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ABSTRACT 

The jazz music ian has two problems. The f i r s t 
is the c r e a t i o n of melodic m a t e r i a l . The second 
i s the problem o f f i t t i n g the melodic m a t e r i a l i n 
to a p a r t i c u l a r harmonic s t r u c t u r e . The work 
descr ibed in t h i s paper concentrates on t h i s 
second problem. To solve the problem we u t i l i z e d 
a harmonic theory which al lowed the i d e n t i f i c a 
t i o n of key centers and the assignment of f unc 
t i o n a l meaning to chords. From t h i s we cons t ruc
ted scales t h a t were compatible w i t h the analyzed 
harmonic s t r u c t u r e . These scales were then used 
t o t r a n s l a t e abs t rac t melodic m a t e r i a l i n t o 
sequences of notes t h a t sound compatible w i t h the 
background chords. 

INTRODUCTION 

The eventual goal of the work descr ibed here is 
to produce Jazz improv isat ions by computer. The 
computer's input w i l l be a piano score of a pa r 
t i c u l a r song. The output w i l l be a set of jazz 
v a r i a t i o n s on the o r i g i n a l melody represented as 
a standard music score . This problem bears close 
resemblance to musica l composi t ion but there are 
two important d i f f e r e n c e s . The jazz v a r i a t i o n s 
should be remin iscent in character to the o r i g i n a l 
melody and they must f i t w i t h the harmonic s t r u c 
tu re of the o r i g i n a l piano score. These two con
s t r a i n t s def ine a problem which is s i g n i f i c a n t l y 
d i f f e r e n t from t h a t o f composit ion i n genera l . 
That i t i s a p r a c t i c a l and n o n - t r i v i a l problem 
can be a t t e s t e d to by any p r a c t i c i n g jazz 
mus ic ian . 

The work descr ibed here concentrates on the 
problem o f f i t t i n g melodic m a t e r i a l to a p a r t i c u 
l a r harmonic background. This is accomplished by 
f i r s t per forming a f u n c t i o n ana lys is o f the song. 
The term f u n c t i o n a l ana lys is re fe rs to the p r o 
cess o f i d e n t i f y i n g w i t h each chord i t s f u n c t i o n 
w i t h i n the song, and grouping together measures 
t h a t move the tune from one key center to another. 
To i d e n t i f y f u n c t i o n a l s t r u c t u r e , we f i r s t i d e n 
t i f y the key cen te rs . W i th in these key cen te r s , 
chords can be named and assigned f u n c t i o n a l ro les . 
Having named chords and i d e n t i f i e d key centers we 
are able to compute scales which are compatible 
w i t h the harmonic background. 

OVERVIEW AND DEFINITION OF THE PROBLEM 

As music is performed it passes through a num
ber of temporary key centers. These temporary 
key centers are sometimes very d i f f i c u l t to es tab
l i s h . Jazz musicians l e a r n to i d e n t i f y key cen
t e r s by l i s t e n i n g f o r harmonic q u a l i t i e s i n music-
These harmonic q u a l i t i e s depend to a l a rge degree 
on which notes are sounded together dur ing the 
execut ion of a piece of m u s i c What the music ian 

hears has to some ex tent been c o d i f i e d in terms of 
a harmonic theory . The program presented by t h i s 
t e x t depends p r i m a r i l y on a theory descr ibed in 
Coker [ 1]. 

A quick bu t incomplete grasp of t h i s process of 
i d e n t i f y i n g key centers can be made in terms of 
sca les . Roughly speaking, a scale is an ordered 
set of notes from which melodies can be b u i l t . 
Each musical key is associated w i t h the notes of a 
p a r t i c u l a r sca le- Suppose t h a t the union of the 
notes of three consecutive chords is i d e n t i c a l 
w i t h the notes of a p a r t i c u l a r sca le . Then the 
chances are great t h a t the key center is one 
associated w i t h the i d e n t i f i e d sca le . 

While g i v i n g a good i n t u i t i v e f e e l f o r how 
chords may be used to determine keys, the above 
observat ions may not be app l ied d i r e c t l y . There 
are severa l reasons why t h i s is so. F i r s t l y , in 
j a z z , v a r i e t y i s achieved by s u b s t i t u t i n g c e r t a i n 
chords f o r o t h e r s . These s u b s t i t u t e chords are 
not i d e n t i c a l w i t h the o r i g i n a l chords and in 
f a c t may con ta in notes not found in the scale 
associated w i t h the key. They do , however, func 
t i o n harmonica l ly as though they were the chords 
t h a t they replace. Secondly, some chords are 
played w i t h notes om i t t ed . In such cases the 
sense of harmonic h i s t o r y al lows the l i s t e n e r or 
music ian t o f i l l i n the chord w i t h h is ear . 
F i n a l l y the chord may be f unc t i on i ng as a t r a n s i 
t i o n chord between two other chords and as such 
does not have to conform to the harmonic r e s t r i c 
t i ons of the key. 

Because of the above cons ide ra t i ons , i t is 
necessary to approach the problem of determining 
key centers in a ra the r i n d i r e c t manner. The i n 
t u i t i v e idea is t h i s . We t r y out d i f f e r e n t key 
centers u n t i l we f i n d one in which the observed 
chords each have f u n c t i o n a l meaning. Again t h i s 
i n t u i t i v e idea requ i res some ref inement . The 
p r i n c i p l e problem is t h a t a set of notes de te r 
mines a unique chord only if the key has already 
been s p e c i f i e d . For example, the notes (D FA C) 
determine a D minor 7 chord in the key of C. The 
same set of notes determine an F major 6 chord in 
the key of F- We seem to be blocked because we 
cannot i d e n t i f y the key u n t i l we i d e n t i f y the 
chord , but we cannot i d e n t i f y the chord w i thout 
knowing the key. 

