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References and readings

General M
usic Overview

•
Philip Ball “The M

usic Instinct -H
ow

 m
usic w

orks and w
hy w

e can’t do w
ithout it”. 

O
xford U

n. Press 2010

M
usic Notation and Basics

Both units of “N
otes and Rhythm

” and “Reading M
usic” are 

excellent prim
ers for those w

ho don’t have a solid m
usic background

•
https://w

w
w

.khanacadem
y.org/hum

anities/m
usic/m

usic-basics2 



O
rigins

•
Severaltheories

•
hum

an rhythm
recalls

the regularity
w

ith w
hich

w
e

w
alk

and the heartbeat
(H

ow
ard 

G
oodall, com

poser)
•

beat-based
rhythm

ic
processing has

ancient
evolutionary

roots
(A

niruddh
Patel)

•
the sense

of rhythm
w

as
developed

in the early
stages

of hom
inid

evolution
by the 

forces
of naturalselection

(Joseph Jordania, ethnom
usicologist)

•
to induce battle

trance, prom
ote

the developm
ent

of a
defense

system
of early

hom
inids

•
Evolved

in parallelin allcultures
•

In Sub-Saharan
A

frica it
evolved

in com
plex

form
s

such
as

m
ulti-layered

polyrhythm
and 

sim
ultaneous

rhythm
s

in m
ore than

one
tim

e signature
(polym

eter)

•
cross-rhythm

s
of Sub-Saharan

A
frica

https://youtu.be/ZYhFyF8dvU
4

•
interlocking

kotekan
rhythm

s
of the

gam
elan

https://youtu.be/Kfe3D
udhY4w



Pulse, beat and m
easure

M
ostm

usic, dance and oralpoetry
establishesand m

aintainsan underlying
"m

etric
level", a 

basic
unitof tim

e thatm
ay

be audible
or im

plied, the pulse
or tactusof the m

ensurallevel, or 
beat level, som

etim
essim

ply
called

the beat

•
The Beat consistsof a (repeating) seriesof identicalyetdistinctperiodic

short-duration
stim

uli
perceived

aspointsin tim
e 

•
The "beat" pulse

isnotnecessarily
the fastestor the slow

estcom
ponent of the rhythm

butthe 
one

thatisperceived
asfundam

ental: ithasa tem
po to w

hich
listenersentrain

asthey
tap

theirfootor dance to a piece
of m

usic

•
Itiscurrently

m
ostoften

designated
asa crotchetor quarternote in w

estern notation

•
Fasterlevelsare division

levels, and slow
erlevelsare m

ultiple levels

•
"Rhythm

sof recurrence" often
arise

from
 the interaction

of tw
o

levelsof m
otion, the faster

providing
the pulse

and the slow
erorganizing

the beatsinto
repetitive

groups

•
O

nce a m
etric

hierarchy
hasbeen

established, w
e, aslisteners, w

illm
aintain

thatorganization
aslong asm

inim
alevidence

ispresent



Pulse, beat and m
easure

•
Regularly

repeating
events

of identicalyet
distinct

periodic
short-duration

stim
uli

perceived
as

points
in tim

e occurring
at

the 
m

ensurallevel

•
Pulse

is
typically

w
hat

listeners
entrain

to as
they

tap
their

foot
or dance along

w
ith a piece

of m
usic, and is

also
colloquially

term
ed

the 
'beat,' or m

ore technically
the 'tactus'

•
The

beatis
the basic

unitof tim
e, often

defined
as

the rhythm
listeners

w
ould

tap
theirfootto w

hen
listening

to a piece
of m

usic, or the num
bers

a m
usician

counts
w

hile
perform

ing
•

In popularuse,beatcan referto a variety
of related

concepts
including: pulse, 

tem
po, m

eter, specific
rhythm

s
and groove



Pulse, beat and m
easure

•
Rhythm

in m
usic ischaracterized

by a repeating
sequence

of stressed
and

unstressed
beats

(strong vs. w
eak; upbeatvs. dow

nbeat) and 
divided

into
barsorganized

by tim
e signature

and tem
po

indications
•

The alternation
of the strong and w

eak
beat is

fundam
entalto the languages

of 

poetry, dance and m
usic

•
Syncopation

occurs
w

hen
accenting

upbeat
and de-em

phasizing
dow

nbeat
as

established
from

 the m
elody

or from
 a preceding

rhythm

•
N

orm
ally, even

the m
ostcom

plex
of m

etersm
ay

be broken
dow

n into
a chain

of duple and triple pulseseitherby addition
or division



M
usical M

eter

A hierarchicalstructure
consisting

of 
pulse

sensationsatdifferentlevels
(tim

e scales)
•

Three m
etricallevelsare particularly

im
portant

•
Tactus

or beat (foot-tapping
rate)

