Plug

The device blocksalso incorporate &esizebutton, which is located at the bottom
right corner of eaclblock that enables the resizing of balkviceand plug blocks
The Resizéutton is a dummy graphic element that shows tlee where to click and
drag to resize thelevice block The actual resizing capability is provided by a
combination of ActionScrippnMouseOver ( andonMouseMove ( handlers, which
contain code that stretches thocks as required. The sizing of thalocks is
calculated by comparing the x and y registratioordmates of thelevice blockeing
resized and the xmouse and ymouse coordinatesxrnibese and ymouse coordinates
identify the current position of the mouse pointarthe patchbay “work space”. As
the mouse moves, the ActionScripnMouseMove ( )handler is continuously
invoked, which contains the logic that redraws bleck Once the user releases the
mouse, theonMouseRelease (Nandler is invoked. It contains logic that redraivs
plug blocksto match the size of the maievice blockhey are attached to. When the
user is resizing thdevice blocktheplug blocks’ visibleattribute is set to “false” so
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that the user can not see the plug block and ttaehed individual plug graphics

resized.

Plug blocksare MovieClips just like thelevice blocksand contain inner individual
plug MovieClips. Just like thdevice blockshey can also be dragged and dropped at
any of the eight positions around tkevice blockthey are attached to, using a
combination of the x and y coordinates of ttevice blockand those of the mouse
pointer where the user released the mouse. AdtigpiScode is used to keep the
deviceandplug blockstogether by restricting the user from dragging dnapping
plug blocksonly to the highlighted locations around thevice blocFigure 8.3. If

the user drops or@ug block(say an inpuplug blocR at a position already occupied
by anotherplug block (say an outpufplug blocR, their positions are randomly

reassigned automatically.

Individual plug MovieClips use ActionScript everdridlers that enabled the user to
implement the functionality for establishing andedking audio connections.
Assuming a user wants to establish a connectiondsgt two plugs, and clicks and
drags-out from one of the plugs. TaeDragOut ( )handler is invoked that contains
logic which uses the Adobe Flash drawing API towdeline from the plug to the
mouse pointer. ThenDragOut ( )handler contains thenMouseMove ( handler,
which ensures that from the moment the user diagsriouse-out from a plug, the

connector linas continuously redrawn, following the mouse, Linis released.
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| Inforrnation |

Information

Figure 8.4: Establishing Audio Connections

The connector lines line MovieClip which containes methods and évendlers to
control the connector line behaviour. When the us&rases the mouse on another
plug, on a different device, thenMOuseOver ( )event handler of that plug is
invoked. It contains logic that checks if that piagiot on the same device as the first

plug and theonnector linds redrawn permanently between the two plugs.

One important feature of the Project studio patghisathe ability of to expand and
minimise theplug blocksso as to view clearly the names of the plugs when
performing connection management tasks. Egidbg block incorporates a
maximise/minimise MovieClip button that containstidoScript logic for redrawing
theplug blockand its plugs as well as tennector linesvhen the button is clicked to

maximise or minimise the block.
The connector line MovieClip responds to a mouse drag-out by invokihg

onMouseDragOut ( )handler that contains code for breaking audio eotions
between two plugsHigure 8.3.
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Figure 8.5: Breaking Audio Connections

Like the Broadcast studio patchbay the Projectistpdtchbay also incorporates the

menu and tool bars for quick access to frequerggdueatures.

8.1.2.3Adobe Flash Graphic Tools and ActionScript Capabiliies for
Developing the Hospitality/Convention Centre Patchhy

The main parts of the Hospitality/Convention Cenpagchbay include; théevice
zonesand theplug icons and are implemented as MovieCligsdure 8.4. Each
device zondovieClip has an ActionScript object attached tthdt controls what the
zonecan do. Thezonesare simple light grey MovieClips that can be dedjdo
different positions on the “Detailled Room Displagection and to/from the
“Additional Rooms” section of the patchbay. Actiamipt handlers are used to do
this, as is done fodevice blockdor the Project studio patchbay. MovieClip shadow
effects were added to eadevice zoneslisplayed on the “Detailed Room Display”
section of the patchbayigure 8.4. The shadows were added to individmahesso
that they seem to be clickable areas within thehtmty interface, thus differentiating

them from the bare areas of the interface.
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DewiZones Plug Icon

Figure 8.6: Hospitality/Convention Centre Patchbayinterface

Adobe Flash allows the importation and easy maatp of raster graphics, which
enabled the creation @lug iconsusing pictures similar to the actual devices they
represent on the network. This fulfilled a requissm of Hospitality/Convention
Centre patchbays, namely that network devices lbghirally represented on the
patchbay. These Hospitality/Convention Centre gadgh are usually operated by
individuals who need not see the complexity of nleéwork but be presented with a
simple interface that displays devices they areilfamwith. Plug iconsare graphic
pictures that are wrapped inside MovieClip symbdlsis made it possible to use
built-in MovieClip action handlers to control theons when performing connection
management tasks such as establishing and brea&imuections. Third-generation
language IDEs’ will require many lines of code t@wl graphic component such as
thedevice zoneandplug icons

MovieClip symbols were used for creating variougphay panels, which include:

* TheControl Windows

» TheSettingspanel.

* TheWordclockpanel.

* TheNetwork Configuratiorpanel.

* ThePlug Layoutpanel.
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The ability to just create graphic symbols (usimgnoon tools) and to modify and
control their behaviour so easily was an advantaigesing Adobe Flash. Third-
generation language IDEs also allow the creatiographic components but at a high
cost in terms of effort and time required, sincesth graphic components have to be

developed in code.

8.1.3 Adobe Flash Application Portability

Applications developed using Adobe Flash are brows@latform independent. This
is because Adobe Flash applications run on the §aasé Player, which is developed
to run on any platform. The three patchbays weregeldped on a Windows
workstation and were successfully ported onto apléd@acintosh machine. No
additional coding was required. They just instabed worked properly. All that was
required was the correct Apple Macintosh Flash erigftug-in to install and run the

software on a Apple Macintosh workstation.

8.2 Development of the Patchbay Back-end Components

As already stated inhapter 2 the mLAN Connection Management Server (mCMS)
communicates with the mLAN clients through a TCRtleket using XML messages.
This section describes Adobe Flash XML and XMLSdoakgect methods that were
fundamental in creating these XML documents.

8.2.1 Adobe Flash XML Capabilities
One of the most helpful features of the Adobe FI&h that was fundamental in the

development of the Broadcast patchbay, the Progtgtlio patchbay, and the
Hospitality/Convention Centre patchbay was its XMPIl. Adobe Flash provides a
built-in XML class that comprises methods and props for loading, parsing,

sending, building, and manipulating XML documerges. An XML document is

represented in Adobe Flash by an XML class. Eaement in the XML document is

represented by an XMLNode class. The XMLNode ctasthods and properties that
were essential in the development of XML documeémttude [Adobe Macromedia,

2005]:

» childNodes Array - An array of the specified XML object's children.
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» firstChild : XMLNode- Evaluates the specified XML object and references
the first child in the parent node's child list.

» lastChild: XMLNode- An XMLNode value that references the last chiid i
the node's child list.

» nextSibling: XMLNode- An XMLNode value that references the next
sibling in the parent node's child list.

* hasChildNodeg) : Boolean- Specifies whether or not the XML object

has child nodes.

» removeNodd ) : Void- Removes the specified XML object from its parent.

These methods were utilised for creating all XMlcaiments that were required for
communication purposes between the patchbays anch@MS server. The Adobe
Flash XML API was easier and simpler to use thdreioAPI's. All important XML

document building blocks were provided by defanlthie XML class. All that had to
be done, was to join the blocks together using EmgtionScript logic and provided

necessary XML element attribute values to creatd_XMcuments.

8.2.2 Adobe Flash XMLSocket Class
Adobe Flash incorporates an XMLSocket class thalements client sockets, which

allow a computer running Flash Player to commueicaith a server computer
identified by an IP address or a domain name [Adbzcromedia, 2005]. The
XMLSocket class methods that were useful for cotingdo the mCMS server, and
sending and receiving XML messages to and fromni@MS server include the
following [Adobe Macromedia, 2005]:

» connect (url:String, port:Number) : BoolearEstablishes a connection to the
specified server using the specified TCP port (nestl024 or higher), and
returns true or false depending on whether a connection is successfully
established.

* onConnect (XMLSocket.onConnect handlel§ mvoked by the Flash Player
when a connection request initiated through the Xdtket.connect ( ) has

succeeded or failed and handles all responsestfrerserver.
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* send (data:Object) : Void €onverts the XML object or data specified in the

object parameter to a string and transmits it éostbrver.

The Adobe Flash XMLSocket sends XML messages ovédulleduplex TCP/IP
stream connection. Combining the Adobe Flash XMLI ARd the XMLSocket
methods provides a powerful means of creating amdliag (and receiving) XML

messages to the mCMS server.

8.3 Adobe Flash ActionScript Limitations

Although the Adobe Flash IDE provided many prograngrand graphic authoring
interfaces, it did not provide some fundamentalatéfies that were integral to the
development and functioning of mLAN Client/Serveatghbays. Some missing

functionalities include:

* Low-level methods for directly traversing the Fdgstem from the Adobe
Flash application. This capability was required $awving routing settings
into a text file on the host workstation, as wella@ening these files when
needed.

* Methods for directly accessing the host workstaticegistry. This
functionality was required by mLAN Client/Servertgabays to store the
MCMS server name and port number, and the opesat@érname and
password. This was necessary so that the patchimhynat have to
continuously ask the user for these details evieng it is started after its
initial configuration, but instead could just getet details from the

computer’s registry.

To deal with these issues, an application calledt ™ v2.5 was utilised. According to
Multimedia Limited (2006), Zinc™ v2.5 is a Rapid plgation Development tool
that extends Adobe Flash by ensuring the avaitghaf methods and functionality
provided by popular application development envinents and languages such as
C++ and Visual Studio.Net. Zinc™ v2.5 provides etsyse methods for saving data
into a text file as well as opening the saved fildsese methods included:
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 mdm.FileSystem.saveFile ("c:\\\NetworkAudioData\sst1, "My text data") —
Saves text data into a text file (nansad]) located in the c drive, in a folder
calledNetworkAudioData

» var savedData = mdm.FileSystem.loadFile("c:\\Net#ardioData\set1.txt")
— Loads data in the filsetllocated in the c drive, in a folder called
NetworkAudioDatdo the variablesavedData

 mdm.FileSystem.deleteFile ("c:\\NetworkAudioDat#&lsext ") — Deletes the

file setllocated in the c drive, in a folder callsi@tworkAudioData

It also supports a wide array of methods for adngsthe computer’s registry in a
simple way that enabled and empowered Adobe Fta#iiei development of the three

patchbays. These included the:

* mdm.System.Registry.createKkgyBranchID:Number, keyName:String,
keyDefaultValue:Stringvoid —Create a new Key in the System Registry at
the location specified.

*  mdm.System.Registry.saveString( ) — Writes a STRMNlue to the System
Registry.

* mdm.System.Registry.loddfyName : String: String —Loads the data from
the specified Key in the System Registry.

8.4 Chapter Summary

Adobe Flash’s graphic authoring IDE, and its XMLdaXMLSocket classes played
an integral role in the development of the Broatigedgchbay, the Project studio
patchbay, and the Hospitality/Convention Centreclpady. These programming

interfaces provided built-in capabilities for quigkreating:

e Graphic and MovieClip symbols for creating variopatchbay panels and
icons.

XML documents, which are used for communicationwaein the patchbays
and the mCMS server.