The approach taken to circumvent t h i s problem is 
to f i r s t a t tach to each set o f notes a l l poss ib le 
chords w i t h which i t may be i d e n t i f i e d . The r e 
s u l t s of t h i s process are then passed on to a key 
ana lyzer . The analyzer associates w i th each set 
of notes a set of keys in which some i d e n t i f i e d 
chord can f u n c t i o n . Some key w i l l occur in each 
set throughout a sec t i on of the m u s i c When t h i s 
is observed, the repeat ing key is assigned to the 
corresponding sec t i on o f the m u s i c I t may t u r n 
out t h a t some sect ions are very shor t and have 
many keys associated w i t h them- This usua l l y 
i nd ica tes a sec t i on of the music tha t is harmon
i c a l l y ambiguous and f unc t i on ing as a t r a n s i t i o n 
sec t i on between two key centers or between two 
f u n c t i o n a l chords of the same key cen te r . F i n a l l y 
the music and analyzed key centers are passed to a 
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f u n c t i o n a l ana lyzer . The f u n c t i o n a l analyzer 
i d e n t i f i e s and outputs the f u n c t i o n of each chord 
w i t h respect to i t s key cen ter . 

THE REPRESENTATION OF SONGS 

Because of our i n t e r e s t in harmony we view a 
musical composi t ion as a sequence of chords. Each 
chord is i d e n t i f i e d by a set of musical notes-
(As al ready po in ted out the set may i den t i fy more 
than one chord. ) Each chord is preceded by a num
ber which represents the number of beats the chord 
is he ld before the next chord is sounded. To 
s i m p l i f y the problem somewhat we assume tha t 
chords change only on the beat . A d d i t i o n a l l y we 
assume t h a t the absolute p i t c h of the notes is not 
impor tant and t ha t the v o i c i n g of the chords is 
such t h a t each note is less than an octave apart 
from the next h ighest note of the chord. We rep re 
sent the note sets as l i s t s w i t h the lowest note 
occur ing f i r s t , next lowest second and so on. As 
an example consider the f i r s t chord of Figure 1. 
The l i s t is (0 B+ D F). The convent ion spec i f i es 
t h a t the chord is held f o r two beats . We use + 
and - to represent the usual sharp and f l a t s igns-

FIGURE 1: BLUE MOON (Bridge sec t ion) 

BASIC CHORD FORMS 

In jazz the harmonic q u a l i t y i s l a r g e l y de te r 
mined by chords. Each chord is associated w i t h 
a p a r t i c u l a r harmonic q u a l i t y . Most people are 
f a m i l i a r w i t h the major and minor q u a l i t i e s found 
in r e l i g i o u s m u s i c In j azz there are many other 
q u a l i t i e s . Two d i s t i n c t chords may have the same 
q u a l i t y even though they conta in none of the same 
notes. This is because q u a l i t y is determined by 
the r e l a t i v e distances between notes ra ther than 
absolute p i t c h . A d d i t i o n a l l y chords w i th i d e n t i 

ca l notes may have a d i f f e r e n t q u a l i t y depending 
on the harmonic context in which they are sounded-

Associated w i t h each q u a l i t y is a chord type. A 
chord type is j u s t a l i s t of numbers which g ive 
the d is tance from the lowest note or roo t to each 
of the other notes of the chord. This d is tance is 
measured in h a l f s teps . In western music a h a l f 
step is the smal lest d is tance t h a t separates two 
notes. In Table 1 , the reader i s g iven several 
octaves of musical no tes . The numbers give the 
distances from each note to the lowest note of the 
tab le . The l e t t e r s are the standard names f o r the 
notes. The symbol " * " r e f e r s to sharps and f l a t s . 

TABLE 1: HALF STEP TABLE 

To compute the distance between a p a i r of notes 
we take the absolute value of the d i f f e rence be
tween the associated numbers. If x is a note and 
n a number then the expression x + n w i l l r e f e r to 
the note n h a l f steps above x. For instance D + 7 
re fe rs to the note A in the t ab le - We can de te r 
mine the notes of a chord when we know the lowest 
or roo t note of the chord plus i t s type. I f x is 
the roo t and (n, .....nk ) is a chord type then the 

notes of the chord are (x,x+rL. , - . . ,x+nk ). For 

example if the roo t is I) and the type is (3 7 10) 
then the notes t ha t are determined are (D FA C) 
commonly known as D mi nor Y We s h a l l usua l l y 
p r e f e r the no ta t i on D(3 7 10) to (D F A C). When 
such n o t a t i o n is used the l e t t e r in f r on t w i l l be 
c a l l e d the roo t and the l i s t w i l l be the chord 
t ype . 

