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Abstract  
The development of computer music languages seems to be 
considered from outside the computer music community 
just as contributions in practice rather than in research. Yet, 
the emerging approach of ‘Research through Design (RtD)’ 
in HCI also casts a significant question as to how the aca-
demic contribution can be made through the design of such 
DSLs. We describe our practice in the development of a 
computer music language from the perspective of the RtD. 

Categories and Subject Descriptors D.3.3 [Program-
ming Languages]: Language Classifications – Specialized 
application languages 

Keywords  computer music, research through design 

1. Motivation 
Computer music programming languages have been play-
ing a significant role both in research and artistic creation 
in the field. However, the development of such DSLs itself 
has been considered as the development of practical tools 
rather than academic contributions from outside the com-
puter music community; at the same time, the development 
of programming languages with such domain-specific 
needs is becoming a topic of interest in HCI as end-user 
programming gets more popular. Blackwell argues, “the 
study of unusual programming contexts such as Laptop 
music may lead to more general benefits for programming 
research”, as seen in the spreadsheet, which “was invented 
in response to the needs of business school students” [1]. 
 
Such a situation for computer music languages also corre-
sponds well to the concept of ‘Research through Design 
(RtD)’, an approach in HCI research that recently emerged 
within the community. In RtD, designers and researchers 
are expected to develop “a product that transforms the 
world from its current state to a preferred state” and “the 

artifacts produced in this type of research become design 
exemplars, providing an appropriate conduit for research 
findings to easily transfer to the HCI research and practice 
communities” and RtD focuses on “producing a contribu-
tion of knowledge” as academic research rather than “more 
immediately inform the development of a commercial prod-
uct” through design practices [14]. 
 
This doctoral symposium proposal emphasizes this aspect 
of ‘Research through Design’ in the development of a new 
computer music language.  

2. Background and Problems  
In this section, we briefly describe the background 
knowledge in computer music, which we discuss later in 
the problems that we aim to solve in our RtD practice. 

2.1 The Unit-Generator Concept 

The unit-generator concept, one of the most significant 
abstractions in computer music, was established around 
1960 and even today many computer music languages are 
still based on these abstractions. A unit-generator is a soft-
ware module considered to perform “conceptually similar 
functions to standard electronic equipment used for elec-
tronic sound synthesis”[7], e.g. oscillators and filters. A 
sound synthesis model is described as a network of such 
unit-generators; figure 1 below is a pictorial representation 
of the unit-generators and the synthesis model definition in 
CSound computer music language [4].  
 
 
 
 
 

2.2 Microsound Synthesis Techniques 

Generally speaking, microsound synthesis techniques [10] 
involve many short sound particles (microsound) that over-
lap-add each other to constitute the entire sound output.  

Figure 1.  A synthesis model definition in CSound [4,p.27] 
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Such concept significantly differs from the traditional unit-
generator concept, which originates in electronic sound 
synthesis that assumes the signal s is a function s(t) of time 
t. Figure 2 describes an example of synchronous granular 
synthesis, a kind of microsound synthesis that schedules 
microsounds, which are called grains, with a regular inter-
val. Figure 2(a) shows 3 grains scheduled with relatively 
large intervals. As the intervals get shorter from (a) to (f), 
the overlap-add of microsounds results in the different 
waveforms with various pitches, even when they all sched-
ule the identical grains with the regular interval.  
 
 
 
 
 
 
 
 
 
 

2.3 Problems Related to Microsound Synthesis 

While there are a number of different microsound synthesis 
techniques, it is necessary to schedule each microsound in 
precise timing with sample-rate accuracy for the accurate 
sound rendering; yet many computer music languages are 
incapable of such precise timing behavior as seen in most 
general purpose programming languages. Furthermore, 
some previous works argue difficulty in realizing mi-
crosound synthesis techniques solely in computer music 
languages and how to implement microsound synthesis has 
been one of significant concerns in computer music [5,12]. 

3. Approach 

3.1 RtD and Computer Music Language Design; 
Beginning wit the Existing Problems 

RtD aims to produce academic contributions through de-
signing a product that results in ‘a preferred state’ to users. 
In the development of a new computer music language as a 
RtD practice, we interpreted ‘a preferred state’ as an issue 
in the usefulness of a programming language; usefulness 
“concerns the degree to which a product enables a user to 
achieve his or her goals” [11, p.4]; thus, we begin with 
identifying the existing problems in computer music as the 
problems in usefulness, and expect the design process for 
solving such problems to lead to academic contributions. 

In our practice, we primarily focus on the difficulty in 
implementing microsound synthesis techniques, which we 
consider ‘unpreferable’ in computer music programming. 
We interpreted this difficulty as the issues in usability and 
functionality of computer music languages; thus this RtD 
practice contextualizes this problem in HCI (usability) and 

software engineering/programming language design (func-
tionality). Such contextualization enables to the investiga-
tion of the problem in the frameworks provided by the 
previous study in each field.   

3.2 The usability issue and incompatible abstraction in 
the sound synthesis frameworks  

The first problem in this RtD practice is how to discuss 
such ‘usability’ problems such as readability and simplicity 
in programming language design. Markstrum even argues 
that a language designer throw “together some convincing 
looking examples and skirt the effort involved in adminis-
tering a user study or a long-term development study” [6].  
 