•
Tatum

(tem
poralquantum

) –
its

period
corresponds

to the shortest
durationalvalues

in m
usic that

are 
stillm

ore than
incidentally

encountered. A
lldurationalvalues

are integer
m

ultiples
of the tatum

period
and the onsets

of m
usical events

occur
approxim

ately
at

a tatum
beats

•
M

easure
-typically

related
to the harm

onic
change

rate or to the length
of a rhythm

ic
pattern

•
Tem

po
-rate of the tactuspulse

•
U

sually
m

easured
in ‘beats

per m
inute’ (bpm

) 
•

In order
for a m

eter
to m

ake
sense, the tem

po m
ust be slow

ly
varying



M
etric

structure

•
The study

of rhythm
, stress, and pitch

in speech
iscalled

prosody
•

it
is

a topic
in linguistics

and poetics, w
here

it
m

eans
the num

ber
of lines

in a verse, the num
ber

of syllables
in each

line and the arrangem
ent

of those
syllables

as
long or short, accented

or 
unaccented

•
M

usic inherited
the term

"m
eter

or m
etre" from

 the term
inology

of poetry

•
The m

etricstructure
of m

usic includesm
eter, tem

po and allotherrhythm
icaspects

thatproduce tem
poralregularity

againstw
hich

the foreground
detailsor durational

patternsof the m
usic are projected

•
Dance m

usic hasinstantly
recognizable

patternsof beatsbuiltupon
a characteristic

tem
po and m

easure
•

The Im
perial Society of Teachers of D

ancing defines
the tango, for exam

ple, as
to be danced

in 
2/4 tim

e at
approxim

ately
66 beats

per m
inute

•
The basic

slow
 step

forw
ards

or backw
ards, lasting

for one
beat, is

called
a "slow

", so that
a full 

"right–left" step
is

equalto one
2/4 m

easure



M
etric

structure

•
M

etricalrhythm
(divisive rhythm

) calculateseach
tim

e value
asa 

m
ultiple or fraction

of the beat, w
ith norm

alaccentsthatre-occur
regularly

providing
system

aticalgrouping
(m

easures)

•
M

easured
rhythm

(additive rhythm
) also

calculateseach
tim

e value
as

a m
ultiple or fraction

of a specified
tim

e unitbutthe accentsdo not
recurregularly

w
ithin

the cycle

•
Free rhythm

isw
here

there
isneither

•
Christian chant, w

hich
has

a basic
pulse

but
a freer

rhythm



M
ensuralnotation

•
A

 m
usical notation

system
used

for European
vocal

polyphonic
m

usic from
 the later

part of the 13th century
untilabout

1600
•

The term
"m

ensural" refersto the ability
to describe

precisely
m

easured
rhythm

ic
durationsin term

sof num
ericalproportions

betw
een

note values

•
Itsm

odern
nam

e
isinspired

by the term
inology

of m
edievaltheorists, 

w
ho

used
term

slike
m

usica m
ensurata

("m
easured

m
usic") orcantus

m
ensurabilis("m

easurable
song") to referto the rhythm

ically
defined

polyphonic
m

usic of theirage, asopposed
to

m
usica plana

orm
usica 

choralis, i.e., Gregorian
plainchant

•
M

ensuralnotation
w

asem
ployed

principally
for com

positionsin the 
tradition

of vocalpolyphony, w
hereasplainchantretained

itsow
n, 

oldersystem
of neum

e
notation

throughoutthe period

https://w
w
w
.dropbox.com

/s/70ldtjm
2t5qsdu7/A

V
E
%
20M

A
R
IA
%
20-%

20G
regoriano.m

p3?dl=
0



M
odern

notation
For a prim

er on m
odern rhythm

ic notation please refer to Khan Academ
y:

https://w
w

w
.khanacadem

y.org/hum
anities/m

usic/m
usic-basics2 



M
odern

notation
For a prim

er on m
odern rhythm

ic notation please refer to Khan Academ
y:

https://w
w

w
.khanacadem

y.org/hum
anities/m

usic/m
usic-basics2



Rhythm
and m

eterin poetry

Rhythm
and m

eterin poetry
resem

blesthatin m
usic asitrelies

on the alternation
of stressed

and unstressed
syllables

•
A

 fundam
entalaspect

in w
riting

songs
consists

of reconciliating
rhythm

ic
structures

of lyrics
and m

usic
•

O
ften

the rhythm
ic

structure
of lyrics

suggests
the rhythm

ic
structure

of a 
song



Rhythm
and m

eterin poetry
Foot: basic

unitof m
easurem

entof accentual-syllabic
m

eter
•

It
usually

contains
one

stressed
syllable

and at
least

one
unstressed

syllable
•

The standard types
of feet

in
poetry

are the iam
b, trochee, dactyl, anapest, spondee, 

and pyrrhic
(tw

o
unstressed

syllables)

Five
basicrhythm

of varying
stressed

(/) and unstressed
(x) syllables

•
M

etersw
ith tw

o-syllable
feetare

•
IA

M
BIC (x /):

Thattim
e of year

thou
m

ayst
in m

e behold
(§)

•
TRO

CH
A

IC (/ x): 
Tellm

e not
in m

ournfulnum
bers

(°)
•

SPO
N

D
A

IC (/ /):
Break, break, break/ O

n thycold
gray

stones, O Sea! (*) 

•
M

etersw
ith three-syllable

feetare
•

A
N

A
PESTIC (x x /):A

nd the sound
of a voice

that
isstill(*)

