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Abstract

Mobile  devices  have  become  ubiquitous,  and  are  becoming  replacements  for  personal 

computers as well. This brings many opportunities for software developers who want to fulfill the 

demands  of  productivity  software  on  these  new  interfaces,  particularly  tablets.  In  this  paper,  we 

examine the advantages and disadvantages of the tablet, and document the software engineering and 

design  of  a  mobile  application  for  music  notation,  Symphony  Pro.  The  two high-level  aspects  of 

developing  a  large-scale  application  are  user  interface  design  and  software  design.  User  interface 

design deals with a user-centric perspective, to allow ordinary humans to interface with the application 

smoothly,  whereas  software  design  deals  with  helping  developers  manage  complexity  in 

implementation.  



1. Background & Motivation

In this paper, we will discuss and analyze the process of developing an application that 

took place for over two years. We will focus on development for an emerging platform – mobile, 

which has grown tremendously. These devices are primarily smartphones and tablets. The tablet, 

in  particular,  is  likely  to  become  a  common  replacement  for  traditional  computers  (PCs), 

including laptops and netbooks, since they are more portable and have a larger screen space than 

other mobile devices. This is supported by consumer research. While in 2008, only 9% of all 

computer  sales  were  tablets,  they  are  expected  to  reach  a  quarter  market  share  by  2015, 

overtaking both netbook and desktop sales [1].

Therefore, tablets have become an attractive topic for us, in both software development 

and general analysis.  This new platform brought new opportunities. Existing software cannot 

move to mobile easily since they are designed for mouse & keyboard interfaces and rely on older 

libraries. Therefore, the mobile market remains an open field for new software development. 

However, there are personal motivations to creating new software as well, not just profit. 

This holds true for most independent software development.  Paul Graham, an investor who has 

had seven years  of  experience  working closely with  startup founders,  and a  startup founder 

himself,  explains  the  importance  of  personal  value in  creating  software  in  “Organic  Startup 

Ideas” [2]: 

“The most  successful  startups seem to be closer to  the  Apple type than the Viaweb  

type.  When he was writing that first  Basic interpreter for the Altair,  Bill  Gates was  

writing something he would use, as were Larry and Sergey when they wrote the first  

versions of Google.”

If developers aren't writing software that they value, there would be no personal motivation left. 

Therefore, such a perspective is an important consideration when investing time into a software 

startup.

Past Programming & Software Development Experiences: a Personal Perspective

 In 2008, I began working on a web-based Java application that uses music notation to 

compose.  This  preceded the mobile  version  of  the application.  My musical  background and 

hobby of working with desktop music notation software, specifically Finale, inspired me to work 

on something that was like Finale for the web. Many Internet users are no longer wanting to 

download a file onto their computer to run an interactive application, which is why web apps are 

growing in popularity.

Creating a music notation tool proved to be a challenge. A few of the tough questions 

were how musical elements should be represented as data structures, how to manage changes to 

these  data  structures  during  editing,  designing a  layout  algorithm that  cleanly  displayed the 

musical score, creating a program that was responsive and fast, and designing the user interface.
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In  object  oriented  programming,  flow of  control is  a  software  design  problem about 

having objects pass knowledge to others in an organized manner. In terms of programming, it is a 

problem hard to design but easy to implement, once the design scheme is figured out. This was a 

common problem that occurred through creating a music notation program. For instance, when 

the user clicks on a measure inside a score display, what should happen? Having a clean flow of 

control depends on dividing the representations of data so that the functions transforming the 

data are divided semantically as well. Controlling the editing and layout of the score was a flow-

of-control problem. 

The learning experience from tackling these problems contributes to the motivation of 

this paper. There are numerous other concerns in application design. While flow of control was a 

high level problem, there were of course  low level problems, mainly dealing with algorithms. 

One example of an algorithm is the subprogram in a music notation application that aligns notes 

falling on the same beat across a staff. Algorithms are a more detail oriented concern than flow-

of-control,  which is  more abstract.  While flow-of-control is considered “Programming in the 

Large” (PITL), creating an algorithm is considered “Programming in the Small” (PITS). 

Over  the course  of  my experience  doing application development,  I  realized  that  the 

fundamentally hard problems are algorithms. For example, when designing an application that 

does  visual  search,  once  there  is  a  solid  function  that  takes  two  images  and  defines  their 

similarity quickly and accurately, creating an application out of it is relatively trivial. Google's 

business model focuses on delivering highly accurate keyword matching across webpages. This 

appears to be simple, but since 1997 until now, the company has maintained a better search 

algorithm  than  competitors,  which  best  explains  their  dominance.  Algorithms  are  also 

mathematically rigorous. Fortunately, the work involved in creating a music notation application 

didn't rely on algorithms that were very complex.

After continuing to work on the web-based notation app, what resulted in a few months 

was a prototype that can let users write basic notation with multiple parts. It also played back the 

composition using a MIDI interface provided by Java API. It had the basics,  but there were 

numerous essentials missing, including a refined user interface.

Regardless of how incomplete the web-based notation tool was, it was a solid first step. A 

tremendous amount was learned about application design. This side project was also a lead into 

developing the same application on a completely different platform - the Apple iPhone. Several 

motivations for switching platforms were the growing popularity of the mobile market, the lack 

of competitors in the music composition area, and the ability to start fresh.

It took a few months to get a sellable version finished for this platform, and it would be a 

more serious endeavor than the web-based Java app. However, it was clear we needed to fix 

usability based on the reviews that followed. A classmate who had design experience  would later  

become part of the development team, and we spent time making the iPhone app - “Symphony” - 

more useful by simplifying the layout and addressing the interface difficulties people had. The 

inputs to the score were also more responsive,  so selecting and repositioning notes were no 

longer a headache. We promoted this better-designed app by releasing it for free over the winter 

holiday, gathering thousands of downloads and much better reviews.
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 A single interface change yielded much better responses from users. Incidentally, this is 

also what software A/B Testing tries to accomplish. This test tries to evolve a better interface as 

opposed to better functionality, in order to get improved responses from users.

