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AUTOMATIC MOTIVIC ANALYSIS INCLUDING MELODICSIMILARITY FOR DIFFERENT CONTOUR CARDINALITIES:
 APPLICATION TO SCHUMANN’S OF FOREIGN LANDS AND PEOPLE
 Chantal ButeauBrock University
 Department of MathematicsSt.Catharines, [email protected]
 ABSTRACT
 This paper aims at presenting a topological model of mo-tivic structure and analysis, and its application, via the im-plementation, to Schumann’s Of Foreign Lands and Peo-ple in Scenes from Childhood. Our immanent approachimportantly includes the concept of contour similarity fordifferent motif lengths making then possible to formal-ize the germinal motif (or leitmotif) concept. Based onmotif, contour, gestalt, and motif similarity concepts, thecrucial step in our mathematical model is indeed the intro-duction of neighborhoods of motives that include (similar)motives of different cardinalities and that yield a topolog-ical (T0)-space on the set of all motives of a composi-tion. In this space, the ‘most dense’ motif corresponds tothe piece’s ‘germinal motif’. The model implementation(JAVA) constructs the spaces and in particular calculates,for each similarity threshold (neighborhood radius), thegerminal motif; this is graphically represented in motivicevolution trees. The application to Of Foreign Lands andPeople briefly exemplifies our method.
 1. INTRODUCTION
 In the context of computer-aided analysis, melodic simi-larity is of high interest, though handled very often onlypartially and with difficulties. The particular case of mea-suring the similarity between two melodies of same lengthis normally easily managed. However, the extension ofthis concept to describe the ’similarity structure’ of manymelodies within a composition is much more complex and,without the use of mathematics, cannot be so easily han-dled. Especially when considering melodies of differentcardinalities.
 However it is clear that any reasonable model of a ger-minal motif, i.e. of that sequence of notes having a ger-minal function such as the Leitmotif in Beethoven’s Fifthsymphony, being heard literally or transformed all alongthe composition, necessitates the inclusion of melodies ofdifferent lengths into the method.
 In this paper we present a topological model of motivicstructure that includes the concept of contour similarityfor different lengths, and an application to Schumann’s
 Of Foreign Lands and People in Scenes from Childhood.Our immanent approach favors melodic relationships be-low the musical surface as presented by Reti [11]. It isclear that by dealing with similar motives of different car-dinalities it considerably enhance the complexity of themodel and the computations. However, despite this com-plexity, the model has been entirely implemented (JAVA):see [4] as an improved (and complete model implementa-tion) version of the software module MeloRUBETTEr inRUBATOr (see [9], [8]).
 Indeed the complexity of calculations could be man-aged based on mathematical results considerably reduc-ing calculations while keeping the immanent character ofthe approach: see [3], [4]. Investigations by use of theMeloRUBETTEr on Schumann’s Traumerei [1], on We-bern’s Variation fur Klavier op. 27/2 [9], and on Bach’sKunst der Fuge [12] support the validity of our model.Also, it is important to mention that contour approachesbased on Set Theory [10] (e.g. see [13]) can be redefined,generalized, and extended within our model: see [5], [3].
 We will first shortly summarize our model of automaticmotivic analysis based on a topological space of motivesat section 2. It has a generic character and, importantly,allows the analyst to change perspectives (i.e. changetopological parameters in the model) for the analysis. Themodel is based on the concepts of motif, contour , gestalt,motif similarity, and neighborhood of a motif including(similar) motives of different cardinalities. This yields atopological T0-space on a collection of motives in a com-position.
 The formalization of the germinal motif within the topo-logical spaces is discussed at section 3. It basically corre-sponds to the motif with ‘most dense’ neighborhood fora given similarity threshold (radius). We shortly discussthe model implementation at section 4, and an applicationat section 5 to Schumann’s Of Foreign Lands and Peoplebriefly exemplifies our method. In particular, we present amotivic evolution tree (MET) of this piece that graphicallyrepresents the germinal motif in function of the similaritythreshold. The MET gives an overall motivic evolutionspectrum, rather than just the identification of the germi-nal motif.