There are two types of t ransformat ions which 
can be performed on chords which preserve to some 
ex ten t t h e i r q u a l i t y . We c a l l these t ransforma
t i ons invers ions and omissions- I nve rs i on changes 
the order of the notes whi le omission removes one 
or more notes of the chord. Invers ions in p rac
t i c e usua l l y leave the lowest note unchanged-
Such invers ions we c a l l r oo t 1 i nve rs i ons . Less 
f requen t l y the i nve rs i on changes the lowest n o t e . 
This is done most o f t en to accommodate the base 
l i n e . Invers ions whose lowest note is the second 
note of the o r i g i n a l chord we c a l l roo t 2 i n v e r 
s i o n . Invers ions whose lowest note was the t h i r d 
note of the o r i g i n a l chord we c a l l r oo t 3 i n v e r 
sions and so f o r t h . Omissions prov ide a d d i t i o n a l 
problems because to determine the chord from a 
set of notes we must f i n d out which notes were 
l e f t ou t . I n p r a c t i c e these miss ing notes are 
determined by the harmonic context of the chord . 
This can be accomplished only i f the basic func
t i o n i n g par ts o f the chord are l e f t i n t a c t . 
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Consider the notes ( F A C D) which i d e n t i f y F major 
6 chord and a r oo t 2 i nve rs i on of D minor 7. If 
we omit the A we get (F C D) . This group of notes 
sounds much more D minor 7 than F major 6 even 
though F is the lowest note of the group. The 
problem is t h a t we removed the second note of the 
chord- For s i m i l a r reasons removing the F or the 
D would render the chord unsu i tab le f o r F major 6. 
The general p r i n c i p l e t h a t we adopt is to d i sa l l ow 
the omission of the lower two notes and the h i g h 
est note in the chord. (This is in accordance w i th 
w i t h standard musical p r a c t i c e ) . Omission of any 
or a l l of the o ther notes w i l l be al lowed and we 
s h a l l need to f i n d ways to determine the omi t ted 
notes. 

We are now ready to def ine the e n t i r e set of 
basic chords. This is accomplished w i t h the chord 
grammar g iven in Table ?. In a d d i t i o n to the com
p le te forms of the chords the grammar generates 
a l l poss ib le forms w i t h omi t ted notes . The names 
of the nonterminals may be suggest ive of the usual 
names of the chords f o r those f a m i l i a r w i t h s t a n 
dard chord nomenclature. The chords generated are 
most of the chords in common use . Table 5 is p r o 
v ided f o r the reader who wishes to make a quick 
assoc ia t i on between some chord names used by the 
program and those names in common musical usage. 
The v a r i a b l e x of the tab le can be replaced w i t h 
any musical no te . For instance i f G is s u b s t i 
t u ted f o r x the tab le t e l l s us t h a t G major 7 is 
named G(4 7 11) by the program G minor 7 is named 
G(3 7 10) and so on. 

TABLE 3: SUMMARY OF COMMON CHORDS 

COMMON NAME PROGRAM NAME 

the note is se lected as the r o o t . Then the res t 
of the notes are seen to be exp la inab le in terms 
of a permutat ion or a basic chord type This is 
done f o r a l l poss ib le choices of r o o t . The 
a lgor i thm given inputs a l i s t of notes and o u t 
puts a l i s t of chords which may be i d e n t i f i e d w i th 
the i n p u t . For instance i f the inpu t i s ( D F A C ) 
then the output w i l l be ( D ( 3 7 1 0 ) F ( 4 7 9)) since 
(D FA C) represents D minor 7 roo t 1 or F major 
6 roo t 4. If the inpu t is (F A C D) the output 
w i l l be i d e n t i c a l to the f i r s t case since ( F A C D) 
represents D minor 7 roo t ? or F major 6 roo t 1. 
F i n a l l y if the inpu t is (C E B) we have a s i t u a 
t i o n where a note was om i t t ed . The o r i g i n a l chord 
should be (C E G B) or (C E G- B) . In t h i s case 
the a lgor i thm re turns C{4 7 11) corresponds to 
(C E G B) . It is assumed tha t the reader is 
f a m i l i a r w i t h the concept of a nondetermin is t ic 
a l go r i t hm . The choose . . . t hendo . . -e l se const ruc
t i o n used in the chord recogn i t i on a lgor i thm is 
to be i n t e r p r e t e d as f o l l o w s : if some choice can 
be made which s a t i s f i e s the cond i t ions between the 
choose and the thendo then the code f o l l o w i n g the 
thendo is executed. Otherwise c o n t r o l passes to 
the code f o l l o w i n g the e lse - The execut ion of 
back t rack (x 1 . . . .xn ) has i t s usual meaning w i th con
t r o l passing to the p o i n t o f the l a s t successful 
choice and the va r iab les x1 . . x bei ng reset to 

t h e i r value a t the time j u s t p r i o r to the l a s t 
successful cho ice . 

Recogni t ion a lgo r i thm 
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THE RECOGNITION OF CHORDS 

The grammar of Table 2 may not be used d i r e c t l y 
to recognize chords because not a l l invers ions of 
chords are generated. Ins tead a somewhat more 
complicated approach must be taken. F i r s t one of 



unmark a l l ru les t h a t begin y - ; 
[ B ]backtrack (z ,y ,x) 

od 
e lse ou tpu tL ; 

There are two back t rack ing operat ions marked A 
and B. At A e i t h e r x is empty or y=<stop>. If x 
is empty then we have exhausted the set of notes. 
I f y=<stop> then there are no more nonterminals to 
process. I f both of these condi t ions are t rue we 
have succeeded in i d e n t i f y i n g each note w i th a 
chord element. The backtrack at B means t ha t we 
have exhausted a l l ru les beginning w i th y . 

The chord namer appl ies the recogn i t i on a l go r 
i thm to each group of notes in the song. Tt p r o 
duces an output i d e n t i c a l to the inpu t except t ha t 
the groups of notes are replaced by a set of p o s s i 
b le chords. Figure 1 i l l u s t r a t e s t h i s process. 
F igure 1.1 gives a t r a n s c r i p t i o n of the br idge 
sec t i on of BLUE MOON as it would be presented to 
the chord namer. Figure 1-2 represents the o u t 
put from the chord namer. 

