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1. OBJECTIVE 4. SUBSETS (). & CONSTRAINTS B 5. IP FORMULATION (CONT.)

» Our aim is to generate the 12-tone composi- » A binary variable z; ;  indicates whether or 2. Containment
tional structure developed by Milton Babbitt not (7, 7) in the matrix belongs to a kth subset, Exactly 12 distinct pitch classes are contained in
known as an all-partition array. Ch. C.:

» An all-partition array is a covering of an [ x .J » (C} is then the set of all (7, 7) where z; ; , = 1.

4

2. OUR METHOD i

, kth subset. (b) All z; ; , = .
» We formulate the problem of generating (@) fith subse (1f)01, kt}f sﬁﬁset 3. Covering

an all-partition array using integer pro-
gramming (IP), a powerful programming Figure 3
paradigm in which problems are described
with discrete linear equations and/or in-
equalities.

» We introduce the use of overlaps between sub-
sets, instead of insertions, which allow us to
define the generation of an all-partition array
as a set-covering problem (SCP).

° ° ° I J
p1tch—c1ass.n.1atr1x by a collection of subsets, Vp e [0,11],Vk € [1,K], Y Y B? STk =1,
each containing an aggregate and each repre- 3 (1, (3,3) =1 i—1
sented by a distinct integer partition ot 12. o E

10 E , (43) where BY contains all (7, j) in the matrix corre-
©

sponding to pitch class, p.

Each element in the matrix is covered at least
once:

K
Solution Constraints Vi€ [1,1],Vj €1, J], Y xijr>1.
. Consecutiveness of row-elements in C}.. k=1
. Containment of 12 pitch classes in C.
. Covering of all matrix elements by 58 C}.
. Restrictions on overlaps in contiguous Cf.
. Distinctness of C}, integer partitions.

4. Restrictions on overlaps

Contiguous C}, subsets can not overlap by more
than one location in Cf ;:

Vi € [171]7\V/k = [QaK]a Cik— < Ci,k,
3. INTRODUCING OVERLAPS k—1 k

» An all-partition array’s matrix contains
fewer elements than does its required collec- Cr

tion of subsets. Therefore, additional pitch 3 4 - 5. Distinctness

classes must be found. s Ui

4
» Original construction: 2.

eik =3 Sik = 0 ik =4

5. IP FORMULATION

1. Consecutiveness Vie [l Il,Vk € [2,K], ej -1 — 1 < s < €1,

Variable y; . ; allows us to convert the horizon-
tal lengths of C}, ; into column sums, where:

1 0 : . T
consecutive non-consecutive

Vi€ [LI),Vk € [1,K], €ir — Sik = Y Ykl
The elements of Cj; are found in a range =1

1 0 from a starting point s; to ending point ey: i€ 1,11,k € [, K|,V € 2 L], yini1 > Virs

Figure 1: Subsets represented by the integer parti- Vie [LI,VEe [1,K],0< s, <ejr < J.

tions [3,3,2,2,1,1] and [3, 3, 3,3|. Insertions of ad- | such that Vi € [1, ], y;x; becomes Figure 3(b)
ditional pitch classes make the matrix irregular. Any element of (Y ; is located to the lefthand and 27{:1 yi k1 = [6,4,2,0,0,0,0,0,0,0,0,0].

- side of e; x: P,; (1 <1 < L) specifies the shape of C} as

Vi€ [1,1],¥5 € [1,J]),Vk € [, K], j-Tijk < €k, these column sums. Binary variable zj ,, indi-
» Our formulation: cates whether C}, takes the shape P, ; or not:
Any element of C} ; is located to the righthand

! 1 fs; g I
1 side of s vk € [1,K),¥n € [, N,V € [1,L], Py 2en < viks.
=1

1
6
5 0 9 Vic[1,1,Vj€[1,J,Vk € [I,K], J—sip>(J+1—7) 2k,
2
0
1

3 0

10 11 2 The length of Cj ; is exactly e; , — s; All C, correspond to a distinct integer partition:

3 2 11

J K
Figure 2: These same subsets with overlaps allowing Vi e |l1,1],Vk € |1, K], Z Tiik = €ik — Sik- Vn € [1, N]|, Z 2k = 1.
for the matrix to remain regular. i1 —

8. SOLVING SMALLER PROBLEMS 9. ACKNOWLEDGEMENTS/REES

: : : : : : . The work of Tsubasa Tanaka reported in this paper was supported
Solving for the entire problem (i.e., 6 X 96 matrix and lele figure below shows one solution for a smaller ma by JSPS Postdoctoral Fellowships for Research Abroad. The work
58 subsets), proved too difficult. Therefore, we solved trix (J = 12, 7 subsets). In future work, we hope to S}f Briar} %e?%ag agld [}Taxﬁd 1}(/[eredlitg Waihcalf‘.ried (?111t as par’f[ 01£

oo , : : e project Lrn2Cre8, which acknowledges the financial support o
for smaller problems consisting of the first J columns combine such smaller solutions to form a complete the Future and Emerging Technologies (FET) programme within the

of the original matrix, a number of subsets equal to solution to the entire problem. Seventh Framework Programme for Research of the European Com-
(J 4+ 2)/2, and 12 overlaps.

[1] Babbitt, M. Since Schoenberg. Perspectives of New Music,
2500 . . . . . 12(1 /2):3—28 (1973).

mission, under FET grant number 610859.

2] Bazelow, A.R., Brickle, F.: A Partition Problem Posed by Milton
Babbitt. Perspectives of New Music 14, 2, 280-293 (1976)

[3] Mead, A.: An Introduction to the Music of Milton Babbitt.

Princeton University Press, Princeton, NJ (1994)
T T 51 [4] Bemman, B. and Meredith, D.: Generating Milton Babbitt’s all-

partition arrays, Journal of New Music Research, 45, 2 (2016)

IVIENERENE

12 14 16 18 20 22 24

Column length |

[5] Tsubasa Tanaka T. and Fujii K.: Melodic Pattern Segmentation of
Polyphonic Music as a Set Partitioning Problem, Proceedings of
ICMM (2014)

Lil4 [10f0 [2 |0
IFIENERENE-
1il4 |4

Figure 4: Solving time for smaller problems.



