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Abstract: This paper describes a mmputational case-based model for the aedive planning process Our approach isinspired
in Wallas model for the aedive processin that we mnsider that credivity involves a sequence of four stages: preparation,
incubation, illumination and \erification. Preparation includes problem aayuisition and assmilation o badkground
knowledge, which is represented by cases, i.e., documented past experiences. With the am of acieving a flexible
knowledge representation, as a means to potentiate spedfic creaive ailiti es like Fluency, Synthesis and Analysis, we
structure eadth case as a network of hierarchicdly and temporally related case pieces. These cae pieces can be onsidered
individually, providing tetter recombinations of them. These recombinations, rather than made by chance, are guided by
those hierarchicad and temporal case piecerelations (or explanations). We eplain the role of oppatunistic knowledge
aquisition at the incubation stage. We sustain that illumination may comprise reaursive cdls of the sequence of the first
three stages.

This computational mode! is implemented in the system INSARER (ImagiNation' taking as Source Past and Imperfedly
RElated Reasonings). An applicationin musicad composition damain is presented. We dso show how amusicd compasition
task may be cogntively modelled and treaed as a planning task. We dso present a short example ill ustrating hawv
INSPIRER generates music.

1. Introduction

Credivity is an isale that has been challenging many cogritive science reseachers. Althoughsome progresshas been
achieved in this field, there are many opposite and no complete theories about it.

In the literature, two main concepts are referred as related to the at of credion: to bring into existence something
original and nowl which dd na exist before; to gve an ariginal way of existence to something that already exists.
However, everybody seans to agree that one caana originate new things out of nothing. Besides originality,
valuability is also referred by the aithors as an important charaderistic of a aeaive product (Ibafiez, 1991). Cabezas
(1993, for instance states that credivity results from the combination o previous idess, experiences, elements,
phenomenaimages, realities, etdn a new, original and useful way

Althoughthere ae several explanation models for the aedivity process we ae interested in those entailed to problem-
solving (also cdled cogritive models). From the main percussor problem-solving models (Brown, 1989, i.e., Good
Problem Solving (J. Dewey, 1910, Credive Prodwction (Wallas, 1926, and Invention (Rossnan, 1931). Wallas model
has much accetance in cogntive reseach community. He propaosed that credivity invaves four sequential steps:
preparation, incubation, illumination and verification.

Spiro defended that flexible knowledge is a prerequisite for knowledge restructuring and hence for credivity (Spiro,
Vispoel, Schmitz, Samarapungavan & Boerger, 1987). He sustains that flexible knowledge representation is one in
which fragments of knowledge ae represented in away that allows to be resssembled into new knowledge structures.
Knowledge-based retrieval systems (Koton, 1989 are a @nsequence of combining nearest neighbou and knowvledge-
guided techniques. These systems are daraderised by the use of domain knowledge for the @nstruction o
explanations for why a problem had a particular solution in the past.

! We mnsider that imagination is the mental creaion o idea while aeaivity involves the imagination o ideas and its

materialisation.
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Case-Based Reasoning (CBR) systems represent this domain knowledge by cases (Kolodrer, 1993. They are
appropriate for domains where a strong theory does not exist but past experience is accessible.

A plan is a spedfic sequence of steps (or adions) with the @am of a goal achievement. Case-Based Planning (CBP)
systems (Hammond, 1989 Veloso, 1992 reuse past sequences of adions from past plans to construct new ones. There
are some cae-based models for the aedive process Linda Will s and Janet Kolodner (Will s& Kolodrer, 1994 consider
three steps in credive design: enumeration o severa aternative solutions; re-description and elaboration d problem
spedficaions, and evaluation d propaosed solutions. Paulo Gomes et. al.(Gomes, 1996 proposed a cae-based model
for credive processes in which credivity is aresult of seaching onspaces of cases increasingly further away from the
target problem.

In this paper we will focus on a computational case-based model for the aedive planning process Our approach to
credivity is based onWallas model, athoughwe adopt a nontlinea, reaursive, exeaution d the four sequentia stages.
We think that the potential solution for the problem obtained at the ill umination stage may be compaosed by ancther
problems and ead ore of them may condict to a sequence of three stages: preparation, incubation and ill umination.
The solution propcsed in ead ore of these ill umination stages may also include the resolution  ancther problems, the
sequence of the first threestages being repeded for ead one. The global validation and revision d the entire solutionis
made at the verification stage.