ANALYSIS OF KEYS 

The next step in determining the f u n c t i o n a l 
s t r u c t u r e takes place in the key analyzer . This 
program p a r t i t i o n s the music i n t o harmonical ly 
un i fo rm segments and assigns to each segment a key 
cen te r . This process is accomplished in several 
s teps . Each step may be thought of as a r e f i n e 
ment of the previous steps. The process is roughly 
as fo l l ows . We begin be segmenting the song i n t o 
as many segments as there are chords. Our aim is 
to reduce the number of segments to as few as 
p o s s i b l e . We reduce the number of segments by 
combining adjacent segments. Segments may be 
combined in j u s t the case t h a t our musical theory 
can analyze a l l the chords of both segments in a 
s ing le key. Thus each segment must be harmonical ly 
c o n s i s t e n t . This cond i t i on i s t r i v i a l l y s a t i s f i e d 
when each segment contains a s ing le chord. 

The combining of adjacent segments takes place 
in a s ing le program ca l l ed "combine". Since i t i s 
used at each stage of the key ana lyzer , we begin 
by desc r i b i ng combine. The inpu t to combine is a 
l i s t of segments (s1 s2 . . . sn ). Each segment is a 

l i s t of three elements (1 k c) where 1 is a number 
represen t ing the l eng th of the segment, k is a set 
of poss ib le keys f o r the segment and c represents 
the sequence of chords making up the segment. 
Each element of c is a l i s t of two elements (n cset) 
where n is the number of beats the chord is he ld 
and cset is a se t of poss ib le names f o r the chord 
as determined by the chord namer. See f o r example 
Figure 1. Le t (L1 K1 C1) and (L2 K2 C2) be two 

adjacent segments. We can combine them if the 
common pa r t of K1 and K2 is not empty. In t h i s 

case the combinat ion is j u s t l i s t (L 1 + L 2 , i n t e r 

s e c t i o n ^ - ,K2) , append(C1,,C2)). The combining 

a lgor i thm performs the combining step u n t i l i t no 
longer app l ies to any p a i r of segments. The o u t 
come c e r t a i n l y might depend on the order in which 
the pa i r s were processed and one can cons t ruc t 

The theory we use f o r determin ing poss ib le 
f unc t i on is discussed in [ 1] . I t is based on 
what are commonly ca l l ed seventh chords. For the 
purpose of app ly ing t h i s theory we trunce.te our 
chords by removing a l l numbers greater than 12 
from the t ype . This e f f e c t i v e l y d iscards a l l 
superpos i t ions of the basic seventh chords. In 
jazz harmony there arc th ree important f u n c t i o n a l 
ro les c a l l e d the t o n i c , dominant and subdominant. 
If x is the key then the chords x(4 7 11 ) , 
x+7(4 7 10) and x+?(3 7 10) r espec t i ve l y p lay 
these r o l e s . The rough harmonic ana lys is per 
formed at the f i r s t stage of key ana lys is par
t i t i o n s the music based on t h i s f a c t . In doing 
t h i s some mistakes w i l l be made and must be cor 
rected l a t e r by using a more r e f i n e d harmonic 
theo ry . The above observat ions y i e l d the f o l l o w 
i n g : 

1. x{4 7 11) and x(4 7 9) and x{4 7) f unc t i on as 
t o n i c in x 

2. x{4 7 10) func t ions as dominant in x-7 

3. x(3 7 10) func t ions as subdominant in the key 
o f x - 2 . 

The f i r s t step of key i d e n t i f i c a t i o n processes 
each set of poss ib le chords as they arc de te r 
mined by the chord namer. If any of the chords 
are of the above type i t is assumed to be func
t i o n i n g in one of the above r o l e s . The key cen
t e r is determined on the basis o f t h i s assumption. 
For an example of the execut ion of t h i s step 
r e f e r to Figure 1.3. 

s t e p l ( L I , L 2 ) ; i n p u t L I ; output L2; L 2 : = n i l ; 
wh i le LI not empty do 

y := n i l ; 
n:= f i r s t ( L l ) ; L l : = t a i l ( L l ) ; 
chordset := f i r s t ( L l ) ; L l : = t a i l ( L l ) ; 
f o r each chord x of chordset do 

l e t r t = roo t of x and t = type of x; 
i f t = (4 7 11) or t = (4 7 9) or t = (4 7) 

then add r t to y e lse 
i f t = (3 7 10) then add r t - 2 to y e lse 
if t = (4 7 10) then add r t - 7 to y 
od ; 

A p o l i e a t i o n s - 1 : U l r i c h 
868 

a r t i f i c i a l examples to prove t h i s p o i n t . With 
ac tua l music i t seems s u f f i c i e n t to process from 
l e f t t o r i g h t and ignore other p o s s i b i l i t i e s . 

combine(s) ; input s ; output t ; t : = n i l ; 
wh i le s is not empty do 

(n k c ) : = f i r s t ( s ) ; 
s:= t a i l ( s ) ; 
l oop : i f s not empty then do 

(n ' k ' c ' ) : = f i r s t ( s ) ; 
if k' and k have an element in common thendo 

n: = n + n ' ; 
k:= i n t e r s e c t i o n ( k , k ' ) ; 
c:= append (c , c ' ) ; 
s:= t a i l ( s ) ; 
go to l oop ; 
od \ 

od 
t::= a p p e n d ( t , l i s t ( l i s t ( n , k , c ) ) ) ; 

od 
end of combine; 



L2: = a p p e n d ( L 2 , l i s t ( l i s t ( n , y , l i s t 
( n , c h o r d s e t ) ) ) ) 

od 
L2: = combine(L2); 

end s t e p l ; 