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2. TOPOLOGICAL MODEL OF MOTIVICSTRUCTURE
 In this section we shortly summarize the main conceptsof our topological model. We restrict our attention to aminimal simplified setup in order to make the essentialsclear; for details we refer the reader to [3], [7], [2].
 Tones are parameterized by at least onset and pitch val-ues and possibly by duration, loudness, crescendo, andglissando values. We introduce motives M as non-emptyfinite sets of tones: M = {m1, ...,mn} such that all on-set values in M are different, and we set card(M) = n,the number of tones in M . Given a music compositionS we consider a (finite) collection of motives in S thatwe denote MOT (S). We impose that MOT (S) satisfiesthe Submotif Existence Axiom (SEA), that is every sub-motives of a motif in MOT (S), down to a minimal cardi-nality nmin, is also in MOT (S).
 The shape 1 of a motif M is the image of M by a setmapping 2 t : MOT (S) → Γt; for example, Com(M) =the COM matrix (see e.g. [6]) of M , Rg(M) = projectionof M on the onset-pitch plane (i.e. representation of M byonly its onset and pitch values), Dia(M) = vector of con-secutive pitch differences (i.e. of consecutive intervals),or India(M) = vector of signs of consecutive pitch dif-ferences. These 4 shape examples are respectively calledCOM-matrix, Rigid , Diastematic, and Index Diastematicshape types.
 We consider a group P action on shapes (i.e. on Γt)induced by a group action on the motives, e.g., the affinecounterpoint paradigmatic group 3 CP generated by trans-lations in time, transpositions, inversions and retrogrades.The (t, P )-gestalt of a motif M is the set of all motiveswith shapes in the same P -orbit as t(M): GesP
 t (M) :=t−1(P ·t(M)). Gestalts conceptualize the identification ofmotives with their imitations. We also introduce pseudo-metrics dn for shapes of cardinality n that we retract tomotives: the t-distance between two motives M and N
 with same cardinality n is dt(M,N) := dn(t(M), t(N)),and their gestalt distance is
 gdPt (M,N) := inf
 p,q∈Pdn(p · t(M), q · t(N)). (1)
 If P is a group of isometries, then gdPt is also a pseudo-
 metric. For example, the Euclidean distance on Γt ⊂ Rm,
 for any shape type t, or e.g. the CSIM or C+SIM values[6] for the COM-matrix shape type, measure the distance(i.e. contour similarity) between motives M and N .
 A crucial step in our model in order to formalize thecontour similarity for different motif cardinalities, i.e. to
 1 The shape of a motif is a generalized concept for contour. Indeed,the usual contour of a motif corresponds to the diastematic index shapeof a motif.
 2 Observe that the exact construction of the model is rather on theset MOT of all possible motives from which we take a finite collec-tion MOT (S) of motives in S. In particular, the domain of the shapemapping t is MOT . This is necessary for the consistency of the math-ematical structure, but we put it on the side for this paper to privilegeconcepts to details (see [2]).
 3 This terminology refers to Jean-Jacques Nattiez’ paradigmatictheme.
 formalize variations and transformations of motives, is theintroduction of the ǫ-neighborhood of a motif M : it in-cludes all motives N that contains a submotif N∗ ǫ-similarto M . More precisely, given ǫ > 0 we define V t,d,P
 ǫ (M) :=
 {N ∈ MOT (S)|N∗ ⊂ N s.t. gdPt (N∗,M) < ǫ}. (2)
 If our setup (defined by fixing t, P , and d) fulfills theinheritance property ([2],[7]), the collection of all theseneighborhoods forms a basis [2], [7] for a topology Tt,P,d
 on the set 4 MOT (S) of motives in S. In contrast withthe other shape types we have to note that the India shapetype does not satisfy the inheritance property since it haslost the ‘global’ motif structure information: see [2]. Thetopological space is called motivic space of the compo-sition S.
 The resulting T0-topological structure corresponds tothe motivic structure of a composition, and the germinalmotif (i.e. the Leitmotif) is formalized by the ‘most dense’motif given a (similarity threshold) radius ǫ. More pre-cisely, because of the peculiar open neighborhoods of thespace, we set the presence of a motif M at radius ǫ aspresǫ(M) :=
 ∑
 N ∈ MOT (S)
 1
 2n−m· #{N∗ ⊂ N |gdP
 t (N∗,M) < ǫ},
 (3)where m = card(M) and n = card(N), its content asconǫ(M) :=
 ∑
 N ∈ MOT (S)
 1
 2m−n·#{M∗ ⊂ M |gdP
 t (M∗, N) < ǫ},
