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Introductory
Abstract

With relevance to creativity in the design and implementation of data analysis systems,
a range of literature including past work by the author is reviewed in order to provide a
context and methodology for exploration as well as a variety of relevant mathematical,
computational and conceptual models. Drawing on concepts established in the
theoretical sections, the subject matter is implemented and explored in depth through a
Practice Based Research methodology, inside which which operationally significant
observations are discussed in depth. Useful analogy is developed between
implementation of data analysis systems and models of conceptualised creativity.
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Introduction

Data Science is commonly described as the crossover of the field of computation with
that of numerical analysis. These technical areas are integrated with domain specific
knowledge to facilitate the extraction of useful numerical insights from large amounts of
domain relevant data.

The mainstream popularisation of any field of business interest is often brought on by
the convergence of mass awareness in potential business application with mass
accessibility to the required technology, tools or resources that allow a large number of
individuals to become involved with the field at relatively low expense. The field of Data
Science has now been popularised and elevated in general awareness for a number of
years whilst access to powerful computation has dramatically dropped in price. The
resulting mass engagement in a newly popularised field commonly results in a ‘gold
rush’ in which individuals and organisations initially race to leverage the ‘low hanging
fruit’ available within the field to maximise early competitive advantage.

In the field of Data Science this is primarily represented by the exertion of the maximum
amount of computational ability available to be applied to the largest amount of data.
Open source projects such as Hadoop/Spark have been highly successful in pursuit of
this goal. Considering the statistical elements of Data Science, the utilisation of the most
sophisticated and most highly advanced modelling techniques and applied statistical
methodology has been a focus of interest. One example of this is the recent rapid growth
of interest in Deep Learning techniques.

This process serves a very useful and valid role in the development of any field —
essentially lifting the currently available methodology to a level of standardisation and
accessibility where competitors are operating on a relatively level playing field. It is the
opinion of the author that given the assumptions of a relatively mature degree of
technical development and standardisation of methodology, that the true potential for
benefit in implementation of data analysis systems can only be realised through human
creativity.

The present work proposes to explore the practical implications of data analysis system
design with the aim of discovering new insights of operationally significant value to
creative system design and implementation. To facilitate maximal potential benefit, the
practical component research will be carried out on a highly specific ‘creative’ domain
area (discussed below) in which the author is already an expert — the purpose of this is
to allow for the greatest possible insight into programmatic creative system design
(abstractly), from the point of view of a domain expert who is using the system
operationally. To achieve an optimum balance of creative discovery and research
scientific validity, the research will be conducted under the methodology of ‘Practice
Based Research’ (also discussed below).



Theoretical

Practice Led Research

Given that the desired outcome of the present study is the discovery of operationally
significant insight into the application of creativity on system design, it seems logical
that a research methodology designed to optimise creative discovery through practice
should be utilised throughout the process of the work. For this purpose, the process of
‘Practice Led Research’ will be implemented. Practice Led Research is a subset of
Practice Based Research that is commonly utilised in creative academic practices in
order to facilitate transferability of understanding gained through a practice-centric
research process. In her 2006 guide to Practise Based Research, Candy, L. states that
“Practise Led Research is concerned with the nature of practice” and continues to
specify that “The primary focus of the research is to advance knowledge about practice,
or to advance knowledge within practice”.

A further key point of note is that Practice Led Research methodology differentiates
between an individual seeking out new knowledge relating to their personal goals and an
individual contributing new knowledge to a more general collective or shared store of
knowledge. In other words, Practice Led Research aims to discover new knowledge and
novel ideas through calculated application of practice.

The Harmonic Algorithm

The Harmonic Algorithm is the title of an MA thesis written by the author (South, O) in
2016. The paper presents a deep exploration of extended electric bass playing technique
before proposing and exploring a methodology for composition through systematic
application of musical analysis techniques.

The unconventional nature of musical data, creative inclination of the field and intimacy
of the author with the subject matter represents an ideal domain area to model
computationally in pursuit of new discoveries relating to creativity in system design. The
specific concepts related to The Harmonic Algorithm (2016) will be discussed more
deeply in relation to their computational implementation.