After the iPad was released early 2010, we wanted to create a music notation app for this 

new device. We were confident our work in the app could evolve into a more complete notation 

software; the iPad would actually allow the app to scale into a complete editor, since its size was 

large enough to fit an entire music score. Whereas the iPhone is too small for users to create 

professional quality scores, the iPad allowed this to be entirely possible. Also, as argued earlier, 

tablets  would  become likely  replacements  for  existing  personal  computers,  and  we  saw the 

potential even when it was just announced.

2. Objective

This paper will discuss and analyze the development of a large-scale application for a 

tablet device. In doing so, we can document the process and software design involved. Our main 

goal is to reach conclusions on good practices of software development, some pitfalls to avoid, 

and  the  advantages  and  disadvantages  of  mobile  devices.  Some  examples  of  what  we  will 

analyze are design, reliability, testing, development on emerging platforms, and marketing. 

3. Introduction

The  focus  of  this  paper  is  an  application  for  music  notation  and  composition  called 

Symphony Pro (SP). It is designed for the iPad, a tablet that is currently the most popular in its  

class. The application has been in development for over a year, released for sale in January 2011. 

Its  predecessor is  an iPhone app called Symphony. The announcement of the new iPad was 

exciting particularly because its screen size could display sheet music as it truly appears. We 

wanted to take all we can from the development done on Symphony and build a fully-featured 

notation application for this promising new device. 

4. Taking the Perspective of the User

We will  first  discuss  the  tablet  interface  and  how  it  is  relevant  to  Symphony  Pro's 

interface  design.  This  provides  the  perspective  of  the  users.  Subsequently,  we  will  discuss 

software design in terms of patterns and algorithms, which provides the perspective of a software 

developer.  

Advantages of Tablets and Touch-screen Interfaces

The  choice  of  platform  was  what  set  Symphony  Pro  apart  from  similar,  existing 

applications. The tablet medium allows Symphony Pro users to compose and store music when 

they are traveling or away from their workstation. Granted, laptops are also able to perform this 
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task while running traditional notation software, but the iPad weighs only 1.5 pounds, several 

times lighter than notebooks or even netbooks. It is also thin, and is more easily carried than any 

personal computer. The touch screen interface offers a completely new way to compose, which 

adds novelty value: consumers are always seeking to catch new trends. To complement this, the 

consistent success of the iPad has removed all doubt that the tablet is a technology that would 

fade – in fact the case is opposite. It has likely established a new trend where mobile devices will 

overtake traditional personal computers.

 At the same time, traditional operating systems are reacting, which shows that mobile 

interfaces are influencing traditional ones: Apple's OS X has been adopting UI behaviors similar 

to those that were originally in iOS. Microsoft's upcoming Windows 8 offers a new desktop 

interface that caters to tablets, where app icons are much more prominent. This simpler interface 

is not unlike the Home Screen found in Apple's iOS. 

Symphony Pro's Interface

The touch screen provided direct advantages to Symphony Pro over competing products. 

Multi-touch capability allows for the use of a virtual musical keyboard not possible in other 

platforms. This allows users to enter more than one note at once into the score. There is still the 

ability to enter notes directly by using a stylus or finger for added flexibility. 

Multi-touch also allows users to zoom into the score to magnify a portion of it. Gesture 

support allows users to flip back and forth between pages, similar to how they would use a 

physical scorebook. The tablet's build-in accelerometer provides sensitivity to how the device is 

held, and allows users to see their score laid out to fit the entire display as sheet music in the 

“portrait” orientation,” or otherwise use “landscape” orientation to edit their score.

In  addition,  the  user  interface  (UI)  libraries  for  the  iOS  platform  allow  third-party 

developers to use standard UI elements such as buttons, option menus, and navigation menus 

suited for the touch screen. At the same, we needed customized user interfaces. For this reason,  

we contracted a designer to create graphical elements such as buttons and textures specific to the 

look-and-feel of Symphony Pro. The high customizability of the standard UI has allowed us to 

create a unique, deliberate interface for music composition.

Disadvantages of Current Touch-screen interfaces

In spite of the amount of time spent on interface design, there were issues outside of our 

control found in touch-screen interfaces not found in more traditional ones. These are possible 

limiters to the utility of Symphony Pro:

Controlling an interface via a multi-touch screen is intuitive and simple, but introduces 

problems that standard point-and-click interfaces don't have. One of the main issues occurs when 

the user indicates a gesture, such as a tap or swipe on the touchscreen, causing their hand to 

cover both the target and surrounding area on the display. This means any interaction with the 

touchscreen will always obstruct a portion of it, even more so with both hands on the screen. 

This  isn't  too  much of  a  problem with  SP itself,  as  much as  it  is  with  apps  such as  word 

processing or target-oriented games that require fast, consistent interaction. There was recently 
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an endeavor in user interface design called “10/GUI” that attempted to overcome this issue of 

touch screen interfaces while maintaing basic touch screen capabilities.

Another key issue is the lack of haptic feedback. Keyboard and mouse interfaces provide 

physical feedback when the user interacts, whereas the virtual keyboard on tablets have visual 

feedback only. This has negative implications for people who rely on haptic feedback, such as 

the  visually  impaired.  SP itself  uses  a  virtual  musical  keyboard  for  composition.  The iPad's 

touch-screen made the virtual keyboard viable because of multi-touch capabilities, which isn't 

possible with a mouse or normal keyboard. However, the touch-screen does not yet allow the 

user to sense a true keyboard, or provide an accurate read of note velocity (the intensity of the 

playing  note)  during  performance.  GarageBand  for  the  iPad  –  another  music  composition 

application  –  does  attempt  to  perform  a  read  of  this,  but  relies  on  the  device's  built-in 

accelerometer rather than a more direct read from the screen itself.

