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Mazurka Project

« 2,210 recordings of 49 mazurkas
= 45 performances/mazurka on average
least: 31 performances of 41/3
most: 64 performances of 63/3

Afanassiev (20013 Friedman (1930} Pachmann (1927)
Anderszewski (2003) Grerzod (1598} Paderewskd (1530)
. Ashkenazy (1981) Gornostasva (1994)  Perlemuter (1992)
» 105 performers on 160 CDs, 98 hours of music st Harasiswicz (1955) Poblocka (1999)
. . Blet (2003) Hatto {1958) Fabcewiczowa (1932)
 Earliest is 1907 Pachmann performance of 50/2 s a2 Horowitz (149)  Rachmaninoff (1923)
Blumental (1552) Indjic (1988) Rangell (2001}
EBoshniakowich (1965) Eapell (1551 Eozen (1985)
F Bralowsky (1960) Fissin (1953) Fosenthal (1931)
I Bunin (1987) Eushner (1989 Rubinstein (1935)
g Number Of performance by decade Chin (1999) Luisada (1991) Fubinstein (1952)
400 [ Cohen (1997) Lushtalk: (2004} Fubinstein (1966}
g Cortot (1851) IMagaloff (1978) Schilhawsky (1960
I Crerny-Stefafiska (1949 iagn (1973) Shebanova (2002)
anog r Ezaki (2008) Michatowski (1933)  Smith (1973)
[ Falvay {195%) Ifilleina (15700 Ts'ong {1984)
L Ferenczy (1958) Iohovich (199%) Uninsky (1932
200 I Fligre (1977 Moravec (1969) Uninsky (1971}
X Francois (1956 Meighaus (1550) Wasowski (19800
[ Friedman (1923) Osinslea (1989) Zale (1937)
100 |
e E—
0

1920 1930 1940 1950 1960 1970 1980 1990 2000 http://mazurka.org.uk/info/discography



Expressive Audio Features (Piano)

Note Attack

Note Loudness

Note Release

* Not much else a pianist can control
e String instruments have more control variables
* \/oice has even more...



Expressive Performance Features

meter

. hrasin
beat durations P g
Note Attack < offbeat timings - - tempo
individual notes ornameqtahon
articulation

hand synchrony

meter

dynamics —_» phrasin
Note Loudness —— / P )

articulation (accents)

articulation (staccato, legato)

Note Release < dal;
pedaling



Data Extraction (1)

e Extracting beat times from audio files

 Using Sonic Visualiser for data entry processing
http://www.sonicvisualiser.org



392

Data Extraction (2)

o Step 1: Listen to music and tap to beats (; key)

393 394 395 396 397 398

 Notice taps do not fall on the audio attacks:

* 23.22 ms hardware granularity built into program
e Human: ~30 ms SD for constant tempo; ~80 ms SD for mazurkas



Data Extraction (3)

o Step 2: Add onset detection function to the display

| |

[ | _ ;
) JL A A \ A )

* vzopectralReflux plugin for Sonic Visualiser:

http://sv.mazurka.org.uk/download  (Linux & Windows)



Data Extraction (4)

o Step 3: Estimate onset times from function peaks

j\ } L j \ N N A /\

 Send taps (green) and onsets (orange) to external program:
http://mazurka.org.uk/cgi-bin/snaptap



Data Extraction (5)

o Step 4: Load snaptap results into SV (purple):

* vzopectralReflux currently sentitive to noise (old recordings)
so snaptap only works on clean recordings.



Data Extraction (6)

e Step 5: Correct errors

J\ jL A i} A A,

e Hardest part of data entry.
* Down to ~30 min/mazurka for clean recordings.
« 278 performances (of ~6 mazurkas) at this stage.



Well-Behaved
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« pickup longer than 16% 9 .
* LH before RH
« triplets played same speed as sextuplets .
« first sextuplet note longest
LH\ RH
ad|46]-733 &5|-66(473 a6|-57| 102 &7|-124|125 aa104]-115

vi,HarmonicSpectrogram

poor low freq
resolution...