Markov Chain Models

While statistical methodology is not the primary concern of this paper from a research
perspective, correct utilisation and implementation of appropriate numerical machinery
is still very important to the methodology. The primary statistical technique used in the
implementation of the present system is Markov Chain Probability Modelling.

A Markov Chain model has two assumptions:



1. That the probability of the next state depends only the previous state.
2. That the probability of the next state is not time dependent.

Further, a limited degree of ‘memory’ can be accommodated for in the model without
invalidating the assumptions, by implementing a ‘second order’ chain (IE. the next state
depends on the sequential combination of the previous two states).

The nature of musical cadence meet can be considered to meet both of these
assumptions (in fact, tonal harmony depends on this fact) thus this model is valid for the
purposes of modelling the present domain.

Monadic Computation

Monadic computation is a programmatic design pattern which has been adopted into
computer science from the mathematical field of Category Theory. Monadic computation
facilitates sequential programmatic instructions that ‘embed’ execution of additional
logic in the passage from one computation in the sequence to the next. The additional
steps of logic can be defined by the system designer, thus Monadic programming is an
extremely powerful and flexible tool in the architecture of of computational systems.

Monadic computation is a specifically important concept in lazily executed functional
programming languages such as Haskell, because it allows for sequential tasks to be
performed in an environment which has no concept of order of computation. One specific
Monad utilised in the present work is the ‘R Monad’ (defined in the “inline-r' library for
Haskell). This Monad facilitates real time operations over data structures shared
interactively by both the R interpreter & a compiled Haskell program.

The concept of moving computationally from state to state under a defined set of logical
rules is also highly synchronous with the nature of a Markov Chain model moving from
probabilistic state to probabilistic state. This relationship will be explored further in the
process of the work.

Modelling Creative & Novel Behavior

A logical source from which to seek insight into creative system design is in modelling of
creative and novel patterns in human behavior. In creative academia, there have been
many interpretations towards modelling such an esoteric and intangible concept as
creativity itself. Mclean, A. describes two such existing conceptual models for creative
behavior in regard to creative computation in his 2006 paper relating to computational
creativity:

1. Creative Systems Framework (Wiggins, 2001) — Influenced by Boden (1990)
2. Improvisation Model (Pressing, 1987)



Both of these models are uniquely useful for their description of creative behavior in
terms of arrays of rules, objects, events and/or processes. Beyond describing the array
itself, each model describes the environment within which the array exists in terms of
how the array’s action motivates change or interaction with the environment, as well as
exploring how the array itself is transformed inside its environment over time.

In the scope of the present work, the Creative Systems Framework is of specific interest.
The model describes an array <R,T,E> inside a conceptual universe U of potentially
possible concepts and language L by which creative rules can be expressed. The
elements of the array represent the following:

R Rules by which the validity of a concept is assessed. **
T ‘Traversal strategy’ for locating concepts inside U.
E Rules by which the quality of a concept is assessed.

**not to be confused with the R scripting language for statistical computation

Thus, when applied to U, R defines the limits of potential inside the ‘creative space’
while E judges whether these possibilities are subjectively desirable. T describes the
methodology by which concepts are located inside U for assessment by R & E. Wiggins
provides an excellent example for T in his 2003 paper ‘Categorising Creative Systems’ in
the difference in work of a student composer and J.S.Bach. While both the student and
Bach may potentially be working with the same rules defining R, the student may be
locating concepts (applying T) by random trial and error while Bach relies on an intuition
developed over years of experience. Additionally, each composer would have a different
set of rules defining E, representing their judgement of the quality of a located concept.

The strength of this model is the ability it grants to facilitate discussion and reasoning
about elements of creative systems abstractly of whether that system is a
representation of a human process or algorithmic in nature. Further, Wiggins (2003)
specifies various cases for addressing failure in creative systems in terms of <R, T,E> —
for example the inability of E to select valued concepts within the conceptual space
defined by R is designated ‘Conceptual Uninspiration’ and can be remedied by
transforming R or modifying E.