 (4)and its weight as weightǫ(M) := presǫ(M) · conǫ(N).The germinal motif, given a similarity threshold ǫ, is for-malized as the motif with largest weight in the composi-tion. Finally, we represent graphically the germinal motifas function of the (similarity threshold) radius, represen-tation that we call Motivic Evolution Tree of S. See [3],[5] for the detailed motivic space and motivic evolutiontree of the main theme of Bach’s Art of Fugue.
 3. FORMALIZATION OF THE LEITMOTIFCONCEPT WITHIN OUR MODEL
 Given 5 a composition S to analyze we first take a collec-tion MOT (S) of sequences of notes, that we call motives,to be analyzed. It is at this step that we may use metric orharmonic structures in order to largely segment S. TheSEA condition on MOT (S) corresponds to the fact thatthe analyst naturally considers parts of motives for identi-fying similarity between motives. Abstraction of motives’features is formalized by the choice of a shape type andthe shape images of motives.
 The identification of imitations corresponds to gestaltsof motives, and variations and transformations correspond
 4 In the exact construction the topological space of a composition isdefined as the relativization to MOT (S) of the topology on MOT .
 5 For detailed arguments about this section statements, see [7] and [3].
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Figure 1. The beginning of Schumann’s Of Foreign Landsand People, first piece of Scenes of Childhood
 to being in the ǫ-neighborhood or containing in its ǫ-neigh-borhood, given a similarity threshold, i.e. a radius, ǫ. Thedifference between a variation and a transformation is thatthe latter admits a larger ǫ value. The obtained topolog-ical space for S corresponds to the motivic structure ofS [3],[7]. The formalization of the germinal function of amotif, i.e. of being omnipresent in a composition, dependson the similarity threshold ǫ, and is done by measuring foreach motif in S its presence and its content, summarizedtogether as its weight.
 Finally, given a composition S, a segmentation of S, ashape type t, a group P of imitations, a similarity measured, and a similarity threshold ǫ, the germinal motif is thesequence of notes with largest weight for ǫ [3],[7]. Theleitmotif of S for each ǫ is represented graphically in themotivic evolution tree.
 We stress that this formalization of the germinal motifconcept naturally corresponds to Rudolph Reti’s imma-nent approach to motivic analysis, though after a precisionon his fuzzy terminology [3],[7].
 4. MODEL IMPLEMENTATION
 This model was first partially implemented in 1996 by G.Mazzola and O. Zahorka [9],[8] as a module of the soft-ware RUBATO. As a major improvement in the JAVA im-plementation [4] by the author in 2002 we mention thetotality of the (same but extended) model that is imple-mented and most importantly that is also unveiled withdetails through the rich diversity of the outputs. Also thecomputational efficiency has been greatly improved basedon a mathematical theorem [3] asserting that the topolog-ical construction on motives can be restated directly ongestalts (motif classes) which considerably reduces com-putations. For example, from 355,299 2-to-5 note mo-tives in Schumann’s Dreamery there are 172 (Com,CP )-gestalts. At the time this paper is written all outputs of theimplementation are still numerical, except for the motivicevolution trees that are implemented in Mathematica c©.
 It is important to mention that the implementation keepsthe generic character of the model. There are thereforemany analytic parameters, such as the shape type, the ad-missible imitations or the similarity measure functions, tobe set when analyzing a composition. It allows to havedifferent perspectives on the composition (application ofthe Yoneda Lemma: see [7]).
 Figure 2. According to different topological settings andshape similarity thresholds, motives A: G-F#-E-D, B:F#-E-D-B, and C: B-G-F# are identified as germinal mo-tives. See Figure 3 for the overall motivic evolution spec-trum.
 5. APPLICATION TO SCHUMANN’S OF FOREIGNLANDS AND PEOPLE
 We present an application of our approach to Schumann’sOf Foreign Lands and People, first piece of Scenes of Child-hood. See Figure 1 for the first measures. Because of thelimitation of the numerical outputs we only briefly com-ment the analysis.
 We considered different segmentations for the analysisdepending on the topological setting. For example, notesof the composition were split into 2 voices (upper andlower voices), and all 2-to-8 note motives with maximalspan of 2.5 bars, were calculated (i.e. MOT (S)). We setthe shape type t to COM -Matrix and diastematic types.Respectively the group P is set to the group Tr of trans-lations in time and transpositions and to the counterpointgroup CP . Table 1 shows for each motif cardinality thenumber of motives in MOT (S) and the number of corre-sponding gestalts that were considered in the analysis. Weused the relative Euclidean distance dt. For example, thedistance values varied from 0.167 and 22.0 for t = Dia