Interaction latency is yet another issue. The recognition of the touch itself from the sensor 

on the screen is physical latency. We have found this to be negligible for our concerns. However, 

there is virtual latency that can significantly add delays in interaction, and although this seems to 

be a minor issue, it can quickly detract from the perceived responsiveness of the application. This 

occurs in any scroll-based view (scroll-view) or window in an application, and happens because 

there is a virtual timer that is used to discriminate whether the user wants to scroll, or interact  

with a target inside a scroll-view. If the user touches a point inside the scroll-view and swipes 

quickly, then the viewport will shift in the direction opposite of the swipe - this is scrolling, and 

does not cause any interaction with a target inside the view.  Otherwise, if there is a touch and no 

subsequent swipe, the scroll is deferred and interactions are sent to an inner target. With almost 

every  interaction  in  a  scroll-view,  this  delay  is  necessary,  and  because  scrolls  are  used 

ubiquitously in apps, including in our score displays, keyboard, and menus, there is a need to 

address this issue.  Responsiveness is just as important to usability as any other aspect of the UI. 

Beta Testing

Through development of Symphony Pro, we learned that creating a user interface is all 

about taking the perspective of the user. In the market, success is determined by feedback and 

popularity as deemed by customers, not one's own judgement or one from a designated group. 

It's important to let go of one's own perspective entirely in order to address problems here, so it's 

hard to overstate how much application development is user-centric and user-driven. 

We have signed nearly 100 beta testers in the pre-release stage of Symphony Pro. There 

have been over 15 beta releases and a countless number of feedback reports, which included 

bugs, suggestions for changes, and suggestions for new features. The vast majority of feedback 

was for bugs and suggestions for improvement of the interface and score layout.

The beta stage lasted for five months, which was five times longer than expected. This 

was  because  of  the  difference  between  our  perspective  and  those  of  the  users.  The  users 

perceived  issues  we  overlooked  in  the  beginning,  and  their  contributions  were  absolutely 

essential to releasing a polished application. Without them, Symphony Pro would not have taken 

off into a profitable application.
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5. Taking the Perspective of a Software Developer

The user interface aspects we discussed provided a high-level perspective of our vision 

and what we had to develop. They provided the motivation for starting development, since the 

iPad was a new platform and a new interface. 

The Basic Software Design Model

While user interface concerns are  meant to help the  user  interact with the application, 

software design is also a high-level perspective meant to help the developer manage complexity. 

The mainstay of software design is the use of software design patterns. In software engineering, 

there are often many ways to solve one problem, and choosing the best path will allow the code 

to be the most manageable (fixable), reusable, customizable, and modular. Design patterns are 

templates or models for solving commonly encountered problems in application development.

The most prevalent model we used was the Model-View-Controller (MVC).  It defines 

that the user interface (consisting of the view and controller) is separate from the underlying data 

(models). In terms of Symphony Pro's programming, the view mainly consists of the visible 

score and menus, whereas the model mainly consists of musical data that is hidden. For example, 

Fig. 1 – the MVC Pattern's Relationships

the “MeasureStackModel” is a data structure that represents one bar in music, and contains fields 

for other data structures that go inside the bar, such as the MeasureModel, a data structure that 

represents a single measure. Subsequently, the Chord is an example of a field that is contained in 

the MeasureModel, and the Note is an example of a field in the Chord. There are hundreds of 

additional fields defined in various data structures, such as numerical values representing the 

clef, key signature, ledger height, and note duration. The diagram above (Fig. 1) illustrates how 

the components in MVC interact. 

In MVC, the model is the representation that the view uses to render its output. It is the  

data  that  the  controller,  contained  in  the  view,  accesses  to  transform the  models.  Once  this 

transformation  is  complete,  the  controller  sends  a  message  to  the  view  to  re-render  the 

transformed representation.  The diagram below (Fig.  2)  illustrates  the  relationships  between 

some of the main data structures in Symphony Pro.
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There are clearly many 1:1 correspondences between views and models. One element we 

haven't yet discussed, but contained in the diagram, is the layer. Layer objects represent voices as 

a component of music notation. In terms of programming logic, each voice (Layer object) is 

considered an independent sequence of notes, and each layer is rendered on top of each other, 

much like layers in photo editing software.

Fig. 2 – Relationships Between Models, Views, and Controllers in Symphony Pro

Importance of Flow of Control in Large-scale Development

As discussed in  the  background,  flow-of-control  was found to  be  an  integral  part  of 

programming  a  music  notation  editor,  and  the  same  holds  true  for  Symphony  Pro's  logic. 

Luckily,  the  MVC model  already  decided  how the  main  aspects  of  the  application  interact 

overall. There were of course many more subproblems to solve, involving detailed algorithms. 

Below (Fig. 3) we describe how basic editing works using a UML (Unified Modeling Language) 

sequence diagram. This type of diagram best describes  ordered interactions between objects. 

This sequence diagram is an overview of the chain of events after a user adds a note or chord to a  

single measure, but the same diagram also applies to editing an existing note. 
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Fig. 3 – Flow of Control Diagram for Editing Operations

This flow was designed to be as efficient as possible, and took careful deliberation to 

require the fewest number of steps. This deliberation was justified because a responsive interface 

is very important to usability. Users should be able (and expect) to insert, edit, or delete elements 

from  their  document  just  as  quickly  as  if  they  were  typing  in  a  text  editor.  Recording  a 

performance is another way to add elements to the score, going beyond the scope of this paper. 

Although  this  method  of  interaction  is  very  different  from  typing-in  notes  (using  the  step 

sequencer), this too is done in real-time, and should respond quickly to user inputs.

From Flow of Control Design to Implementation Details

In Fig. 3, “MController” is  the designated Controller  object in the MVC model.  It  is 

embedded  inside  the  ScoreView  and  Virtual  Keyboard  objects  as  3  main  functions  that 
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correspond to different user inputs: touchesBegan() is called when any user input just occurred in 

the ScoreView, touchesMoved() is called when any existing user input has dragged to a different 

location, and touchesEnded() is called when any existing user input is no longer on the screen. 

Aside from the Controller, the Measure, MeasureStack, and MeasureLayout objects in the 

diagram represent  view objects,  whereas  MeasureModel  and Chord represent  model  objects. 