» The TCP/IP socket through which XML messages wass@d between the
patchbay and the mCMS server.
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The next chapter gives the conclusion to the ingagon and presents guidelines that
were derived after using a high-level graphic tdadobe Flash Professional 8, for
creating connection management applications fortrobimg audio routing in

different sound installation networks.
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CHAPTER 9

9 Conclusion

This investigation set out to explore the possipilif using a high-level graphic tool,
Adobe Flash Professional 8, for developing conpectmanagement applications
(also known agpatchbay for high-speed audio networkin@hapters 2and 3 give
the background information required to understdmedcontext of this investigation. A
number of audio networking technologies have bemmeldped that deal with end-to-
end connection management in various audio netwodrkese (audio networking
technologies) use a combination of hardware antlvaoé protocols to enable true
end-to-end connection management by providing épalgilities of routing audio and
MIDI data between device plugs using a user-leyglieation that exposes virtual
plugs of devices on the network. The Yamaha Cotmora mLAN Digital Network
Interface Technology is one of these audio netwgykechnologies that is based on
Firewire, which was utilised in this investigatidhwas chosen for this investigation
because its extensive development was done bytibdd? Audio Engineering Group
in collaboration with Yamaha Japan. As a resul, thsearcher had cheap and easy
access to mLAN resources and expertise. Varioustaotures have been developed
for the mLAN Digital Network Interface Technologyhich enables the separation of
connection management between the device and thestation. These include; the

MLAN Client/Server architecture and the EnablemBgorter architecture.

The mLAN Client/Server architecture uses XML megsagor communication
between the front-end client applications and thekbeend mCMS server application.
The use of XML messages enables the decouplingeotlients from the underlying
Enabler module. As a result, client applications ba developed using any language
as long as the application can communicate with ti&MS server using XML
messages. This feature made it possible to use Aditdish designed for creating
MLAN connection management applications for thrgee$ of sound installation
networks, namely the Broadcast network, the Progadio network, and the
Hospitality/Convention Centre network. Adobe Flashtraditionally designed for

developing applications for display on web pagesndtivated this investigation to
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see how Adobe Flash will copy when used to devaeomplex Object Oriented

applications for real time audio routing.

The most complex patchbay (the Broadcast patchwag) adequately implemented
using Adobe Flash Professional 8, leading to thacksion that Adobe Flash

Professional 8 has indeed reached a mature stabeasnbe used not only for web
graphic design purposes but also for creating kighteractive and complicated
Object Oriented applications. Not only did AdobadH Professional 8 allow for the
quick development of patchbay graphic components,through its ActionScript,

provided a powerful way of writing objects and neth for controlling the behaviour
of the graphic components. ActionScript enabled ihelusion of complex

functionality that may not be easily implementedngsthird-generation languages
such as C, C++ and C#. Some of these featurespoiaied into the three patchbays

include:

* The Broadcast grid-matrix that was used to disphey connection status of
device nodes visible on ti&ourcesandDestinationstrees. Each grid-matrix
box was implemented as a MovieClip graphic that has ActionScript
MovieClip object attached to it by default, whicbntrols its behaviour when
interacted with or the sound engineer scrolls teeiak trees. The grid was
actually created by repeatable duplicating one EGiip symbol stored in the
Adobe Flash Library using a simple ActionScript foop. There was no need
to directly code the graphic and its handlers aghes case with third-
generation languages.

» The dragging and dropping capabilities of tevice blocksind plug icongo
any positions within the Project studio patchbaytkspace” required the use
of built-in MovieClip action handlerstartDrag ( )andstopDrag ( ) in which
lines of code were written to listen to mouse esent

» ActionScript code was used to maximise or mininiseject studio patchbay
plug blocksto view detailed information for individual plugbhis feature was
provided by using the Adobe Flash’s graphic autigtDE for redrawing the
plug blocksandconnector linegdepending on whether the user maximised or

minimised the block.
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* The simple Adobe Flash XML model enabled quick affetient creation of
XML messages. Adobe Flash provides an XML clas$ toatain methods
and properties for creating XML messages. To cr&dMé& messages, in-built
XML object bits were joined together using simpletidnScript code. In
third-generation languages many lines of code acpired to create XML
messages, required far more time than when usingbé&d-lash’s XML

model.

In conclusion, this research showed that Adobe hFI&sofessional 8 using

ActionScript code can be used for developing cotimeananagement applications
for high-speed audio networking in different sounstallation environments. More
importantly, Adobe Flash allows for the inclusiohammplex GUI features. Adobe
Flash was adequately utilised for quickly creatgrgphic components for the three
patchbays, namely the Broadcast patchbay, the d®rejeidio patchbay, and the
Hospitality/Convention Centre patchbay. Network uiegments for three

environments were adequately incorporated intoptitehbays far more easily using
the Adobe Flash IDE tools and ActionScript.
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APPENDIX A: Software Requirements
Specification Documents

Al Broadcast Patchbay Software Requirements

Specification Document

1. Introduction

1.1 Revision History

Name
Phathisile Sibanda

Date
2712106

Description/Reason For Changes

Initial Requirements cBpation for a
Broadcast Studio Routing Patchbay.

Version
1.0

10/03/06

Refined Requirements Specification. M
elaborateStimulus/Response Sequencédsr all
features.

ofel

15/06/06

Change8timulus/Response Sequencésr the
establishing and breaking audio connections.

1.2

20/07/06

Product name was changed to reflect
functionality of the application from “Grid-base
Patchbay” to “FireGrid” which means th
application performs connection managemen

thep
2
e
t on

a grid for firewire networks.

1.2 Purpose

This Software Requirements Specification (SRS) dwmt explains and gives a brief
high level view of what a grid-based patchbay fopd&lcast networks should do
within a music Local Area Network (mLAN) to enhancennection management
between mLAN compatible devices. It also gives scdption of the User Interface
features of a grid-based patchbay.
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1.3 Document Conventions

The format followed in writing this Requirement $pieation Document was
adopted from the IEEE Standard 830-19998 [IEEE 18988] for writing requirement
specification documents.

Acronym/abbreviation Description
mMLAN MLAN stands for “music Local Area
Network” and defines a network that allows
for the transport of audio and music data
between audio devices[Fujimori and Foss,
2002].

Firewire A high-speed serial-bus standard thaersf
enhanced connectivity and data transfer |for
video, audio and storage peripheral
applications through a universal input/output
(1/0O) interface. Firewire is also known as
‘IEEE 1394 networking technology’.
mCMS mCMS stands for “mLAN Connection
Management Server’. This server |[in
responsible for delivering information abqut
the configuration of the mLAN network to the
remote clients in the form of XML
(Extensible Mark-up Language) documents.
Unit Refers to an mLAN compatible device (for
example the Otari ND — 20B).

=3

1.4 Intended Audience

This Requirements Specification Document is intender Broadcast patchbay

developers to demonstrate their understandingeftistem from the users’ point of
view. It will be used by the system clients and degeloper to agree on the functions
and capabilities of the system before the developmpecess began.

1.5 Product Scope

The proposed name of the application to be devdlapeFireGrid”. As its hame
suggests the application will be incorporated iato existing mLAN Client/Server
system for purposes of providing audio routing ¢télgees for communicating
MLAN network devices. In addition to making and dkeg connections the
application should allow the user to view the nettopology of the mLAN network
as well as open and edit properties of IEEE 139descconnected to a particular
IEEE 1394 bus and set/clear Master/Slave configurs. The application will work
as a flexible mLAN network and audio routing managat tool that will be installed
on XP workstations.
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2. Overall Description

2.1 Product Perspective

As already explained in the previous section 1hk Graphical User Interface
application (Broadcast patchbay) is a component gfaa Client/Server system that
already exists in the Rhodes Computer Science Ergimg Department. It is the
client side of the Client/Server system that intesalirectly with the user, making it
the gateway for the user into the system. Figutke Helow shows the current
configuration environment of the mLAN Client/Sensytstem on which the complete
application will be deployed.

Broadcast Patchbay

TCP/IP socket
connetion

XML messages

MLAN mCMS
Enabler API
. . +
F|reW|re\\ Enabler modul mLAN .
— compatible units
- »
[ Transporter Module ] [ Transporter Module ]

[ IEEE 1394 Node }

B
Contrnllel [

IEEE 1394 Node }

C.nntrnllel

Figure 1.1: mLAN Client/Server Configuration

2.2 Product Functions

The Broadcast patchbay will have two main panefer@d will be the Configuration
and the Control windows. The Configuration window w&llow the user to edit and
manage saved file routing setups while the Contrioldow will offer four main
functionalities. The user will be able to”
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* View the mLAN bus topologies.

» Confirm units connected to a certain mLAN bus anAudio Pane.

» Perform signal routing and connection managemeutihemouting Matrix.

* Set Master/Slave configurations on the Clock Segtape of the Control
window.

2.3 User Classes and Characteristics

The patchbay to be developed will mainly be use®tmadcast studio operators. It is
planed that the product will provide two user lsyaghe administrator and general
users. Administrator will generally have the abilibo manage user accounts and
general maintenance of the system

2.3 Design and Implementation Constraints
No design and implementation constraints were ifiedtat the product conception.

2.4 User Documentation

Documentation to be released with the product oetuuser manuals, requirement
documents, use-case diagrams as well as Objectisnode

2.5 Assumptions and Dependencies

One assumption will be adhered to in the firstaséeof the application, namely that
the application is designed for a general usernifiad application will be developed
at a later stage that will incorporate two useelsythe administrator and a general
operator.

3. External Interface Requirements

3.1 User Interfaces

The user interface will be a graphical grid in matwith associated tabs and panes
clearly labelled to reflect their functions. Withé&ach pane there will be buttons for
different actions that the user can execute ore@dmel is opened.

3.2 Hardware Interfaces

Figure 1.2below shows how the graphical user interface eainmunicate with the
server. The patchbay forms the client side of §rstesn and communicates with the
mLAN Connection Management Server (MCMS) througi GP/IP socket. Any
communication medium (wireless or wired) can bedifse communication as long as
the server and the client can communicate overlnbernet Protocol. Extensible
Mark-up Language (XML) documents will be used torstand pass information
regarding devices, plugs and plug connections heiwthe server and clients
[Fujimori, Foss, Klinkradt and Bangay, 2003].
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[ mMLAN Server \ ( mLAN Client \

s =

Figure 1.2: Client/Server Communication Model

3.3 Software Interfaces

The user interface will only communicate with thegRest Server application in the
mCMS. This will in turn talk to internal server sware like the Enabler API for the
extraction of information from the IEEE bus. Thectgen below elaborates on the
communication interfaces involved in the system mamication channels.

3.4 Communication Interfaces

Figure 1.3below shows how the Patchbay will communicate whg mCMS. Three
communication components/interfaces within the i@i®erver system that will aid
communication between the Client and Server apjica comprise the Patchbay,
the Request server, and the Device interface asrsho Figure 1.3 The client is
responsible for handling the users’ requests. TleguBst server is the middle
platform that deals with and forwards the usersiests and responses to and from the
devices interface via a TCP/IP socket. The Devicesface uses the Enabler API to
get the Enabler module to solve user requests bgsamng the IEEE 1394 Bus for
answers. XML documents are used to store and comcateninformation between
the Client and the Server modules.
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Grid-Based
Patchbay

TCP/IP socket XML Documents

Request
Serve

Connectionand______| ~— T Connection
Configuration TCP/IP socket Information
Requests

Devices
Interface

Enabler AP

IEEE 1294 Bu

Figure 1.3: mLAN Client/Server Components

4. Functional Requirements: System Features

This section describes the features found on tiehBay application to be designed
and their associated actions and interaction with €lient/Server system and the
user. Note: The system features described in thit&li requirement specification
pertain mainly to a general user. A second versbrthis specification will be
released that recognizes two distinct users, th@rastrator and a general.

