Represen tation of Jazz Piano Kno wledge Using a Deductiv e Ob ject-Orien ted Approac h Keiji Hirata NTT Basic Research Lab oratories hirata@nefertiti.brl.ntt.jp http://www.brl.ntt.jp/people/hirata This pap er presents a metho d for representing jazz piano kno wledge that is based on the deductive ob ject-oriented (DOO) approach. One of the motiv ations b ehind this research is the desire to clarify whic h elements of musical kno wledge can b e handled by our current knowledge pro cessing (KP) techniques and whic h problems should b e challenged in order to develop more practical KP techniques. The pap er demonstrates how naturally and rationally the DOO framework can capture musical entities, concepts and relations. Also rep orted are the preliminary results of an exp erimental system. 1 In tro duction A fundamental problem in designing an intelligen t musical system is the construction of a framework that can prop erly represent and manipulate musical knowledge. Since music is one manifestation of hu- man kno wledge activity and is not a sp ecial target of kno wledge pro cessing (KP), it is supp osed that general-purp ose KP schemes that hav e b een in v es- tigated to date are applicable to building intelligen t musical systems. This research[3][4] aims at formalizing some part of m usical knowledge, using computer science and arti�cial intelligence terminologies as muc h as p os- sible. It will lead to clarifying which elements of musical knowledge can b e handled by our curren t KP techniques and which problems need to b e chal- lenged in order to develop more practical KP tech- niques. The author thinks that a deductiv e ob ject- oriented (DOO) approach[6][8] is notew orth y among KP techniques, since this approach provides desir- able prop erties: expandability , exibility , robust- ness and a theoretical basis. Through examining musical knowledge represen- tation based on the DOO framework, we hop e to develop a programming language for musical KP . T o facilitate design of the language, this pap er dis- cusses by what primitives and op erations m usical knowledge should b e represented. Next, an exp er- imental system is built to show the adv an tages of this approac h. Last, the p ersp ectives and problems are describ ed. 2 Represen ting Musical Kno wl- edge Musical concepts and entities are linked to eac h other by v arious relations in our minds. This net- work can b e viewed as a knowledge structure, whic h has evolv ed through knowledge activities such as learning and practice. The DOO framew ork,in com- parison, provides universal metho ds for represent- ing real-world entities, in which the k ey notions are ob ject, relation and deductive rule. This section ex- hibits how naturally and rationally the DOO frame- w ork can represent musical entities, concepts and relations. This research fo cuses not on the physical asp ects of music, but rather on m usical KP based on sym- b olic manipulation; thus, we assume that a note is atomic. The following examples employ jazz piano kno wledge on the presumption that this style may b e p opular and familiar to a large segment of the readership. 2.1 Ob ject In our DOO framework, every real musical entit y and concept is represented as an ob ject; e.g., the note C, the note C5, ma jor scale, a set of notes f G,B,D,F g (which could b e called a chord), a chord sym b ol sequence, such as D m 7 ! G 7 ! C maj 7 , and a p olyphonic melo dy are all considered to b e indi- vidual ob jects. Our framework introduces a nota- tion for representing an ob ject: c(l 1 =t 1 , � � � ,l n =t n ), where c stands for a class name or a basic ob ject, l i an attribute name, and t i an attribute v alue. This notation can b e regarded as an extension of a pred- icate c(v 1 , � � � ,v n ). F or example, the note C5, (the pitc h is C, and the o ctav e p osition is 5th) is repre- sen ted as note(pitch=C, o ctav e=5), and the chord sym b ol G 7 by c hord symbol(ro ot=G,name=7). This term representation is used as an ob ject identi�er; that is, every musical entit y and concept is uniquely iden ti�ed by the corresp onding term representation. Of course, it is p ossible that C5 itself can serve as a basic ob ject; such a decision dep ends on the situ- ation and the p erson describing the knowledge. Another imp ortant and useful data structure in KP is the set. A set is used to represent a collection to which ob jects having similar prop erties b elong. F or example, a chord is usually de�ned as three or more tones sounded simultaneously , and it is natu- ral that a chord is viewed as a set of note ob jects; the chord of C, E, G is represented by f C,E,G g . Note that our framework treats a set as an ob ject. 1