The previous knowledge necessary to the aedive processis represented by cases. Each case is a structured network of
implicitly and explicitly, hierarchicdly and temporally related case pieces. We think that considering cases as «ts of
related pieces provides a more flexible knowledge representation, and hence fadlitates the recombination and
reordering of the original structures into rewnes.

Our approach to credivity is presented in the next sedion. In sedion 3 we introduce our computational model for
credive planning, subdvided in four phases. Sedion 4 pesents an applicaion in the music compasition damain. We
also explain how the music composition processmay be seen as a planning task and haw it is exeauted by musiciansin
redity. A short example illustrating hov music is generated by INSARER is presented in sedion 5 At last, a
conclusion about our work is made in section 6.

2. Our approach for creativity

We think that credivity is charaderised by a cnredion, combination, asociation a integration d different (and

possbly contrary) things in the same product (the aedive product) diredly or using metaphaic and analogic

techniques. However, to be considered creative, the product m@Glbezgs, 1993):

I. nowd, i.e, hat common, not conventional and nd frequent. E.g., the Copernicus's theory was a new scientific
product, which no one proposed before;

Il. unpredictable, i.e., credivity adivity uses and changes in an unpedictable way what already exists. This means
credive products are nat totally and nd perfedly causally explained. They are a @nsequence of inspiration a
irrational adivity. E.g., it is not possble to explain why J. S. Bach creaed El magnificat in that way and nd in
other;

lll.singuar, i.e., it must be unique, idiosyncratic, peauliar and persona. E.g., every musician or writer has a particular
style, which is preserved in all his/her products;

IV.surprising, i.e., it must cause apsychologicd and urexpeded astonishment. E.g., a aedive poem indwces in the
reader (and also in the author) a sentimental and emotional elevated shock;

V. useful, i.e., it must be something that provides a better existenceto someone (solving a problem), or making he/she
feel emotionally better (being aesthetic).

We based ou explanation model for the aedive process in the Wallas' one. In ou opinion, its well adequate
explanation d the aedive process judgng by the reports of credive persons abou their credive experiences, has
weighted on ou choase. We think it may be adapted spedficdly to creaive planning, asit is a genera approach. Thus

we consider thaa creative product (plan, design, etc.) is obtained performing the following steps:

1) Preparation. This phase includes: (i) a formulation d the problem in sense of knowing what is to be solved; (ii) an
accumulation or assimilation of knowledge, to which we call background knowledge, necessary to create something.

2) Incubation. This phase @rresponds to the generation and formulation d possble solutions. This process can be
unconscious or partialy conscious. During this phase, the problem is being urconsciously pursued and the flexibly
organised badkground knavledge, acquired during the anterior phase, is being restructured into new schemata, i.e., new
mental structures are aeaed by recombinations and reorderings of the original knowledge (Armbruster, 1989. In ou
approach, this processof recombination o knowledge fragments is performed in the following way. Considering that 1t
isthe arrently being constructed solution (at the beginning is empty), and 15 aplaceon solution Ttin which islaking a



knowledge fragment: (i) seledion and addition to 1t of afragment that is associated in the badkground knavledge with
similar problems. This sledion is made taking into acaurt the simil arity between the wntext of 14 on solution 1, and
the context of the mnsidered fragment on the original knowledge. Thus, the cmbination has more probabiliti es to be
more aedive if the seleded fragment is the one with lesscontext simil arities. However, this way the probabiliti esto be
a bhizarre combination also grow; (ii) validation of the addition of the new fragment to the solution.

Simultaneously to this knowledge restructuring, new knowledge may be aquired which may lead to new
recombinations or may fill some ladking geceof knowledge, and then, the solution may be completed condicing to the
illumination stage, or at least augmented, just like putting alacking geceon an incomplete puzzle, and the incubation
proceads. This kind d knowledge is cdled oppotunistic knowledge and the process oppatunistic reasoning
(Hammond, 1988. Thisis particularly clea in situations where ill umination a insight comes when mental work is not
pursuing the problem, but suddenly, receves news experiences that diredly or by analogicd reasoning constitute or
condice to the problem solution. E.g., Newton dscovered the Universal Gravity Laws séng an apple falling dovn
from a tree.