Misbehaved

(Risler 1920)

« pickup longer than 16%"
* LH before RH

« triplets played same speed as sextuplets
» first sextuplet note longest

lots of false positives

lots of noise/clicks

cc:url;cyc



 Beat times durations or tempos

Extracted Feature Data

* Further feature extraction by Andrew Earis (note timings/dynamics)
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Beat-Tempo Graphs
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Beat-Dynamics Graphs
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Pearson Correlation

Example:
x=(1,3,4,2,74,231) y=(4,435,5,6,4,3,2)
X = 3 (average of x) y=4 (average of y)

r=0.436436



Shape Matching
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Correlation & Fourier Analysis

correlation: multiply & sum

X (k) = spectrum, indexed by k (frequency)
:I:(?’L) = signal, indexed by n (time)

e 271k = set of k complex sinusoids indexed by n



Correlation & Fourier Analysis (2)

Let y(nlk) — e_ﬁﬂjnk k y(n|k) 44.1 kHz srate
— with N = 1024

Then the DFT can then be written as: ! @ 301 Hz
6 LYYV o

X() =Y o) ymlt) | & VTV o
n 4 @ 172 Hz

3 @ 129 Hz
A3 = Z:r:{n} yz(n) 2 g? 86 Hz
X Xy = Z:r:{n} ya(n) 1 @;‘ 43 Hz
Xy = Z:r:{n} y1(n) O g; -

dl )




Performance Tempo Correlations

Bi Br Ch FI In Lu R8 R6 Sm Un

Biret 1. 0.9 0.581 0,83 0.95 0.85 0. 62 0.5 0.55 0,86

Brailowsky 0.92 1. 0.81 0,86 0.91 0.54 0.66 0.55 0.65 0,85

Chiu 0.8 0.81 1. 0,86 0.56 0.51 0.76 0.74 0.67 0,59

Friere 0.8 0,56 0.86 1. 0.58 0.54 0.7 0.7 0.74 0,59

|ndjic 0.95 0.91 0.86 0,88 1. 0.58 0.66 0.59 0.63 0.9

Luisada 0.85 0,54 0.81 0,64 0.58 1. 0.67 0.61 0.56 0,89
Rubinstein 1938 0.6 0. 66 0.76 0,73 0.66 0. 67 1, 0.77 0.62 0.75
Rubinstein 1966 0.5 0.55 0.74 0.7 0.59 0.61 0.77 1, 0.59 0.f9
Smith 0.5 0,65 0,67 0,74 0,63 0.56 INY 0.59 1. 0. 64

Uninsky 0.86 0.85 0.89 0.89 0.9 0.59 0.75 0.69 0.64 1,

6873 Indjic 2001
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Absolute Correlation Map
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Scape Plotting Domalin

start

ABCDEF ;I:

ABCDE| BCDEF %

ABCD | BCDE | CDEF %

ABC | BCD | CDE | DEF ]

AB | BC | cD | DE | EF :
cequence: B D | E | F
< time axis =2 end



Scape Plotting Example

» Averaging in each cell with base sequence (7,8,2,5,8,4):

3.3 ! average of all 6 numbers at bottom
56 | 5 |
5 53 48 (6+2+5+8+4) — 25 —_ average of last
, . 5 -5 o 5 numbers
5 | 4.3 5 | 5.7
65| 4 | 35|65 6 ! (44) 12 _ .
7| 6| 2| 5| 8|4 =




Average-Tempo Timescapes
\

average tempo of entire
performance

Mazurka in F maj.
Op. 68, No. 3

faster

average
for performance

slower

phrases




Arch Correlation Scapes

A «’}

VUL T AR

. 24-bar arch 8-bar arches
like 2-bar arches 8-bar arches

wavelet , :
spectrogram J .
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Composite Features

multiple performance features embedded in data _
Phrasing Accentuation

. mazurka meter
ritards, accelerandos

low

high
frequencies 9

frequencies

Using exponential smoothing:
yln] =azn]+ (1 — a) yln — 1]

apply twice: forwards & backwards
to remove group delay effects

fifdAi
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Binary Correlation Scapes

Yaroshinsky
2005

onas
1947




Scapes Are 3D Plots

2D plotting domain + 1D plotting range




Scapes of Multiple Performances

2. superimpose all analyses.

4

IS
('Y ‘ Yaroshinsky/
& - Milkina

Friedman

J.

1 0NN .i,

Yaroshinsky/Rubinsteli

‘:f Itf .r‘ J «& oy

Yaroshinsky/Freneczy
1. correlate one performance to all

others — assign unique color to Y . I Ah.

each comparison. 3. look down from above at highest peaks



Perormance Correlation Scapes

« Who is most similar to a particular performer at any given region in the music?




Maps and Scapes

Correlation maps give gross
detail, like a real map: Correlation scapes give local
details, like a photograph:




Map and Photos of the Forest

scenic photographs > A _ Horowitz 7 1
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Boring Timescape Pictures

Occasionally we get over-exposed photographs back from the store,
and we usually have to throw them in the waste bin.