Discussion

Motivation

The purpose of this work is to motivate thinking about creative systems. With regard to
this, a creative system will be developed, presented and discussed.

The Harmonic Algorithm (South, 2006) presented an algorithmic methodology for
composing with the overtones of any stringed instrument. While the research was
successful in the scope of instrumental study, the methodology proved to be an
unwieldy tool in practice.

The ‘output’ of the analysis takes the form of numerous hand-prepared and labelled
spreadsheets containing many rows, generally looking like this:

Gl

cation
G1+3 Ed/ed
G1+3 A3
G1+3 e2/Ga/b1+3
G143 A4
G1+3 b2
G143 ba
Ed/ed A3
Ed4/ed €2/G4/b1+3
Ed/ed Ad
Ed/ed G2
Ed/ed b2
Ed/ed b4

Q0 n00006

Excerpt of analysis from The Harmonic Algorithm (2016)

In terms of <R, T,E> :

R Adherence to the laws of tonal harmony & physical existence on the present
instrument or tuning (exclusion from R notated as ‘Chr.Cluster’).

T Manual creation of and reference to a combination matrix such as the above.

E Methodological judgement of quality based on formal musical acceptance and
subjective opinion of the composer (colour coded).

The primary reasoning for limited usefulness in this work’s outcome in practice can be
identified as:

1. Large amount of time and human expertise required to prepare a combination
matrix — it would be unfeasible for any one author to prepare a matrix for every
possible context, compounded by the fact that multiple contexts can be passed
through inside even a short passage of music.

2. Slow process of reference, even where a matrix is prepared in advance — while
‘absolute’ desirability is colour coded, much trial, error & refinement is necessary
in order to locate desirable possibilities in an actual musical context where



desirability is relative. There are simply too many options to make a fully informed
decision.

Ineffectiveness of the creative agent in finding valued concepts within the space defined
by R is termed by Wiggins as ‘Generative Uninspiration’. Wiggins states that this form of
‘uninspiration’ usually occurs as a result of an ill-formed traversal strategy T acting on a
theoretically sound creative system and suggests transformation of T as an optimal
solution. It is clear that the traversal strategy T is inadequate for practical usage
purposes in the nature of the original Harmonic Algorithm system.

With the purpose of discovering new operationally significant insights into creative
system design and implementation, the Haskell programming language (representing L)
will be used to build The Harmonic Algorithm as an interactive software program. To
remedy Issue 1. (T), an automated traversal strategy (T) will be implemented in order to
render locating of concepts within the conceptual space (defined by R) as instantaneous
as possible. Finally, Issue 2. (E) will be addressed through implementation of a Markov
Chain model. This model will be trained according to machine learning methodology and
can then be used to deterministically rank the quality of ‘next’ states with regard to the
current ‘relative’ state. As the user interactively moves from state to state, the model (E)
will adjust its ranking according to context.

Overview Of Functionality

The program at time of assessment submission is made up of 1458 lines of code, written
in a combination of Haskell and R language. A brief run through of interaction with the
software by command line interface (for use by a non-technical domain expert) is
demonstrated below.

On load, the R language interpreter is booted, required libraries loaded and dataset read
in/preprocessed:



~ Terminal - oscarsouth@OS5-ARC:~
File Edit View Terminal Tabs Help

Initialising R Interpreter..

— Attaching packages tidyverse 1.2.1 —

3.0.
1.4.
0.8.
1.1.
t

— Conflicts — tidyverse conflicts() —
HH masks i:filter()
masks ::lag()

session will be logged:
/home/oscarsouth/haskellProjects/theHarmonicAlgorithm/output/sessionlog. txt

Loading Bach Chorale Dataset from UCI Machine Learning Repository...
D. and Karra Taniskidou, E. (2817). UCI Machine Learning Repository |

| [http://archive.ics.uci.edu/ml]. Irvine, CA: University of California,
| School of Information and Computer Science.