3) lllumination. In this gage the solution is consciously proposed. This olution may imply the decomposition d the
problem in sukproblems, which will be recursively pursued through the first phases of the creative process

4) Verificaion. In this gage the credive properties (novelty, usefulness etc.) of the solution are tested and some
revisions and adaptations are made when necessary. If the solutionis gill considered as a non-credive product then it
may be refused and al the sequence may be repeaed from the beginning, trying to find a new knowledge
recombination.

3. A computational model for creative planning

In this section we describe our creative planning process from a computational point of view.

3.1. Preparation

3.1.1. Background knowledge
As was sid above the aedive processis based on pevious knowledge which we represent by cases. Since we ded
with creative planning, cases are plans.
Within ou approach a cae plan is a set of goals and adions organised in a hierarchicd way (Figure 1): a main gaal
(the main problem) is refined into sub-goals (the sub-problems), and so on urtil reading the adions that satisfy the
goals.

Hierarchical Links
Temporal Links

Figure 1 - Case structure.

In ou model, ead nock of the hierarchicd structure mrresponds to a cae piece To complete the cae structure, there
are links between case pieces, representing causal justifications, or explanations. Some of these links maintain the
hierarchicd case structure, others refled temporal relations between case pieces. Thus the existence of a cae piecein a
plan case is causally explained by several case pieces of the same plan case.

A measure of importance (strong, weak or medium) is given to eadh explicit link, acording to its weight in the
explanation of the consequent case piece.



Considering the hierarchicd links only (represented in Figure 1 by continuows arrows), the inherent meaning o the
represented structure is: a, the main gaal of the plan (or the main problem) is achieved by sequentially achieving sub-
goals (sub-problems) al, a2 and a3. Each ore of these sub-goals is also broken upinto ather sub-goals. For example,
alisbroken upinto all, al2 and al3, and a2 into a21 and a22. To achieve the goal all the adionsalll, all2, a113
andall4 must be sequentially executed by this temporal order.

Besides being explained by the goal-refinement process through herarchicd links, a cae piecemay also be explained
through a temporal link (represented in Figure 1 by dscontinuous arrows). For example, a21 (sub-goal of a2) is a

consequence of case pieedd andal2, which is represented by the temporal links labefiethd A, respectively.

Sincethe cae pieces form atreelike structure we adopt the tree daraderistic terminology to fadlit ate the description
of our approach. Thus, we say that a cae pieceisanoce ad kelongsto alevel (eg., in Figure 1, case piecesal, a2 and
a3 (sub-goals of goal a) belongto level 1; case piecea (the main gaal) belongs to the level 0). We dso consider that
father, son, brother, etc., relations exist between case pieces (e.g., in Figure 1, case piecea is father of case pieceal, al
is son ofa and brother 02 anda3).

A cese piecehas sven types of information describing its relevant aspeds: a name that uniquely identifies the cae
piece the name of the cae to which the cae piece belongs; the cae piece adress the wnstraints, i.e., the pre-
condtions which must be satisfied for the cae pieceto be acceted for retrieval; a set of attribute/value pairs
describing it; the antecedents and the consequents.

The aldressof a cae piecerepresents its hierarchicd (level) and tempora position onthe cae (for more details e
Grilo, Pereira, Macedo & Cardoso, 1996). It also embeds in its syntax pointers to its ascendants and brothers.

Antecedents and consequents are links that foll ow, respedively, from andto ather case pieces. Antecedent links explain
the existence of the mnsidered case piece(e.g. in Figure 1, a2l is explained by all and al2, by the links labelled a
and A, respedively, and bya2 througha father link). Consequent links $iow how a cae piece &plains the existence of

other case pieces (e.g. in Figure 1, a21 partialy explains a22 and a32 by links 5 and J, respedively, and a211 and
a212 by father links).

Each antecedent or consequent link is classified into another two main kinds of links, hierarchical and temporal.

Hierarchicd links refled the cae pieces refinement (e.g., in Figure 1, there is a hierarchica link between gcal a and
goalal becausel is a subdivision o).