2.2 Subsumption Relation Example 2.1: Let us consider the representations of notes. A musician ma y hav e v arious images in terms of a note: e.g., a real note C5 (whose MIDI note num b er is 60), the pitch C, and the notion of a note (a note class) (Fig. 1). It is p ossible to sa y C5 C Note Figure 1: V arious notions of a note that C5 is C and C is a note. In the �gure, from left to righ t, abstraction go es, and, inv ersely , concretion do es. In other words, the abstraction corresp onds to climbing up for sup erclass, and the concretion for sub class. This relation is organized in the so-called is a hierarch y or class hierarch y . Example 2.2: Minor scales app ear in three forms: natural minor, melo dic minor, and harmonic minor. F or example, when w e sp eak of a natural minor scale, that merely means a prop er series of whole and half steps, and not a series of note symbols. By providing a key tone to the natural minor scale, a series of note symbols is obtained. (Fig. 2). Here, Minor Scale Natural Melo dic Harmonic � � � H H H C Natural C ] Natural . . . C Melo dic C ] Melo dic . . . C Harmonic C ] Harmonic . . . � � C C � � � � � C C � � � � � C C � � � Figure 2: Hierarch y of minor scales the hierarch y of the minor scales is represented by the sub class relation or class membership. Example 2.3: Supp ose that there is a chord of C, E, G, B [ . Since this c hord includes a tritone (the in terv al of the augmented 4th b etw een E and B [ ), it sounds lik e a dominan t 7th. Actually , this ( Inheritance of Harmony Figure 3: Inheritance of dominant 7th harmony chord may b e represented b y the chord symbol C 7 . Thus, we can say that the c hord of C, E, G and B [ inherits the dominant 7th prop ert y from the chord of E and B [ (Fig. 3). In that sense, the chord of C, E, G and B [ can b e regarded as a sub class of the c hord of E and B [ . Notation: The relations that w e ha v e examined so far are: is a , sub class, class membership, and in- heritance. A common prop erty of these relations is that they work b etw een tw o ob jects that are quite similar to each other, but di�ers slightly; that is, the t w o ob jects b elong to similar categories. Therefore, to represent these relations as a whole, our frame- w ork introduces a subsumption relation denoted b y v . In tuitiv ely , \ instantiate d v abstr act " is stated. The examples are as follows: note(pitc h=C,o cta v e = 5) v note(pitch=C) v note, C Natural Minor Scale v Natural Minor Scale v Minor Scale, and f C,E,G,B [ g v f E,B [ g . Note that v is a partial ordering. In the ab ov e example, the so-called Smyth or- dering [8] is used b etw een c hords. But the author thinks that, from the musical KP p oint of view, our framew ork p op erly should use not only the Smyth ordering but also the Hoare ordering. 2.3 Extrinsic Attribute Relation Unlik e the subsumption relation, an extrinsic at- tribute relation connects t w o ob jects that b elong to distinct categories. Example 2.4: The statement a chord symbol of the chord of F and B is G 7 or D [ 7 is represented by the expression chord(notes= f F,B g ).c hord symbols= f G 7 ,D [ 7 g , and is depicted in Fig. 4. In general, the expression chord(notes= f F,B g ) � ! f G 7 ,D [ 7 g chord symbols Figure 4: Extrinsic attribute relation p:l = q means that the v alue of the p ’s l attribute is the q ob ject. Note that extrinsic attribute relations do not change its ob ject identit y . Fig. 5 shows a more complicated example. F or space e�ciency , in the �gure, n is an abbrevia- tion of note , p pitch , o o cta v e , d degree , and cs c hord symbols . Chord (A) is relativized with re- sp ect to its ro ot note F3, and, as a result, (B) is obtained. While (A) is a set of notes represented b y pitch and o ctav e, (B) consists of the ro ot note and a set of notes represented by degree. Since c hords (A) and (B) are di�erent, the extrinsic at- tribute relations, relative and absolute, link them to each other. The extrinsic attribute relations, c hord symbols and voicing, link (B) and (C). An exp erimen tal system describ ed later actually uses the extrinsic attribute relations for asso ciating with quartal, tritone, scale, triad and so on. In the context of Ref. [8], the attributes used for part of an ob ject identi�er (Section 2.1) are distinc- tiv ely called intrinsic attributes, and only an ob ject 2