When a note or chord is going to be added or edited by a user, the MController first receives a 

touchesEnded()  call  along  with  a  pixel  coordinate  inside  the  ScoreView.  It  then  finds  the 

appropriate Measure object in the ScoreView. Once found, addNote() is called to that object, 

which knows the layout and positions of existing notes, so that a new note can be added in the 

appropriate location, or the correct existing note can be selected. 

However, it is important to note that the view classes don't share the same superclass. It  

would be  inefficient  memory-wise to  represent  each MeasureStack and Measure object  as  a 

“UIView” subclass, which means each instance must have allocated pixel data. Instead, they are 

a “PseudoView” subclass, which borrows many fields from the UIView class, except for the 

pixel  data.  It  is  instead  more  efficient  to  store  and  render  that  data  in  one  UIView –  the 

ScoreView, rather than rendering many superimposed UIViews.

There are of course many other things the user may do with the score, but in general, if  

the user modifies a single measure during editing, such as adding a note or articulation, we only 

need to re-evaluate the model for that measure only. Re-evaluating the model for a measure 

includes determining how the chords are beamed, determining how the chords are aligned across 

staves, setting the coordinates of individual notes, and in general, determining anything else that 

can change to the layout of the notes after the model associated with the measure is transformed. 

However, during page flips or a change that affects all measures in the ScoreView, all 

visible models have to be re-evaluated. This takes longer than editing a single measure, but is 

fast enough. On average, on the original iPad, it takes 0.15 seconds to re-evaluate the models of 

all measures during a page flip, and 0.2 seconds to repaint the screen. The combined time is the 

latency for a page flip or complete refresh of the score.

 Elements Beyond the MVC Model

There are other aspects to software development in Symphony Pro that fell beyond the 

MVC model, and are also essential. One of these is the playback engine. Since iOS gives no 

support  for  MIDI  playback,  it  was  necessary  for  this  app to  have a  native  sequencer.  Real 

instrument samples were used to generate audio output, and FMOD was used as the low level 

API  for  playing  back  individual  tones  and  for  general  digital  signal  processing  such  as 

reverberation.  Initially,  the OpenAL API was used,  but  updates  to  the iOS operating  system 

caused its output quality to become unreliable. The sequencer behaves similarly to the View 

component of the MVC pattern, in that models are used to render an output. 

Importing and exporting features are very important since users need to transfer files to 

and from Symphony Pro. MusicXML (an Extensible Markup Language for music notation) is an 

exchange format used by this application and the major scorewriting applications for PCs. It 

allows users to continue editing scores on their desktops, or bring their existing projects into this 
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application. MIDI (Musical Instrument Digital Interface) is a more generalized file format for 

musical data that can be imported and exported with Symphony Pro. It is primarily useful for  

non-notational sequencing apps such as Cubase.

It is also essential for users to export PDFs of their scores, as well as audio files. These 

are both supported, and allow users to share their compositions to others who don't have music 

editing software, or to those who need to read the scores created by users.

6. Marketing 

Although marketing is a vital component in distributing software, we found it was not 

necessary to do marketing ourselves. This is one of the benefits of selling on the App Store, 

which is the marketplace Apple uses to distribute mobile software. There are several reasons why 

additional marketing wasn't necessary, and the same reasons may hold true for other utility and 

productivity apps:

1. Apple frequently showcases applications that have above-average value in the App Store. 

Symphony Pro has been featured on the “front page” as a recommended app. This has 

extremely  high  visibility.  In  addition,  it  has  been  featured  as  a  top  education  app 

(http://www.apple.com/education/apps).

2. The App Store as a distribution platform allows users to search for software fairly well.  

Symphony Pro's functionality is specific enough that interested buyers can find this app 

very easily using basic keywords. 

3. Furthermore, there aren't very many competitors, and Symphony Pro has been the best 

selling music notation application. 

4. There is  also enough demand for  our  functionality  such that many users deliberately 

search for a music notation app, instead of buying on impulse.

5. Content publishers on the web are always looking to write reviews of apps that can gain 

attention. Symphony Pro has received over a dozen published articles. An app can gain 

massive publicity if a major website or magazine showcases it.

Granted,  Symphony Pro has  had some marketing.  For example,  we raised significant 

awareness of Symphony Pro before it was even released by notifying over 400 people, with 

consent, when the app finally became available. The use of social media such as Twitter and 

Facebook has also raised significant awareness, although it's difficult to quantify their value. 
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7. Conclusions

Factors that Shaped Symphony Pro to Become a Relatively Successful App

Other than the advantages of a new platform, two basic elements that contributed to the 

final product are user interface design and software design. These elements are independent of 

platform, and apply to any application development. They are both high-level perspectives in that  

they don't involve too many details, but provide a blueprint, allowing developers to plan ahead 

before investing the majority of their time on details. Granted, it is important to incorporate the  

fundamental  details  into the blueprints,  since these details  form constraints  that easily  affect 

overall design.

As we discussed, user interface  design involves adopting the user's  perspective  when 

designing the application's visual layout, as well as observing the user response directly through 

beta  testing  to  improve  the  design.  On  the  other  hand,  software  design  involves  managing 

complexity in terms of the logic behind the application.

Why are these important? Avoiding the need to back out of implementing a feature due to 

poor design can mean weeks of work lost. If the organization of code is poor, it can mean a dead 

end if too much time has already been invested to back out. Poor visual interface design will 

discourage  potential  buyers  from making  the  initial  purchase,  since  they  preview the  app's 

screenshots to judge its quality. Having to deal with an inadequately responsive user interface 

will lead to poor reviews and poor sales from potential buyers. 

There are definitely many ways development can  have problems. Symphony Pro has 

definitely run into problems in  terms of  these  two elements,  but  awareness  through testing, 

including beta testing, and through customer feedback was key to overcoming them. 

In a marketing perspective,  the app store model has also contributed greatly to sales, 

because of content publishers and the ability to search for software in just one place. However, a 

more important reason outside of marketing is that Symphony Pro arrived as the first  music 

notation & composition product for this market. The existing user-base has given this app the 

momentum that puts any new competitor to a disadvantage in terms of market share, visibility, 

and degree of refinement.