A temporal link expresses a caisal explanation between two temporally disjunct case pieces (e.g., in Figure 1, case
piecea2l is explained by case piea&l). The explanation embeds the temporal relation between the case pieces.

Sometimes the type of relation between antecedent fad(s) and the @nsequent one may be unknown. This lack of a
complete theory is common in several domains like psychdogicd, medicd, artistic, etc. (Bento, Macedo & Costa,
1994). This idealeals to ancther clasdficaion d the links between case pieces: we say that a link between the cae
pieces a and b is explicit if the concrete relation between a and b is known, and implicit if not. In Figure 1, al3
implicitly (and temporally) explains a21. There is nat a mncrete link between them, but it is coherent to assume that
the existence of a2l is partialy due to the previous occurrence of al3. We may also say that a implicitly explains a21,
although there is not a direct relation between them.

We cdl the cae piece context to the set of case pieces that surrounds it. We distinguish eight types of contexts
acording to the kind o link existing between the cae piece onsidered and the surroundng ores. Thus, ead ore of
these surroundng case pieces is included in ore of the following contexts (the name of the cntext refleds the
clasdficaion d the link to the cae piec: antecalent-hierarchicd-implicit context, antecedent-hierarchicd-explicit
context, antecedent-temporal-implicit context, antecedent-temporal-explicit context, consequent-hierarchicd-implicit
context, consequent-hierarchicd-explicit context, consequent-tempora-implicit context or consequent-temporal-
explicit context.

For example, in Figure 1, the contexts of a2l are antecalent-hierarchicd-implicit context = {a}; antecealent-
hierarchicd-explicit context = {a2}; antecalent-temporal-implicit context = {al3}; antecealent-temporal-explicit
context = {all, al2}; consequent-hierarchicd-implicit context = {} ; consegquent-hierarchicd-explicit context = {a211,
a212}; consequent-temporal-implicit context a3l}; consequent-temporal-explicit context a2, a32}.

Sincethere is not any dred link between implicitly related case pieces, it is necessry to define afrontier to limit the
number of case pieces of the implicit contexts. We aaume that this frontier involves the nearest case pieces. To eath
implicit type of context, we defined a user-configurable parameter with the maximum distance a cae piecemay be to
belong to a context of that type.

3.1.2. Problem

A new problem to be solved by the system may comprise aset of linked case pieces. At least the main gaal (the root
case piece) must be included, with its name, address, constraints and attributes information instanciated.



The meaning aswciated to a problem description composed by the main gad is the following: the system must find a
structured plan solution to achieve the goal; the solution must satisfy the goal’ s constraints. If the problem also includes
sub-goals or adions with the same instanciated information types, then the meaning d the problem description is
augmented by the following: the system must find a structured plan solution to achieve the goal; the solution must
satisfy the goal’s constraints and must achieve the spedfied sub-goals and perform the spedfied adions. Thus a
problem may be a partial structured solution given by the user. The system just have to coherently complete it.

3.2. Incubation

At this dage the main gaal is considered to be solved by recombining sub-goals or adions of previous cases. Sincethe
complete information abou this goal is not aready known (for example, the number of sub-goals that are necessary to
achieveit or the links that follow from it may be unknawn at this point), the main gaal that best matches the considered
oneisretrieved from a cae in memory. The next step is retrieving the main gaal’s ons from memory, starting bythe
oldest, assuming its context (currently, the retrieved main goal) and its address as indexes.

Theretrieving d a cae piecefrom memory involves the foll owing steps (given the context and the aldressof the next
free position on the new case solution):

1) seledion d the candidate cae pieces from memory, eliminating those which are incompatible with the constraints

of the free position’s father, and those which do not belong to the same level of the free position;

2) application d a similarity metric® taking into acourt the given context and address and ranking d the cae pieces
selected in step 1;

3) seledion o a cae piece acording to the aiterion established by the user to the aurrent hierarchicd level (eath
level has sledion criterion. For example, in level 1 the seleded case piecemust be the one with more simil arity
metric value, but in level 4, it must be the one with the less similarity metric value);

4) validation of the addition to the solution of the selected case piece.

From the &owve dgorithm it can be seen that the weighted similarity metric used for seledion o a cae piecetakes into
acount the similarity between the mntext and the aldress considered in the new case under construction and the
context and the address of the candidate case piece.