 and P = Tr.In Figure 3 we present the motivic evolution tree of
 the analysis with t = Dia. This represents the germinalmotif (dark:highest weight and pale:2nd highest weight)evolving from top to bottom as the similarity threshold(neighborhood radius) gets larger. The horizontal axis isthe motif cardinality. The pale lines between motives inthe graphic correspond to the (transitive) submotif rela-tion, therefore the linked motives are topologically closeto each other. For example, at radius ǫ = 0.47 the germi-nal motif is F#-E-D-B (4-40 in the tree) from the uppervoice (see Figure 2). It has shape (−2,−2,−3) and is Tr-imitated 12 times within our segmentation. At similaritythresholds from ǫ = 0.745 to 0.9, the motif G-F#-E-D(4-20 in the tree) with shape (−1,−2,−2) is the germi-nal motif (see Figure 2). Also, there is a clear descend-ing melodic line constant through the tree, as expectedwith our choice of analysis parameters. With t = Com
 and P = CP , the corresponding motivic evolution treeshows the germinal motif B-G-F# (see Figure 2) untilǫ = 0.221.
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Motif (1) # of (1) # of (2) # of (2) # ofCard. Motives Gestalts Motives Gestalts2 291 21 1326 23 705 171 3356 74 928 400 4363 375 564 264 2915 2016 275 133 850 2127 73 36 48 278 8 4 - -
 Total: 2844 1029 12858 486
 Table 1. Number of motives in MOT (S) and gestalts forthe analysis (1) with t = Dia and P = Tr and (2) witht = Com and P = CP .
 6. CONCLUSION
 Our model of motivic structure naturally formalizes theconcept of germinal motif, e.g., as presented by Reti [11].It importantly includes the concept of motif similarity fordifferent contour cardinalities. In the implementation thecomplexity of calculations has been dealt by use of theo-rems on the topological spaces. The application to Schu-mann’s Of Foreign Lands and Peoples briefly exemplifiesthe model. It is now intended to complete the implemen-tation of the output visualization, to fix some implementa-tion parameters, with cognitive research, in order to im-prove the accuracy of analysis, and to study similaritythreshold intervals by help of neural network procedures.
 7. REFERENCES
 [1] Beran J., Mazzola G.: “Timing Microstructurein Schumann’s “Traumerei” as an Expressionof Harmony, Rhythm, and Motivic Structure inMusic Performance”, Computers and Mathe-matics with Applications, 39 (5/6), 2000.
 [2] Buteau C.: “Reciprocity between Presenceand Content Functions on a Motivic Compo-sition Space”, Tatra Mt.Math.Publ. 23, 2001.
 [3] Buteau C.: A Topological Model of MotivicStructure and Analysis of Music: Theory andOperationalization. Ph.D Thesis, UniversitatZurich, Zurich, 2003.
 [4] Buteau C.: “Motivic Spaces of Scores throughRUBATO’s MeloTopRUBETTE”, Perspec-tives in Mathematical and Computational Mu-sic Theory, Lluis-Puebla E., Mazzola G.,and Th. Noll (eds), Verlag epOs-Music, Os-nabruck, pp.330-42, 2004.
 [5] Buteau C., Mazzola G.: “From Contour Simi-larity to Motivic Topologies”, Musicae Scien-tiae, European Society for Cognitive Sciencesof Music (ESCOM), Vol IV, no 2,pp .125-149,Fall 2000.
 Figure 3. The motivic evolution tree of Schumann’s OfForeign Lands and People (for parameters t = Dia,P = Tr, and d = REd) representing its overall motivicevolution spectrum (varying the similarity threshold).
 [6] Marvin E., Laprade P.: “Relating MusicalContours: Extensions of a Theory for Con-tour”, Journal of Music Theory, Vol 31, pp.225-67, 1987.
 [7] Mazzola G. et al.: The Topos of Music.Birkhauser, Basel, 2002.
 [8] Mazzola G., Zahorka O.: “The RUBATO Per-formance Workstation on NEXTSTEP”, Pro-ceedings of ICMC 1994, ICMA, San Fran-cisco, Sept. 1994.
 [9] Mazzola G., Zahorka O., Stange-Elbe J.:“Analysis and Performance of a Dream”,Grammars for Music Performance, AndersFriberg and John Sundberg (eds) pp.59-68,KthStockholm, 2000.
 [10] Morris, R.: “New Directions in the Theory andAnalysis of Musical Contour”, Music TheorySpectrum 15, pp.205-28, 1993.
 [11] Reti, R.: The Thematic Process in Music.Greenwood Press, Connecticut, USA, 1951.
 [12] Stange-Elbe, J.: Analyse - und Interpretation-sperspektiven zu J.S. Bachs “Kunst der Fuge”mit Werkzeugen der Informationstechnologie.Habilitationsschrift, Osnabruck, 2000.
 [13] Quinn, I.: “Fuzzy Extensions to the Theoryof Contour”, Music Theory Spectrum, 19/2,pp.232-63, 1997.