The song HOW HIGH THE MOON is i l l u s t r a t e d in 
Figure 2. Not ice t h a t the output from s t e p l con
t a i n s some very smal l segments of quest ionable 
harmonic meaning. This w i l l be t r ue in general 
because of the simple harmonic theory used in 
s t e p l . There are th ree poss ib le reasons why these 
small .segments may belong to an adjacent segment. 
F i r s t of a l l the segment may conta in chords tha t 
are f unc t i on i ng in the place of other chords. 
This is a common p r a c t i c e in jazz music since i t 
provides harmonic v a r i e t y to the music. For 
example in the key of C, E(3 7 10) may func t ion as 
C(4 7 11 ) . The o r i g i n a l a n a l y s i s , by not t ak i ng 
t h i s i n t o account would have concluded tha t 
E(3 7 10) was in the key of D ins tead of C (see 
2 . 2 ) . The second reason why a smal l segment may 
be assigned the wrong key is t h a t i t is f u n c t i o n 
ing as ton ic r e l i e f . Tonic r e l i e f is a harmonic, 
device which is used to strengthen chord progres
sions by moving the key center up f i v e h a l f s teps. 
The center usua l l y re tu rns to the o r i g i n a l key 
w i t h i n a few measures. For t h i s reason most 
musicians do not regard t on i c r e l i e f as a proper 
key change and p re fe r to r e t a i n the o r i g i n a l key 
throughout the segment. F i n a l l y the smal l seg
ments may be sequences of t r a n s i t i o n chords which 
arc used in music to prov ide a smooth change from 
one chord to another. The use of t r a n s i t i o n 
chords is an area l eas t w e l l covered by f u n c t i o n 
al theory . This is because t r a n s i t i o n chords 
a c t u a l l y f unc t i on outs ide the usual harmony of the 
music. I n v a r i a b l y they reso lve i n t o something 
f u n c t i o n a l or i n t o another t r a n s i t i o n . The reader 
w i l l f i n d i t he l p fu l t o f o l l o w the example o f 
Figure 2. To make reading eas ier to f o l l o w , mul 
t i p l e names of chords have been omit ted from the 
example i npu t . 

Step2 r e f i n e s the i n i t i a l segmentation by 
app ly ing poss ib le chord s u b s t i t u t i o n s . The sub
s t i t u t i o n s used are l i s t e d in Table 4. The 
second column of Table 4 spec i f i es the f unc t i on 
o f the chord tha t i t i s s u b s t i t u t i n g f o r . I t i s 
to be understood t ha t x va r ies over the set of 
musical notes/keys. For instance i f x is F 
then the t a b l c t e l l s us tha t F[4 7 10) can 
func t ion as the dominant of the key of F-1 or E. 
Step2 begins by augmenting the key sets of small 
segments by a l l ow ing s u b s t i t u t e chords to func
t i o n as the t o n i c , dominant, or subdominant of 
the segment's key. A smal l segment is def ined to 
be shor te r than P1 where P1 is a system parameter. 
When t h i s is completed combine is used to merge 
adjacent segments t ha t may now be combined. 

l e t k = the set of keys w such that each 
chord of seg has a s u b s t i t u t i o n func t i on 
in w according to t ab l e 4; 

L3:= a p p e n d ( L 3 , l i s t ( l i s t ( n , k , s e g ) ) ) ; 
od ; 
l e t L3 = combine(L3); 

end s tep2; 

TABLE 4: TABLE OF CHORD SUBSTITUTIONS 

Step3 removes t r a n s i t i o n chords by l o c a t i n g 
a l l segments x t ha t conta in a s ing le chord. The 
key set of x is replaced by the keyset of the 
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The f i n a l step in the ana lys is is the removal 
of segments t ha t represent ton ic r e l i e f . These 
segments are recognized by being short ( i . e . , 
less than p2 beats where p2 is a parameter) and 
by being f i v e h a l f steps above the next segment. 
Figure 3 i l l u s t r a t e s the execution of step 4 . 

FIGURE 3: ALL THE THINGS YOU ABE ( f i r s t 4 bars) 

step4(L4,L5) ; input Lk; output L5; L5:= n i l ; 
while L4 not empty do 

(n k seg):= f i r s t ( L 4 ) ; 
L4:= t a i l ( L 4 ) ; 
if L4 not empty then do 

(n' k' seg'):= f i r s t ( L 4 ) ; 
s:= set of a l l keys of k' that are f ive half 

steps below some member of k; 
If s not empty and n < p2 then do 

L5:= append(L5, l is t ( l is t (n, s, seg) , l i s t 
( n ' , s , seg ' ) ) ) ; 

L4:= ta i l (L4) 
od else 

L5: = append(L5, l i s t ( l i s t ( n , k, seg))) 
od else L5:= append(L5, l i s t ( l i s t ( n , k, seg))) 

od; 
L5:= combine(L5); 

end step k 

FUNCTIONAL ANALYSIS OF CHORDS 

Having completed the ident i f ica t ion of key cen
ters we are ready to associate with each chord 
i t s functional meaning. This is accomplished by 
applying a harmonic theory to each of the chords 
of the song. If the chord belongs to a segment 
with two or more possible keys then it w i l l be 
analyzed in more than one way. The theory that we 
shall use is embodied in Table 5. The x stands 
for the key in which the chords are being analyzed. 
The analysis program instantiates the table by 
substitut ing for x the key of the current seg
ment. It then looks up each chord of the seg
ment in the instantiated table. If a chord cannot 

be found in the table then it is assigned the role 
of t rans i t ion . The algorithm is not d i f f i c u l t and 
is omitted. An example of the output is given in 
Figure 4. 