•
D

A
CTYLIC (/ x x ):

This
is

the forest
prim

eval, the m
ur"m

uringpines
and the hem

lock
(°)

(*) “B
re

a
k
, b

re
a
k
, b

re
a
k
” b

y
 A

lfre
d
, L

o
rd

 T
e
n
n
y
s
o
n
 (1

8
4
2
)

(°) “E
v
a
n
g
e
lin

e
: A

 T
a
le

 o
f A

c
a
d
ie

” b
y
 H

e
n
ry

 W
a
d
s
w

o
rth

 L
o
n
g
fe

llo
w

 -
1
8
0
7
-1

8
8
2

(§
) S

o
n
n
e
t 7

3
: “T

h
a
t tim

e
 o

f y
e
a
r th

o
u
 m

a
y
s
t in

 m
e
 b

e
h
o
ld

”, b
y
 W

. S
h
a
k
e
s
p
e
a
re



Rhythm
and m

eterin poetry

Each
line of a poem

containsa certain
num

berof feetof iam
bs, trochees, 

spondees, dactylsor anapests
•

A
 line of one

foot
is

a m
onom

eter
(1)

•
A

 line of 2 feet
is

a dim
eter

(2)
•

A
 line of 3 feet

is
a trim

eter
(3)

•
A

 line of 4 feet
is

a tetram
eter

(4)
•

A
 line of 5 feet

is
a pentam

eter
(5)

•
A

 line of 6 feet
is

a hexam
eter

(6)
•

A
 line of 7 feet

is
a heptam

eter
(7)

•
A

 line of 8 feet
is

a octam
eter

(8)



Rhythm
and m

eterin poetry: exam
ples

Iam
bic

pentam
eter(5 iam

bs, 10 syllables)
•

Thattim
e

| of year
| thou

m
ayst

| in m
e

| behold

Trochaic
tetram

eter(4 trochees, 8 syllables)
•

Tellm
e | not

in | m
ournful| num

bers

Anapestic
trim

eter(3 anapests, 9 syllables)
•

A
nd the sound

| of a voice
| that

isstill

Dactylic
hexam

eter(6 dactyls, 18 syllables)
•

This
is

the | forest
pri| m

eval, the | m
urm

uring
| pine

and the | hem
locks

(it
actually

has
17 syllables

because
a trochee

replaces
the last dactyl)



Rhythm
and m

eterin poetry: exam
ples

Dactylic
pentam

eter(5 dactyls, 15 syllables)

Puncha, puncha, la rosa huele
Q

ue
l'am

or m
uncho

dueles

Puncha, pun
| cha,-la | ro

-sa | hue
--|le

Que
l’a | m

or
m

un
| cho

--
| due

--| les

5 dactyls, 9 syllables
(severaltrochees

replace
dactyls)



A
vishai Cohen and his

trio w
ith l'O

rchestre
N

ational d'Île-de-France (2016)

https://youtu.be/Bk5Z5cCTH
JIPuncha

Puncha
(9’09’’)