After printing the main header, a number of initialisation questions are asked:

~ Terminal - oscarsouth@OS5-ARC:~
File Edit View Terminal Tabs Help

2018

Welcome to The Harmonic Algorithm!
Do you want to begin with b (flat) or ¢ (sharp) notation?

1 - Flat b
2 - Sharp ¢

>> |}
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Next, filters are defined to limit potential possibilities to a desirable scope (representing
R). These can also be left open and can be modified at any point during interaction with
the program:

~ Terminal - oscarsouth@O5-ARC:~
File Edit View Terminal Tabs Help
6 - min 2ndInv
7 - dim
8 - aug
9 - sus?
) - susd
7susdno5
min/no5
no3
nob5

Enter tuning (with strings separated by spaces) or * for chromatic:

>>EADG

Enter upper structure key signature (eg. bbb, ##, 2b, 0#) or *

>> it
Enter desired 'next' root notes, a key signature, or *

>> ## A# C

On entering into the interactive analysis environment, ranked choices for next state
(representing E) are presented. These are delivered by interaction between the trained
Markov model and currently defined filters:



~ Terminal - oscarsouth@OS5-ARC:~
File Edit View Terminal Tabs Help
The current chord is D maj -- Select next chord or choose another option:

ma j
ma j
maj/C#
min
ma j
min7/no5
# min/C#
sus?
min/D
maj/B
6sus2no5
min
ma j
min6no5
Modify filter 1
Random sequence 1
Show more 1
]
|

W~ Wk =

Switch to flat notation
Select new starting chord
Quit

G
D
A
E
A
E
F
D
B
G
C
B
C
E
[
[
[
[
[
[

Randomised deterministic sequences can be generated from the trained Markov model
for faster traversal through the conceptual space. The level of ‘entropy’ in the

randomisation process can be defined by the user and sequences generated until a new
state is accepted or sequence rejected:

~ Terminal - oscarsouth@OS5-ARC:~
File Edit View Terminal Tabs Help
- 0 Quit

>> 1b

Enter desired length of sequence (default 4, max 16):

== 16

Choose entropy level as a number between 1 and 10 (default 2):

>> 3

Press enter to accept, specify a bar number, or choose another option:
| maj | B min/D | maj | G maj
[ min/G [ LIE | maj | F# min/C#
| sus? | F# susd [ sus4 [ A susd
[ sus2 [ G maj/B | maj/B | G maj/B
[ Reject sequence

[ Regenerate sequence
[ Show with flat notation
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This comparatively simple interactive loops offers an infinite degree of potential for
exploration inside the methodology of The Harmonic Algorithm (2016). The system
performs analytic processes which may have taken hours or days of manual labour
instantaneously, requiring only the cognitive will of the user and a couple of keystrokes.

At all stages of interaction there are a number of other related actions which can be
taken by the user. These are all based on domain specific requirements for interactivity
or display preferences.

‘Main’ module

The ‘Main’ module is where all interaction between the program and the user (or other
sources of outside ‘state’) takes place. On initialising the program the "main” function is
executed, inside which the entire program is nested:

main = withEmbeddedR defaultConfig $ do
initR
model < choraleData

header

putStrLn "Welcome to The Harmonic orithm!\n"
runReaderT loadlLoop model

return

‘main’ function

The main function (above) initialises the R language interpreter then executes an
‘Extract, Transform & Load’ script in a mixture of Haskell and R, returning the trained
model inside a monadic context:
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choraleData
choraleData = do
uciRef
bachData
chFunds < bachFundamental
x1l < fromRMatrix 1
x2 < fromRMatrix 2
fromRMatrix 3
rixX 4
fromRMatrix 5
model = markovMap $
fmap toCadence
bigrams $
flatTriad -
SO . possibleTriads''
, ¥s) — length ys >=
zip chFunds $
(fmap round) . unique <>
[[a,b,c,d,e] | (a,b,c,d,e) < List.zip5 x1 x2 x3 x¢
)
return model

