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For any consider: X
{Y ⇢ X | X/Y 2 S✏}

Aim: calculate the stabilization of rank: T ! N
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{S✏ ⇢ T}✏�0 is SIMPLE if:

     is closed under direct sumsS✏
<latexit sha1_base64="VY7Wns/HidqNxbtue6hPyUUmiCw=">AAAB8XicdVDLSgNBEJz1GeMr6tHLYBA8LTsxS/QW9OIxonlgsoTZSW8yZHZ2mZkVQshfePGgiFf/xpt/4+QhqGhBQ1HVTXdXmAqujed9OEvLK6tr67mN/ObW9s5uYW+/oZNMMaizRCSqFVINgkuoG24EtFIFNA4FNMPh5dRv3oPSPJG3ZpRCENO+5BFn1Fjp7qbbgVRzkchuoei5575fIgRbQnzfr1hySsplr4SJ681QRAvUuoX3Ti9hWQzSMEG1bhMvNcGYKsOZgEm+k2lIKRvSPrQtlTQGHYxnF0/wsVV6OEqULWnwTP0+Maax1qM4tJ0xNQP925uKf3ntzERnwZjLNDMg2XxRlAlsEjx9H/e4AmbEyBLKFLe3YjagijJjQ8rbEL4+xf+TRsklnkuuy8XqxSKOHDpER+gEEVRBVXSFaqiOGJLoAT2hZ0c7j86L8zpvXXIWMwfoB5y3Tw7MkSs=</latexit><latexit sha1_base64="VY7Wns/HidqNxbtue6hPyUUmiCw=">AAAB8XicdVDLSgNBEJz1GeMr6tHLYBA8LTsxS/QW9OIxonlgsoTZSW8yZHZ2mZkVQshfePGgiFf/xpt/4+QhqGhBQ1HVTXdXmAqujed9OEvLK6tr67mN/ObW9s5uYW+/oZNMMaizRCSqFVINgkuoG24EtFIFNA4FNMPh5dRv3oPSPJG3ZpRCENO+5BFn1Fjp7qbbgVRzkchuoei5575fIgRbQnzfr1hySsplr4SJ681QRAvUuoX3Ti9hWQzSMEG1bhMvNcGYKsOZgEm+k2lIKRvSPrQtlTQGHYxnF0/wsVV6OEqULWnwTP0+Maax1qM4tJ0xNQP925uKf3ntzERnwZjLNDMg2XxRlAlsEjx9H/e4AmbEyBLKFLe3YjagijJjQ8rbEL4+xf+TRsklnkuuy8XqxSKOHDpER+gEEVRBVXSFaqiOGJLoAT2hZ0c7j86L8zpvXXIWMwfoB5y3Tw7MkSs=</latexit><latexit sha1_base64="VY7Wns/HidqNxbtue6hPyUUmiCw=">AAAB8XicdVDLSgNBEJz1GeMr6tHLYBA8LTsxS/QW9OIxonlgsoTZSW8yZHZ2mZkVQshfePGgiFf/xpt/4+QhqGhBQ1HVTXdXmAqujed9OEvLK6tr67mN/ObW9s5uYW+/oZNMMaizRCSqFVINgkuoG24EtFIFNA4FNMPh5dRv3oPSPJG3ZpRCENO+5BFn1Fjp7qbbgVRzkchuoei5575fIgRbQnzfr1hySsplr4SJ681QRAvUuoX3Ti9hWQzSMEG1bhMvNcGYKsOZgEm+k2lIKRvSPrQtlTQGHYxnF0/wsVV6OEqULWnwTP0+Maax1qM4tJ0xNQP925uKf3ntzERnwZjLNDMg2XxRlAlsEjx9H/e4AmbEyBLKFLe3YjagijJjQ8rbEL4+xf+TRsklnkuuy8XqxSKOHDpER+gEEVRBVXSFaqiOGJLoAT2hZ0c7j86L8zpvXXIWMwfoB5y3Tw7MkSs=</latexit><latexit sha1_base64="VY7Wns/HidqNxbtue6hPyUUmiCw=">AAAB8XicdVDLSgNBEJz1GeMr6tHLYBA8LTsxS/QW9OIxonlgsoTZSW8yZHZ2mZkVQshfePGgiFf/xpt/4+QhqGhBQ1HVTXdXmAqujed9OEvLK6tr67mN/ObW9s5uYW+/oZNMMaizRCSqFVINgkuoG24EtFIFNA4FNMPh5dRv3oPSPJG3ZpRCENO+5BFn1Fjp7qbbgVRzkchuoei5575fIgRbQnzfr1hySsplr4SJ681QRAvUuoX3Ti9hWQzSMEG1bhMvNcGYKsOZgEm+k2lIKRvSPrQtlTQGHYxnF0/wsVV6OEqULWnwTP0+Maax1qM4tJ0xNQP925uKf3ntzERnwZjLNDMg2XxRlAlsEjx9H/e4AmbEyBLKFLe3YjagijJjQ8rbEL4+xf+TRsklnkuuy8XqxSKOHDpER+gEEVRBVXSFaqiOGJLoAT2hZ0c7j86L8zpvXXIWMwfoB5y3Tw7MkSs=</latexit>