Rhythm
ic

w
heel

•
https://youtu.be/2U

phAzryVpY



A differentw
ay to visualize

rhythm
-John Varney

https://youtu.be/2U
phAzryVpY



Exam
ples

of com
m

on rhythm
s

See
video from

 N
YU

 –
M

usic Experience Design Lab 
•

https://w
w

w
.youtube.com

/w
atch?v=tm

2BgO
1VaRY



Exam
ples

https://youtu.be/nrH
R
Y
liY
N
Q
k



Exam
ples

1
)
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Exam
ples

T
h

e
 H

o
n

e
y

D
rip

p
e

rs

Im
p

e
a

c
h

T
h

e
 P

re
s
id

e
n

t

L
e

d
 Z

e
p

p
e

lin
 

W
h

e
n

th
e

 L
e

v
e

e
B

re
a

k
s

1)
https://w

w
w
.dropbox.com

/s/q9jelgtsxdaqzdi/The%
20H

oney%
20D

rippers%
20-%

20Im
peach%

20The%
20P

resident.m
p3?dl=0

2)
https://w

w
w
.dropbox.com

/s/vw
60jr6k8rtnivy/W

hen%
20The%

20Levee%
20B

reaks%
20-%

20D
ark%

20R
em
aster.m

p3?dl=0



Exam
ples

https://w
w
w
.dropbox.com

/s/ayzhd9vkdhoukc7/R
um
ba.m

p3?dl=0



Exam
ples

h
ttp

s
://y

o
u

tu
.b

e
/m

Z
_

m
E

m
a

J
u

9
8



Polyrhythm
s

•
A polyrhythm

isthe sim
ultaneoususe of tw

o
or 

m
ore conflicting

rhythm
s, thatare notreadily

perceived
asderiving

from
 one

another, or as
sim

ple
m

anifestationsof the sam
e

m
eter

•
Polyrhythm

s
can be distinguished

from
 irrational

rhythm
s

(tuplets), w
hich

can occur
w

ithin
the context

of a single part

•
Polyrhythm

s
require

at
least

tw
o

rhythm
s

to be played
concurrently, one

of w
hich

is
typically

an irrational
rhythm



Polyrhythm
s

•Hem
iola: based

on a tw
o-over-three

(2:3) structure

W
ritten

using
tuplets

https://youtu.be/D
H

Y
F1U

chY
gs



Polyrhythm
s

Com
posite Hem

iola
•

The four-note ostinato
pattern of «carolof the bells» isthe 

com
posite of the tw

o-against-three
hem

iola

https://youtu.be/yfP
C

xC
ua0xY



Polyrhythm
s

Cross-rhythm
–

refersto system
ic

polyrhythm
•

a rhythm
in w

hich
the regular pattern of accentsof the prevailing

m
eteris

contradicted
by a conflicting

pattern and notm
erely

a m
om

entary
displacem

ent
thatleavesthe prevailing

m
eterfundam

entally
unchallenged

•
the physicalbasisof cross-rhythm

scan be described
in term

sof interference
of 

differentperiodicities
Exam

ples
•

3:2 (H
em

iola) 

•
4:3

•
5:2

•
5:3

•
5:4

1 m
easure



Polyrhythm
s

Cross-rhythm
–

refersto system
ic

polyrhythm
•

a rhythm
in w

hich
the regular pattern of accentsof the prevailing

m
eteris

contradicted
by a conflicting

pattern and notm
erely

a m
om

entary
displacem

ent
thatleavesthe prevailing

m
eterfundam

entally
unchallenged

•
the physicalbasisof cross-rhythm

scan be described
in term

sof interference
of 

differentperiodicities
Exam

ples
•

3:2 (H
em

iola) 

•
4:3

•
5:2

•
5:3

•
5:4

https://youtu.be/7cJV
pF6cN

7E



Rhythm
ic structures -polyrhythm

s

https://youtu.be/R
-Y

6D
qlN

N
M

I
G

avin H
arrison –

S
ound of M

uzak
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ic structures -polyrhythm

s
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-Y

6D
qlN

N
M

I
G

avin H
arrison –

S
ound of M

uzak

https://w
w
w
.dropbox.com

/s/y16tm
p21o75xhyz/sound%

20of%
20m

uzak%
20drum

%
20only.m

p3?dl=
0



Rhythm
ic structures -polyrhythm

s
p
a
t
t
e
r
n
D
e
s
c
r
i
p
t
i
o
n

=
 
{
m
i
d
i
.
D
r
u
m
s
.
S
p
l
a
s
h
C
y
m
b
a
l
:
 
 
 
 
 
 
"
S
[
1
6
]
 
6
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

"
,

m
i
d
i
.
D
r
u
m
s
.
C
l
o
s
e
d
H
i
H
a
t
:
 
 
 
 
 
 
 
"
S
[
1
6
]
 
-
-
5
-
9
-
5
-
9
-
5
-
9
-
5
-
9
-
5
-
9
-
5
-
-
-
-
-

"
,

m
i
d
i
.
D
r
u
m
s
.
O
p
e
n
H
i
H
a
t
:
 
 
 
 
 
 
 
 
 
"
S
[
1
6
]
 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
9
-
-
-

"
,

m
i
d
i
.
D
r
u
m
s
.
S
n
a
r
e
D
r
u
m
2
:
 
 
 
 
 
 
 
 
"
S
[
1
6
]
 
-
-
-
-
-
9
-
-
-
-
-
-
9
-
-
-
-
-
-
9
-
-
-
-
-
-
9
-

"
,

m
i
d
i
.
D
r
u
m
s
.
K
i
c
k
:
 
 
 
 
 
 
 
 
 
 
 
 
 
 
"
S
[
1
6
]
 
9
-
-
9
-
-
-
9
-
-
9
-
-
-
9
-
-
9
-
-
-
9
-
-
9
-
-
-

"
}

Rhythm
ic structures -polyrhythm

s

https://youtu.be/R
-Y

6D
qlN

N
M

I
G

avin H
arrison –

S
ound of M

uzak

https://w
w
w
.dropbox.com

/s/y16tm
p21o75xhyz/sound%

20of%
20m

uzak%
20drum

%
20only.m

p3?dl=
0



Rhythm
ic structures -polyrhythm

s
Rhythm

ic structures -polyrhythm
s

https://youtu.be/7U
lY

w
B

do_e8
P

orcupine
Tree

–
D

ark M
atter



Algebraic
structures

and rhythm
ic

structures

•Group:set of elem
entsequipped

w
ith an operation

(+) thatsatisfiesfour
conditions: closure, associativity, identity, invertibility
•

IfG isa group, and H isa subgroup
of G, and g isan elem

entof G, then
•

g+H
= {g+h

: h∈
H

 } is
the left

coset
of H

 in G
 w

ith respect
to g

•
H

+g
= {h+g

: h∈
H

 } is
the right coset

of H
 in G

 w
ith respect

to g
•

G
roups

are «norm
al» ifand only

ifright cosets
and left

cosets
of H

 coincide
•

A
lthough

derived
from

 a subgroup, cosets
are not

usually
subgroups

of G
, only

subsets

•
In ourcase:

•
+ represents

tem
poraltransalation

•
sets in the previous

diagram
s

form
a group

(rhythm
ic

substructures
in dow

nbeat)
•

cosets
are shifted

versions
of subgroups

and usually
contribute

to generate syncopation
•

cosets
are generated

by «turning» the corresponding
rhythm

ic
w

heel



N
otation

for com
plex

rhythm
s

•
Brian Ferneyhough’sN

otation
(BFN

)
•

m
/n

m
eans: m

 beats, each
an n-th

of a w
hole

note
•

m
/n

: i/jm
eans

that
•

The first rhythm
fits

a m
easure

of m
 beats

(each
lasting

1/n
of a w

hole
note)

•
The second

rhythm
fits

a m
easure

of i beats
(each

lasting
1/jof a w

hole
note)

4/4 : 7/8

R
h
y
th

m
1
 (R

1 )
(R

2 ) R
h
y
th

m
2

•
4 beats

of R
1

last like
8 beats

of R
2

(a beat of R
2

is
tw

ice
as

fast as
a beat of R

1 )
•

R
1

repeats
every

4 of its
ow

n
beats, R

2
repeats

every
7 of its

ow
n

beats

A
 P

olyrhythm
K

 againstN
typically

has
a B

F
N

 of    K
/K

 : N
/N

N
otice

thatthe above
exam

ple
does

N
O

T correspond
to the previous

case of 
«sound of m

uzak»!

N
otice that in order to som

ehow
 m

atch m
usical notations, the denom

inator should be a pow
er of 2



N
otation

for com
plex

rhythm
s

•
N

otice
that4/4 : 7/8

is not a system
ic polyrhythm

 of 7 against4 
(e.g.«sound of m

uzak»)

•
M

usic notation
doesnoteasily

accom
m

odate
notes w

hose
duration

isnota negative pow
erof 2: i.e.1/2

k

(1/2, 1/4, 1/8, 1/16, 1/32, 1/64), 
therefore

a polyrhythm
can only

be 
w

ritten
using

groupsof n-tuples, w
hich

m
akesthe w

riting
overly

cum
bersom

e

In orderto representa system
ic

polyrhythm
of K againstN

w
e

w
ould

need
a BFN

 
double signature

of  K/K : N
/N

(ifitw
eren’tfor thatpow

er-of-2 constraint...)



Rhythm
ic structures

Polym
eter=>    4/4:7/8

https://youtu.be/O
8c79S

hxJgM



Rhythm
ic structures

Polym
eter=>  4/4:4/3

https://youtu.be/qW
U

2xi4m
D

M
U



Rhythm
ic structures

Polym
eter=>  3/4:2/6

https://youtu.be/M
U

S
dQ

8M
88cg



Rhythm
ic structures

•
Earlier exam

ples of Ferneyhough’snotation
•

D
ark m

atter:

•
Sound of M

uzak:

S
ignature

=> 7/8       C
ross-R

hythm
«7 against2»      B

FN
 notation

=>  7/7:2/2

N
otice

the forw
ard

shiftof the snare’s
pattern (5/14) -> coset

S
ignature

=> 7/8       C
ross-R

hythm
«7 against4»     B

FN
 notation

=>  7/7:4/4

N
otice

the forw
ard

shiftof the snare’s
pattern (5/28) -> coset



D
uality

btw
Polym

etrics
and Polyrhythm

s

W
h

e
reD=LCM

(D
1 ,D

2 ) 
(LC

M
=

Lo
w

e
st

C
o

m
m

o
n

 M
u

ltip
le

)

N=LCM
(N

1 K
1 ,N

2 K
2 ),  w

h
e

re
K
1 =D

/D
1

a
n

d
  K

2 =D
/D

2

In
 fa

ct, w
e

h
a

ve

N
o

tice
, h

o
w

e
ve

r, th
a

t
o

fte
n

D >
 D

1
a

n
d

 D
>

 D
2 , th

e
re

fo
re

th
e

 re
su

ltin
g

sig
n

a
tu

re
m

ig
h

t
n

o
 lo

n
g

e
r

b
e

 in
d

ica
tive

 o
f th

e
 b

e
a

t (d
o

m
in

a
n

t
p

u
lse

)

N
1

D
1
:
N

2

D
2
!

ND

<latexit sha1_base64="VeYUhsx1DaBwT9RPdhMuJtMCLMI="></latexit>

N
1

D
1
:
N

2

D
2
!

N
1

DK
1

:
N

2
DK
2

!
N

1 K
1

D
:
N

2 K
2

D
!

ND

<latexit sha1_base64="PqEevpC/cUYWZP7rqajtRMRIUpc="></latexit>

In order
to find

a single signature
that

accom
m

odates
both

sub-signatures
of a 

polym
etric

structure
w

e
proceed

as
follow

s:



Exam
ples

•
Porcupine

Tree: Sound of M
uzak

https://youtu.be/R-Y6DqlN
N

M
I

N
1

D
1
:
N

2

D
2
!

N
1

DK
1

:
N

2
DK
2

!
N

1 K
1

D
:
N

2 K
2

D
!

