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rBM EXPERT SYSTEM HARMONTZES BACH

YORKTOWN HEIGHTS, N.Y.,  August 18 With an asslst  f rom

the music of  Johann Sebast ian Bach, 6rn IBM researcher has

designed an expert  system for harmonizing music.

CHORAL, dD experimental progrErm developed by

Kemal Ebcioglu,  adds bass, tenor and al to parts to chorale

melodies given as input.  f t  produces four-part  scores in

conventional music notation that can be read on a computer

terminal  screen, pr inted and performed.

Expert systems are complex software programs written

f or very specif j .c applicatj .ons. They generaLLy require a

large informat ion base and a mainframe computerrs power.

Ebcioglu,  holder of  a masterrs degree in music

composit ion and a doctorate in computer science, used

chorale harmonizat ions wr i t ten by L8th-Century German

composer J. S. Bach as the primary source for developing the

knowledge base of CHORAL. fn his l i fet ime, Bach produced

more than 300 chorale harmoni-zat ions.
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A chorale is a short musical piece meant to be sung by

a chorus of male and female voices. Four independent parts

(melodies) are sung simuLtaneously;  men sing bass and tenor

parts and women sing alto and soprano parts. The soprano

part is the main chorale melody with the remaining parts

serving as accompaniment.

The harmonization performed by CHORAL is the process of

composing bass, tenor and alto parts when the soprano part

is given.

The CHORAL expert  system contains more than 350 rules.

They are divided into groups that observe the chorale from

mult ip le v iewpoints,  such as the harmonic outLine of  the

chorale and the indiv idual  melodic I i -nes of  the voices.

Intel l igent Backtracking Feature

One of the unique features of the program is an

intel l igent generate-and-test  a lgor i thm that j -ncremental ly

constructs the harmonization of the meLody accordj-ng to a

larger set  of  ru les.  These complex rules of ten ' fspel l  outr l

unique characterist ics of the Bach chorale style and are

based on Ebcioglu 's study of  the Bach chorales and

experience with the program.

The harmonj.zatj-on is buil t  stage by stage. CHORAL

backtracks and changes notes that i t  "considers" to be

responsible when a dead-end is encountered, just  as i f  i t

were negot iat ing a maze and had run into a waII .
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Ebcioglu comments,  "r t  is  a wel l -known fact  that  rures

are not by themserves sufficient for producing beautiful

musi .c.  composers use addi t ional  knowledge--what we caLL

talent-- for  choosing among the many possible correct

extensions of  a part ia l  composi t ion at  each stage in the

process. I t

Translating "talentf into an algorithm would be an

impossible task.  However,  Ebcioglu learned that a large

number of  precise,  sty le-speci f ic  heur ist ics,  or

recommendations, could provide a good approximation.

Style Recommendations

cHoRAL uses an extensive base of style recommendati-ons

about which notes or chords to choose among the many correct

possibi l i t ies at  each stage of  the harmonizat j .on.  conf l ic ts,

such as whether or not to continue a l j-near progression, are

resolved by invoking addi t ional-  heur ist ics that  assign

pr ior i t ies to the var ious al ternat ives.

The program's generate-and-test  method of  composing is

a computat ion- intensive task.  Ebcioglu designed. Backtracking

speci f icat ion Language (BsL),  an ef f ic ient  logic programming

language that reduces the number of instructions and

consequently the processing time to comprete a chorale

harmonizat ion.  using BSL, a chorale harmonizat ion requires

about 30 minutes on an rBM mainframe. During this time, the

mainframe executes about 23 bi l l ion s imple i .nstruct ions.
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How good is CHORAL?

While it is unlikely that any expert system could rivaL

Bach, CHORAL would probably receive an above-average to

excellent grade in a college composition class, says

Ebcioglu.

f'I did not attempt to write a progrErm that would

produce only the beautiful chorales that Bach would have

wri t ten.  fnstead,,  f  v iewed i t  as a venture into the

frontiers of the capabil it ies of expert systems and as a

tool for the more precj-se understanding of the Bach chorale

sty le,  f '  he adds.

rrThe resuLts have been very encouraging on both

counts.  "
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to Bachfs Chorale No. 68 through
mathematical ly-expressed rule
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