(A) f n(p=F,o=3), n(p=E [ ,o=4), n(p=A,o=4), n(p=B,o=4), n(p=D [ ,o=5), n(p=G [ ,o=5), n(p=B,o=5) g relative � ! � absolute (B) f n(d=0), n(d=10), n(d=16), n(d=18), n(d=20), n(d=25), n(d=30) g (ro ot=n(p=F,o=3)) chord symbols � ! � v oicing (C) f cs(ro ot=F, name=7th, tension= f [ 9, ] 11, [ 13 g ) g Figure 5: Extrinsic attribute relations b etw een c hords and chord symbols o ccuring at the p osition of an extrinsic attribute is inherited. 2.4 Deductiv e Rule Roughly sp eaking, a deductive rule is similar to Prolog clauses, replacing predicates with ob ject terms. In general, a user co des his own musical knowledge by means of deductive rules that pla y the role of metho ds. Moreov er, in our framework, deductive rules de�ne the subsumption relation, the orderings for sets such as Hoare and Smyth, and in- heritance. Thus, the entire b ehavior of the system is easy to understand and control. 2.5 T emp oral Ob jects Assume that temp oral structures are organized as a tree, where the ro ot is the starting p oint. Thus, our framework represents the temp oral structure with nested sets having intrinsic attributes that stand for its displacement in time from the even t preceding it. Example 2.5: Supp ose X= f e 1 ,e 2 g (disp=d x ) and Y= f e 3 ,e 4 g (disp=d y ). Please b ear in mind here that a set can b e a basic ob ject. Fig. 6 shows the temp o- ral structure of the ob ject term f X, f Y g (disp=d 2 ) g (disp=d 1 ). Note that time displacemen t can b e zero - - - Start - u - u d 1 d 2 d x d y f e 1 ,e 2 g f e 3 ,e 4 g Figure 6: T emporal ev en ts represented by a tree or negative, where the ro ot p oint means the termi- nation. Moreov er, let us add a deductive rule with resp ect to the subsumption relation of sets: f S g v S if S is a set. The abstraction of musical temp oral ob jects con- sists of three kinds of op erations, removing, rela- tivizing and grouping, and can b e captured by the representation introduced ab ov e. F or abstraction, notes that are not prominent can b e remo v ed. This op eration corresp onds to removing an ob ject that is an element of a set. When timing information is abstracted, only the relative p osition (or temp oral ordering) of each note remains. This op eration cor- resp onds to dropping an intrinsic attribute for its time displacement. The op eration which mak es the notes having di�erent onset times a group of simul- taneous notes can b e also regarded as abstraction. This op eration is achiev ed by the additional deduc- tiv e rule, f S g v S. Example 2.6: The Figure 7 demonstrates the ab- straction of a sample melo dy . In the �gure, the ab- straction from (A) to (B) uses removing; that from (B) to (C) relativizing and grouping; that from (C) to (D) grouping. Example 2.7: Let us consider the chord progres- sion C ] m 7 ! F ] 7 ! C m 7 ! F 7 ! B [ maj 7 . This no- tation merely indicates a sequence b etw een chord sym b ols. It is natural that the temp oral structure is a tree, the ro ot of which is B [ maj 7 ; the time dis- placemen t is negative. Thus, we get f B [ maj 7 , f F 7 , f C m 7 , f F ] 7 , f C ] m 7 ggggg , and let this term b e P . Next, supp ose that the chord progression P is de- riv ed by instantiating a chord progression, either C m 7 ! F 7 ! B [ maj 7 or F ] 7 ! F 7 ! B [ maj 7 . That is, the former chord progression is more instantiated than the latter tw o. Our framework captures this situation as follows: the form ulas P v f B [ maj 7 , f F 7 , f C m 7 ggg and P v f B [ maj 7 , f F 7 , f F ] 7 ggg hold. 3 Protot yp e System The author has prototyped an exp erimental system. First, the data for building a database is given to the system. These data comprise a transcription of an actual solo p erformance by Herbie Hanco ck (one chorus of \Autumn Leav es") and comments on the p erformance. Then, a total of 374 ob jects ha v e b een stored in the system. The data in the system are of the form describ ed in this pap er. No bac kground knowledge, e.g., the harmonic theory based on chord functionality , was given the system in adv ance. Thus equipp ed, a user can issue queries to re- triev e knowledge regarding the solo jazz piano. The queries are formed by using the subsumption rela- tions and the extrinsic attribute relations. F or ex- ample, when a query is \provide a voicing (p ossi- bly a sequence) of G 7 in a chord progression," the answ er is a set of eight voicing sequences. Here, 3