As for usability aspects of this RtD practice, our interest is 
in reducing difficulty in implementing microsound synthe-
sis techniques in a computer music language. We consider 
this as a problem in the abstraction of the underlying sound 
synthesis software framework in a computer music lan-
guage design, as it is generally considered that incompati-
ble abstractions with the users’ conceptualization of the 
domain can lead to significant usability problems. Bland-
ford provides a valuable view to such issues in her CASSM 
(Concept-based Analysis of Surface and Structural Mis-
fits”) framework, “the purpose of which is in the identifica-
tion of misfits between the way the user thinks and the 
representation implemented within the systems” [3]. 
 
We borrowed such perspectives and frameworks from the 
previous study in HCI so to better analyze and discuss the 
usability problems for a new language design. We primari-
ly used the Cognitive Dimensions of Notations framework 
(CDs) developed for “broad-brush analysis” of usability 
problems in notation [2] and analyzed the usability prob-
lems in the existing languages regarding to microsound 
synthesis, and then assessed the gap between the user’s 
conceptualization of computer music sound synthesis and 
the representation implemented within the language de-
signs, as CASSM approach suggests. For this assessment, 
we consider nine musical time-scales by Roads [10] as the 
conceptualization of time in computer music. We found 
that the traditional unit-generator-based synthesis frame-
works entirely lack the counterpart entities and the manipu-
lations for microsounds, which exist in the user’s 
conceptualization. Thus, the usability issues led to a new 
abstraction of sound synthesis framework that integrates 
microsound objects and manipulations, which we devel-
oped for our new sound synthesis language. The details are 
described in [8]. 

3.3 The functionality issue and mostly-strongly-timed 
programing concept  

The other problem proposed in computer music languages 
related to microsound synthesis is imprecise timing behav-

Figure 2. Influence of grain density on pitch (a) 50 grains/sec 
(b) 100 grains/sec (c) 200 grains/sec (d) 400 grains/sec (e) 500 
grains/sec (f) Plot of a granular stream sweeping from the infra-
sonic frequency of 10 grains/sec to the audio frequency of 500 
grains/sec over 30 seconds [10, p.95]. 
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iors. Generally speaking, lack of precise timing behaviors 
can easily lead to inaccurate sound rendering in computer 
music, which is audible to human ears; Wang’s strongly-
timed programming is a variation of synchronous pro-
gramming that integrates explicit control of logical syn-
chronous time into an imperative programming language 
and thus achieves precise timing behaviors in logical time 
[13]. Such a feature of strongly-timed programming is suit-
able for timing issues in microsound synthesis. Together 
with the novel abstraction of sound synthesis framework 
described above, our new computer music language can 
provide precise timing behaviors with terse programming 
model.  
 
However, since as a variation of synchronous programming, 
strongly-timed programming is based on the synchrony 
hypothesis, which is “interpreted to imply the system must 
execute fast enough for the effects of the synchronous hy-
pothesis to hold” [6]. In practice, the presence of time-
consuming tasks that invalidate this assumption can cause a 
system to fail to meet the deadline for real-time sound ren-
dering; yet time-consuming tasks can be often seen in com-
puter music, e.g. loading and processing of the large 
amount of sound data. This problem also led us to propose 
mostly-strongly-timed programming, a programming con-
cept that integrates asynchronous behaviors and the explicit 
switch between a synchronous context and asynchronous 
context, as an extension of strongly-timed programming. 
The underlying scheduler can suspend and resume time-
consuming tasks so as not to let them cause the failure in 
meeting the dead-line for real-time sound rendering; such 
extension can help solving the practical problem as above 
in audio programming. More information on mostly-
strongly-timed programming can be seen in [9]. 

4. Evaluation Methodology 
Basically, we follow Markstrum’s classification of three 
types of claims in programming language design, which are 
novel features, incremental improvement (of existing fea-
tures) and desirable language properties [6]. We can fol-
low the established evaluation methods for the claims in the 
first two types, such as comprehensive survey of the previ-
ous study, performance analysis and comparative ap-
proaches with the existing languages.  

Yet, as Markstrum also argues, programming language 
study has been significantly lacking an appropriate frame-
work for the claims in desirable language properties, such 
as readability and simplicity; since we integrated the HCI 
frameworks such as Cognitive Dimension of Notations in 
the design phase for the identification and assessment of 
the usability problems, these frameworks are also intro-
duced in the evaluations phase and used for the heuristic 
evaluations by external experts; thus, by introducing the 

same HCI frameworks during the design and evaluations, 
we can provide good claim-evidence correspondences for 
desirable language properties by comparing the designer’s 
claims and the evaluation result by external during in the 
iterative design process.  

5. Conclusion 
We described our ‘Research through Design (RtD)’ ap-
proach in the development of a new computer music lan-
guage, with a focus on the problems in microsound 
synthesis in the existing languages, which resulted in a 
novel abstraction of sound synthesis framework and pro-
gramming concept for computer music. As is expected of a 
RtD practice, our study led to ‘contribution of knowledge’ 
through the design process of a product. 
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