The same performance by Magaloff on two different CD re-releases:

Philips 456 898-2 mazurka 17/4 in A minor Philips 426 817/29-2

S Magaloff 1977 I Magaloft 15776

LA T

« Structures at bottoms due to errors in beat extraction, measuring
limits in beat extraction, and correlation graininess.



Boring Timescape Pictures?

Two difference performances from two different performers on
two different record labels from two different countries.

Calliope 3321 mazurka 17/4 in A minor Concert Artist 20012
. i)

Aok ok

Indjic 1988 = Hatto 1997

AL i

see: http://www.charm.rhul.ac.uk/content/contact/hatto_article.html



Beat-Event Timing Differences

difference plot

Hatto beat location times: 0.853, 1.475, 2.049, 2.647, 3.278, etc. .
Indjic beat location times: 0.588, 1.208, 1.788, 2.408, 3.018, etc. -

Hatto / Indjic beat time deviations /@ i

— 06 ] 0
o . . ] 9'7/0 ,
2 | | timeshift
0.4 - o |
O - . ,
O ;
D
9,
c
Q
o
S
>
@
©
-0.04
-0.06

beat number



Timing Difference Probability

Hatto / Indjic beat time deviations

0.08 ——

0.06

g " : | 200 beats 1 - 2200
Q . . L. e R ]

E 1:10°°

I |

> 7 : : ]

s ' . 1in \/ googol

beat number

probability that same performer can produce a second performance
so closely is equivalent to one atom out of an entire star.



Same Performer Over Time

Tsong 1993
Tsong 2005

-
Tsong 1993 B Tsong 2003

23.7% Rubinstem 1932 56.0% Tsong 1993
22.8% Tsong 2003 9.4% Shebanowva 2002
3.0% Poblocka 1999 6.3% Millina 1970
14% Olejruczac 1990 2. 7% Fhere 1977
5.0% Clidat 1994 2.0% Francois 1936
4.9% Fiorentino 1962 1.9% Indjic 2001
3.0% Rubinstein 1930 I 1.9% Rubinstein 1939
3.4% Umninsky 1971 1.2% Fiorentino 1962
2.8% Mohovich 1999 1.2% Poblocka 1999
2.4% Jonas 1547 1.1% Lushtalk 2004

2.3% Francois 1936

1.3% Luisada 1990

1.7%% Milkina 1970

1.6% Rubinsteinn 1956 m

1.0% Biret 1990 Mazurka in B minor 30/2



Including the Average

Tsung 1993 - Tsung El]l]"ﬁ
65.2% Average 15.6% Average
19% Bubinstein 1932 33.4% Tsong 1993
3.7% Chdat 1994 2.6% Shebanova 2002
3.2% Tsong 2005 1.9% Fliere 1977
3.1% Fiorentino 1942 1.4% Erancois 1936

2.8% Rubinstein 1939
2. 2% Francois 1936
3% Rubinstein 1966
3% Umninsky 1971
: Mejniczac 199
1.1% Mlohovich 1999

1.1% Jonas 1947 Mazurka in B minor 30/2

—_

'l:]

[y

L=



Mutual Best Matches

Shebanova 2002

Clidat 1994

Tsong 2005

- Tsung El]l]"ﬁ

Tsung 1993

§8.2% Average 43.6% Average
1.9% Rubinstein 1852 33.4% Tsongz 1585
3. 7% Clidat 1904 SE ) Sl}eme_x;a 2002
3.2% Tsong 2003 1.5% Fliere 1977
- 1.4% Francois 1934

3.1% Fiorentino 1942
2.8% Bubinstein 1939

- Shebanova El]lll

. Fa L Ty 0

Cl l 1994 T 2.2% Francois 1934 :'.:,Z '{:;rlzgfm,\

idat s : T §.4 003

37.2%% Asverage L3 :G P:uI?MEteul-leE +.6% Ashkenazry 1981
20.9% Millina 1970 1.3% L mgk}- 1971 2.4% Fiorentino 1962
S lan o 1.2% Olejniczac 1980 - e 1049
1.5% Mohovich 1999 : e 1.7% Bubinstein 1952
3 4% Uninslor 1071 1.1% ANlohowvich 1984 1.6% Clhidat 1994
22% Raneell 2001 1.1% Jonas 1947 1.2% Chin 1999
16% Tsonsz 1893 1.1% Francois 1936
1.6% Chiu 1099 - - 1.1% Cortot 1951
1.0% Rubinstein 1939 Mazurka in B minor 30/2 1.0% Yaroshinsky 2003



Significance of Similarity

30/2: BEhebanova 2002

A0 Tsong 2004

302 Tsong 1993

» Ts’ong 2005 performance matches best to
Shebanova 2002 in 3 phrases when comparing 36
performances of mazurka 30/2.

e |s this a coincidence or not?