Aswas said above, we @nsider eight types of contexts. Obviously the simil arity metric must give different weights to
different context similarities. For example, it must give abigger weight to explicit link's gmilarities than to implicit
ones. The similarity metric also favours the case pieces whose addresses are more similar to the free position’s addres
The similarity metric value for a cae pieceis expressed in percentage. Thus, when a cae piecehas a similarity value
equal to x%, means that its context and addressis x% similar to the cntext and addressof the free position. Seledion
of a cae pieceinvaves the mmputation d a similarity metric value for it and the mnsideration d the seledion
criterion. This means that, first, the candidate cae pieces are ranked by their similarity metric value, and then, the
established criterion for that level determines which case pieceis ®leded. This criterion refleds the degree of
originality needed in that level. For example, the user may want that the level 1 o the solution must have null
originality, because & this level new solutions are dways smilar to dd ores. However, he/she dso may wants that
solutions, in level 5, must be, at maximum, 50% original. Therefore, in this level, the candidate cae pieces with a
similarity value lesser than 50% are not considered to be seleded. The first one tried to be seleced is the one with a
similarity value equal or higher than 50%. This means that the cae pieces recmbination is not made by chance but
instead considering the needed originality.

After a cae pieceis ®leded, it is submitted to a validation processconsisting in the verificaion o incompatibiliti es
between the seleded case piece ad the partialy constructed solution for the given problem. At this paint, there may be
links that follow from ealier case piecss, pointing to the freeposition. We cdl them suggestions, as they correspondto
propcsed bu not definitive links. If an incompatibility exists between a suggestion and an antecedent link o the
seleded case piecethere ae three toices: (i) try to adapt it, relaxing the validation byignaring the lessimportant of
the incompatible links (e.g., if the suggestion is grong and the antecadent link of the seleded case pieceis we, the
vali dation step substitutes the seacondlink by the former one in the seleded case piece and then this case pieceis added
to the new case); (ii) if it was not possble to adapt it, seled anather one (taking into acourt the aiterionfor that level)
and apply the validation step to it; (iii) if there ae not alternative cae pieces for the free position, then the problem
being solved is suspended o putted in standby. When the system aaquires new knowledge the standby pgoblem(s)

? E.g.,Bento’s quantitative metric (Bento & Costa, 1994).



is(are) adivated and tried to be solved, with the expedation that this oppatunistic knowledge may be the key for the
solution.

3.3. lllumination

At this dage, the solution constructed in the incubation stage is propcsed. However, as we said the solution may
include problems. Each ore of these problems initiates another sequence of three stages (preparation, incubation,
illumination) until its solution is founded. This solution may also be composed by another problems, and so on.

3.4. Verification

At this dage, the entire solution is submitted to a validation and test abou its originality and wsefulness If necessary
some revisions are made. At this point, this stage is performed by the user.

4. An application in Musical Composition Domain

As gudied by Lerdahl and Jadkenddf (1983, Balaban (1992 and Honning (1993, music is a domain in which
“structure”, “hierarchy’” and “time” are more than occasional keywords. Music is indeed a highly structured and
organised world. As gated by Balaban, any music can be represented by a hierarchy o tempora objeds (an ohjea
asciated with a temporal duration), in such a way that eat ore has, as descendants, a sequence of sub-objeds that
starts and ends at the same start and ending point as the object’s. Figure 2 shows an example.

intro theme ) (codetta varl var2 c»{( var2 ) theme ) codetta

Figure 2 - A case in the Music domain.
There ae important relations in music, since many musicd objeds may be caisally explained by atransformation (like
“repetition”, “variation”, “inversion”, “transposition’, etc.) of some other objed. These caisal relations are represented
throughtemporal links (‘c’ linksin Figure 2) which correspondto the asciated transformations (e.g. the temporal link
between “theme” of “partl” and “varl” of “part2’ may represent a“variation” transformation which, when applied to
“themeé originates‘varl’).

The goal of our applicaionisto use music analysis as foundition for a generative processof compasition, providing a
structured and constrained way of composing credive pieces, although leeing the esential traits of the mmposer’s
style. We use analysis of music pieces from a seventeenth century composer.