The Use Case diagranfifure 1.4 gives the general feature overview of the
Broadcast patchbay.
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— Update System

—Manage Files
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Set PCPlugs

Connect to mCMS Server

-

_~7 Establish Audio Connections ™—_

e —

Break Audio Connections i
7”””””/;:;5

Ty

Apply Changes

Set/Clear Master/Slave

Configuration

-

Identify Device

-

Change Plug Layout

Figure 1.4 Broadcast Patchbay Use Case Diagram

a) Managing Files (Saving and Opening saved routing g&gs to/from a file)

Table 4.1: “Manage Files” Use Cas&timulus/Response Sequences

Heading

Description

Use Case Name

Manage Files

Actors

sound engineer, mMCMS Server

Use Case Summary

» The sound engineer uses the system to save audiogo
settings into a .nsl file on the host workstation.

* The sound engineer uses the system to open sadi&d a
routing settings.

=

Pre-Condition

» System information can only be saved into a filthwine
.nsl extension.

* The sound engineer can save audio routing setifings
there is enough free space in the host worksthtod
disk.

» The sound engineer can open .nsl file if thereafremady
saved audio routing settings.

Description/Main Flow

» To save routing setting into a .nsl file, the soendineer
clicks the “File” menu.

209



Stimulus/Response
Sequences

e The System displays a sub menu with four menu items

(“Open”, “Save”, “Print” , “Exit")and ,

» The sound engineer clicks the “Save” menu item and
specifies the file name in the dialog box that &ppend
click the “Save” button to save the file to the &tation.

» To open saved routing setting, the sound enginadsc
the “File” menu and select the “Open” menu itentios
sub menu that appears.

* The system displays the “Open File” dialog box

» The sound engineer navigates the file system toene
file to be opened is saved and selects it andlick
“Open” button.

Post-Condition

The sound engineer successfully manages and matepul
.nsl files on the local host workstation.

Alternate Flow(s)

The sound engineer can use the “Save” and “Opé&nidons
for access the save to a file and open file dibloxes.

Exceptions

Used Use Cases

Update System, Apply Changes

b) Establishing a Connection to mCMS Server

Table 4.2: “Connect to mCMS Server” Use Cas&timulus/Response Sequences

Heading

Description

Use Case Name

Connect to mCMS Server

Actors

sound engineer, mMCMS Server

Use Case Summary

The system connects to the mCMS server.

Pre-Condition

To connect to the mCMS server, correct connectiod
authentication information should be provided bg gound
engineer. Required information include:

» The server name, server port number
» The operator’s username and password

a

Description/Main Flow

Stimulus/Response
Sequences

* The sound engineer starts the system.

* On start-up the system presents the sound engiiter
two dialog boxes, the Login and Server Settingkodia
boxes.

e The sound engineer inputs the username and passwo
server name and server port number if this isitisetime
the system is started after installation.

» The system uses the server name and server pobemun
to connect to the mCMS server and authenticate the
username and password.

o If the authentication process is successful, theM8(

server sends a configuration XML document to
system.

* On receiving the configuration XML document, the
system is updated appropriately.

d

—4

the

Post-Condition

» The system successfully connected to the mCMS serv

» The system is updated using configuration from the
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mCMS server.

Alternate Flow(s)

Exceptions

» If the server is not found or the server name antl p
number are incorrect.
» If the username and password authentication fails.

Used Use Cases

Update System

c) Establishing Audio Connections

Table 4.3: “Establish Audio Connections” Use Cas8timulus/Response Sequences

Heading

Description

Use Case Name

Establish Audio Connections

Actors

sound engineer, mMCMS Server

Use Case Summary

The sound engineer establishes audio connectiotiseon
system based on the Mode set, either ImmediatBelayed
Mode”.

Pre-Condition

* The sound engineer sets the Mode to be used, either
Immediate or “Delayed Mode”.

» The sound engineer ensures that Master/Slave
Configuration is set.

» The sound engineer identifies and selects two gluge
connected.

* Plugs to be connected should be on different de\soece
internal routing is not allowed.

Description/Main Flow

Stimulus/Response
Sequences

» The sound engineer identifies the plugs to be cctiede
and their cross-point on the grid-matrix.

* The sound engineer clicks the cross-point of theiugs
to be connected.

» The system, based on the set mode, implements the
connection.

Post-Condition

The sound engineer successfully established audio
connection(s) and audio stated routing to the desey
destination plugs.

Alternate Flow(s)

Exceptions

If there is not enough bandwidth on the mLAN netiwadhe
request will fail with an error message.

Used Use Cases

Apply Changes,Set/Clear Master/Slave Configuration
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d) Breaking Audio Connections

Table 4.4: “Break Audio Connections” Use Cas&timulus/Response Sequences

Heading

Description

Use Case Name

Break Audio Connections

Actors

sound engineer, mMCMS Server

Use Case Summary

The sound engineer breaks audio connections osytem
based on the Mode set, either Inmediate or Delayed.

Pre-Condition

The sound engineer identifies and selects two g
disconnected.

Description/Main Flow

Stimulus/Response
Sequences

* The sound engineer identifies the plugs to be diseoted
and their cross-point on the grid-matrix.

* The sound engineer clicks the cross-point of the glugs
to be disconnected.

» The system, based on the set mode, implements the
disconnection.

Post-Condition

The sound engineer successfully disconnected tugspnd
audio stopped routing.

Alternate Flow(s)

Exceptions

Used Use Cases

Apply Changes

e) Updating the System

Table 4.5: “Updating” Use Case Description

Heading

Description

Use Case Name

Update System

Actors

sound engineer, mCMS Server

Use Case Summary

The sound engineer forces system update using lates
information from the mCMS Server

\"44

Pre-Condition

Description/Main Flow

Stimulus/Response
Sequences

* The sound engineer clicks the Update button.

e The system creates and sends an Update XML document

to the mCMS server.

* In response the mCMS server sends a configuratdh
document to the system. The configuration XI
document carries current mLAN network information.

« On receiving the configuration XML document, t
system updates the device trees and the grid m
appropriately.

ML

he
atrix

Post-Condition

Thesound engineer successfully updated the system with
latest information provided by the mCMS server.

Used Use Cases
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f) Appling Patchbay Changes to the Network

Table 4.6: “Apply Changes” Use Cas&timulus/Response Sequences

Heading Description

Use Case Name Apply Changes

Actors sound engineer, MCMS Server

Use Case Summary The sound engineer applies changes made on tlersysthe

physical mLAN network. Example changes include gjeah
Master/Slave synchronisation settings, new conoestiand
disconnections.

Pre-Condition
Description/Main Flow |« The sound engineer clicks the Apply button.

Stimulus/Response * The system loops through the device trees checkang
Sequences pending connections and disconnections. If theyf@rad
the system follows thEstablish Audio Connectionsand
Break Audio Connectionsuse case to commit the found

connections and disconnections to the mLAN network

Post-Condition The system applied the changes to the physical mLAN
network.

Alternate Flow(s)

Exceptions If there is not enough bandwidth on the mLAN netkydhe
request will fail with an error message.

Used Use Cases Establish Audio Connections , BreAkdio Connections

213



g) Setting/Clearing Master/Slave Configurations

Table 4.7: “Set/Clear Master/Slave Configuration” Use CaseStimulus/Response

Sequences

Heading

Description

Use Case Name

Set/Clear Master/Slave Configuration

Actors

sound engineer, mMCMS Server

Use Case Summary

e The sound engineer sets/clears Master/S

Configuration on the system.

Pre-Condition

Description/Main Flow

Stimulus/Response
Sequences

Setting/Clearing Master/Slave Configurations candbae in
many ways on the Wordclock panel.

ave

Post-Condition

The sound engineer successfully changed/set M8kiee
Configurations.

Alternate Flow(s)

Exceptions

If there is not enough bandwidth on the mLAN netwdhe
request will fail with an error message.

Used Use Cases

Update System, Apply Changes

h) ldentifying a Device on the Network

Table 4.8: “Identify Device” Use CaseStimulus/Response Sequences

Heading

Description

Use Case Name

Identify Device

Actors

sound engineer, mMCMS Server

Use Case Summary

In the event of a large network with many devidas, sound
engineer can identify a particular device on thetey.

Pre-Condition

Description/Main Flow

Stimulus/Response
Sequences

* The sound engineer right-clicks a particular natleee on
the Destinations or Source tree on the system.

* The system presents to the user a submenu withnéime
items that include, Rename Device, Clear All De\
Connections, More Device Info, Change Plug Layod
Identify Device.

 The sound engineer selects the “ldentify Device’hm
item.

 The system creates and sends a identify device
message to the mCMS server.

ice

4%

ML

Post-Condition

The sound engineer successfully identified a palgrcdevice
on the mLAN network through the system. The Li

jht

Emitting Diodes of the device identified flashes.
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i) Changing the Plug Layout of a Device

Table 4.9: “Change Plug Layout” Use Casé&timulus/Response Sequences

Heading

Description

Use Case Name

Change Plug Layout

Actors

sound engineer, mMCMS Server

Use Case Summary

The sound engineer changes Plug Layout for any dewc
the mLAN network on the system.

Pre-Condition

The sound engineer selects the Plug Layout from theofig
Plug Layouts of the device whose Plug Layout isbt®
changed.

Description/Main Flow

Stimulus/Response
Sequences

* The sound engineer right-clicks a particular natleee on
the Destinations or Source tree on the system.

» The system presents to the user a submenu witinéime:
items that include, Rename Device, Clear All De\
Connections, More Device Info, Change Plug Layod
Identify Device.

 The sound engineer selects the “Change Plug Lay
menu item.

* The system pops up a dialog box showing all avksl
Plug Layouts for the chosen device.

» The sound engineer chooses the required Plug |layal
clicks the OK button.

e The system creates and sends a Plug Layout
message to the mCMS server.

* If the request is implemented successfully, the n&J
server sends the latest configuration informationtte
system with the appropriate number of plugs for
device whose Plug Layout was changed.

» The system updates display.

=

ice

out”

ML

M

the

Post-Condition

The sound engineer successfully changed the Plug Layfo
a particular device on the mLAN network through gystem.
The system is updated accordingly.

Alternate Flow(s)

Exceptions

Used Use Cases

Update System
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Clearing Dangling Connections

a) Description and Priority
A dangling connection is a destination-less routefg only at the sending or
receiving side of a communicating device. Plugshvdangling connections
are reflected on the Broadcast patchbay tree @y dolund icons.

b) Stimulus/Response Sequences
» To clear the blue dangling connection icon of pling, user clicks the plug
icon to be cleared.
» The system changes the blue dangling connectiondotour to yellow.
» The system sends to the server an XML *“clear daggkonnection”
request.
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A2 Project Studio Patchbay Software Requirements

Specification Document

1. Introduction

1.1 Revision History

Name Date Description/Reason For Changes Version
Phathisile Sibanda| 15/01/0Y Initial Requirements ec8ation for the 1.0
Graphic Patchbay.
25/01/07 | Additions: 1.1
» Draggingdevice block
» Draggingplug blockto any of the fou
sides of the main device block.
01/02/07 | Eliminated: Hiding/Showing Output and/or Ingut 2
plug connectors for a particular device
05/04/07 | Additions: 1.3
* Making a connection
* Deleting a connection
05/04/07 | Updated: Dragplug blockto any of the four 1.4
sides of the main device block.
10/07/07 | Product named “FireSwitch” patchbay. 1.4
1.2 Purpose

This Software Requirements Specification (SRS) dwmt seeks to explain and give
a brief high level view of what a Project studiagtday should do within a music
Local Area Network (mLAN) network to enhance corr@t management between
mMLAN compatible devices. Also given is a descriptaf the user interface features
of the Project studio patchbay. Functional and fumttional requirements for the
Project studio patchbay are also presented.