 Could ask the pianist (but might be problem in
suggesting an answer beforehand). Also they might
not remember or be totally conscious of the
borrowing (such as accents in language). Or there
could be a third performer between them.

* Ideally a model would be used to calculate a
probability of significance.

Mazurka in B minor 30/2



Phrenology
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Significant or Not?

Match to same
performer always
significant

Example of non-significant
matches (or at least very weak)

Example of possibly
significant matches

fragmented

boundaries \

phrase
level

B Uninsky 1971

20.0% Lushtak 2004
background (bottom /1283 Millina 1270
top) don’t match —no 1) 4% Hatto 1947

« foreground /

continuity in scope. §.2% Clidat 1204

1.0% Mohovich 1999
6.1% Jonas 19047
4.5% Poblocka 1999
4.1% Ashkenary 1952
3.0% Olejniczac 1990
3.8% Tsong 1993
3.7% Cortot 1931
2.8% Magzaloff 1977
2.0% Fliere 1977

1.4% Biret 1990

1.3% Rangell 2001
12% Ashkenary 1981
1.1% Bubinstein 1965

(Mazurka 30/2)

inverted

/triangles

uniform top with

: -.‘/ roots at bottom level

vertical

structure repetition of

’ '-/performer

-Brallns'nin lgﬁl]
50.1% Luisada 1990
132% Biret 1900

6.2% Olejniczac 1990
6.2% Smith 1973
2.4% Indjic 2001
1.8% Mdillina 1970
1.7% Rubinstein 1832
1.3% Jomas 1947
1.3% Uninsky 1971

-Rnbmstem 1952

65.0% Rubinistein 1939
17.6% Bubinstein 1966
3.4% Millina 1970
2.7%% Indjic 2001
2.3% Bmith 1975
1.7% Olejriczac 1990
1.3% Tsong 1993
12% Poblocka 1999



Purely Random Matching

e Plot has to show some match at all points...

s MO AT X
B Uninsky 1971
20.0% Lushtal 2004
12.9% MMilkina 1970
10.4% Hatto 1997
3.2% Clidat 1994
1.0% Mohovich 1999
6.1% Jonas 19047
4.3% Poblocka 1999
1.1% Ashkenary 1982
3.0% Olejniczac 1990
3.8% Tsong 1993
3.7% Cottot 1931
2.8% Magzaloff 1977
2.0% Fliere 1977

1.4% Biret 1990

1.3% Rangell 2001

12% Ashkenary 1981

1.1% Rubinstein 1964

22.7%
14.1%
33%
2.0%
T3%
6.0%
4 8%
4.4%
33%
2.5%
2.4%
2.1%
2.1%
21%
1.7%
1.6%
1.4%

» Many performances are equidistant to Uninsky performance

JTonasz 1947
Shebanowa 2002
Blet 2003

Chiu 1999
Randoml
Tsong 2005
Iohovich 1999
Fiorentino 1962
Cottot 1951
Fliere 1977
Lushtak 2004
Michelangel 1971
Strith 1975
Sofronitsky 1960
Tsong 1993
Fetenezy 1956

& shkenary 1981

two white-noise sequences

17.7%
13.8%
10.1%
T A%
1.1%
6.9%
4.8%
3E%
37%
3%
3.0%
2.8%
22%
1.9%
1.38%
1.6%
1.5%
1.2%

Erailozwloy 1960
Fiotentino 1962
Fandoml

Blet 2003
Uninsky 1971
Yaroshinsgly 2005
Rangell 2001
Sofronitsky 1960
Clidat 1004
Fraticois 1936
Totias 1947
Taong 2005
Magaloff 1977
Ferenczy 1956

& shkenazy 1982
Luisada 1990
Indjic 2001
Shebatiowa 2002



Including Average Performance

helps but does not solve significance question

ﬂ Tfmskv 19?1 -SPTIIDT !-T;'glgﬁl] = Rubinstein 1952
J Averaze JEa%e Lwisada 0 IR 50 e ) 7
7.6% Lushtak 2004 13.2% Biret 1920 :E"u" it
4.0% Jonas 1947 539, Oleimiczac 1000 27.8% Average
40% Ashkenarv 1982 -Euﬁ g 'Jth 1;__ 13.0% FRubinsteinn 1965
iy ST 5 Vit 3 _ : i
29% Olejniczac 1990 0 il 1.9%% Smith 1973
= ! - 2.3% Indjic 2001 A :
2.6% Cortot 1951 1 6% Milking 1270 1.3% Tsong 1993
2.3% Tsong 1993 R 1.2% Milkina 1970
33% Clidat 1994 1.3% Rubinstein 1932 1 1% Indiic 2001
15% Milkina 1870 1.4% Average R Bl e i
1.9% Poblocka 1959 1.3% Jonas 1947 e i i
1.7% Hatto 1997 1.3% Uninsloy 1971

1.7% Magaloff 1877
1.3% Mohovich 1959
1.3% Rangell 2001
1.2% Biret 1990

1.1% Fliere 1977

(mazurka 30/2)




What Is Significant?