We have @mncluded that considering music & a plan, with the organisational charaderistics described ealier, and the
ad of compaosing as CBP, might be an interesting way of generating new music from old ores. In fad, music structure
has the basic conditions to be considered as a normal plan structure.

The use of four stages to perform a musicd credion is corrobarated by musicians experience In fad, they start by
considering the main problem (e.g., a sonata), which is olved with a sequence of ancther set of problems (e.g., Partl,
Part2 and Part3). This problems are dso solved by an analogows way, and so on, urtil i s readed the music notes. After
this, the entire music is validated and , if necessary, some revisions are made.

5. An example

In this section we briefly illustrate the musical generation process used by INSPIRER.



Case 1 Case 2

allegrol

( Partl ) ( Part2 )
(Sectionl) (Sectionz)

a

Figure 3 - Cases in memory.
Prepar ation. The system was ®eded with two musicd cases represented in Figure 3. The problem given to the system
(represented by the PROLOG fad case_nod(new_case, alegro, O, [], [torn='l',comp=2/4],_, )) is to come up with a
music sonata characterised by having binary measure and tonality ‘I".
Incubation. First, a cae piecewith more simil arities with the one represented in the problem isretrieved from a caein
memory.
If there were not any case in memory then the system put the problem in standby, waiting for opportunistic knowledge.
For the aurrent problem, and considering that INSARER has case 1 and case 2 in memory, the system retrieved the
main gaal of case 1 since it is the one with more simil arities with the goal proposed as problem. At this paint, the
solution is the one presented in Figure 8.- (
Next step is finding a sequence of three nodes which jointly will form a solution for the problem. The first new case
freeposition tried to be fill ed is the one with address0:0. The system foundin memory the foll owing set of candidate
pieces, which are ranked by similarity metric value with the new case’s freeposition d address0:0: Partl from case 1,
Part 1 from case 2, Part2 from case 1, Part 2 from case 2. The seledion d one of these pieces depends on the used
criterion. In thislevel the aiterionisto seled the most similar. Therefore Partl from case 1 is sleded. However, if the
criterion was to seled the less smilar, then Partl from case 2 was sleded. But, before its addition to the solution, this
pieceis submitted to a mmpatibility test. Sinceit has not any incompatibiliti es with ather pieces of the aurrent solution,
it is added to it (Figure 4 - (ii)).
Next step is retrieving a node for new case free paosition with address 1:0, and then to new free position with address
2:0. The system chose Part2 from casel and Partl also from case 1, respedively (Figure 4 - (iii)). Thus the solutionis

reached.

0:0 1:0 2:0

: : (_part1 ) (_partz ) Partl )
— IR J

(i) (ii) (iii)

Figure 4 - New case generation.

Illumination . The solution is the temporal sequence of Partl, Part2 and Part1 (repetition).

However, these pieces are dso ursolved problems. Consequently, ead oreisincluded in a new preparation stage. The
system starts by Part1 to which foundthe following solution: Sedion 1from casel, Sedion2from case 1, and Sedion2
from case 1 (repetition). Then it takes Part2 as a problem and by a similar way achieve to it a solution.

These solutions also include problems and the process is reaursively repeaed urtil reading the adions (in this
application, the actions are the music notes).

Verification. The entire solution presented to the user by the system is validated by an expert. Some notes which are
incorrectly or anaesthetically combined are adequate to avoid it.

® Because of the extent of musical cases we have to represent incomplete ones.



6. Conclusions

We have presented an approach to a cmputational model for creaive planning, taking as urce caes of past plans.
With the am of deding with flexible knowledge, cases are split into pieces, providing a wide variety of recombinations
of these pieces. These recombinations, rather than made by chance, are guided by the simil arities between the mntext
(defined by the links) and the aldressof the cae pieces in memory and d the freeposition onthe under construction
solution.

As gated by Wallas, the aredive processinvolves four stages. However, we defend that oppatunistic knowledge takes
an important role in the incubation stage, and that the potential solution proposed in the illumination stage may
comprisesa problemdecomposition

As down, musicad composition task can be ansidered as a planning task and is an appropriate domain to ou credive
approach, judgng bythe reports of musicians abou their credive experiences. However, other domains like story or
screenplay generation are also possible applications for INSPIRER.
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