1.3 Document Conventions

SeeAppendix A-Al: section 1.3
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1.4 Intended Audience

This Requirements Specification Document is intehtte Project studio patchbay

developers to demonstrate their understandingefistem from the users’ point of
view. It will be used by the system clients and deseloper to agree on the functions
and capabilities of the system before the developmecess began.

1.5 Product Scope

The proposed name of the application to be devdlapéFireSwitch”. As its name
suggests the application will be incorporated iato existing mLAN Client/Server
system for purposes of providing audio routing telgees for communicating
mLAN network devices. In addition to making and dkieag connections the
application should allow the user to view the netopology of the mLAN network
as well as open and edit properties of IEEE 139escconnected to a particular
IEEE 1394 bus and set/clear Master/Slave conftgura. The application will work
as a flexible mLAN network and audio routing managat tool that will be installed
on XP workstations.

2. Overall Description

SeeAppendix A-Al: section 2

3. External Interface Requirements

SeeAppendix A-Al: section 3

4. Functional Requirements: System Features

This section describes the features of the Prgjertio patchbay to be designed and
their associated actions and interactions with@hent/Server system, and the user.
The Use Case diagranFifure 1.1 gives the general feature overview of the
Broadcast patchbay.
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Apply Changes
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Configuration

O

Manipulate Device and Plugs
Graphics

Figure 1.1 Project Studio Patchbay Use Case Diagram

a) Managing Files (Saving and Opening saved routing gags to/from a file)

SeeAppendix A-Al: section 4 (Table 4.1).

b) Establishing a Connection to mCMS Server

SeeAppendix A-Al: section 4 (Table 4.2).
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c) Establishing Audio Connections

Table 4.3: “Establish Audio Connections” Use Cas8timulus/Response Sequences

Heading

Description

Use Case Name

Establish Audio Connections

Actors

Sound engineer, mCMS Server

Use Case Summary

The sound engineer establishes audio connectiottseon
system based on the Mode set, either ImmediatBelayed
Mode”.

Pre-Condition

Description/Main Flow

Stimulus/Response
Sequences

» The sound engineer ensures that Master/Slave
Configuration is set.

» The sound engineer maximises the input and oyipigt
blocksto the two devices to be connected.

» The sound engineer clicks and drags the mouseamut f
one of the plug graphics to be connected.

e The system draws a connector line to the mouse.

* The sound engineer releases the mouse over anubtiger
to connect to.

» The system sends an XML “connection” request messpg
to the mCMS server and draws theoanector line
between the two plugs.

Post-Condition

The sound engineer successfully established audio
connection(s) and audio stated routing to the desey
destination plugs.

Alternate Flow(s)

Exceptions

If there is not enough bandwidth on the mLAN netkydhe
request will fail with an error message.

Used Use Cases

Apply Changes,Set/Clear Master/Slave Configuration
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d) Breaking Audio Connections

Table 4.4: “Break Audio Connections” Use Cas&timulus/Response Sequences

Heading

Description

Use Case Name

Break Audio Connections

Actors

sound engineer, mMCMS Server

Use Case Summary

The sound engineer breaks audio connections osytem
based on the Mode set, either Inmediate or Delayed.

Pre-Condition

The sound engineer identifies and selects two g
disconnected.

Description/Main Flow

Stimulus/Response
Sequences

» The sound engineer clicks and drags outctirenector
line. Identifies the plugs to be disconnected and their
cross-point on the grid-matrix.

» The system deletes tikennector lineand sends an XML
“disconnect” request message to the mCMS server.

Post-Condition

The sound engineer successfully disconnected tugsnd
audio stopped routing.

Alternate Flow(s)

Exceptions

Used Use Cases

Apply Changes

e) Updating the System

Table 4.5: “Updating” Use Case Description

Heading

Description

Use Case Name

Update System

Actors

sound engineer, mMCMS Server

Use Case Summary

The sound engineer forces system update using late$

information from the mCMS Server

-4

Pre-Condition

Description/Main Flow

Stimulus/Response
Sequences

* The sound engineer clicks the Update button.

* The system creates and sends an Update XML document

to the mCMS server.

* In response the mCMS server sends a configuratidh
document to the system. The configuration X]
document carries current mLAN network information.

* On receiving the configuration XML document, t
system updates the device trees and the grid m
appropriately.

ML

he
atrix

Post-Condition

Thesound engineer successfully updated the system with
latest information provided by the mCMS server.

Alternate Flow(s)
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f) Appling Patchbay Changes to the Network

SeeAppendix A-Al: section 4 (Table 4.6).

g) Setting/Clearing Master/Slave Configurations

SeeAppendix A-Al: section 4 (Table 4.7).

g) ldentifying a Device on the Network

Table 4.8: “Identify Device” Use Casestimulus/Response Sequences

Heading

Description

Use Case Name

Identify Device

Actors

sound engineer, mMCMS Server

Use Case Summary

In the event of a large network with many devidbs, sound

engineer can identify a particular device on theteay.

Pre-Condition

Description/Main Flow

Stimulus/Response
Sequences

* The sound engineer right-clicks tldevice blockfor the
device to be identified, and selects the “Idenbfgvice”

menu item.

 The system creates and sends a identify device XML

message to the mCMS server for implementation.

Post-Condition

The sound engineer successfully identified a padicdevice

on the mLAN network through the system. The Light

Emitting Diodes of the device identified flashes.

Alternate Flow(s)

Exceptions

Used Use Cases
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h) Changing the Plug Layout of a Device

Table 4.9: “Change Plug Layout” Use Casé&timulus/Response Sequences

Heading

Description

Use Case Name

Change Plug Layout

Actors

sound engineer, mMCMS Server

Use Case Summary

The sound engineer changes Plug Layout for any dewc
the mLAN network on the system.

Pre-Condition

The sound engineer selects the Plug Layout from theofig
Plug Layouts of the device whose Plug Layout isbt®
changed.

Description/Main Flow

Stimulus/Response
Sequences

» The user opens the Device Information panel bykiclg
the “information” button at the centre of eadevice
block

» The system opens the Device Information panel.

* In the Device Information panel, the sound engin
selects the new Plug Layout from the “Plug Layg
combo box and clicks th@k button.

» The system sends to the mCMS server the Plug L§
XML document to implement the request.

eer
ut”

yout

Post-Condition

The sound engineer successfully changed the Plug Layfo
a particular device on the mLAN network through glystem.
The system is updated accordingly.

Alternate Flow(s)

Exceptions

Used Use Cases

Update System
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A3 Hospitality/Convention Centre Patchbay Software

Requirements Specification Document
1. Introduction

1.1 Revision History

Name Date Description/Reason For Changes Version

Phathisile Sibanda| 05/04/0Y Initial Requirements ec8ation for the 1.0
Hospitality Patchbay.

10/07/07 | Product named “FireZones” patchbay 11

1.2 Purpose

This Software Requirements Specification (SRS) dwmt seeks to explain and give
a brief high level view of what a Hospitality/Comt®n Centre patchbay should do
within a music Local Area Network (mLAN) network tenhance connection

management between mLAN compatible devices. Alsergis a description of the

user interface features of the Hospitality/ConvamiCentre patchbay. Functional and
non-functional requirements for the Hospitality/@ention Centre patchbay are also
presented.

1.3 Document Conventions

SeeAppendix A-Al: section 1.3.

1.4 Intended Audience

This Requirements Specification Document is intenhftr Hospitality/Convention

Centre patchbay developers to demonstrate thegratahding of the system from the
users’ point of view. It will be used by the systehents and the developer to agree
on the functions and capabilities of the systenoteethe development process began.

1.5 Product Scope

The proposed name of the application to be devdlapéFireSwitch”. As its name
suggests the application will be incorporated iato existing mLAN Client/Server
system for purposes of providing audio routing tdlgees for communicating
mLAN network devices. In addition to making and dkieag connections the
application should allow the user to view the netopology of the mLAN network
as well as open and edit properties of IEEE 139escconnected to a particular
IEEE 1394 bus and set/clear Master/Slave conftgura. The application will work
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as a flexible mLAN network and audio routing managat tool that will be installed
on XP workstations.

2. Overall Description

SeeAppendix A-Al: section 2.

3. External Interface Requirements

SeeAppendix A-Al: section 3.

4. Functional Requirements: System Features

This section describes the features found on thepitidity/Convention Centre

patchbay to be designed and their associated actma interaction with the

Client/Server system and the user. Note: The sy$amures described in this initial
requirement specification pertain mainly to a gaheser. A second version of this
specification will be released that recognizes tigtinct users, the administrator and
a general.

The Use Case diagranfifure 1.1 gives the general feature overview of the
Broadcast patchbay.

File Management

Connect to mLAN Server

Mudio Connection \\\\\\\

Oz — — O

\ Break Audio Connection mCMS Server

O

Sound
Engineer

Update Connections
Apply Changes
Set/Clear Master/Slave
Configuration

Manipulate Device Zones
and Plugs Graphics

Figure 1.1 Broadcast Patchbay Use Case Diagram
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a) Managing Files (Saving and Opening saved routing g&&gs to/from a file)
SeeAppendix A-Al: section 4 (Table 4.1).

b) Establishing a Connection to mCMS Server

SeeAppendix A-Al: section 4 (Table 4.2).

c) Establishing Audio Connections

Table 4.3: “Establish Audio Connections” Use Cas8timulus/Response Sequences

Heading Description

Use Case Name Establish Audio Connections

Actors sound engineer, mCMS Server

Use Case Summary The sound engineer establishes audio connections.

Pre-Condition
Description/Main Flow |« The sound engineer clicks the twing iconsof the
devices to be connected.

Stimulus/Response « The system gets plug information of the plugs teo b

Sequences connected, creates and sends a connection reglist X
document to the server to implement the request.

Post-Condition The sound engineer successfully established audio

connection(s) and audio stated routing to the desey
destination plugs.

Alternate Flow(s)

Exceptions If there is not enough bandwidth on the mLAN netiydhe
request will fail with an error message.
Used Use Cases Apply Changes,Set/Clear Master/Slave Configuration
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d) Breaking Audio Connections

Table 4.4: “Break Audio Connections” Use Cas&timulus/Response Sequences

Heading

Description

Use Case Name

Break Audio Connections

Actors

sound engineer, mMCMS Server

Use Case Summary

The sound engineer breaks audio connections osytem

Pre-Condition

The sound engineer identifies and selects two plude
disconnected.

Description/Main Flow

Stimulus/Response
Sequences

» The sound engineer identifies the plugs to be
disconnected.

» The sound engineer right-clicks the destinapiturg icon
and select the “Disconnect” menu item.

» A*“disconnect” request document is sent to the eveiy
implement the request.

Post-Condition

The sound engineer successfully disconnected tugspnd
audio stopped routing.

Alternate Flow(s)

Exceptions

Used Use Cases

Apply Changes

e) Updating the System

Table 4.5: “Establish Audio Connections” Use Case &scription

Heading

Description

Use Case Name

Update System

Actors

sound engineer, mMCMS Server

Use Case Summary

The sound engineer forces system update using late$

information from the mCMS Server

-4

Pre-Condition

Description/Main Flow

Stimulus/Response
Sequences

» The sound engineer clicks the Update button.

» The system creates and sends an Update XML document

to the mCMS server.

* In response the mCMS server sends a configuratdh
document to the system. The configuration XI
document carries current mLAN network information.

* On receiving the configuration XML document, t
system updates the device trees and the grid m
appropriately.

ML

he
atrix

Post-Condition

Thesound engineer successfully updated the system with

latest information provided by the mCMS server.
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| Alternate Flow(s)

f) Appling Patchbay Changes to the Network

Table 4.6: “Apply Changes” Use Cas&timulus/Response Sequences

Heading

Description

Use Case Name

Apply Changes

Actors

sound engineer, mMCMS Server

Use Case Summary

The sound engineer applies changes made on trersjsithe
physical mLAN network. Example changes include gjeah
Master/Slave synchronisation settings, new conoestiand
disconnections.