Brailowsky

* No direct link found on web between Brailowsky and
Luisada (such as teacher/student).

e Strong match in Brailowsky to Luisada probably due to
large amount of mazurka metric pattern:

302 Brailoswly 1960 2042 Luisadal 490
400 : 400 :
200 : 200 :
200 WMMWMWW 200 _
100 : 100 WWWW
0 10 20 30 40 50 60 0 10 20 30 40 50 60

* Phrasing shapes very different, so match is both
significant (high frequencies match) and not
significant (low frequencies don’t match).



Best Matching Not Mutual

- Brallus'n in lgﬁl]

§0.1% Luisada 1920
132% Biret 1990
6.2% Olejriczac 19590
6.2% Smith 1875
2.4% Indjic 2001
1.3% Milkana 1970
1.7% Rubinstein 1952
1.3% Jonas 1947
1.3% Uninsloy 1971

v

~

~

~

~

Lmsada 195"]
32.2% Biret 1990
20.3% Mohovich 1969
10.4% Milkina 1970

0% Olejruczac 1890

3. E" Bubinstein 1939
4 0% Hatto 1997
3.6% Fliere 1977

-

3.1% Ashkenary 1981
2.8% Ferenczy 1936
2.6% Rubinstein 1932
1 6% Lushtak 2004

1 1% Tsong 1993

 Looking at both performers pictures helps with “significance”



Performance Map Schematic

 Brailowsky has the strongest mazurka meter pattern
* Luisada has the second strongest mazurka meter pattern

another performer O

O ‘ Brailowsky
O O Average Luisada
Q Biret

Brailowsky: Lx}' J¢

Luisada: AW f‘&



Strong Interpretive Influences

Shebanova 2002

Poblocka 1999




Performance Ranking

 Given a reference performance,

-- which other performance matches best
-- which other performance matches second best

-- which other performance matches worst



0"-Order Similarity Rank

» Use large-scale correlation to order performances similarity to a target

performance rank  correlation

Euhinstein 1952 ? 5.5354——————-target

verage - +—

Rubinzstein 1966 2 a.899 best match

Milkina 1978 3 a8.876

Poblocka 1999 4 8.836

Tsong 19923 L B.814

Biret 1998 [ a.867

Mohovich 1999 7 @._8065

Hatto 1997 ] a.799

Indjic 2881 9 a.798

Rubinstein 1939 18 a.784

Shebanova 2882 i1 a.783

Luizada 1998 12 a.76%7

Magaloff 19277 13 8.751

Olejniczac 17978 14 6.748

Blet 2003 15 a8.721

Clidat 1994 16 a8.716

Rangell 2881 17 a8.716

Lushtak 20064 18 a8.715

Chiun 1999 19 a.7/89

Tsong 20085 2@ 0. 7086 e Performance maps
Smith 1975 21 A.695

Fliere 1977 22 A.678 .
Brailoswky 1968 23 B.644 I nk #1 -
Ashkenazy 1782 24 A.642 used a data
Aszshkenazy 1781 25 A.637

Cortot 1951 26 A.633 -

Ferencey 1756 2% A.628

Fiorentino 1762 28 B.615

Uninzky 1971 29 A.597

Francois 1956 38 A.577 .
Yaroshinsky 2885 31 #.565 .- ] S &
Sofronitsky 19668 32 B.552 b af#‘
Michelangeli 1271 33 A.55A4 '-.._:EE¢-_..£::
Jonas 1947 34 A.415 «<—— worst match

Randoml 35 A.182 . . w
Random2 36 A.A54 }synthetlc noise \\. .
Random3 37 -A.#15



15t-Order Scape Rank

» Area represented by best choice In scape plot.