There is also the personal element mentioned in the Introduction, and is perhaps the most 

important. Development of software tabula rasa requires personal commitment, motivation, and 

sacrifice of time outside of school, vacation, or work. This is how Symphony Pro was developed. 

Independent software developers cannot ignore this element, and it is essential that they truly 

enjoy their work, enjoy their collaboration, and have a well-defined vision of the final product. 
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1. Background & Motivation

In this paper, we will discuss and analyze the process of developing an application that 

took place for over two years. We will focus on development for an emerging platform – mobile, 

which has grown tremendously. These devices are primarily smartphones and tablets. The tablet, 

in  particular,  is  likely  to  become  a  common  replacement  for  traditional  computers  (PCs), 

including laptops and netbooks, since they are more portable and have a larger screen space than 

other mobile devices. This is supported by consumer research. While in 2008, only 9% of all 

computer  sales  were  tablets,  they  are  expected  to  reach  a  quarter  market  share  by  2015, 

overtaking both netbook and desktop sales [1].

Therefore, tablets have become an attractive topic for us, in both software development 

and general analysis.  This new platform brought new opportunities. Existing software cannot 

move to mobile easily since they are designed for mouse & keyboard interfaces, and rely on 

older  libraries.  Therefore,  the  mobile  market  remains  an  open  field  for  new  software 

development. 

However, there are personal motivations to creating new software as well, not just profit. 

This holds true for most independent software development.  Paul Graham, an investor who has 

had seven years  of  experience  working closely with  startup founders,  and a  startup founder 

himself,  explains  the  importance  of  personal  value in  creating  software  in  “Organic  Startup 

Ideas” [2]: 

“The most  successful  startups seem to be closer to  the  Apple type than the Viaweb  

type.  When he was writing that first  Basic interpreter for the Altair,  Bill  Gates was  

writing something he would use, as were Larry and Sergey when they wrote the first  

versions of Google.”

If  developers  aren't  writing  software  that  they  value,  there  would  be  no  personal 

motivation left.  Therefore, such a perspective is an important consideration when investing time 

into a software startup.

Past Programming & Software Development Experiences: a Personal Perspective

 In 2008, I began working on a web-based Java application that uses music notation to 

compose.  This  preceded the mobile  version  of  the application.  My musical  background and 

hobby of working with desktop music notation software, specifically Finale, inspired me to work 

on something that was like Finale for the web. Many Internet users are no longer wanting to 

download a file onto their computer to run an interactive application, which is why web apps are 

growing in popularity.

Creating a music notation tool proved to be a challenge. A few of the tough questions 

were how musical elements should be represented as data structures, how to manage changes to 

these  data  structures  during  editing,  designing a  layout  algorithm that  cleanly  displayed the 

musical score, creating a program that was responsive and fast, and designing the user interface.
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In  object  oriented  programming,  flow of  control is  a  software  design  problem about 

having objects pass knowledge to others in an organized manner. In terms of programming, it is a 

problem hard to design but easy to implement, once the design scheme is figured out. This was a 

common problem that occurred through creating a music notation program. For instance, when 

the user clicks on a measure inside a score display, what should happen? Having a clean flow of 

control depends on dividing the representations of data so that the functions transforming the 

data are divided semantically as well. Controlling the editing and layout of the score was a flow-

of-control problem. 

The learning experience from tackling these problems contributes to the motivation of 

this paper. There are numerous other concerns in application design. While flow of control was a 

high level problem, there were of course  low level problems, mainly dealing with algorithms. 

One example of an algorithm is the subprogram in a music notation application that aligns notes 

falling on the same beat across a staff. Algorithms are a more detail-oriented concern than flow 

of control, which is more abstract. While flow of control is considered “Programming in the 

Large” (PITL), creating an algorithm is considered “Programming in the Small” (PITS). 

Over  the course  of  my experience  doing application development,  I  realized  that  the 

fundamentally hard problems are algorithms. For example, when designing an application that 

does  visual  search,  once  there  is  a  solid  function  that  takes  two  images  and  defines  their 

similarity quickly and accurately, creating an application out of it is relatively trivial. Google's 

business model focuses on delivering highly accurate keyword matching across webpages. This 

appears to be simple, but since 1997, the company has maintained a better search algorithm than 

competitors, which best explains their dominance. Algorithms are also mathematically rigorous. 

Fortunately, the work involved in creating a music notation application didn't rely on algorithms 

that were very complex.

After continuing to work on the web-based notation app, what resulted in a few months 

was a prototype that can let users write basic notation with multiple parts. It also played back the 

composition using a MIDI interface provided by Java API. It had the basics,  but there were 

numerous essentials missing, including a refined user interface.

Regardless of how incomplete the web-based notation tool was, it was a solid first step. A 

tremendous amount was learned about application design. This side project was also a lead into 

developing the same application on a completely different platform - the Apple iPhone. Several 

motivations for switching platforms were the growing popularity of the mobile market, the lack 

of competitors in the music composition area, and the ability to start fresh.

It took a few months to get a sellable version finished for this platform, and it would be a 

more serious endeavor than the web-based Java app. However, it was clear we needed to fix 

usability based on the reviews that followed. A classmate who had design experience  would later  

become part of the development team, and we spent time making the iPhone app - “Symphony” - 

more useful by simplifying the layout and addressing the interface difficulties people had. The 

inputs to the score were also more responsive,  so selecting and repositioning notes were no 

longer a headache.  This better-designed app was promoted by a free release over the winter 

holiday, gathering thousands of downloads and much better reviews.
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 A single interface change yielded much better responses from users. Incidentally, this is 

also what software A/B Testing tries to accomplish. This test tries to evolve a better interface as 

opposed to better functionality, in order to get improved responses from users.

After the iPad was released early 2010, a music notation app for this new device became 

an excellent opportunity. I was confident that the work in the app could evolve into a more 

complete notation software; the iPad would actually allow the app to scale into a complete editor,  

since its size was large enough to fit an entire music score. Whereas the iPhone is too small for 

users to create professional quality scores, the iPad allowed this to be entirely possible. Also, as 

argued earlier, tablets would become likely replacements for existing personal computers, and 

the potential was seen even when it was just announced.