Pre-Condition

Description/Main Flow

Stimulus/Response
Sequences

e The sound engineer clicks the Apply button.

e The system loops through the device trees checking

pending connections and disconnections. If theyf@rad
the system follows thEstablish Audio Connectionsand
Break Audio Connectionsuse case to commit the foul

connections and disconnections to the mLAN network

Post-Condition

The system applied the changes to the physical m
network.

LAN

Alternate Flow(s)

Exceptions

If there is not enough bandwidth on the mLAN netkydhe
request will fail with an error message.

Used Use Cases

Establish Audio Connections , BreAkdio Connections

228



g) Setting/Clearing Master/Slave Configurations

SeeAppendix A-Al: section 4 (Table 4.7).

h) ldentifying a Device on the Network

Table 4.8: “Identify Device” Use Casestimulus/Response Sequences

Heading

Description

Use Case Name

Identify Device

Actors

sound engineer, mCMS Server

Use Case Summary

In the event of a large network with many devidbs, sound

engineer can identify a particular device on thetesy.

Pre-Condition

Description/Main Flow

Stimulus/Response
Sequences

» The sound engineer right-clicks a particular notieee on

the Destinations or Source tree on the system.

» The system presents to the user a submenu witmémel

items that include, Rename Device, Clear All Deyice

Connections, More Device Info, Change Plug Layout ja

Identify Device.

* The sound engineer selects the “ldentify Device’hm

item.

D

» The system creates and sends a identify device XML

message to the mCMS server.

Post-Condition

The sound engineer successfully identified a pagicdevice

on the mLAN network through the system. The Light

Emitting Diodes of the device identified flashes.

Alternate Flow(s)

Exceptions

Used Use Cases
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APPENDIX B: mLAN Client/Server

Communication Protocol

The mLAN Client/Server Communication protocol presel in this section was
directly adopted from the mCMS Client/Server Comioation protocol defined by
Klinkradt (2004) that utilises Extensible Markupriguage (XML) messages.

1. Communication Model

The communication channel between an mLAN Connedidianagement Server and
its clients (patchbays) is a connected TCP/IP docke illustrated byFigure 1
Extensible Markup Language (XML) is utilised abotlee TCP/IP layer for all
communication between clients and server. The meaeaiof this document specifies

the format of these XML documents.

/ mLAN Client \ / mLAN Client \

) ST
| I | | I |

N B U

Figure 1: mCMS Client/Server Communication Model

2. Generic Client Server Document

A generic protocol format has been defined usingLXtd provide a platform for
communication between mLAN Clients and Servers. XMhs selected as the
protocol of choice due to its inherent advantagelsumnan readability and platform
independence. The protocol is modelled around titenlying principle highlighted
within AES-24, and which have been echoed in ACN &@®PnP. This is to provide a

platform independent mechanism for interoperabbiggween networked devices and
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providing a means for extensibility. It must be ewtthat at the inception of this
protocol, it was never intended to serve any otparpose than to facilitate
communication between the mLAN Server and Cliehke generic XML document,
as represented ihisting 1, follows the Object Oriented mould of thinking. Al
communication must be directed at a target objétttinva device. A specific method
of this object is to be invoked and the providethpzeters to that method are applied.
The assumption made is that devices are awareeddédtvices (objects and methods)

provided by other devices.

- zmLAMCommand version=""=
- <0Object namespace="" name=""=»
- «Method name=""=
=Parameter name=" valug="" /=
</Methodz=
</0Object>
=/mLANCommand=

Listing 1: Generic XML Document Format

The mLANCommanelement identifies this as a mLAN specific XML dooent, and
is flagged with a version attribute. TH@bject element provides the information
required for targeting a specific object which dentified through a combination of
the namespacand objechameattributes. TheMethodelement specifies the method
that is to be invoked within the target object tigb the use of the methathme
attribute. Following this element is zero or métarameterentities. Each of these
Parameter element entries containgiame and value attribute pair. Thename
attribute identifies the targeted parameter withvialue contained within thealue
attribute.

3. mMLAN Client/Server Documents

This section details the documents currently @tilidby the Linux based mLAN
Connection Management Server and the Microsoft Wiwel Client. The
communication between these two systems can beljobsoken down into client
requests and server responses. The following abjeave been identified and are

currently utilised for mLAN Client Server communiican:

* Useradmin
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» Patch
e SampleRate
e Error

3.1 Useradmin Object

mLAN Client documents, as illustrated idsting 2 which contain information
regarding the useradmin objects are targeted atutfieeadmin object within the
mLAN Server. The objects within these documents raok intended to reference
instances of specific classes but refer to senticaswill be implemented by one or

more classes within the server.

- <mLANCammand version="1.0"=
- <object name="useradmin" namespace=
- zmethod name=""»
<parameter name=
</method:>
</object=
</mLANCommand:

Listing 2: Example mLAN Client Useradmin document

=

value="" /=

The useradmin object currently exposed by the mL@edver includes the following

methods:
* Logon
* Userlist
e Newuser

* Deleteuser
* Modifyuserlevel

* Modifypassword

For purposes of this investigation, only the Log@¥iL object was utilised since the
patchbays developed only had one user level, thergeuser who had no rights for

modifying user accounts.

3.1.1 Logon — Client Request
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Listing 3illustrates the fields defined within a useradtoigon request, as generated
by a client in an attempt to logon to the server.

- <mLaNCommand version="1.0"=
- <object name="useradmin" namespace=""»
- =method name="logon"=
<parameter name="username" value="admin" /=
<parameter name="password" value="mlan" /=
= /method=
</object=
=< /mLaMNCommand=

Listing 3: Useradmin Logon XML request

The method name attribute identifies the appropisatvice within the server and the
parameter list consisting of name-value pair estite username and password. The

ordering of these parameters is not defined.

Logon — Server Response

If logon is successful no response is returne@, &fserror response document is

returned providing a textual description of thedodailure.

3.2 Patch Object

The patch object is associated with the connectianagement services, for which
the following methods have been defined:

e connect

» disconnect

* setCurrentPlugLayout
s syncsetup

» clearDanglingConnection

* pcplugs

» setnickname
* identify

» refresh

The generic patch request message is illustratesiimg 4
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- <mLANCommand version="1.0">
- zobject name="patch" namespace=
zmethod name="" /=
<parameter name=""
</objects
</mLANCommand:=

=

value="" /=

Listing 4: Generic Patch XML Request

3.2.1 Connect — Client Request

The connect patch request is utilised to creat@ramection between two mLAN

Plugs. Multiple connections within a single requieave not yet been defined. The
defined parameters, as illustratedLiisting 5 are the GUID, plug type, and plug
identifier for both source and destination plugs.sl feasible that the GUID be

replaced with a nickname, but this functionalityat yet defined.

<?xml version="1.0" encoding="utf-16" ?=
- emLANServerCommand version="1.0"=
- <object name="patch"=
- <method name="connect":
<parameter name="sourceGUID" value="0013f00400400011" /=
<parameter name="sourcePlugType" value="audio" /=
<parameter name="sourcePlugID" value="1" /=
<parameter name="destinationGUID" value="0013f00400000014" /=
<parameter name="destinationPlugType" value="audio" /=
<parameter name="destinationPlugID" value="33" /=
</method=
</object=
</mLaANServerCommand =

Listing 5: Patch Connect XML Request

Connect — Server Response
If the connect is successful no response is redliglse an error response document is

returned providing a textual description of theufiaa.

3.2.2 Disconnect — Client Request

Connections between source and destination mLANyPlcan be broken via a
disconnect requestisting §. The parameters required for this request arésieD,
plug type, and plug identifier for the destinatigng. Multiple disconnections within

one request are not yet defined.
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<?xml version="1.0" encoding="utf-16" ?=
- =mLANServerCommand version="1.0"=
- <object name="patch"=
- =method name="disconnect"=
<parameter name="destinationGUID" valu=="0013f00400000014" /=
<parameter name="destinationPlugType" value="audio" /=
<parameter name="destinationPlugID" value="32" /=
</methodz=
</object=
=/mLANServerCommand=

Listing 6: Patch Disconnect XML Request
Disconnect — Server Response
If the disconnect is successful no response isrmetl) else an error response

document is returned providing a textual descriptbthe failure.

3.2.3 SetCurrentPlugLayout — Client Request

<?xml version="1.0" encoding="utf- 15" 7=
- «<mLANServerCommand version="1.0"=
- =object name="patch":=
- «<method name="setCurrentPlugLayout":
<parameter name="GUID" value="0013f00400000014" /=
<parameter name="plugLayoutID" value="1" /=
</method:=
</object=
</mLANServerCommand=

Listing 7: Patch SetCurrentPlugLayout XML Request

SetCurrentPlugLayout — Server Response
If setting the current Plug Layout is successfulregponse is returned, else an error

response document is returned providing a textestmption of the failure.

3.2.4 Syncsetup — Client Request
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<?7xml version="1.0" encoding="utf- 18" 7=
- <mLAMServerCommand version="1.0"=
- <object name="samplerate"=
- <method name="syncsetup"=
<parameter name="masterGUID" valu=="0013f00400400011" /=
<parameter name="masterWordClockOutputID" valus="0" /=
<parameter name="masterCurrentSyncSourcelID" value="1" /=
<parameter name="masterSampleRate" value="0000BBB0" /=
<parameter name="slave" value="NODE_GUID="0013f00400000014', WORD_CLOCK_ID="0" /=
</method=
</object=
</mLANServerCommand =

Listing 8: Patch Syncsetup XML Request

Syncsetup — Server Response

If the syncsetup is successful no response isnetiirelse an error response document
is returned providing a textual description of thiure.

3.2.5 ClearDanglingConnection — Client Request

<?xml wersion="1.0" encoding="utf-15" ?=
- =mLAMNServerCommand version="1.0"=
- <object name="patch":=
- «method name="clearDanglingConnection"=
<parameter name="GUID" valu=s="0013f00400400011" /=
<parameter name="direction" value="out" /=
<parameter name="plugID" value="15" /=
<parameter name="plugType" value="audio" /=
</method:=
</object=
</mLANServerCommand =

Listing 9: Patch ClearDanglingConnection XML Reques$

ClearDanglingConnection — Server Response

If clearing dangling connection is successful nspomse is returned, else an error

response document is returned providing a textestmption of the failure.

3.2.6 Pcplugs — Client Request
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<7uml version="1.0" encoding="utf-8" 7=
- <mLaNServerCommand version="1.0"=
- «object name="patch"=
- «method name="pcplugs"=
zparameter name="numAudioSourcePlugs" value="2" /=
zparameter name="numaAudiobDestinationPlugs" value="48" /=
zparameter name="numMidiSourcePlugs" value="8" />
sparameter name="numMidiDestinationPlugs" value="17" /=
< /method=
</object=
< /mLAMNServerCommand=

Listing 10: Patch Pcplugs XML Request

Pcplugs — Server Response
If setting pc plugs is successful no response isrmed, else an error response

document is returned providing a textual descriptbthe failure.

3.2.7 SetNickname — Client Request

=tuml version="1.0" encoding="UTF-8" 7=
- wmLAMNServerCommand version="1.0">
- <object name="control">
- «method name="setnickname"=
<parameter name="deviceGUID" value="0013f00400400011" />
<parameter name="nickname" value="I0ne Source Device" /=
</method:
=/object=
< /mLAMNServerCommandz

Listing 11: Patch SetNickname XML Request

SetNickname — Server Response
If setting the nickname is successful no resposseturned, else an error response

document is returned providing a textual descriptbthe failure.