				

				
LOAD MORE				            


            
                

                Recommended


                                    
                        
                            
                                

                            

                        
                        
                            Motivic Symmetric Spectra - Universität Bielefeld · motivic equivalent to an honest suspension S1 ^Gm of the ... Motivic Symmetric Spectra 447 ... It is crucial for the development
                            
                                Documents
                            
                        

                    

                                    
                        
                            
                                

                            

                        
                        
                            Motivic spaces and the motivic stable category
                            
                                Documents
                            
                        

                    

                                    
                        
                            
                                

                            

                        
                        
                            MW-MOTIVIC COMPLEXES
                            
                                Documents
                            
                        

                    

                                    
                        
                            
                                

                            

                        
                        
                            The co ber C˝ and Motivic Chromatic stuMotivic Homotopy Theory The cofiber C˝ Applications to Motivic Chromatic Homotopy theory Bonus Unstable Motivic Spaces I will only work over
                            
                                Documents
                            
                        

                    

                                    
                        
                            
                                

                            

                        
                        
                            MOTIVIC FUNCTIONS, INTEGRABILITY, AND APPLICATIONS TO 
                            
                                Documents
                            
                        

                    

                                    
                        
                            
                                

                            

                        
                        
                            Automatic scoring of singing voice based on melodic similarity …mtg.upf.edu/system/files/publications/Emilio-Molina... · 2020-06-11 · Automatic scoring of singing voice based
                            
                                Documents
                            
                        

                    

                                    
                        
                            
                                

                            

                        
                        
                            Motivic twisted K-theory
                            
                                Documents
                            
                        

                    

                                    
                        
                            
                                

                            

                        
                        
                            Towards analytical synthesis: folk idioms, motivic 
                            
                                Documents
                            
                        

                    

                                    
                        
                            
                                

                            

                        
                        
                            Automatic scoring of singing voice based on melodic ...mtg.upf.edu/system/files/publications/Emilio-Molina-Master-Thesis... · Automatic scoring of singing voice based on melodic
                            
                                Documents
                            
                        

                    

                                    
                        
                            
                                

                            

                        
                        
                            MOTIVIC HOMOTOPY THEORY AND POWER OPERATIONS IN MOTIVIC ...math.mit.edu/~nrozen/papers/motivic.pdf · motivic homotopy theory and power operations in motivic cohomology a senior thesis
                            
                                Documents
                            
                        

                    

                                    
                        
                            
                                

                            

                        
                        
                            Motivic infinite loop spaces - arxiv.org · This is achieved by developing a theory of framed motivic spaces, ... where they use Voevodsky’s ideas to explicitly compute ... MOTIVIC
                            
                                Documents
                            
                        

                    

                                    
                        
                            
                                

                            

                        
                        
                            Automatic and Controlled Processing of Melodic Contour and ... · Automatic and Controlled Processing of Melodic Contour and Interval Information Measured by Electrical Brain Activity
                            
                                Documents
                            
                        

                    

                                    
                        
                            
                                

                            

                        
                        
                            ~A. ·1 Ch/ - CORE · Lutoslawski skillfully combines three different musical textures into one cohesive movement through the use of melodic and structural motivic connections. This
                            
                                Documents
                            
                        

                    

                                    
                        
                            
                                

                            

                        
                        
                            Motivic Tubular Neighborhoods
                            
                                Documents
                            
                        

                    

                                    
                        
                            
                                

                            

                        
                        
                            AN ANALYSIS OF UNIFYING MELODIC AND MOTIVIC …
                            
                                Documents
                            
                        

                    

                                    
                        
                            
                                

                            

                        
                        
                            Melodic Similarity
                            
                                Documents
                            
                        

                    

                                    
                        
                            
                                

                            

                        
                        
                            A Motivic Snaith Decomposition
                            
                                Documents
                            
                        

                    

                                    
                        
                            
                                

                            

                        
                        
                            Melodic Writing
                            
                                Education
                            
                        

                    

                            

        


    






    
        
            	About us
	Contact us
	Term
	DMCA
	Privacy Policy


            	English
	Français
	Español
	Deutsch



            
                

				STARTUP - SHARE TO SUCCESS

									
							


					

				            

        

    