ND

<latexit sha1_base64="PqEevpC/cUYWZP7rqajtRMRIUpc="></latexit>

44
:
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!
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87

:
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4
·7
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:
7
·4
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!
2828

:
2828

!
2828

<latexit sha1_base64="hl0uFMIa+xDi0bv2xDKtTJdSokE="></latexit>



Exam
ples

•
Porcupine

Tree: Dark M
atter

https://youtu.be/7UlYw
Bdo_e8

N
1

D
1
:
N

2

D
2
!

N
1

DK
1

:
N

2
DK
2

!
N

1 K
1

D
:
N

2 K
2

D
!

ND

<latexit sha1_base64="PqEevpC/cUYWZP7rqajtRMRIUpc="></latexit>
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2
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:
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Exam
ples

«E
tude

N
o. 1», 

by Tigran
H

am
asyan

O
riginalrecording: 

https://youtu.be/xm
S

cqhD
S

JrI

R
egular S

peed
S

low
 S

peed
https://youtu.be/S_Tym

BPo7ZE
https://youtu.be/cZvw

bECq_ek

58
:
78
!

581

:
781

!
5
·18

:
7
·18

!
358
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Exam
ple: Etude

N
o. 1 (Tigran

H
am

asyan)



Rhythm
ic structures

M
etric m

odulation
•

A
 m

etric m
odulation is a m

odulation from
 one m

etric unit or m
eter to another

•
Som

etim
es used to stress a subdivision of an asym

m
etrical rhythm

s 
•

2+2+3 tim
e, w

here each bar has tw
o 2-beat units and a 3-beat unit w

ith a stress at the beginning of 
each unit

•
Som

etim
es necessary w

hen com
plexity is excessive

https://youtu.be/B
F

a__H
Y

xN
xU

G
avin H

arrison –
19 days



Rhythm
ic structures –

m
etric m

odulation



Exam
ples

•
«Flare», Interplay
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68
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qW

S
kO

oK
rtI?t=112



O
therexam

ples
•

T
h

e
 B

e
a

tle
s: «

M
a

rth
a

 m
y

d
e

a
r»

 -
h

ttp
s://yo

u
tu

.b
e

/R
X

a
w

a
9

0
Y

U
2

s
•

m
ultiple m

etric
m

odulations

•
A

sg
e

ir: «
K

in
g

 a
n

d
 C

ro
ss»

 -
h

ttp
s://yo

u
tu

.b
e

/D
-d

H
IkF

_
lO

4
•

polym
etric

structure

•
A

vish
a

i C
o

h
e

n
 –

«
S

im
o

n
e

ro
»

 -
h

ttp
s://yo

u
tu

.b
e

/6
u

w
B

Iy
w

S
rg

w
•

Regular 4/4 m
etric

signature
w

ith irregularsubdivisions

•
S

te
ve

n
 W

ilso
n

 –
«

T
h

re
e

 ye
a

rs
o

ld
e

r»
 -

h
ttp

s://w
w

w
.yo

u
tu

b
e

.co
m

/w
a

tch
?

v=
d

TyH
sIQ

q
D

a
8

(skip
first 2

’)
•

Regular 4/4 m
etric

signature
w

ith irregularsubdivision

•
B

illy C
o

b
h

a
m

–
«

S
p

a
n

ish
 M

o
ss»

 -
h

ttp
s://yo

u
tu

.b
e

/P
R

9
Y

H
6

4
cq

n
0

•
O

dd
rhythm

ic
signature

of 17/16

•
S

lo
b

o
d

a
n

 Trku
lja

&
 M

e
tro

p
o

lO
rch

e
stra

 –
«

P
ita

g
o

rin
a

p
e

sm
a

»
 

h
ttp

s://yo
u

tu
.b

e
/5

h
8

P
o

U
yL-h

k
•

O
dd

rhythm
ic

signature
of 25/16

•
D

h
a

fe
r

Yo
u

sse
f –

«
O

d
d

E
le

g
y»

 -
h

ttp
s://yo

u
tu

.b
e

/T
Y

W
g

Y
R

a
H

w
b

U
•

O
dd

rhythm
ic

signature
of 39/16 

34
:
44
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A closerlook

https://youtu.be/ano9AhcpM
O

E

«D
ream

ing», by A
vishai C

ohen
P

erform
ed

and explained
by 

K
evin S

arti

O
riginalversion

(live):
https://youtu.be/JV

ijn6v_cLM

(* )



https://youtu.be/Y
M

K
nsnO

D
9ro

«S
tructure

in E
m

otion», 
by A

vishai C
ohen

P
erform

ed
and explained

by 
K

evin S
arti

O
riginalversion:

https://youtu.be/laK
nB

_E
eyb0

A closerlook

(* )



https://youtu.be/zljW
1U

J1K
0o

«The ever-evolving
etude», 

by A
vishai C

ohen
P

erform
ed

and explained
by 

K
evin S

arti

O
riginalversion

at:
https://youtu.be/pq7-oV

K
pn6M

A closerlook

(* )



The Rhythm
s

of Tigran
H

am
asyan: an Analysis by D

avid Bruce
https://youtu.be/80K3pQ

gTIvU

(* )



Bringing perception into the picture

•
O

ur perception of rhythm
s operates in a m

ulti-resolution fashion, like anything 
else...