3.2.8 Identify — Client Request
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<7uml version="1.0" encoding="UTF-8" 7=
- <mLaMNServerCommand version="1.0">
- <object name="patch">

- @method name="identify"=

zparameter name="GUID" value="0013f00400400011" /=
</method:=

</ohject=

</mLaMNServerCommand:

Listing 12: Patch Identify XML Request

Identify — Server Response
If identifying the device is successful no respoisseeturned, else an error response

document is returned providing a textual descriptibthe failure.

3.2.9 Refresh — Client Request
A client can request a refresh of topology inforiaratthrough the use of the refresh

request. No parameters are currently specifiethisrrequest.

- «mLANCommand version="1.0"»
- <object name="patch" namespace=""x»
zmethod name="refresh" /=
</object>
</mLANCommand:

Listing 13: Patch Refresh XML Request

The server refresh response contains a snapshbtitasfa subset of the devices on the
MLAN Network to which the server is connected. Térenat of this response is given

in Listing 14

Refresh — Server Response
The server refresh response contains a snapshttasfa subset of the devices on the
mLAN Network to which the server is connected. Tdrenat of this response is given

in Listing 14
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- «mLANCommandz
- zobject name="patch" namespace=
- «<method name="refresh"=
- zparameter name="configuration" value=
=mLANConfiguration /=
</parameters:
< /method=
=/object=
=/mLANCommandz

=

=

Listing 14: Patch Refresh XML Response

The value field contains a timestamp indicating wités document was generated by
the server. The mLANConfiguration element contairesdevice specific information
and is formatted as indicatedlirsting 15

<7uml version="1.0" encoding="UTF-8" standalone="no" 7>
- <mLANClientCammand:
- zobject name="patch">
- <method name="refresh"
- <parameter name="configuration" value="Tue Feb 27 11:10:43 2007">
- mLANConfiguration:
- <IEEE1394Networks
- <IEEE1394Bus bandwidthavailable="2756" bushame="3FF">
+ <IEEE1394Device GUID="0013f00400400011" firmware="DICE II OGT 0.1" model="DICE II Evaluation Board" nickname="I0ne Connects-left"
nicknamelsyvriteable="yes" numPossiblebeviceConnections="4" vendor="WaveFront"=
- <IEEE1394Device GUID="0013f00400000014" firmware="X1 OGT 070222" model="Firewire Digital Audio Snake" nickname="10ne Connects-right"
nicknamelsWriteable="yes" numPossibleDeviceConnections="3" vendor="I/One Connects">
- <mLANDevices
- emLaMDevicePlugss
<plug direction="out" id="66" izDangling="no" namelsWriteable="no" pluglame="Analog In 1" plugType="audio" /=
<plug direction="in" id="115" isDangling="no" namelsWWriteable="no" plugName="MIDI Out" plugType="midi" />
</mLaNDeviceRlugs>
- «<mLaMDevicePluglayouts currentPluglayoutlD="1" numPlugLayouts="3">
<pluglayout id="0" namelswriteable="no" pluglayoutName="tx1: 8 ADAT 8 AES. tx2: 16 Anal" />
<pluglayout id="1" namelsWriteable="no" plugLayouthame="tx1: 8 AES 8 Analog" />
<pluglayout id="2" namelsWwritzable="no" plugLayoutMame="tx1: 8 Analog" />
</mLANDevicePluglayoutss
- <mLAMDeviceSyncSources numsyncSources="4"»
<syncSource currentSampleRate="0000bb80" id="0" namelsWriteablz="no"
supportedSampleRates="00007d00|0000ac44|0000bb80| 00015888 |00017700]|0002b110|0002ee00]" synchode="1"
syncSourcelame="8YT" />
<syncSource currentSampleRate="0000bb80" id="2" namels\Writeable="no"
supportedsampleRates="00007d00]| 0000ac+4|0000bbB80|00015888]|00017700]|0002b110|0002ee00]" synckode="3"
syncSourceName="AES RX" />
</mLANDeviceSyncSourcess
- <mLaNDeviceWordClockOutputs numWordClockOutputs="1">
<wordClockOutput currentSyncSourcelD="0" id="0" masterGUID="0013f00400400011" masterWordClockOutputlD="0" />
</mLANDevicewordClockDutputs:
</mLANDevices
</IEEE1394Devices
</IEEE1394BLs>
</IEEE1394Metwork::
- <Connectionss
<Patch destEndPointLocator="NODE_GUID='0013f00400400011',MLAN_PLUG_ID="Audio In 1"
srcEndPointLocator="NODE_GUID="'0013f00400000014',MLAN_PLUG_ID="Audio Out 2" />
</Connectionss
<session end="2007-02-27 10:56:54" sessionlD="0" sessionMame="dummy" start="2007-02-27 10:56:54" />
</mLaHConfiguration:
</parameter>
</methods
</obiects

Listing 15: Configuration XML Document
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The IEEE1394Network shown ihisting 15 contains all of the IEEE1394Bus
elements, Connections and session elements. Tkere Separate IEEE1394Bus
element for every bus that is present on the né&twBach bus is identified by a
busName attribute, with the value of 3FF indicatiaterring to the local bus. Under
each bus element are zero or more devices repeesdayt the IEEE1394Device

element. Attributes of this element include:

* GUID - The GUID of this node
* currentSampleRate — The sample rate that this déwvicurrently utilising.
» currentSyncMode — The synchronisation modes thatsapported by this

device.

These are defined as indicatedable 1

Synchronisation Mode Value
No synchronisation supported 0
Only SYT synchronisation mode 1
supported

Only internal synchronisation supported 2
SYT and internal synchronisation 3
supported

masterGUID — The GUID of the master device that thévice is currently slaved to.

The value of “none” is utilised if the device istrmarrently a slave.

model — The model number of this device.

» vendor — The vendor of this device.

» supportedMasterSampleRates — A delimited list adterasample rates (in hex
format) that are supported by this device.

» supportedSlaveSampleRates — A delimited list ofeslsample rates (in hex

format) that are supported by this device.

The mLANDevice element indicates that the curremtick is an mLAN device and

contains an mLANTransporter Element. The mLANTramtgy Element is a
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container for a list of mLANDevicePlug elements,igthrepresent the plugs exposed
by the mLAN device. The attributes of the mLANDeRtug element includes:

» direction — This attribute indicates if this plugya source or destination plug.

* plugName — A textual name that is currently assigioethis plug. This textual
name is typically displayed to an end user.

* plugType — This attribute specifies the type ofgphinat is being defined.

Currently defined types include audio and midi.

The Connections element specifies the connectluatsatre currently present between
devices on the network. An individual connectiorrapresented by a patch element

which defines the following attributes:

» destEndPointLocator — The destination of data pgsaa this connection

+ srcEndPointLocator — The source of data for thimeation.

The attributes of the destEndPointLocator and si€®imtLocator are specified using
a comma delimited list. For example: NODE_GUID="djyi
MLAN_PLUG_ID="textual plug name” The session elerhencurrently not utilised,
but is in place to facilitate the management oktibased sessions with the automatic

allocation of devices within these sessions.

3.3 SampleRate Object

The SampleRate object provides for the settingaoffde rates on targeted devices as
well as allowing clients to setup master and sldeeice relationships. For this

purpose the following methods have been defined:

+ setGlobalMasterRate

+ syncsetup

3.3.1 setGlobalMasterRate — Client Request
The setGlobalMasterRate document is illustratedveeh Listing 16
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<7uml wersion="1.0" encoding="utf-8" 7=
- =mLANServerCammand version="1.0"=
- <object name="samplerate"=
- zmethod name="setGlobalMasterRate":=
<parameter name="masterGUID" value="0013f004007ff" /=
<parameter name="masterSampleRate" value="0000AC44" /=
</method=
</objects
< /mLamMServerCommandz

Listing 16: Patch setGlobalMasterRate XML Response

The server will slave all devices to the devicecdp within the masterGUID

attribute and at the rate specified within mastendaRate.

3.3.2 setGlobalMasterRate — Server Response

No response is currently defined.

3.4 Notify — Server Response

The notify method is intended to notify a clieneusf a failed server request, an
example of which is illustrated ihisting 17 The only defined parameter is the

description parameter, which provides the errorsags in its value attribute.

- =mLANCommandz:
- «object name="error"' namespace="">
- «method name="notify">
<parameter name="description" value="Logon failed due to invalid username or password" />
</methodsz
</objects
=/mLANCommands=

Listing 17: Error Notify Response
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APPENDIX C: Usability Documentations

C1 User Test Profile Form

1. USER IDENTIFICATION INFORMATION

User Age:

Indicate with an X in the correct column

<18

18-30 31-40 40-50 51<

User Occupation:

Gender:

Indicate with an X in the correct column

Male Female

2. USER EXPERIENCE AND PREVIOUS KNOWLEDGE

2.1. Highest education

Please mark with an X in the correct column.

Tertiary (university)

Trade (apprenticeship)

Secondary (high school)

Primary

No formal education

2.2. Length of time in current position

Please mark with an X in the correct column.

Less than 6 months

6 months — 1 year

1-2years

Over 2 years

other
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2.3. Length of time with this organization

Please mark with an X in the correct column.
Less than 6 months

6 months — 1 year

1-2years

Over 2 years

other

2.4 Computer usage

Please mark with an X in the correct column.

This section determines how often you use a compstestem.

Experience: <1 month 1-6 months 6 months- Over 2 years
2 years

Frequency:

Daily

Weekly

Monthly

Never

2.5. PC Features

PC Type:

Memory Size:

Processor
Speed:

HDD Size:

Network
Connection
Speed:

Please specify the type of patchbay you are usi

Grid-Based Graphic- Other

Patchbay Based

Type:

If you chose “other” specify the type of
patchbay you are familiar with:

ng.
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2.6. Learning Cycle

Please mark with an X in the correct column.
This section evaluates how you learnt using the ¢tdiay software
you specified in section 2.5.

Trail and error

Follow documentation

Follow documentdion
and Trail and error

2.7. Notes

3. WHAT THE USER DOES

3.1. Duties

1.

245



C2 Usability Testing Questionnaire

Please tick on the appropriate square for each s@ite feature
attribute.

1. CONSISTENCY

Allocated Scoresfor each software |0|1(2(3|4|5|6[7 (8|9
feature attribute evaluated

Testing Question Feature Feature
Attribute Attribute

1. The naming is Strongly Strongly

consistent across disagree agree

displays and menu
options of the
<<application name>>7

2. The labels are located Strongly Strongly
at consistent location on disagree agree
screens of the
<<application name>>7
3. The wording used is Strongly Strongly
consistent with user disagree agree
guidance provided?
4. The grouping of Strongly Strongly
menu options is logicalp disagree agree
5. The ordering of men Strongly Strongly
options is logical? T disagree agree

2. LEARNABILITY
Allocated Scores for each software 0| 1| 2| 3| 4/ 5/ 6| 7| 8 9
feature attribute evaluated
Testing Question Feature Attribute Feature

Attribute

1. Learning to operate Strongly disagree Strongly agree
the <<application
name>> system is
easy?
2. Remembering Strongly disagree Strongly agree
names and use of
commands within the
<<application name>>
System is not
challenging?
3. Performing tasks is Strongly disagree Strongly agree
straightforward?
4. Supplemental Strongly disagree Strongly agree
reference materials arg
useful?
5. Command names Strongly disagree Strongly agree
are meaningful?
6. The <<application Strongly disagree Strongly agree
name>> require a
steep learning curve?
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3. TERMINOLOGY, USER GUIDANCE AND SYSTEM INFORMATIO N

Allocated Scores for each software feature| 0| 1| 2| 3| 4| 5| 6| 7| 8 9

attribute evaluated

Testing Question Feature Attribute Feature
Attribute

1. Is the terminology Strongly disagreg Strongly agree

used in the system related

to task?