We now indicate how the analysis can be used 
to f i t melodic material to a given harmonic back
ground. We use motifs to represent melodic 
material. In music a motif refers to a small 
snatch of melody. Sequences of motifs are woven 
together to form a melody. Rather than constantly 
inventing new mot i fs, the musician modifies old 
ones to f i t new harmonic si tuat ions. This is 
accomplished by imposing on the motif a scale 
based on the key of the current section of music. 
Examples and discussions of motifs may be found 
in Coker [1] Chapter 2. 

We use the notion of an abstract moti f . An 
abstract motif is l i ke a motif except that is is 
void of rhythmic and harmonic structure. When 
these motifs are f i t into a specified rhythmic 
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next segment. The modi f ied segments are then 
combined. Figure 2.3 i l l u s t r a t e s the output from 
t h i s s tep. 

s t e p 3 ( L 3 , 4 ) input L3; output L4 ; L4 ;= n i l ; 
L3:= reve rse (L3 ) ; 
(N' k' s e g ' ) : = f i r s t ( L 3 ) ; 13 = t a i l ( L 3 ) ; 
wh i l e L3 not empty do 

n ,k ,seg:= n'k ' , s e t ' ; 
( n ' k ' s e g ' ) : = f i r s t ( L3 ) ; L3:= t a i l ( L 3 ) ; 
if seg' has one chord then k ' : = k; 
L4:= c o n s ( l i s t ( n , k , s e g ) , L U ) ; 
od ; 

L4:= combine ( L 4 ; 
end step 3; 



and ha rmon ic c o n t e x t t h e y become m o t i f s i n t h e 
u s u a l s e n s e . The h a r m o n i c c o n t e x t i s d e t e r m i n e d 
by t h e k e y c e n t e r s and t h e c h o r d names p r o d u c e d 
by t h e k e y a n a l y s i s p r o g r a m . We w i l l show how 
a b s t r a c t m o t i f s may b e i n s t a n t i a t e d w i t h r e s p e c t 
t o ha rmony . T o i l l u s t r a t e t h e p r o c e s s w e w i l l 
f i t i n s t a n t i a t i o n s o f a m o t i f t o t h e f i r s t e i g h t 
measures of HOW HIGH THE MOON. 

B e f o r e we can u n d e r s t a n d how i n s t a n t i a t i o n s a r e 
compu ted , we must u n d e r s t a n d t h e use o f s c a l e s . 
I t was m e n t i o n e d above t h a t a s c a l e was a sequence 
o f n o t e s f r o m w h i c h m e l o d i e s a r e c o n s t r u c t e d . 
Most a r e f a m i l i a r w i t h t h e sound o f C m a j o r s c a l e . 
T h i s s c a l e c o r r e s p o n d s e x a c t l y t o t h e w h i t e keys 
o n t h e p i a n o . I f t h e r e a d e r r e f e r s t o T a b l e 1 , 
s t a r t s a t t h e f i r s t C i n t h e t a b l e , and p r o c e e d s 
u p t h r o u g h t h e l e t t e r e d n o t e s t o t h e n e x t C i n t h e 
t a b l e , t h e n h e w i l l have i d e n t i f i e d C m a j o r s c a l e . 
I f w e compute t h e h a l f s t e p s a s s o c i a t e d w i t h each 
o f t h e n o t e s we g e t t h e l i s t (0 2 4 5 T 9 11 1 2 ) . 
T h i s s u g g e s t s t h a t we r e p r e s e n t C m a j o r s c a l e 
s i m i l a r t o t h e n o t a t i o n w i t h w h i c h r e p r e s e n t 
c h o r d s , i . e . , C(0 2 4 5 7 9 1 0 ) . We c a l l C t h e 
r o o t o f t h e s c a l e and (0 2 4 5 7 9 10) t h e t y p e . 
D(0 2 4 5 ' ( 9 11 1?) w i l l be D m a j o r s c a l e and so 
o n . B e s i d e s t h e m a j o r t y p e s o f s c a l e s t h e r e a r e 
many o t h e r s in g e n e r a l u s e . Gome common ones a r e 
d o r i a n , m i x o l y d i a n and who le t o n e . They a r e 
d e f i n e d by t h e s c a l e t y p e s (0 2 3 5 7 9 10 1 2 ) , 
(0 2 4 5 7 9 10 12) and (0 2 4 6 8 10 12) r e s p e c 
t i v e l y . Each t y p e o f c h o r d i s a s s o c i a t e d w i t h a 
s e t o f s c a l e t y p e s t h a t a r e h a r m o n i c a l l y c o n s i s 
t e n t w i t h t h e c h o r d . Coker l i s t s t h e s e a s s o c i a 
t i o n s . W e g i v e i n T a b l e 6 a l i s t o f t h e s c a l e s 
commonly r e f e r r e d t o and t h e i r s e t o f c o m p a t i b l e 
c h o r d s . 

TABLE 6: SCALES 

We spec i fy a m o t i f as a sequence of d i s p l a c e 
ments measured in scale s teps. For instance 
( 2 5 7 8 7 5 1 7 8 7 8 9 ) represents a m o t i f o f 
12 notes . If we spec i f y a scale say C major then 
we can i d e n t i f y each number in the abs t rac t m o t i f 
w i t h a p a r t i c u l a r no te . This is accomplished by 
assoc ia t ing each number of the m o t i f w i t h a l o c a 
t i o n in the scale t ype . To compute a note asso
c i a ted w i t h a number in the abs t rac t mo t i f we use 
the number as an index i n t o the sca le . This 
obta ins f o r us the number of h a l f steps the 
des i red note is above the f i r s t note o f the sca le . 
Using C major scale w i t h the above example we 
ob ta in (D G B C B G DB C B C D), If on the other 
hand we spec i fy G mixo lyd ian we get (A D F G F D 
A F G F G A) which is harmonica l ly very d i f f e r e n t 

from the f i r s t case. 