 Hatto effect causes problems:

Pl 5,
i,
._l:|: ’r-.
['s ey !
L F i
' ...I'I
o B i § LA k
AL R TN RN §

B Sioath 1975
36.9% Shebanosa 2002
11.0% Fliere 1977
10.0% Average

4 7% DMlagaloff 1975

2.5% Bralowsky 1960

253% Tsong 1993

21% Ashkenazy 1951

1.9% Jonas 1947

1 6% Chiu 1999 Indpc 2001
1.4% Biret 1990 02.4% Hatto 1997

e Who is #2 for Indjic?




Scape Layers

» Hatto takes up nearly 100% of Indjic’s scape

: « So remove Hatto layer...
PR I | PR S FLT] L W X

N Indjic 1988
00 7% Hatto 1922

N Indjic 1988
T32% Average
8.0% Clerzod 1992
4.1% Friedman 1923
1.1% Czerry 1949



Peeling the Layers

remove Hatto remove Average

remove Fliere

remove Gierzod

remove Uninsky

e Indjic 1988

I Indjic 1988  Indjic 1988

e Indjic 1988 B Indjic 1988 d
99.7% Hatto 1938 732% Average 1935 ClEm0 41998 6.6% Fliete 1977 21.9% Uninsky 1971
2.0% Cierzod 1998 19.2% Uninsky 1971 19.3% Uninsky 1971 13.5% Friedman 1923
A4.1% Friedman 1923 16.1% Fliere 1977 9.1% Osinska 1989 10.1% Ositgka 1989
1.1% Czerny 1949 6.5% Friedman 1923 6.9% Friedman 1923 £.9% Sehilhawsky 1960
. 4.4% Osinska 1989 4.7% PRubinstein 1966 56% Boshriakovich 1969
remove Friedman 3.8% Rubinstein 1965 3.3% Poblocka 1999 48% Rubinstein 1966
3.3% Pohlocka 1999 29% Czemy 1949 41% Czerny 1049
26% Czemy 1949 2.6% Boshniakovich 1969 3.4% Pohblocka 1959
26% Boshniakavich 1969 2.4% Biret 1990 3.4% Harasiewicz 1955
2.4% Biret 1590 24% Smith 1975 30% Smith 1975
2.2% Ferenczy 1952 22% Ferencay 1958 24% Biret 1950
1.9% Smith 1975 L8y Hetasiswicz 1955 2.4% Ferenczy 1958
1.8% Harasiswicz 1955 139 Iitkina 197 1.5% Afanassiev 2001
1.2% Rachmaninoff 1923 o E;:;‘;“;;}“l’gglm 1.4% Rachmaninaff 1523
Libeo Mepeloft 708 11% Shebanova 2002 Lo Milanad 0
1.1% Shebanova 2002 1.1% Magalaff1972
11% Zak 1937
1.1% Shebanowa 2002

s Indjic 1988

7

e Indjic 1988

remove Osinksa

remove Czerny-Stefanska

132% Friedman 1923 139% Osinska 1939
126% Osinska 1989 11.1% Czemy 1949
10.4% Shebanova 2002 10.4% Shebanava2002
T3% Schilhawsky 1960 2.7% Schilhawsky 1960
7 6% Boshniakovich 1969 7 6% Boshmiakovich 1969 : 56% Poblocka 1999
6.2% Cremy 1949 55% Poblacka 1999 {
54% Poblocks 1999 50% Rubinstein 1966 3;2‘6 llze'recilnclZBF llgggi
48% Rubinstein 1966 45% Harasiewicz 1955 W 5% Rubinstein 1056 &4 / 470 FHECmAn
3.4% Harasiewicz 1955 46% Afanassiewv 2001 % y ;?z;ﬂ inf-mmkéwggm I 26% Biret 1990-
30% Smith 1975 33% Smith 1975 g J 299/2 FEYB;BDS;&I‘;E r 4 i 2.4% Rachmaninoff 1923
28% Ferenczy 1958 28% Ferenczy 1958 i 2.5% Biret 1000 ik LN AL AN 22% MNeighaus 1930
2.5%, Biret 1990 2.5%, Biret 1990 y ' Dt 21 20% Ra;hmanmaﬁ'lDZB - Il’ldjil: 1988 1.8% Magaloﬁ'lg?g
22% Afanassiev 2001 15% Rachmaninoff 1923 e Indjic 1988 e e {699 St e 1.2% Zak 1937