3. System feedback: How Strongly disagree Strongly agree

helpful are error

messages?

4. Does the <<application Strongly disagres Strongly agree

name>> provide

CANCEL option?

5.1s HELP provided? Strongly disagré Strongly agree

6. Is completion of Strongly disagree Strongly agree

processing indicated?

7. Are error messages no Strongly disagree Strongly agree

disruptive/ informative?

4. SCREEN

Allocated Scores for each software feature | O] 1| 2| 3| 4| 5| 6 7| 8 9

attribute evaluated

Testing Question Feature Attribute Feature
Attribute

1. Reading characters on Strongly disagree Strongly agree

the screen is easy?

2. Organization of Strongly disagree Strongly agree

Information is logical and

standard?

3. Position of messages on  Strongly disagreg Strongly agree

screen.
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5. FLEXIBILITY

Allocated Scores for each software feature | O] 1| 2| 3| 4| 5| 6 7| 8 9

attribute evaluated

Testing Question Feature Attribute Feature
Attribute

1. Does the <<application Strongly disagree Strongly

name>> have direct agree

manipulation capability?

2. Are the menu options Strongly disagree Strongly

dependent on context? agree

3. Can the user display Strongly disagree Strongly

elements according to thejir agree

needs?

4. Are users allowed to Strongly disagres Strongly

customize windows? agree

5. Can users assign Strongly disagree Strongly

command names? agree

6. Does the system provide  Strongly disagreg Strongly

zooming for display agree

expansion?

6. MINIMAL ACTION

Allocated Scores for each software feature | O 1| 2| 3| 4| 5| 6| 7| 8| 9
attribute evaluated

Testing Question Feature Attribute Feature
Attribute

1. Does the <<application Strongly disagree Strongly agree

name>> provide default

values?

2. Does <<application Strongly disagree Strongly agree

name>> provide function
keys for frequent control
entries?

3. Is the menu selection by Strongly disagree Strongly agree
pointing? primary
Means of sequence
control?

4. Does the <<application Strongly disagree Strongly agree
name>> require minimal
cursor positioning?
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7. PERCEPTUAL LIMITATION

Allocated Scores for each software 0

feature attribute evaluated

Testing Question Feature Attribute Feature

Attribute

1.1s the cursor Strongly disagree Strongly agree
distinctive?

2. Are display elements Strongly disagree Strongly agree
distinctive?

3. Does it provide Strongly disagree Strongly agree
easily distinguished

colours?

4. |s the active window Strongly disagree Strongly agree
indicated?

5. Are menus distinct Strongly disagree Strongly agree
from other displayed

information?

6. Are groups of Strongly disagree Strongly agree
information

demarcated?

7.1s the screen density Strongly disagree Strongly agree
reasonable?

8. SYSTEM CAPABILITIES
Allocated Scores for each software feature g
attribute evaluated
Testing Question Feature Attribute Feature
Attribute

1. System speed is good Strongly disagree Strongly agree
enough

2. System reliability is Strongly disagree Strongly agree

good enough
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9. OVERALL REATION TO THE SOFTWARE:

Product Reaction Cards (Microsoft Wording Scads)

Please tick on the appropriate square for each KeWord that best describes the
overall software. The user can select as many Keydktls as possible.

CJAccessible [Desirable OGets in the way | CPatronizing O stressful
ClAppealing ClEasytouse | [dHard to use ClPersonal O Time-consuming
L Attractive LEfficient CIHigh quality LlPredictable LI Time-saving
CIBusy CJEmpowering Clinconsistent [Relevant CJToo technical
[IcCollaborative L1Exciting Lintimidating [IReliable L Trustworthy
[1Complex LlFamiliar Cinviting LIRigid [1Uncontrollable
[JComprehensive LlFast [IMotivating L1simplistic CJunconventional
[JConfusing LIFlexible [INot valuable L1Slow LJUnpredictable
[JConnected LIFresh [Jorganized [Jsophisticated | [JUsable
[IConsistent LIFrustrating []Overbearing []stimulating Cluseful
[JCustomizable OFun Loverwhelming | CStraight Forward| [Vvaluable
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C3 Heuristic Evaluation Checklist Form

1. Visibility of System Status

The system should always keep user informed aboat istgoing on, through appropriate feedback wi
thin reasonable time.

# Review Checklist Yes No N/A | Comments
11 Does every display begin with a title or 000

' header that describes screen contents?,
12 Is there a consistent icon design schemge 000

' and stylistic treatment across the system?
13 Is a single, selected icon clearly visible 000

when surrounded by unselected icons?
Do menu instructions, prompts, and error
1.4 messages appear in the same place(s)on O OO
each menu?

In multipage data entry screens, is each
15 page labelled to show its relation to 000
others?

If overtype and insert mode are both
1.6 available, is there a visible indication of 00O
which one the user is in?

If pop-up windows are used to display
1.7 error messages, do they allow the user to 00O
see the field in error?
Is there some form of system feedback ffor
every operator action?

After the user completes an action (or
group of actions), does the feedback
indicate that the next group of actions can
be started?

Is there visual feedback in menus or
1.10 | dialog boxes about which choices are 000
selectable?

Is there visual feedback in menus or
1.11 | dialog boxes about which choice the 00O
cursor is on now?

If multiple options can be selected in a
menu or dialog box, is there visual
feedback about which options are already
selected?
Is there visual feedback when objects are
selected or moved?

Is the current status of an icon clearly
indicated?

1.8 000

1.9 00O

1.12

1.13

1.14

2. Match Between System and the Real World
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The system should speak the user’s language, witlsyphrases and concepts familiar to the user,
rather than system-oriented terms. Follow real-@vodnventions, making information appear in a
natural and logical order.

# Review Checklist Yes No N/A Comments
21 Arellpons concrete and 000
familiar?

Are menu choices

ordered in the most
2.2 logical way, given the 000
user, the item names,
and the task variables?

If there is a natural
seguence to menu
choices, has it been
used?

2.3 000

Do related and
interdependent fields
appear on the same
screen?

2.4 000

If shape is used as a
visual cue, does it
match cultural
conventions?

2.5 000

Do the selected colour
correspond to commor
expectations about
colour codes?

UJ

2.6 00O

When prompts imply a
necessary action, are
2.7 the words in the 00O
message consistent
with that action?

Do keystroke
references in prompts
match actual key
names?

2.8 000

On data entry screens,
29 are t_asks descrlt_)_ed in 000
terminology familiar to

users?

Are field-level prompts
2.10 provided for data entry
screens?

For question and
answer interfaces, are
questions stated in
clear, simple languagep

211 000

Do menu choices fit
logically into
2.12 categories that have 000
readily understood
meanings?

Are menu titles paralle

213 grammatically?

000
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3. User Control and Freedom

Users should be free to select and sequence takks @ppropriate), rather than having the system do
this for them. Users often choose system functipnsiistake and will need a clearly marked
"emergency exit" to leave the unwanted state withawing to go through an extended dialogue. Users
should make their own decisions (with clear infotiond regarding the costs of exiting current work.
The system should support undo and redo.

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

3.11

3.12

3.13

3.14

3.15

Review Checklist

If setting up windows is a low-frequency tasktis i
particularly easy to remember?

In systems that use overlapping windows, is it dasusers
to rearrange windows on the screen?

In systems that use overlapping windows, is it dasusers
to switch between windows?

When a user's task is complete, does the systehfavai
signal from the user before processing?

Can users type-ahead in a system with mangdhestnus?

Are users prompted to confirm commands that hassetids,
destructive consequences?

Is there an "undo" function at the level of a singttion, a
data entry, and a complete group of actions?

Can users cancel out of operations in progress?
Are character edits allowed in commands?

Can users reduce data entry time by copying andfymogl
existing data?

Are character edits allowed in data entryd@l

If menu lists are long (more than seven items), 1S
select an item either by moving the cursor or Ipjiritg a
mnemonic code?

If the system uses a pointing device, do users tieveption
of either clicking on menu items or using a keyloar
shortcut?

Are menus broad (many items on a menu) ratherdieep
(many menu levels)?

If the system has multiple menu levels, is thengeghanism
that allows users to go back to previous menus?

Yes No

N/A Comments

000

000

000

000

00O

000

000

00O

00O

000

000

000

000

000

000
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4. Consistency and Standards

Users should not have to wonder whether differemts, situations, or actions mean the same thing.
Follow platform conventions.

# Review Checklist Yes No Comments
N/A

Have industry or company formatting standards been

4.1 : ! . (oXoXe)
followed consistently in all screens within a syste

42 Has_ a heavy use of all uppercase letters on arsbesn 000
avoided?

4.3 Do abbreviations not include punctuation? 000

a4 Are integers right-justified and real numbers dexdim 000
aligned?

4.5  Areicons labelled? (OXoX0)

4.6  Are there no more than twelve to twenty icqres? (ONONO)

4.7  Are there salient visual cues to identify théve window? 00O

4.8  Does each window have a title? 000

49 Are vertical and horizontal scrolling possible ach 000
window?

4.10 Does the menu structure match the task stefctu 00O

Have industry or company standards been establisined
4.11 menu design, and are they applied consistentlyilonesu 00O
screens in the system?

4,12 Are menu choice lists presented vertically? oo

413 If "exit" is a menu choice, does it always appdaha 000
bottom of the list?

4.14  Are menu titles either cantered or left-just® 00O

415 Are menu items Ieft-Just|f|ed, with the item numiwer 000
mnemonic preceding the name?

416 I_Do embedded field-level prompts appear to the rigltihe 000
field label?

417 Do on-line instructions appear in a consistenttiocaacross 000
screens?

4.18 Are field labels and fields distinguished tgpaphically? 000

419 Are field labels consistent from one data entrgsaorto 000
another?

# Review Checklist Yes No Comments
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4.20

4.21

4.22

4.23

4.24

4.25

4.26

4.27

4.28

4.28

4.30

431

4.32

4.33

4.34

4.35

4.36

4.43

Do field labels appear to the left of single fiewsd above
list fields?

Are attention-getting techniques used witle®@ar
Intensity: two levels only

Size: up to four sizes

Font: up to three

Blink: two to four hertz

Colour: up to four (additional colours for occasabnse
only)

Are there no more than four to seven colours, aadrey
far apart along the visible spectrum?

Is a legend provided if colour codes are numerousb
obvious in meaning?

Have pairings of high-chroma, spectrally extremiees
been avoided?

Are saturated blues avoided for text or other sniailh line
symbols?

Is the most important information placed at theitigg of
the prompt?

Are user actions named consistently across all ptein the
system?

Are system objects named consistently across athpts in
the system?

Do field-level prompts provide more information tha
restatement of the field name?

Are menu choice names consistent, both within eaehu
and across the system, in grammatical style amairietogy?

Does the structure of menu choice names match their
corresponding menu titles?

Do abbreviations follow a simple primary rule aiid,
necessary, a simple secondary rule for abbreviatioat
otherwise would be duplicates?

N/A

000

00O

00O

00O

000

000

000

00O

000

000

000

000

000

000

000

000

000

000
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5. Help Users Recognize, Diagnose, and Recover Fréhrors

Error messages should be expressed in plain landbsg€ODES).

51

5.2

53

54

5.5

5.6

5.7

5.8

5.9

5.10

511

5.12

5.13

514

5.15

5.16

5.17

5.18

5.19

Review Checklist

Is sound used to signal an error?

Are prompts stated constructively, without overiroplied
criticism of the user?

Do prompts imply that the user is in control?
Are prompts brief and unambiguous?

Are error messages worded so that the systemheatser,
takes the blame?

If humorous error messages are used, are they @i
and inoffensive to the user population?

Are error messages grammatically correct?

Do error messages avoid the use of exclamptioris?