Haskell ‘ETL’ and modelling script

The raw data (retrieved from the UCI Machine Learning Repository) is a 5665 row CSV file
of records describing what pitchclasses are present on any given beat of 100 J.S.Bach
Chorale Harmonisations:

NO, NO,YES, NO, NO, NO,YES, NO, NO,F,3, F_M
NO,YES, NO, NO,YES, NO, NO, NO, NO,E,5, C_M
NO,YES, NO, NO,YES, NO, NO, NO, NO,E,2, C_M
NO, NO,YES, NO, NO, NO,YES, NO, NO,F,3, F_M

106b_,5, YES, NO, NO,YES, NO, NO, NO,YES, NO, NO,F,2, F_M
106b_,6, NO, NO,YES, NO, NO,YES, NO, NO, NO,YES, NO, NO,D,4, D_m

NO, NO,YES, NO, NO, NO,YES, NO, NO,D,2, D_m

Excerpt from raw dataset

The CSV file is read and rapidly transformed by the R language interpreter, according to
R scripts embedded into Haskell source code. An excerpt is presented below:
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bach <
bach
select(seq, event, fund
add_column(pitch =
select
t
as.data. frame

unname
map (function(x) str_which(x,

bachMatrix
reduce (bach$pitch,
rbind,
matrix(,0,bachs$pitch
map (length)
rapply(c’
ER

unname

bachFund <<- bach$fund

Excerpt from embedded R language ‘ETL’ script

A number of helper functions are defined to access the data from the R language
interpreter and bring it into Haskell:

fromRMatrix

fromRMatrix x =
rData x = R.fromSomeSEXP [r]| bachMatrix[,x_hs] |]
runRegion $ rData x

bachFundamental

bachFundamental
rData = R.fromSomeSEXP <$> [r| bachFund |]
runRegion $ rData

Haskell mappings for accessing R language data-structures

After binding the trained model inside a Monadic context, a ‘Reader’ monad is
instantiated and entered (inside which, the model is available to all functions). The rest
of the program takes place inside the Reader Monad:

Type synonym for Reader Monad

Inside the Reader monad, a variety of lengthy functions are defined, facilitating the ‘flow’
of interactive engagement with the program. The most significant
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recommendations
recommendations fs root prev filters n
model < ask
enharm = enharmMap fs
hAlgo = (\ — [ toCadence (transposeCadence enharm root prev, nxt)

.sortBy (compare ‘on’

. dissonancelevel $ x
bach ilter ) — x “elem’
(compare ‘on’
> [(prev, 1.0)] $
ok model
nexts = take n $ (fs $> bach) ++
(filter (\x — x “notElem’ fmap fst bach) hAlgo)

return nexts

Function returning ranked list of recommendations based on current state

The ‘recommendations™ function is the ‘heart and soul’ of the creative system and
encompasses the entirety of the Creative Systems matrix <R,T,E>. The "hAlgo’
statement calls programmatic rules for assessing validity of a concept in the creative
space (R) while the "bach’ statement utilises the trained machine learning model in
assessing quality of concepts (E). The entire operation of the interactive program and its
numerical backend as well as the intuition and experience of the user can be considered
to represent aspects of the traversal strategy (T).

‘MusicData’ module

The purpose of the ‘MusicData’ module is to provide a domain specific ‘grammar’ inside
which data representing musical structures and movements can be represented and
analysis can be performed.

This could facilitate a ‘tiered’ organisational structure of separation/collaboration
between the following:
> The expert in computation, who could implement a domain specific grammarin a
low level language (notated by Wiggins as L* and L, respectively) and additionally
implement usability features such as user interface or API functionality.
> The ‘intermediate’ domain expert or statistician who is reasonably comfortable in
programming/scripting and can apply contextually valid rules in L* relevant to the
specific business problem or use case, representing partial automation of R and T.
> The ‘end user’ — usually a non-technical domain expert with practical experience
in decision making (relating to E) who can augment the value of his experience
through interaction with an interface or service tailored to the requirements of
domain expectation.