•
A

cursory listening session m
ight reveal a coarse rhythm

ic grand structure m
ade of a succession 

of chunks or subdivisions
•

A
m

ore attentive listening session w
ill allow

 you to discover how
 the chunks are built

•
This can be accom

m
odated using a m

ulti-resolution representation
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eplace the tw
oplet w

ith a triplet

Low
-resolution: Long-Long-Short

H
igher-resolution: 

Long-Long-Short subdivision of a slow
er 8/8

H
igher-resolution: 

Long-Long-Short subdivision of a faster 11/8

Low
-resolution: Long-Long-Short

E
xam

ple



Follow
the clinic on 

rhythm
ic

com
plexity

w
ith 

Yogev
Gabay

atPoliM
I: 

Dec
9, 2021!

(* )



Tigran
Ham

asyan’sBeatbox#2 
asdecoded

by Yogev
Gabay

(Berklee)

https://youtu.be/3j9uC
C

ItcR
4

(* )



Charting
the solo (Yogev’s

notes)
•

The first section
of this

solo is
in 7/4

•
w

hen
he beatboxes

over this, he’s
basically

playing
around

groupings
of 5, in 16 notes over 

the 7/4

(* )



Charting
the solo (Yogev’s

notes)
•

The next
section

is
w

here
the fun

begins: Tigran
now

shifts
from

 16 notes to quintuplets. So now
, 

instead
of having

7x4=28 “sub beats” or 16 notes in a bar, w
e

have
7x5=35 “sub beats” in a bar.

•
H

e chose
to not

play “in 7”, m
eaning

that
his

m
ain

pulse
isn’t

the big 7 any
m

ore.  Ifit
w

as, w
e

w
ould

hear
a very

clear
quintuplet

feel. Instead, he chose
to divide these

35 notes or beats
in a different

w
ay. Technically

w
e’re

stillin 7/4, but
w

riting
allthis

in quintuplets
w

ould
be too

com
plicated, so for 

aesthetic
purposes

and reading
ease, I w

rote
the rest

of the solo as
16 notes in a “different

tem
po”.

(* )



Charting
the solo (Yogev’s

notes)
•

M
ainly, the bars

are divided
as: 6/4 (24 sixteen

notes), 5/16 (a totalof 5) and 3/8 (a totalof 
6 sixteen

notes) so 24+5+6=35. Som
etim

es
he sw

itches
betw

een
the 5/16 and the 3/8 but

he stays
on this

clave for the m
ost

part

•
At the end, bar 115, he shifts

the feelback to the big 7 and the quintuplet
feelis

back!

(* )



Charting
the solo (Yogev’s

notes)
•

Then
at

bar 118 he clearly
sings

the quarter
notes of the 7, w

ith no subdivision
w

hat
so 

ever, w
hich

gives
him

a “clean” start to go back to any
other

subdivision, in our
case 16 

notes like
he started. A

nd he does. Yes, they’re
kinda

sw
ang, but

still16 notes

•
N

ow
. You

m
ay

have
noticed

that
bars

95 though
112 are a bit different

and don’t
add

up to 
35. I didn’t

find
an explanation

other
than

the one
I w

rote. I like
to think

that
because

it’s
live, he m

ight
added

a beat here
and there, but

yet
again

it’s
Tigran. So I m

ainly
assum

e he 
did

som
e other

rhythm
ic

trick
I haven’t

figured
out yet...

D
ow

nload full chart at
this

link: 
https://w

w
w

.dropbox.com
/s/7xii0faee4532rz/Tigran%

20B
eatbox%

20%
232.pdf?dl=0

(* )



Charting
the solo (Yogev’s

notes)
•

You
m

ay
have

noticed
that

bars
95 though

112 are a bit different
and don’t

add
up to 35. 

I didn’t
find

an explanation
other

than
the one

I w
rote. I like

to think
that

because
it’s

live, 
he m

ight
added

a beat here
and there, but

yet
again

it’s
Tigran... So I m

ainly
assum

e he did
som

e other
rhythm

ic
trick

I haven’t
figured

out yet...

(* )



Tim
e in M

usic

Properties of tim
e in m

usic
•

Duality
•

D
istinction betw

een m
eter

and rhythm
•

(W
ikipedia) In m

usic,m
eterrefersto the regularly

recurring
patternsand accentssuch

asbarsand beats. 
U

nlike
rhythm

, m
etric

onsetsare notnecessarily
sounded, butare neverthelessexpected

by the listener
•

(W
ikipedia) Rhythm

generally m
eans a m

ovem
ent m

arked by the regulated succession of strong and w
eak 

elem
ents, or of opposite or different conditions

•
Hierarchy
•

Both m
eter and rhythm

 can be 
view

ed at increasingly broader 
tim

e spans
•

M
otion
•
Tem

po
as exam

ple of m
otion 

in m
usics

(* )



Pitch and Rhythm
 Interactions

Pitch contour (derivative):

Tem
poral changes:

M
elody:

R
hythm

is
defined

by any
perceivable

changes
(tonal, harm

onic, m
elodic) notjust by onsets

(* )



Pitch and Rhythm
 Interactions

There have been various attem
pts to m

odeling pitch-duration 
interactions

An exam
ple is by Palm

er &
 Krum

hansl(1987)