Do error messages avoid the use of violenbstile words?
Do error messages avoid an anthropomorph&?ton

Do all error messages in the system use consistent
grammatical style, form, terminology, and abbrawviat?

Do messages place users in control of thersyst

If an error is detected in a data entry field, dibessystem
place the cursor in that field or highlight theos®

Do error messages inform the user of the 'srsewverity?
Do error messages suggest the cause of thiepr®

Do error messages provide appropriate semantic
information?

Do error messages provide appropriate syntactic
information?

Do error messages indicate what action the uselsrteetake
to correct the error?

If the system supports both novice and expert usees
multiple levels of error-message detail available?

6. Error Prevention

Yes No

N/A Comments

000

000

o

00O

000

000

00O

00O

00O

00O

000

000

000

00O

000

000

000

000

000

256



Even better than good error messages is a caredigrderhich prevents a problem from occurring in
the first place.

# Review Checklist Yes No Comments
N/A
6.1 If the database includes groups of data, can esd¢es more 000

than one group on a single screen?
6.2  Have dots or underscores been used to indieiddength? 00O

Is the menu choice name on a higher-level menu as¢de

6.3 menu title of the lower-level menu? 000

6.4 Are menu choices logical, distinctive, and mutually 000
exclusive?

6.5 Are data inputs case-blind whenever possible? (ON ()]
If the system displays multiple windows, is navigat

6.6 . d o 00O
between windows simple and visible?

6.7 Are the function keys that can cause the most sgrio 000

consequences in hard-to-reach positions?

Are the function keys that can cause the most sgrio
6.8 consequences located far away from low-consequamte 000
high-use keys?

6.9 Has the use of qualifier keys been minimized? (0N0)

6.10 If the system uses qualifier keys, are they usedistently 000
throughout the system?

6.11 Does_ the system prevent users from making erroeneser 000
possible?

6.12 Does t_he systc_am warn users if they are about teraak 000
potentially serious error?

6.13 Does the system intelligently interpret variatiamsiser 000
commands?
Do data entry screens and dialog boxes indicatauheer

6.14 . ) . 00O
of character spaces available in a field?

6.15 Do fields in data entry screens and dialog boxesaio 000

default values when appropriate?
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7. Recognition Rather Than Recall

Make objects, actions, and options visible. The gkeuld not have to remember information from one
part of the dialogue to another. Instructions fee of the system should be visible or easily reditide
whenever appropriate.

Yes No

N/A Comments

# Review Checklist

For question and answer interfaces, are visual anésvhite
7.1  space used to distinguish questions, prompts uictsbtns, 00O
and user input?

Does the data display start in the upper-left coofi¢he

7.2 (oXoXe)
screen?

73 Are .mult|word field labels placed horizontally (retacked 000
vertically)?

74 Are all d_ata a user needs on display at each stap i 000
transaction sequence?
Are prompts, cues, and messages placed where¢he ey

75 ; (OXoX0)
likely to be looking on the screen?
Have prompts been formatted using white space,

76 o . ! 00O
justification, and visual cues for easy scanning?

7.7 Do text areas have "breathing space" aroundhe 00O

Is there an obvious visual distinction made betwehioose
7.8 " " " 000
one" menu and "choose many" menus?

Have spatial relationships between soft functioysk@n-

7.9 screen cues) and keyboard function keys been paster 000

710 Does the system gray out or delete labels of ctlyren 000
inactive soft function keys?

711 Is white space us_ed tg create symmetry and leaelyhén 000
the appropriate direction?

712 Have items been grouped into logical zones, ané hav 000

headings been used to distinguish between zones?

713 Are zones no more thaq twelve to fourteen charaetate 000
and six to seven lines high?

Have zones been separated by spaces, lines, cleltters,

714 bold titles, rules lines, or shaded areas? 000

715 Are field labels close to fields, but separatedbleast one 000
space?

716 Are long columnar fields broken up into groupsigéf 000

separated by a blank line?
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8. Flexibility and Minimalist Design

Accelerators-unseen by the novice user-may ofterdpp the interaction for the expert user such tha
the system can cater to both inexperienced andiexyged users. Allow users to tailor frequent
actions. Provide alternative means of access aexhtipn for users who differ from the "average"ruse
(e.g., physical or cognitive ability, culture, larage, etc.)

# Review Checklist Yes No N/A Comments

If the system supports
both novice and expert
8.1 users, are multiple 000
levels of error message
detail available?

Does the system allow
novices to use a

8.2 keyword grammar and 000
experts to use a
positional grammar?

Can users define their
8.3 own synonyms for 000
commands?

Does the system allow
novice users to enter
the simplest, most

8.4 common form of each 00O
command, and allow
expert users to add
parameters?

Do expert users have
the option of entering

8.5 . - 00O
multiple commands in
a single string?
Does the system

8.6 provide function keys 000

for high-frequency
commands?

For data entry screens
with many fields or in
which source

8.7 documents may be 000
incomplete, can users
save a partially filled
screen?

Does the system
8.8 automatically enter 000
leading zeros?

If menu lists are short
(seven items or fewer)

8.9 - 00O
can users select an item
by moving the cursor?
If the system uses a

8.10 type-ahead strategy, dp 000

the menu items have
mnemonic codes?
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9. Aesthetic and Minimalist Design

Dialogues should not contain information whichriglievant or rarely needed. Every extra unit of
information in a dialogue competes with the reldéwanits of information and diminishes their relativ
visibility.

# Review Checklist Yes No Comments
N/A
91 Is_ only (and all) information essential to decisinaking 000
displayed on the screen?
9.2 Areallicons in a set visually and conceptudibtinct? 000
93 H_a\{e Iarge .obJects, bold lines, and simple areas bsed to 000
distinguish icons?
9.4  Does each icon stand out from its background? (0N (V)]

If the system uses a standard GUI interface whemeum

9.5 sequence has already been specified, do menusadhbe 00O
specification whenever possible?

9.6  Are meaningful groups of items separated byevdpace? 00O

Does each data entry screen have a short, sinipée, c

97 distinctive title? 000

9.8  Are field labels brief, familiar, and descrijg? 00O

9.9 Arg prompts expressed in the affirmative, and @y thse the 000
active voice?

9.10 Is_ each lower-level menu choice associated witly onk 000
higher level menu?

9.11 Are menu titles brief, yet long enough to caminate? 000

912 Are there pop-up or pull-down menus within daterefields 000

that have many, but well-defined, entry options?
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10. Help and Documentation

Even though it is better if the system can be usétbwt documentation, it may be necessary to
provide help and documentation. Any such infornrabould be easy to search, focused on the user’'s
task, list concrete steps to be carried out, atdadoo large.

# Review Checklist Yes No Comments
N/A
If users are working from hard copy, are the pafthe hard
10.1 . 00O
copy that go on-line marked?
10.2  Are on-line instructions visually distinct? ao
10.3 Do the instructions follow the sequence of astions? 000
10.4 If menu choices are ambiguous, does the systenidarov 000
' additional explanatory information when an itensésected?
Are data entry screens and dialog boxes suppoyted b
10.5 o - . 000
navigation and completion instructions?
10.6 If menu items are ambiguous, does the system peovid 000
' additional explanatory information when an itensésected?
Are there memory aids for commands, either thraughine
10.7 . . 000
quick reference or prompting?
10.8 Is the help function visible; for example, a kelpdded 000

HELP or a special menu?
Is the help system interface (navigation, presemtaand

10.9 conversation) consistent with the navigation, pmésén, 000
and conversation interfaces of the applicationip®orts?

10.10 Navigation: Is information easy to find? apo

10.11 Presentation: Is the visual layout well desdy 000

Conversation: Is the information accurate, complete

10.12 understandable? 000
10.13 Is the information relevant? 000
10.14 Goal-oriented (What can | do with this progpa 000
10.15 Descriptive (What is this thing for?) 000
10.16 Procedural (How do I do this task?) 000
10.17 Interpretive (Why did that happen?) (ONONO)
10.18 Navigational (Where am 1?) 00O
10.19 s there context-sensitive help? 000
10.20 Can the user change the level of detail alviaiP 000
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11. Skills

The system should support, extend, supplement,t@mee the user’s skills, background knowledge,
and expertise ----not replace them.

# Review Checklist Yes No Comments
N/A
111 _Can users choose between iconic and text display of 000
information?
11.2  Are window operations easy to learn and use? (OX (V)]

If users are experts, usage is frequent, or themsykas a
11.3 slow response time, are there fewer screens (more 00O
information per screen)?

If users are novices, usage is infrequent, orystem has a
11.4 fast response time, are there more screens (lfiesmition 00O
per screen)?

Does the system automatically colour-code item#) litle

11.5 or no user effort? 000
If the system supports both novice and expert usees

11.6 . . . 00O
multiple levels of detail available.

11.7  Are users the initiators of actions rathenttiee responders? 000

11.8  Does the system perform data translationaders? 000

11.9 Do field values _av0|d mixing alpha and numeric elcaers 000
whenever possible?

11.10 If the system has deep (multilevel) menus, do usave the 000
option of typing ahead?

11.12 When the user enters a screen or dialog box, isttsor 000

' already positioned in the field users are mostyike need?

11.13 Can users move forward and backward wittiiel@? 00O
Is the method for moving the cursor to the nexpravious

11.14 " feld both simple and visible? 000

11.15 Has auto-tabbing been av9|ded except when fields figed 000
lengths or users are experienced?

11.16 Do the selected input device(s) match ugmalihties? 000

11.17 Are cursor keys arranged in either an invertedeb{lfor 000

experts) or a cross configuration (best for noyizes

12. Pleasurable and Respectful Interaction with thé&ser
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The user’s interactions with the system should ecddme quality of her or his work-life. The user
should be treated with respect. The design shaailakisthetically pleasing- with artistic as well as
functional value.

121

12.2

12.3

12.4

125

12.6

12.7

12.8

12.9

12.13

12.14

12.15

12.16

12.17

Review Checklist

Is each individual icon a harmonious member ofnailfaof
icons?

Has excessive detail in icon design been adaid
Has colour been used with discretion?

Has the amount of required window housekeeping keph
to a minimum?

If users are working from hard copy, does the sttagout
match the paper form?

Has colour been used specifically to draw attention
communicate organization, indicate status charayes,
establish relationships?

Can users turn off automatic colour codingei€essary?

Are typing requirements minimal for question andvaer
interfaces?

Do the selected input device(s) match environmental
constraints?

If the system uses multiple input devices, has lantteye
movement between input devices been minimized?

If the system supports graphical tasks, has amalige
pointing device been provided?

Is the numeric keypad located to the right of tipha key
area?

Are the most frequently used function keys in thestn
accessible positions?

Does the system complete unambiguous partial iopa
data entry field?

Yes No

N/A Comments

00O

00O

000

00O

00O

00O

00O

00O

00O

00O

00O

00O

00O

00O
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13. Privacy

The system should help the user to protect perswmaivate information- belonging to the user a th
his/her clients

# Review Checklist Yes No Comments
N/A
13.1 Are protected areas completely inaccessible? oW
13.2 Can protected or confidential areas be accessédoaitain 000
passwords?
13.3 s this feature effective and successful? (0@
System Title: Release #:
Evaluator: Date:

264



C4 Hospitality/Convention Centre Paper Prototype

Questions

a) Establishing An Audio Connection
I. Connect the computer in the Receptrometo a speaker in the

Loungezoneand to a speaker in the Rooraghe

b) Rearranging Hotel Zone Devices
ii. Place the “CD player” at the bottom-left cornetlué Reception
zone

iii. Place the Computer at the centre of the Recepboe

c) Rearranging Hotel Zones

iv. Replace Room 2oneby Room 1zone

d) Rearranging Hotel Zones

v. Replace Room 2oneby Room &one

e) Making An Audio Disconnection

I. Disconnect the speaker in the Lourzgme
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