The i n s t a n t i a t i o n of a m o t i f should r e t a i n i t s 
p i t c h throughout a segment. When a new segment is 
encountered however the m o t i f i s s h i f t e d in p i t c h 
so tha t i t is now expressed r e l a t i v e to the new 
key center . There is a problem however in f o l l o w 
ing t h i s s t r a tegy . When a new chord is encounter
ed the harmonic q u a l i t y of the music changes. 
This usua l l y requ i res t h a t other notes of the 
o r i g i n a l scale be a l t e r e d . A d d i t i o n a l l y notes of 
the m o t i f t h a t belong to the chord should be 
emphasized. This is accomplished by accent , 
rhythm and phras ing . 

To accommodate the changing harmonic q u a l i t y of 
the music, musicians are taught to " t h i n k chords' ' . 
Each chord t h a t is sounded is associated w i t h a 
set of compatible scales t h a t are b u i l t on the 
root of the chord. The musician se lec ts one of 
these sca les . By r e s t r i c t i n g the notes he plays 
to those of the scale se lec ted he avoids c rea t i ng 
harmonic c o n f l i c t . For instance the G( l 3 4 6 7 
9 10 12) scale is used w i t h the G(4 6 10) chord. 
This is not e n t i r e l y s a t i s f a c t o r y fo r our purpose 
since the m o t i f is expressed r e l a t i v e to the key 
o f the e n t i r e segment which is l i k e l y to be d i f 
fe ren t than G. In order to main ta in the p i t c h of 
the m o t i f and at the same t ime f o l l ow the usual 
musical p r a c t i c e , we modify the scale tha t the 
musician would use as f o l l o w s : Suppose t ha t x is 
the key and y is the scale t ha t is s u i t a b l e . We 
create a new scale which is a permutat ion of y and 
has x as the roo t no te . This new scale then be
comes the bas is f o r i n s t a n t i a t i n g the m o t i f . For 
example if the key is C then the scale G(0 1 3 4 
6 7 9 10) would be modi f ied to C(0 1 2 4 5 7 8 10 
11). These two scales conta in exac t l y the same 
notes , j u s t the roo t is d i f f e r e n t . Under some con
d i t i o n s x w i l l not belong to the des i red sca le . 
In such cases we requ i re the lowest note of the 
permuted scale to be above x but as c lose to x as 
poss ib le . For computat ional reasons we keep x as 
the roo t of the scale even though in t h i s case the 
scale does not conta in x. 

We have app l ied these concepts to generate an 
improv isa t ion f o r the f i r s t e igh t bars of HOW 
HIGH THE MOON. The rhythm was spec i f i ed before 
hand in an ad hoc manner. The r e s u l t is i l l u s 
t r a t e d in Figure 5. The scales were computed on 
the basis of Table 6. The m o t i f was repeated when 
necessary. From such a simple technique the r e s u l t 
is bound to be less than i n t e r e s t i n g music. The 
music is however cons is ten t w i th the harmonic 
s t r u c t u r e of the song. 

DISCUSSION 

A fea tu re of t h i s work is t ha t i t takes a non-
grammatical approach to harmonic ana l ys i s . Some 
confusion may a r i s e at t h i s po in t because of the 
use of a grammar f o r the recogn i t i on of chord 
types . However the chord grammar is on ly used f o r 
the i n i t i a l naming of chords. The recogn i t i on of 
key centers and f u n c t i o n a l ana lys is of chords are 
no t i ceab ly non-grammatical . 
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FIGURE 5: HOW HIGH THE MOON ( i m p r o v i s e d l i n e ) 

r h y t h m : s t r a i g h t f o u r b e a t s t o t h e measure 

C o n s i d e r f o r c o n t r a s t W i n o g r a d ' s s t u d y [ 5 ] on 
t h e a n a l y s i s o f c l a s s i c a l m u s i c . H i s p rogram 
embodies a s i m p l i f i e d v e r s i o n o f F o r t e ' s harmonic 
t h e o r y [ 2 ] . The t h e o r y i s r e p r e s e n t e d a s a s y s 
t e m i c grammar. The f o r m o f t h e i n p u t t o Winograd ' s 
p rogram i s s i m i l a r t o t h e i n p u t t o t h e p rogram 
d e s c r i b e d i n t h i s p a p e r . H i s examples however a r e 
e n t i r e l y f r o m Bach and S c h u b e r t . 

Winograd r e p o r t s d e a l i n g w i t h t h e same s o r t s o f 
a m b i g u i t i e s a s d e s c r i b e d i n t h i s s t u d y . Because 
o f t h e s e a m b i g u i t i e s , W inOgrad ' s p a r s e r uses a 
s e t o f h e u r i s t i c s t o r educe t h e number o f p o s s i b l e 
p a r s i n g s t o a managable s i z e . When two d i f f e r e n t 
p a r s i n g a r e f o u n d , a p r e f e r e n c e i s g i v e n t o t h e 
s i m p l e r o f t h e t w o . The p rogram r e p o r t e d he re 
r e s o l v e s a m b i g u i t i e s i n f a v o r o f t h e a n a l y s i s 
w h i c h has f e w e r key changes . 