2. Objective

This thesis will discuss and analyze the development of a large-scale application for a 

tablet device. In doing so, we can document the process and software design involved. Its main 

goal is to reach conclusions on good practices of software development, some pitfalls to avoid, 

and  the  advantages  and  disadvantages  of  mobile  devices.  Some  examples  of  what  we  will 

analyze are design, reliability, testing, development on emerging platforms, and marketing. 

3. Introduction

The  focus  of  this  paper  is  an  application  for  music  notation  and  composition  called 

Symphony Pro (SP). It is designed for the iPad, a tablet that is currently the most popular in its  

class. The application has been in development for over a year, released for sale in January 2011. 

Its  predecessor is  an iPhone app called Symphony. The announcement of the new iPad was 

particularly exciting because its screen size could display sheet music as it truly appears. 

4. Taking the Perspective of the User

We will  first  discuss  the  tablet  interface  and  how  it  is  relevant  to  Symphony  Pro's 

interface  design.  This  provides  the  perspective  of  the  users.  Subsequently,  we  will  discuss 

software design in terms of patterns and algorithms, which provides the perspective of a software 

developer.  

Advantages of Tablets and Touch-screen Interfaces

The  choice  of  platform  was  what  set  Symphony  Pro  apart  from  similar,  existing 

applications. The tablet medium allows Symphony Pro users to compose and store music when 

they are traveling or away from their workstation. Granted, laptops are also able to perform this 

task while running traditional notation software, but the iPad weighs only 1.5 pounds, several 

times lighter than notebooks or even netbooks. It is also thin, and is more easily carried than any 
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personal computer. The touch screen interface offers a completely new way to compose, which 

adds novelty value: consumers are always seeking to catch new trends. To complement this, the 

consistent success of the iPad has removed all doubt that the tablet is a technology that would 

fade – in fact the case is opposite. It has likely established a new trend where mobile devices will 

overtake traditional personal computers.

 At the same time, traditional operating systems are reacting, which shows that mobile 

interfaces are influencing traditional ones: Apple's OS X has been adopting UI behaviors similar 

to those that were originally in iOS. Microsoft's upcoming Windows 8 offers a new desktop 

interface that caters to tablets, where app icons are much more prominent. This simpler interface 

is not unlike the Home Screen found in Apple's iOS. 

Symphony Pro's Interface

The touch screen provided direct advantages to Symphony Pro over competing products. 

Multi-touch capability allows for the use of a virtual musical keyboard not possible in other 

platforms. This allows users to enter more than one note at once into the score. There is still the 

ability to enter notes directly by using a stylus or finger for added flexibility. 

Multi-touch also allows users to zoom into the score to magnify a portion of it. Gesture 

support allows users to flip back and forth between pages, similar to how they would use a 

physical scorebook. The tablet's build-in accelerometer provides sensitivity to how the device is 

held, and allows users to see their score laid out to fit the entire display as sheet music in the 

“portrait” orientation,” or otherwise use “landscape” orientation to edit their score.

In  addition,  the  user  interface  (UI)  libraries  for  the  iOS  platform  allow  third-party 

developers to use standard UI elements such as buttons, option menus, and navigation menus 

suited for the touch screen. At the same, customized user interfaces were needed. For this reason, 

we contracted a designer to create graphical elements such as buttons and textures specific to the 

look-and-feel of Symphony Pro. The high customizability of the standard UI has allowed us to 

create a unique, deliberate interface for music composition.

Disadvantages of Current Touch-screen interfaces

In spite of the amount of time spent on interface design, there were issues, outside of 

mobile developers' control, found in touch-screen interfaces, but not in traditional ones. These 

are possible limiters to the utility of Symphony Pro:

Controlling an interface via a multi-touch screen is intuitive and simple, but introduces 

problems that standard point-and-click interfaces don't have. One of the main issues occurs when 

the user indicates a gesture, such as a tap or swipe on the touchscreen, causing their hand to 

cover both the target and surrounding area on the display. This means any interaction with the 

touchscreen will always obstruct a portion of it, even more so with both hands on the screen. 

This  isn't  too  much of  a  problem with  SP itself,  as  much as  it  is  with  apps  such as  word 

processing or target-oriented games that require fast, consistent interaction. There was recently 

an endeavor in user interface design called “10/GUI” that attempted to overcome this issue of 

touch screen interfaces while maintaing basic touch screen capabilities.
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Another key issue is the lack of haptic feedback. Keyboard and mouse interfaces provide 

physical feedback when the user interacts, whereas the virtual keyboard on tablets have visual 

feedback only. This has negative implications for people who rely on haptic feedback, such as 

the  visually  impaired.  SP itself  uses  a  virtual  musical  keyboard  for  composition.  The iPad's 

touch-screen made the virtual keyboard viable because of multi-touch capabilities, which isn't 

possible with a mouse or normal keyboard. However, the touch-screen does not yet allow the 

user to sense a true keyboard, or provide an accurate read of note velocity (the intensity of the 

playing  note)  during  performance.  GarageBand  for  the  iPad  –  another  music  composition 

application  –  does  attempt  to  perform  a  read  of  this,  but  relies  on  the  device's  built-in 

accelerometer rather than a more direct read from the screen itself.

Interaction latency is yet another issue. The recognition of the touch itself from the sensor 

on the screen is physical latency. This was found to be negligible for our concerns. However, 

there is virtual latency that can significantly add delays in interaction, and although this seems to 

be a minor issue, it can quickly detract from the perceived responsiveness of the application. This 

occurs in any scroll-based view (scroll-view) or window in an application, and happens because 

there is a virtual timer that is used to discriminate whether the user wants to scroll, or interact  

with a target inside a scroll-view. If the user touches a point inside the scroll-view and swipes 

quickly, then the viewport will shift in the direction opposite of the swipe - this is scrolling, and 

does not cause any interaction with a target inside the view.  Otherwise, if there is a touch and no 

subsequent swipe, the scroll is deferred and interactions are sent to an inner target. With almost 

every  interaction  in  a  scroll-view,  this  delay  is  necessary,  and  because  scrolls  are  used 

ubiquitously in apps, including in our score displays, keyboard, and menus, there is a need to 

address this issue.  Responsiveness is just as important to usability as any other aspect of the UI. 

