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Abstract
In many domains we wish to gain further insight into
the subjective preferences of an individual. The problem
with subjective preferences is that individuals are not
necessarily coherent in their responses. Often, a simple
linear  ranking  is  either  not  possible,  or  may  not
accurately reflect the true preferences or behaviour of
the individual.

1. Introduction
We propose a system which ranks abstract objects –

we  use  musical  intervals  as  a  test  bed  –  based  on
pairwise comparison. Our system is robust  enough to
handle  incoherences  in  subjects'  responses  including
circular rankings and partial rankings, unlike previous
models designed for use with semi-complete graphs. 
We achieve this by representing the data gathered on a 
directed graph. 
    We can then make use of the transitive nature of 
human preferences to build a ranking – or partial 
ranking – of objects with a minimum of pairwise 
comparisons.

2. Previous work
The  idea  of  “roughness”  was  first  introduced  by

Helmholtz [1] to describe the auditory phenomenon of
harsh sounding signals due to amplitude fluctuations or
a  “beating”  effect.  It  has  been  hypothesised  that  the
roughness of a signal  has a strong equivalence to the
consonance or dissonance of that signal, at least within
western music, however, the link between this measure
and some notion of aesthetics is unclear [2].

A  number  of  independent  studies  have  been
conducted which aimed to provide a concrete ranking of
the consonance and dissonance of musical intervals [4].
These studies provide a strong background to which we
can  compare  our  own  results,  however,  It  has  been
shown  that  the  previous  studies  have  not  provided
sufficient  evidence  to  describe  the  preferences  or
behaviour of  their  subjects  without  question or  doubt
[3].

3. Ranking noisy preferences
 Through our own analysis it has become clear that

there are two main issues faced by previous studies of
this  kind:  changing  context,  and  subject  incoherence.
We propose a different method of ranking which allows
subjects  to make pairwise comparisons in  a  way that
removes contextual issues, and map those comparisons

to  a  directed  graph  which  allows  us  to  make  use  of
otherwise incoherent or contradicting responses.

We  tackle  the  problem  of  changing  context  by
forcing a relative context upon subjects. Subjects should
only compare two objects – as in  Kameoka et al [5] –
rather  than  provide  an  absolute  response  (ie, grading
objects on a scale) – as in other studies.

We  handle  subject  incoherence  by  using  a  cyclic
digraph  where  cycles  represent  ties  resulting  from
contradicting or incoherent responses. 

3.1 Using a Ranking Digraph
The  issue  of  consistency  and  contradiction  is

common to all subjective areas, not just the ranking of
musical intervals. We have developed a system, based
on topological sorting methods and directed graphs [5],
capable  of  handling  these  inconsistencies  which  we
believe  will  have  applications  in  our  own  further
research, and also in other fields such as collaborative
filtering and recommender systems.

Abstract  objects  are  represented  as  nodes,  and  a
subject's  preference  across  any  two  objects  is
represented  as  a  directed  arc  between  the  two
corresponding nodes.

We can  then  make  use  of  the  transitive  nature  of
human  preferences  to  build  a  ranking  –  or  partial
ranking  –  of  objects  with  a  minimum  of  pairwise
comparisons.
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