(A) f C5, f X, f Y, f C6 g (d=2) g (d=2) g (d=1) g X � f E5, f C5 g (d=1) g Y � f G5, f E5 g (d=1) g v (B) fff E5 g , ff G5 g , f C6 g (d=2) g (d=2) g (d=1) g v (C) f E5, f G5, f C6 ggg v (D) f E5,G5,C6 g Figure 7: Abstraction of a melo dy the notion of musical similarity are represented us- ing v . When a query is \provide a realization of a common abstract voice leading of the given three chord-sym bol sequences," the system �rst �nds cor- resp onding voicing sequences of the three and, then, calculates their least upp er b ound with resp ect to v . This op eration implements multiple inheritance along v -ordering. The system stores only the data for database construction, the size of which is not large. This exp erimental system do es not hav e deductive rules prede�ned by a user, and there are only the built- in rules describ ed in Section 2.4. Moreov er, it do es not provide a learning capability . How ev er, the answers generated by the system are of go o d quality . That is b ecause musical knowl- edge is delib erately translated to the DOO termi- nology and, as a result, musical knowledge can b e embedded into the represen tation itself naturally and rationally . 4 Related W ork Many attempts hav e b een made tow ard represen- tation of musical knowledge[2]. A main concern of the previous work w as to inv en t new primitiv es and op erations dedicated to music through observing musical phenomena and delib erating up on mo dels b ehind the phenomena, where the mo dels are not necessarily computational. Refs. [7] and [5] hav e attempted to capture a m usical piece and jazz im- provisation using a natural language (NL) frame- work, but the NL framework employ ed can handle only a small part of the knowledge activity and is not universal. As stated earlier, our w ork concerns the extent to which universal KP tec hniques can succeed in representing musical knowledge. Uni- versal KP techniques are adv an tageous, since they hav e received muc h study as a computational sys- tem and hav e a theoretical basis. Ref. [1] employs the framework of a semantic netw ork based on KL- ONE, which is a universal technique. 5 Concluding Remarks Since musical knowledge is actually complicated, the author do es not think that only the techniques describ ed in this pap er can handle the entire mu- sical kno wledge. Ho w ev er, in my exp erience with represen ting jazz piano kno wledge, use of DOO is v ery adv an tageous in that it can represent v arious elemen ts of musical knowledge naturally and ratio- nally . It will lead to that the a�nity of DOO with m usical knowledge is quite high. W e are further ex- amining our framework b y taking into account the other types of examples. F uture work is prop er segmentation and clus- tering of input data for database construction, the e�cien t treatment of sets, and inductive learning. It is to b e hop ed that new techniques developed in this research will b e applied to other application �elds of KP . Ac kno wledgmen t: The author thanks Dr. Y asunori Harada of NTT, Mr. Masatak a Goto of W aseda Uni- versit y , Prof. Kazumasa Y ok ota of Kyoto Universit y , and Dr. Hiroshi Tsuda of F ujitsu Lab oratories for their v aluable discussion and comments. Also the author is grateful to Dr. Ken’ichiro Ishii of NTT for his contin u- ing encouragement. References [1] A. Camurri et al., Music and Multimedia Knowledge Representation and Reasoning: the HARP System, CMJ , 19:2, 1995. [2] R. Dannenberg, Music Representation Issues, T ec h- niques, and Systems, CMJ , 17:3, 1993. [3] K. Hirata, Prototyping A Jazz Piano Knowledge Base System With a Deductive Ob ject-Oriented Ap- proach, In SIGMUS , 95-MUS-11, Info. Pro cessing So c. of Japan, 1995. [4] K. Hirata, T o w ards F ormalizing Jazz Piano Knowl- edge with a Deductive Ob ject-Oriented Approach, In Pr o c. of IJCAI95 Workshop on AI and Music , 1995. [5] P . N. Johnson-Laird, Jazz Improvization: A Theory at the Computational Level, In R epr esenting Musi- c al Structur e , P . How ell et al. (eds), Academic Press, 1991. [6] M. Kifer, Deductive and Ob ject Data Languages: A Quest for Integration, In Pr o c. of DOOD’95 , 1995. [7] F. Lerdahl and R. Jack endo�, A Gener ative The ory of T onal Music , The MIT Press, 1983. [8] K. Y ok ota and H. Y asuk a w a, T o w ards an Integrated Knowledge-Base Management System { Overview of R&D on Databases and Knowledge-Bases in the FGCS Pro ject, In Pr o c. of FGCS’92 , ICOT, 1992. 4