The Harmonic Algorithm (software) has been developed inside this mental model. The
MusicData module bridges the middle ground between library level programming and
domain specific interaction — in this case via a command line interface.
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Inside this module, the ‘MusicData’ class is defined, through which the fundamental laws
of arithmetic are redefined for musical information. As a result, the ‘standard’ arithmetic
operators can be used with machine readable representations of musical data. A number
of ‘MusicData’ instances are declared, representing both machine and human readable
representations of music as well as mappings between them:

minBound
maxBound

(P nl) ) ) P (nl - n2) ‘mod’ P 12
{ (P nl) ) P (nl * n2) 'mod’ P 12
negate id
fromInteger n P $ fromInteger n "mod’
abs id
signum a 1

(+) (P nl) ) ) P (nl + n2) ‘mod’ P 12

Machine readable definition of musical pitchclass

fromIntegral . toInteger . pitchClass
flat -

flat .
sharp .
sharp .

‘MusicData’ class definition

An important aspect of this module’s design is that the overall goal is not to predict the
next ‘object’ or the probability of an eventual result but to predict the next ‘movement’
from one state into another (including itself). With regard to this, it is a notable
consideration with musical data that everything is subjectively ‘relative’ inside its
deterministic ordered context. A practical example would be that if the established key
centre at a given time was C major, then the cadence of Dmin -> Gmaj (a ii -> V
cadence with root movement ascending 5 semitones) could be considered an identical
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cadence relative to the key-centre as a movement of F#min to Bmaj in the key of E
major (the same movement transposed up four semitones).

It makes little practical sense then to process each deterministic state as unique to its
own transposition. This would cause various practical and theoretical issues such as:
> Cadences into harmonic structures common to keys preferred in the input data
would be ranked artificially highly.
> Different predictions returned for different or differently tuned instruments — this
is of little practical purpose given the commonplace use of equal temperament in
modern music, rendering all keys equally viable.
> Intermediate data structures such as the transition matrix would be massively
inflated — with each theoretical state expanded into twelve unique instances.
> Much potential information contained in the input dataset would be lost due to the
many theoretically identical but literally different movements present being
considered as unrelated events.

It can be observed that the symptoms described above present a general description for
overfitting a dataset. It is certainly noteworthy that it is possible to conceptually overfit
(or avoid overfitting) a model in this manner at such an early stage of system design —
even before selection/implementation or tuning of an algorithm. This emphasises the
need to carefully consider and model a suitable representation for domain data at an
early design stage.

In the case of the current work, this phenomenon was solved by representing
deterministic data-points as the difference between two ‘concrete’ points. Within
operation of the software, all analysis is performed on ‘relative’ Cadence representations
which are only only converted to ‘concrete’ Chord representations for display to the user:

Cadence (Functionality, (Movement, [PitchClass]))
(Eq, Ord)

show (Cadence (functionality, (dist, ps))) =
"( " + show dist + " — + functionality + " )"

toCadence (

toCadence ((Chord (( _), from@(x:_))), (Chord ((_, new), t
Cadence (new, (toMovement x y, zeroForm to))

fromCadence ( )
fromCadence f root c@(Cadence (_,(_,ton
(toTriad f) $ i . (+ movementFromCadence c) . (+ root) <¢ tones

transposeCadence ( )
transposeCadence f root (Cad (_,(_,tones))) =
(toTriad f) $ i . (+ root) tones

Representation of musical cadence
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‘Markov’ Module

The purpose of the ‘Markov’ module is to process the deterministic dataset (which has
been transformed according to domain specific rules defined in the ‘MusicData’ module)
into a data structure suitable for interactive traversal in running program.
Programmatically the resulting structure is represented as a mapping of key-value pairs
where the key represents the current state and the lookup value is a list of all
theoretically possible ‘next’ states with assigned probabilities. In statistical terminology
with reference to Markov Chain models, this is the Transition Matrix:

Type signature of trained model

A challenge faced both in concept and implementation was that of what to do when
there were no movements from one state to any other state present in the input data.
While uncommon, this conundrum could potentially result in poor recommendation
ranking (E) and hard to diagnose anomalies in statistical calculations due to probability
rows in the transition matrix not having a sum of 1.