it 1.7% HNeighaus 1930 L e o il
1.5% MMilkina 1??0 T% He 13.4% Czerny 1949 1% Zak 1937 9.9% Sehilhawsky 1960 16% Miilkina 1970
1.4% R_ach_.ma.mnof"f'1923 16% Fn_ed.«ma.nl93ﬂ 126% Shebanowa 2002 1.5% Mlilkina 1970 96% Harasiewicz 1955 1.4% Fosen 1989
1.3% Kissin 1993 1.5% Milkina 1570 2.7% Schilhawsky 1960 LU0 ST AL 2% Boshniakavich 1960 1 4% Kissin 1993
12% Magaloff 197 15% Zak 1937 77% Boshuiskowich 1969 L e 6.6% Afanassiev 2001 P i 1080
11% Zak 1937 Liddorkiseui 10 70% Harasiewicz 1955 i e 6.4% Smith 1975 1-0910 Fa_lasowlsggg
10% Heighaus 1950 1.3% Magaloff 1978 6.4% Swith 1975 L% Fatvay 1989 6.0% Rubinstein 1966 LR



performance

Indjic 26861
Hatto 1927
Average
Poblocka 19299
Rubinstein 1952
Milkina 1978
Rubinstein 1939
Mohovich 1999
Luisada 1998
Biret 17798
Rubinstein 1766
Olejniczac 1998
Azhkenazy 1982
Ashkenazy 1281
Francoizs 1956
Uninzky 1971
Fliere 19277
Smith 1275
Clidat 1994
Tzong 1993
Shebanova 2082
Blet 20083
Lushtak 2804
Chin 1999
Magaloff 1977
Tzong 2845
Brailoswky 19608
Ferenczy 1756
Rangell 2881
Sofronitsky 1968
Cortot 1951
Fiorentino 1962
Yarozhinsky 2885
Michelangeli 1971
Jonazs 1747
Random2

Randoml

Random3

2"d-Order Scape Rank

e Rank score = area represented by best choice in scape plot,
but peel away previous best choices.

0-rank
8 1.08680
1 A.989
2 A.861
4 a.796
3 A.798
5 8.791
12 A.714
6 a.784
? a.769
8 8.763
9 A.758
11 @.728
26 A.633
27 @.628
18 a.721
17 8.697
24 A.646
28 8.627
18 a.677
14 @. 706
13 a.7a87
15 a.706
19 A.676
28 A.672
16 8.698
21 A.659
23 8.649
22 A.654
25 8.635
33 a.379
29 8. 685
31 A.567
30 @.575
32 A.506
34 @.3a87
36 A.834
35 @.0849
37 -8.888

1-rank

1.680608
a.789
B.688174
H.A0A168
B.886225
5]
A.080281
A.8688225
a

H.AA118

A .A8AA%63
H.8AA8394
a
A.888981
A.H08617
A.888225
5]
H.H8A8A5%62
A.80a788
B.6886281

-Ba0a225
-B86281

RS &S

H.8AA338
A .08808506
5]

A.6880225
a
A.080338

==

A.888225

w0 OO0 =] O G L B e

2-rank

1.848
A.763
A.7488
A.246
A.156
B.188
A.186
B.138
H.1408
B.211
A.145%
B.137
A.114
B.188
A.119
B.147
A.118
B.822
A.8a87
H._a7%
A.858
H.864
H.866
H.8608
a.a77?
A.ava
B.6881
H.884
#.183
A.854
B.867
A.862
a.a77
A.882
B.181
A.844
B.844
A.826

o Still slightly sensitive to
the Hatto effect



3"d-Order Scape Rank

e Start with the 2"d-order rankings, selecting a cutoff point

In the rankings to define a background noise level in the
scape.

» Then one-by-one add each of the non-noise
performances into the scape along with the background
noise performances. Measure the area covered by the non-

noise performance (only one non-noise performance at a
time).



Rubhinsztein 1752
Average
Rubinztein 1939
Rubhinstein 1766
Milkina 1978
Fohlocka 179%
Mohowvich 1999
Tsong 1993
Biret 19908
Indjic 2681
Hatto 1997
Olejniczac 1798
Shebanova 2082
Luizada 1778
Magaloff 1977
Luzshtak 28084
Tsong 2805

Blet 2883
Ferencezy 1756
Azhkenazy 1981
Fliere 1977
Fiorentino 1762
Clidat 1994
Smith 1275
Rangell 2841
Azhkenazy 1982
Chiu 1999
Yaroshinzky 2805
Cortot 1951
Brailoswky 17606
Uninsky 1271

Michelangeli 1971

Sofronitzky 1760
Francoi=s 1956
Jonas 1947
Randoml

Random2

Random3

3"d-Order Rankings

COEE O L =T ol L B0 bk b ()