Beta Testing

Through development of Symphony Pro, we learned that creating a user interface is all 

about taking the perspective of the user. In the market, success is determined by feedback and 

popularity as deemed by customers, not one's own judgement or one from a designated group. 

It's important to let go of one's own perspective entirely in order to address problems here, so it's 

hard to overstate how much application development is user-centric and user-driven. 

Nearly 100 beta testers were signed in the pre-release stage of Symphony Pro. There have 

been over 15 beta releases and a countless number of feedback reports, which included bugs, 

suggestions for changes, and suggestions for new features. The vast majority of feedback was for 

bugs and suggestions for improvement of the interface and score layout.

The beta stage lasted for five months, which was five times longer than expected. This 

was  because  of  the  difference  between  our  perspective  and  those  of  the  users.  The  users 

perceived issues that were overlooked in the beginning, and their contributions were absolutely 

essential to releasing a polished application. Without them, Symphony Pro would not have taken 

off into a profitable application.
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5. Taking the Perspective of a Software Developer

The user interface aspects we discussed provided a high-level perspective of the vision, 

utility, and layout of the application.  They provided the motivation for starting development, 

since the iPad was a new platform and a new interface. 

The Basic Software Design Model

While user interface concerns are  meant to help the  user  interact with the application, 

software design is also a high-level perspective meant to help the developer manage complexity. 

The mainstay of software design is the use of software design patterns. In software engineering, 

there are often many ways to solve one problem, and choosing the best path will allow the code 

to be the most manageable (fixable), reusable, customizable, and modular. Design patterns are 

templates or models for solving commonly encountered problems in application development.

The most prevalent model used was the Model-View-Controller (MVC).  It defines that 

the user interface (consisting of the view and controller) is separate from the underlying data 

(models). In terms of Symphony Pro's programming, the view mainly consists of the visible 

score and menus, whereas the model mainly consists of musical data that is hidden. For example, 

Fig. 1 – the MVC Pattern's Relationships

the “MeasureStackModel” is a data structure that represents one bar in music, and contains fields 

for other data structures that go inside the bar, such as the MeasureModel, a data structure that 

represents a single measure. Subsequently, the Chord is an example of a field that is contained in 

the MeasureModel, and the Note is an example of a field in the Chord. There are hundreds of 

additional fields defined in various data structures, such as numerical values representing the 

clef, key signature, ledger height, and note duration. The diagram above (Fig. 1) illustrates how 

the components in MVC interact. 

In MVC, the model is the representation that the view uses to render its output. It is the  

data  that  the  controller,  contained  in  the  view,  accesses  to  transform the  models.  Once  this 

transformation  is  complete,  the  controller  sends  a  message  to  the  view  to  re-render  the 

transformed representation.  The diagram below (Fig.  2)  illustrates  the  relationships  between 

some of the main data structures in Symphony Pro.
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There are clearly many 1:1 correspondences between views and models. One element not 

yet discussed, but contained in the diagram, is the layer.  Layer objects represent voices as a 

component  of  music  notation.  In  terms  of  programming logic,  each  voice  (Layer  object)  is 

considered an independent sequence of notes, and each layer is rendered on top of each other, 

much like layers in photo editing software.

Fig. 2 – Relationships Between Models, Views, and Controllers in Symphony Pro

Importance of Flow of Control in Large-scale Development

As discussed in  the  background,  flow-of-control  was found to  be  an  integral  part  of 

programming  a  music  notation  editor,  and  the  same  holds  true  for  Symphony  Pro's  logic. 

Luckily,  the  MVC model  already  decided  how the  main  aspects  of  the  application  interact 

overall. There were of course many more subproblems to solve, involving detailed algorithms. 

Below (Fig. 3) we describe how basic editing works using a UML (Unified Modeling Language) 

sequence diagram. This type of diagram best describes  ordered interactions between objects. 

This sequence diagram is an overview of the chain of events after a user adds a note or chord to a  

single measure, but the same diagram also applies to editing an existing note. 
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Fig. 3 – Flow of Control Diagram for Editing Operations

This flow was designed to be as efficient as possible, and took careful deliberation to 

require the fewest number of steps. This deliberation was justified because a responsive interface 

is very important to usability. Users should be able (and expect) to insert, edit, or delete elements 

from  their  document  just  as  quickly  as  if  they  were  typing  in  a  text  editor.  Recording  a 

performance is another way to add elements to the score, going beyond the scope of this paper. 

Although  this  method  of  interaction  is  very  different  from  typing-in  notes  (using  the  step 

sequencer), this too is done in real-time, and should respond quickly to user inputs.

From Flow of Control Design to Implementation Details

In Fig. 3, “MController” is  the designated Controller  object in the MVC model.  It  is 

embedded  inside  the  ScoreView  and  Virtual  Keyboard  objects  as  3  main  functions  that 
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correspond to different user inputs: touchesBegan() is called when any user input just occurred in 

the ScoreView, touchesMoved() is called when any existing user input has dragged to a different 

location, and touchesEnded() is called when any existing user input is no longer on the screen. 

Aside from the Controller, the Measure, MeasureStack, and MeasureLayout objects in the 

diagram represent  view objects,  whereas  MeasureModel  and Chord represent  model  objects. 

When a note or chord is going to be added or edited by a user, the MController first receives a 

touchesEnded()  call  along  with  a  pixel  coordinate  inside  the  ScoreView.  It  then  finds  the 

appropriate Measure object in the ScoreView. Once found, addNote() is called to that object, 

which knows the layout and positions of existing notes, so that a new note can be added in the 

appropriate location, or the correct existing note can be selected. 