The logical solution was to consider this event to be a harmonic movement from the
current state into an identical state. This trivial movement represents a change in
deterministic state and gives rise to additional possibilities for movement from the new
state. In the case that the new state also has no cases of cadence to a different state
then the underlying mathematics will at least be working without error and the user can
draw on practical domain knowledge to ‘break’ the cycle, arbitrarily specifying a
movement (resulting in a new state with new possibilities).

This phenomenon is relatable to Wiggins (2003) definition of ‘Hopeless Uninspiration’ —
the inability of R to select valid concepts, presenting an empty conceptual space that is
incapable of generating valid concepts. While Wiggins states that this may represent an
ill-formed creative system, in this case it can be deemed to be acceptable for two
reasons:

1. The empty conceptual space is limited to only specific undesirable ‘corner’ states
which are extremely uncommon and very difficult to locate — even intentionally.

2. The user is able to apply their own expertise and intuition to guide traversal at
any time, thus would be able to easily break out of any such conceptual space.

It can also be noted that in extensive testing of the Harmonic Algorithm software that
this phenomenon was never encountered. It is possible however to ‘self-define’ an empty
conceptual space by applying the interactive filters defined in the ‘Overtone’ module in a
careless manner.
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‘Overtone’ Module

The Overtone module primarily contains functions for parsing user inputted domain
specific musical syntax which is used to generate machine readable sets of theoretically
possible overtone combinations. The operation of this module serves as a programmatic
bridge that facilitates interaction between the non-technical user and the domain
specific backend defined in ‘MusicData’.

The sets of combinations generated by this module represent the conceptual space
defined by R. This conceptual space is then ranked in terms of desirability (considering

current state) by the machine learning model defined in the ‘Markov’ module.

Below is an example of a parsing function defined in the ‘Overtone’ module:

) { a, a)
parseKey' n str = unique $ pitchList n str

pitchList n str =

xs = words $ Char.tolower
k n (("mod™12)
? if any (“elem’ ys)
(mappend z)
(mappend mempty)

(+n*5

chain =
L[
L
L
A"
o[
A"

o™
o [1
o [1
[
al
,["10b", "bk
o [WILIHV i
]

foldr (.)

Function for parsing key signature

m"
1#m"]?? k 6
"1?2?7 k 7
"1?27 k 8

id chain
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Closing Sections

Conclusion

A conceptually complete realisation of a theoretical interactive data analysis system in a
highly specific domain area has been implemented on a programmatic level. Throughout
this process, a number of design decisions as well as conceptual shortcomings and
solutions have been discussed in practical terms as well as under the lens of existing
models of creative behavior.

An important decision which was relevant throughout the entire design/implementation
process is how much domain knowledge should be enforced by the system designer. For
example, in music theory there is much established practice dictating how viable
different possibilities are in any given context. It is extremely tempting as a domain
expert to use these rules to enforce constraints on the system that would not only but
add what seems like a layer of insightful expertise, but also potentially make system
implementation easier. However, these are creative decisions by the designer. If the goal
of the system is to augment the individual creativity of the user then enforcing creative
decisions at a system level which the user will not even engage with in their own process
is actually limiting creativity. Likewise, if a system is designed for use by non-technical
users then a limited degree of enforced domain knowledge may be necessary in order to
facilitate practical transference of logic from the analysis system into the ‘hands’ of the
user in a way that allows them to apply their practical experience most effectively.

By exploring the design and implementation of data analysis systems on a programmatic
level while superimposing a model for conceptualising creative systems, a mental model
for conceptualisation of system design under a framework that allows for domain
expertise to be applied in the most effective manner has been established. Wiggins’
development of Bodens ‘Creative Systems Framework’ (as defined by Mclean, 2007)
presents an excellent conceptual mechanism in the matrix <R,T,E> for describing
creative behavior. It is the opinion of the author that there is much scope for application
and development of this concept in creative system design and implementation.
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