Additive M
odel

•
M

elody =  α Pitch + β Tem
poral

Interactive M
odel

•
M

elody = α
Pitch + β

Tem
poral + ρ

PT

w
here PT som

e m
easurem

ent of pitch and tem
poral interaction

(e.g., Pitch x Tem
poral; Pitch / Tem

poral)

(* )



Pitch and Rhythm
 Interactions

Joint accent structure (M
ari Jones, M

arilyn Boltz)

S
ynth

solo in «follow
you

follow
m

e» (G
enesis)

M
elodic

contouraccents
create a rhythm

ic
ternary

counter-pattern

(* )



Analysis tools
Onset detection
•

M
ethods 
•

In the tim
e dom

ain
•

In the frequency dom
ain

•
In the phase dom

ain
•

They look for
•

Increases in spectral energy
•

Changes in spectral energy distribution (spectral flux) or phase
•

Changes in detected pitch -e.g.using a polyphonic pitch detection algorithm
•

Spectral patterns recognisable
by m

achine learning techniques such as neural netw
orks.

•
Sim

pler techniques (e.g.detecting am
plitude changes in the tim

e-dom
ain) typically generate m

any false 
positives or false negatives

•
Better m

ethods tend to judge onsets sim
ilarly to how

 a hum
an w

ould: so psychoacoustically-
m

otivated strategies m
ay be em

ployed. Som
etim

es the onset detector can be restricted to a 
particular dom

ain (depending on intended application), for exam
ple being targeted at detecting 

percussive onsets

•
O

nset detection is an active research area. 
M

IREX annual com
petition features an A

udio O
nset D

etection contest



Analysis tools
R

e
le

va
n

t fe
a

tu
re

s fo
r rh

y
th

m
ic a

n
a

lysis a
n

d
 m

u
sica

l co
n

te
n

t a
n

a
lysis in

 
g

e
n

e
ra

l

•
P

e
rce

p
tu

a
l S

p
e

ctra
l F

lu
x (PSF) 

•
estim

ate all partial am
plitudes

•
sum

 together all oftheir tim
e derivatives 

•
m

ultiply them
 w

ith a frequency-dependent w
eight in order to have perceptually 

norm
alized am

plitudes
•

R
h

y
th

m
o

g
ra

m
•

rhythm
 feature obtained by com

puting a w
indow

ed autocorrelation function on the PSF in 
w

hich the regularity of the note onsets intervals are found in overlapping segm
ents of the 

m
usic

•
T

im
b

re
g

ra
m

•
Based on an acoustic preprocessor used in speech recognition called Perceptual Linear 
Predictive (PLP) analysis

•
Noise and interm

ittent events are rem
oved through tim

e sm
oothing using a Gaussian 

w
eight

•
C

h
ro

m
a

g
ra

m
•

Feature that m
aps the partials into tw

elve bands, corresponding to the tw
elve notes of one 

octave
(* )



Analysis tools

Exam
ples

of features

•
Rhythm

ogram
(left)

•
Tim

bregram
(m

iddle)

•
Chrom

agram
(right)

For

•
Jam

ie W
alters, «H

old
O

n» 
(above)

•
M

ozart «A
lla turca» 

(below
)



Autocorrelation
Phase

M
atrix (APM

)

•
APM

 isan extension
of standard 

autocorrelation
•∀

k, the A
PM

 stores
interm

ediate results
of 

autocorrelation
in a vector

of length
k in such

a 
w

ay that
the results

of the dot product
from

 the 
autocorrelation

are distributed
into

that
vector

by their
phase

(φ
). Phase

is
constrained

in such
a w

ay that
φ

 < k, ∀
k, w

hich
results

in a 
triangular

m
atrix

•
N

otice
that

the A
PM

 (here
denoted

as
P) 

preserves
the distribution

of autocorrelation
energy

in phase
space. At the sam

e
tim

e, a 
counter

m
atrix

C allow
s

for the com
putation

of 
unbiased

autocorrelation: C(k, φ
) = N

/k



Analysis tools

•
Phase correlation

Ref.: Douglas Eck, «Beat tracking
using

an autocorrelation
phase

m
atrix»,

IEEE IntConfAcoustics, Speech and SignalProcessing, (ICASSP) 2007.



M
aterialon Phase

Correlation
and Rhythm

ic
Analysis

•
Douglas Eck, «M

eterand Autocorrelation», Rhythm
Perception

Production 
W

orkshop (RPPW
) 2005 

•
https://w

w
w

.dropbox.com
/s/1nquzo0i2lb6pvx/2005_rppw

.pdf?dl=0

•
N

otebook (w
ith em

bedded
code) on phase

correlation
•

https://w
w

w
.dropbox.com

/s/fb4xl6xv2b66q5b/A
utocorrelationPhaseM

atrix.htm
l?dl=0

•
N

otebook (w
ith em

bedded
code) on the use of phase

correlation
for rhythm

ic
analysis

•
https://w

w
w

.dropbox.com
/s/xi28xj68fui14n8/A

utocorrelationPhaseTests.htm
l?dl=0