I n t h e l o n g r u n t h e q u e s t i o n o f whe the r 
g r a m m a t i c a l app roaches a r e s u p e r i o r t o n o n -
g r a m m a t i c a l ones may depend on how much harmon ic 
s t r u c t u r e can b e d e r i v e d f r o m l o c a l p r o p e r t i e s 
o f t h e m u s i c . I f g l o b a l p r o p e r t i e s a r e e s s e n t i a l 
t o ha rmon i c a n a l y s i s , t h e n a grammar may p r o v i d e 
a u s e f u l means o f r e p r e s e n t i n g t h e g l o b a l o r g a n i 
z a t i o n . However i n t h e case o f Jazz m u s i c , a 
m u s i c i a n can u s u a l l y i d e n t i f y t h e key o n t h e 
b a s i s o f two o r t h r e e c o n s e c u t i v e c h o r d s . I f 
t h i s s t a t e m e n t can b e v e r i f i e d e x p e r i m e n t a l l y 
t h e n t h e r e i s s t r o n g r e a s o n t o b e l i e v e t h a t j a z z 
encodes s o much harmony i n t h e l o c a l s t r u c t u r e 
o f t h e mus ic t h a t ' g l o b a l c o n s i d e r a t i o n s can b e 
i g n o r e d . 

The a s s u m p t i o n i s made i n t h i s s t u d y t h a t i t i s 
m e a n i n g f u l t o r e p r e s e n t m e l o d i c m a t e r i a l a s 
a b s t r a c t m o t i f s d e v o i d o f r h y t h m i c and harmon ic 
c o n t e n t . T h i s a s s u m p t i o n can be r e g a r d e d as an 
a p p r o x i m a t i o n a t b e s t and must s t a n d t h e t r i a l o f 
f u t u r e i n v e s t i g a t i o n . Moorer [k] r e p o r t s a 
s t u d y ( p r o b a b l y o r i g i n a l l y f r o m L u n d i n [ 3 ] ) w h i c h 
demons t ra tes t h a t s u b j e c t s can d e t e r m i n e o n t h e 
b a s i s o f r e l a t i v e p i t c h when two c o n s e c u t i v e 
no tes w i l l a c h i e v e m e l o d i c r e s o l u t i o n . T h i s 
sugges ts t h a t ha rmon i c p r i n c i p l e s ( i . e . , r e l a 
t i v e p i t c h ) may e f f e c t m e l o d i c f e a t u r e s i n 
e s s e n t i a l ways . Such e v i d e n c e must be we ighed 
a g a i n s t t h e f a c t t h a t when harmony and r h y t h m a r e 
removed f r o m c e r t a i n m e l o d i c m a t e r i a l , p a t t e r n s 

emerge t h a t sugges t t h a t me lody has a c e r t a i n 
i ndependence . Fo r i n s t a n c e i f t h e f i r s t n i n e 
n o t e s o f t h e a l l e g r o t o B e e t h o v e n ' s f i f t h a r e 
e x p r e s s e d as an a b s t r a c t m o t i f we o b t a i n (0 2 k 3 
2 1 0 1 0 ) . T h i s i s t h e same a b s t r a c t m o t i f 
o b t a i n e d f r o m t h e f i r s t n i n e n o t e s o f t h e P i a n o 
Conce r to i n C m i n o r even t h o u g h t h e s e two p i e c e s 
a r e r h y t h m i c a l l y and h a r m o n i c a l l y q u i t e d i s 
s i m i l a r . 

CONCLUSIONS 

The j a z z m u s i c i a n has two p r o b l e m s . The f i r s t 
i s t h e c r e a t i o n o f m e l o d i c m a t e r i a l . The second 
i s t h e p r o b l e m o f f i t t i n g t h e m e l o d i c m a t e r i a l 
i n t o a p a r t i c u l a r ha rmon i c s t r u c t u r e . The work 
d e s c r i b e d i n t h i s paper c o n c e n t r a t e s o n t h i s 
second p r o b l e m . To s o l v e t h e p r o b l e m we u t i l i z e d 
a ha rmon ic t h e o r y w h i c h a l l o w e d t h e i d e n t i f i c a t i o n 
o f key c e n t e r s and t h e ass ignmen t o f f u n c t i o n a l 
mean ing t o c h a r d s . From t h i s w e c o n s t r u c t e d 
s c a l e s t h a t were c o m p a t i b l e w i t h t h e a n a l y z e d 
ha rmon ic s t r u c t u r e . These s c a l e s were t h e n used 
t o t r a n s l a t e a b s t r a c t m e l o d i c m a t e r i a l i n t o 
sequences o f n o t e s t h a t sound c o m p a t i b l e w i t h t h e 
backg round c h o r d s . 

The work d e s c r i b e d h e r e i s j u s t a b e g i n n i n g . 
For i n s t a n c e t h e t h e o r y used does n o t a p p l y t o 
songs w i t h m i n o r t o n a l i t y and needs t o b e e n l a r g e d . 
The method f o r f i t t i n g m o t i f s t o ha rmon ic s t r u c 
t u r e i s more a n i l l u s t r a t i o n t h a n a r e l i a b l e 
t e c h n i q u e . The use o f r h y t h m was n o t t r e a t e d a t 
a l l no r was t h e p r o b l e m o f d e v e l o p i n g a l i b r a r y 
o f u s e f u l m o t i f s . I n s p i t e o f t h e s e s h o r t c o m i n g s 
t h e methods d e s c r i b e d d o d e a l q u a n t i t a t i v e l y w i t h 
a number o f p r a c t i c a l p rob lems f a c i n g j a z z 
m u s i c i a n s such a s t h e i d e n t i f i c a t i o n o f k e y c e n t e r , 
t h e i d e n t i f i c a t i o n o f cho rds and t h e c o n s t r u c t i o n 
o f s c a l e s t h a t a r e h a r m o n i c a l l y c o m p a t i b l e w i t h 
t h e i d e n t i f i e d k e y s . 
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