37

1 .8848
A.784
A.784
a.8279
A.875
A.835
A.885
A.814
A.886
a.797?
a.778
a.739
a.782
A.766
a.7%8
A.715
Aa.785
Aa.728
A.627
A.637
A.677
A.615
A.716
A.674
A.715
A.641
Aa.78a3
A.564
A.633
A.643
A.576
A.55%8
A.552
a.57%7
A.415%
A.182
A.85%4
-A.815

w000 =] O CF W G D = (X

1.AA@ <«— target
A.933

A.862 ::;:;7samepemxmer
A._849

B.831

A.788

H.664

A.636

A.622

B.621

A.616

A.541

A.5@9

A.426

A.338

a.277

A.217

A.195%

A.169 _ ;
A.133 > 50% noise floor
A.127

A.116

9 104 (2-rankings below

A.181

o-100 “noise floor”)
A.094
A.094
d.6488
A.0673
A.06%2
a.81
Aa.687a
H.H869
B.066
A.046
A.0846
H.826




.
B3

Proportional Noise

 Gradually add noise to target

Mazurka 30-2 Rubinstein 1952 « 10 ]
noise %  comrelation  3-rank ._f 20
10 0.978 0.980 *
20 0.926 0.896 s
30 0.824 0.875 . d
40 0.753 0.214 % 30
50 0.708 0.081 -
-r=- L
a0 0.588 0.074 P
70 0.598 0.052
20 0.536 0.098 +
a0 0.423 0.082
L ]
L
L ]
* '8 40
60 - . :
r o gn wreve "‘t- L N ,» 50% noise moved
90 80 =~ 70 target to noise floor

0.72 (= 3-rank noise floor)




3-rank score

0.8

0.6

0.4

0.2

Real Data (1)

: 0.7 0.8
0-rank score (correlation)

Av
.9
< Rub39 Rub66  \®
Mil @
Moh QPoOb
Hiaﬁd ." Tso093
o She
°
Lui
°
Ma
.9
Lus
°
Fer Tso05 ®
Rshs1 Fli ®
e A 182 gh?"
.‘ MIC. Q% C S Ble
r Jon Sof Fra or mi Ran
0.5 0.9




Real Data (2)

(AT g

1 T T T T T T T T T T T T T T T T T ‘
Av
.g
: Rub39 Rub66 ¢
Mil @ .
s < FINRI R
| o &85 MMWWWW

Hiaﬁd ." Tso093
.

Msg.mwwmwm |
®
0.2] Fer Tso05 ®

t ;

3-rank score

0.4r

§h81 F.ll hﬁ:"
Y
° ar o ASh82 g.’BIe—»
| @ Co Smi
Jon SofFr Bra Ran

%WWMWW‘*‘ " o7 o8 0.9 1
A ) 0-rank score (correlation)



Distance to the Noise Floor

" | Mazurka 30-2 Rangel 2001 " Mazurka 30-2 970
| noise % correlation  3-rank L 10 1 noise % corelation  3-rank
L 10 0.969 0.974 930 ] 10 0.974 0.977
o -
2 805 1.910 * | 0.8 F 20 0.915 0.917
Foo30 0.803 0.825 2 3 4 |, £63
F :_10 a. E-?El 0.303 '.30 j i;r_'- c.,'_:-zf _-.1} P
a0 0.681 1,198 2 ] 50 0.646 0.070 .30
542 0.070 e 6 1. 632 0.082
433 1.071 1,554 1,073
458 0.089 0.484 1,093
431 0.07 1.362 1.084
& 40
b ] 0.2 F
y >0 1 40
Bﬂ ] U . :o
% » ,‘, “.q i..' LY 1 r o tuos 'I--.--: ..‘”.’..‘ gt
- 1 ) gu EU ‘TU" 50

0.62, 55% noise 38% noise, 0.77
e Metric for measuring individuality of interpretation?

» 3-Rank scores more absolute than correlation values

* noise floor is always about a 3-rank score of 10%

» 3-Rank scores less sensitive to local extrema



Cortot Performance Ranking

« Master class recording contains 48 out of 64 measures (75%)

Masterclass Rankings

B st
ot

0-Rank: 0-Rank: 3-Rank

1. Average 1. Average 1. Poblocka 99 1. Average

2. Rangell 01 2. Rangell 01 2. Average 2. Rubinstein 52
3. Milkina 70 3. Mohovich 99 3. Rubinstein 52 3. Luisada 90
4. Mohovich 99 4. Rubinstein 39 4. Tsong 93 4. Poblocka 99
5. Shebanova 02 5. Milkina 70 5. Tsong 05 5. Hatto 94

32. Masterclass  31. Masterclass 33. Con. Artist 35. Con. Artist

Match to other Cortot Match to other Cortot
near bottom of rankings. near bottom of rankings.

(comparing 35 performances + average)



