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ABSTRACT 

There are many examples of visual program representation [1], but 

there is an unexplored area of sonic representation—

audialization—of programs. The Thread Safe Audio Library 

(TSAL) provides the necessary tools to create such program 

audializations. TSAL is a platform-independent, object-oriented 

C++ library that provides thread safe classes for synthesizing sound 

from a program. By adding TSAL calls to a sequential or parallel 

program, its behavior can be represented with sound. 

Audializations require a unique interpretation that may greatly 

benefit auditory learners and other programmers who are looking 

for a different way to profile a sequential or parallel program. 
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1 Introduction 

Representing program behavior in different mediums can be a 

means to profiling and debugging. While there are many examples 

of graphical program representation [1], there is an unexplored area 

of sonic representation—audialization—of programs. The Thread 

Safe Audio Library (TSAL) provides the necessary tools to create 

such program audializations. TSAL is a platform-independent, 

object-oriented C++ library that provides thread safe classes for 

synthesizing sound from a program. By adding TSAL calls to a 

sequential or parallel program, its behavior can be represented with 

sound. In a multithreaded program, a unique synthesizer could be 

associated with each thread; and the volume, pitch, and timbre of 

the synthesizer can be modified by the thread to represent its 

behavior. Generating this audio may introduce certain standards for 

interpreting the sonic behavior, and this new sonic language offers 

many potential benefits. 

Even though research on this topic is scarce, it is not a new idea. In 

their biography of Claude Shannon, A Mind at Play, Jimmy Soni 

and Rob Goodman relate the following story from when Shannon 

visited Alan Turing in London in 1950 [2]: 

“So I asked him what he [Turing] was doing. And he said he was 

trying to find a way to get better feedback from a computer so he 

would know what was going on inside the computer… And he said, 

the command is put a pulse to the hooter, put a pulse to the hooter. 

Now let me translate that. A hooter… in England is a loudspeaker… 

Now what good is this crazy command? Well, the good of this 

command is that if you’re in a loop you can have this command in 

that loop and every time it goes around the loop it will put a pulse 

in and you will hear a frequency equal to how long it takes to go 

around that loop. And then you can put another one in some bigger 

loop and so on. And so you’ll hear all of this coming on and you’ll 

hear this ‘boo boo boo boo boo boo boo,’ and his concept was that 

you would soon learn to listen to that and know whether when it got 

hung up in a loop or something else or what it was doing all this 

time, which he’d never been able to tell before.” 

Even though this example is dated in terms of program execution 

speed, Turing’s ideas are still applicable today. Audializations 

provide a unique, real-time method of representing program 

behavior that may be useful for debugging and profiling, especially 

for auditory learners or visually impaired programmers. 

2 Audializations 

An audialization is the sonic representation of a program. TSAL 

provides audializations of sequential and parallel problems to show 

different ways audio can be used to represent behavior. 

1.1 Sorting Algorithms. Sorting algorithms are interesting 

algorithms for audialization because of how they impose order on 

data. By changing the pitch of a synthesizer based on the magnitude 

of the value being accessed, a simple, ascending tone is played 

when iterating through a sorted list. At the start of the execution in 
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an unsorted list, most sorting algorithms will sound like random 

noise. As the list becomes progressively sorted, unique sonic 

patterns emerge for each algorithm. 

1.1.a Parallel MergeSort. MergeSort is an example of a 

sorting algorithm that can easily be parallelized due to its divide-

and-conquer recursive strategy. In a single-threaded run, merge sort 

divides its work into trivially sorted subsequences that are merged 

together in a bottom up approach. MergeSort thus generates 

random noise until merged sub-lists are big enough to generate an 

ascending frequency when merged into other sub-lists. In a multi-

threaded run, assigning a synthesizer to each thread with a pitch 

offset generates a similar audio profile, but with distinct ascending 

pitches as multiple threads are merging their sub-lists. 

1.2 Producer Consumer (Bounded Buffer). The producer-

consumer problem is commonly used to illustrate process 

synchronization and mutual exclusion. In this problem, producers 

produce items; consumers consume items, and items are passed 

from producer to consumer through a shared, mutually exclusive 

buffer. To audialize this problem, each item is represented by a 

synthesizer. When an item is produced, it generates a low 

frequency. As it is stored, its pitch slowly rises to a middle 

frequency; it holds this frequency while in the buffer. When 

removed by a consumer, the pitch once again ascends to a higher 

frequency, and is then silenced when the item is consumed. With 

this audialization, users can hear the process taking place, including 

the mutual exclusion. 

3 Conclusion 

Audializations provide sonic representations of program behavior 

that can be used in the debugging and profiling of programs. The 

Thread Safe Audio Library (TSAL) provides the tools to create 

audializations for sequential and parallel programs. Audializations 

are a realization of Turing’s idea that let users experience program 

behavior in a new way. 
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