However, it is important to note that the view classes don't share the same superclass. It  

would be  inefficient  memory-wise to  represent  each MeasureStack and Measure object  as  a 

“UIView” subclass, which means each instance must have allocated pixel data. Instead, they are 

a “PseudoView” subclass, which borrows many fields from the UIView class, except for the 

pixel  data.  It  is  instead  more  efficient  to  store  and  render  that  data  in  one  UIView –  the 

ScoreView, rather than rendering many superimposed UIViews.

There are of course many other things the user may do with the score, but in general, if  

the user modifies a single measure during editing, such as adding a note or articulation, we only 

need to re-evaluate the model for that measure only. Re-evaluating the model for a measure 

includes determining how the chords are beamed, determining how the chords are aligned across 

staves, setting the coordinates of individual notes, and in general, determining anything else that 

can change to the layout of the notes after the model associated with the measure is transformed. 

However, during page flips or a change that affects all measures in the ScoreView, all 

visible models have to be re-evaluated. This takes longer than editing a single measure, but is 

fast enough. On average, on the original iPad, it takes 0.15 seconds to re-evaluate the models of 

all measures during a page flip, and 0.2 seconds to repaint the screen. The combined time is the 

latency for a page flip or complete refresh of the score.

 Elements Beyond the MVC Model

There are other aspects to software development in Symphony Pro that fell beyond the 

MVC model, and are also essential. One of these is the playback engine. Since iOS gives no 

support  for  MIDI  playback,  it  was  necessary  for  this  app to  have a  native  sequencer.  Real 

instrument samples were used to generate audio output, and FMOD was used as the low level 

API  for  playing  back  individual  tones  and  for  general  digital  signal  processing  such  as 

reverberation.  Initially,  the OpenAL API was used,  but  updates  to  the iOS operating  system 

caused its output quality to become unreliable. The sequencer behaves similarly to the View 

component of the MVC pattern, in that models are used to render an output. 

Importing and exporting features are very important since users need to transfer files to 

and from Symphony Pro. MusicXML (an Extensible Markup Language for music notation) is an 

exchange format used by this application and the major scorewriting applications for PCs. It 

allows users to continue editing scores on their desktops, or bring their existing projects into this 
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application. MIDI (Musical Instrument Digital Interface) is a more generalized file format for 

musical data that can be imported and exported with Symphony Pro. It is primarily useful for  

non-notational sequencing apps such as Cubase.

It is also essential for users to export PDFs of their scores, as well as audio files. These 

are both supported, and allow users to share their compositions to others who don't have music 

editing software, or to those who need to read the scores created by users.

6. Marketing 

Although marketing is a vital component in distributing software, it was not necessary to 

do marketing for this application. This is one of the benefits of selling on the App Store, which is 

the  marketplace  Apple  uses  to  distribute  mobile  software.  There  are  several  reasons  why 

additional marketing wasn't necessary, and the same reasons may hold true for other utility and 

productivity apps:

1. Apple frequently showcases applications that have above-average value in the App Store. 

Symphony Pro has been featured on the “front page” as a recommended app. This has 

extremely  high  visibility.  In  addition,  it  has  been  featured  as  a  top  education  app 

(http://www.apple.com/education/apps).

2. The App Store as a distribution platform allows users to search for software fairly well.  

Symphony Pro's functionality is specific enough that interested buyers can find this app 

very easily using basic keywords. 

3. Furthermore, there aren't very many competitors, and Symphony Pro has been the best 

selling music notation application. 

4. There is  also enough demand for  our  functionality  such that many users deliberately 

search for a music notation app, instead of buying on impulse.

5. Content publishers on the web are always looking to write reviews of apps that can gain 

attention. Symphony Pro has received over a dozen published articles. An app can gain 

massive publicity if a major website or magazine showcases it.

Granted, Symphony Pro has had some marketing. For example, significant awareness of 

Symphony Pro  was  raised  before  it  was  even released,  by  notifying  over  400 people,  with 

consent, when the app finally became available. The use of social media such as Twitter and 

Facebook has also raised significant awareness, although it's difficult to quantify their value. 
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7. Conclusions

Factors that Shaped Symphony Pro to Become a Relatively Successful App

Other than the advantages of a new platform, two basic elements that contributed to the 

final product are user interface design and software design. These elements are independent of 

platform, and apply to any application development. They are both high-level perspectives in that  

they don't involve too many details, but provide a blueprint, allowing developers to plan ahead 

before investing the majority of their time on details. Granted, it is important to incorporate the  

fundamental  details  into the blueprints,  since these details  form constraints  that easily  affect 

overall design.

As we discussed, user interface  design involves adopting the user's  perspective  when 

designing the application's visual layout, as well as observing the user response directly through 

beta  testing  to  improve  the  design.  On  the  other  hand,  software  design  involves  managing 

complexity in terms of the logic behind the application.

Why are these important? Avoiding the need to back out of implementing a feature due to 

poor design can mean weeks of work lost. If the organization of code is poor, it can mean a dead 

end if too much time has already been invested to back out. Poor visual interface design will 

discourage  potential  buyers  from making  the  initial  purchase,  since  they  preview the  app's 

screenshots to judge its quality. Having to deal with an inadequately responsive user interface 

will lead to poor reviews and poor sales from potential buyers. 

There are definitely many ways development can  have problems. Symphony Pro has 

definitely run into problems in  terms of  these  two elements,  but  awareness  through testing, 

including beta testing, and through customer feedback was key to overcoming them. 

In a marketing perspective,  the app store model has also contributed greatly to sales, 

because of content publishers and the ability to search for software in just one place. However, a 

more important reason outside of marketing is that Symphony Pro arrived as the first  music 

notation & composition product for this market. The existing user-base has given this app the 

momentum that puts any new competitor to a disadvantage in terms of market share, visibility, 

and degree of refinement.

There is also the personal element mentioned in the Introduction, and is perhaps the most 

important. Development of software tabula rasa requires personal commitment, motivation, and 

sacrifice of time outside of school, vacation, or work. This is how Symphony Pro was developed. 

Independent software developers cannot ignore this element, and it is essential that they truly 

enjoy their work, enjoy their collaboration, and have a well-defined vision of the final product. 
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