For any consider: X
{Y ⇢ X | X/Y 2 S✏}

If this family contains a minimal element, this element is unique

Aim: calculate the stabilization of rank: T ! N
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<latexit sha1_base64="VY7Wns/HidqNxbtue6hPyUUmiCw=">AAAB8XicdVDLSgNBEJz1GeMr6tHLYBA8LTsxS/QW9OIxonlgsoTZSW8yZHZ2mZkVQshfePGgiFf/xpt/4+QhqGhBQ1HVTXdXmAqujed9OEvLK6tr67mN/ObW9s5uYW+/oZNMMaizRCSqFVINgkuoG24EtFIFNA4FNMPh5dRv3oPSPJG3ZpRCENO+5BFn1Fjp7qbbgVRzkchuoei5575fIgRbQnzfr1hySsplr4SJ681QRAvUuoX3Ti9hWQzSMEG1bhMvNcGYKsOZgEm+k2lIKRvSPrQtlTQGHYxnF0/wsVV6OEqULWnwTP0+Maax1qM4tJ0xNQP925uKf3ntzERnwZjLNDMg2XxRlAlsEjx9H/e4AmbEyBLKFLe3YjagijJjQ8rbEL4+xf+TRsklnkuuy8XqxSKOHDpER+gEEVRBVXSFaqiOGJLoAT2hZ0c7j86L8zpvXXIWMwfoB5y3Tw7MkSs=</latexit><latexit sha1_base64="VY7Wns/HidqNxbtue6hPyUUmiCw=">AAAB8XicdVDLSgNBEJz1GeMr6tHLYBA8LTsxS/QW9OIxonlgsoTZSW8yZHZ2mZkVQshfePGgiFf/xpt/4+QhqGhBQ1HVTXdXmAqujed9OEvLK6tr67mN/ObW9s5uYW+/oZNMMaizRCSqFVINgkuoG24EtFIFNA4FNMPh5dRv3oPSPJG3ZpRCENO+5BFn1Fjp7qbbgVRzkchuoei5575fIgRbQnzfr1hySsplr4SJ681QRAvUuoX3Ti9hWQzSMEG1bhMvNcGYKsOZgEm+k2lIKRvSPrQtlTQGHYxnF0/wsVV6OEqULWnwTP0+Maax1qM4tJ0xNQP925uKf3ntzERnwZjLNDMg2XxRlAlsEjx9H/e4AmbEyBLKFLe3YjagijJjQ8rbEL4+xf+TRsklnkuuy8XqxSKOHDpER+gEEVRBVXSFaqiOGJLoAT2hZ0c7j86L8zpvXXIWMwfoB5y3Tw7MkSs=</latexit><latexit sha1_base64="VY7Wns/HidqNxbtue6hPyUUmiCw=">AAAB8XicdVDLSgNBEJz1GeMr6tHLYBA8LTsxS/QW9OIxonlgsoTZSW8yZHZ2mZkVQshfePGgiFf/xpt/4+QhqGhBQ1HVTXdXmAqujed9OEvLK6tr67mN/ObW9s5uYW+/oZNMMaizRCSqFVINgkuoG24EtFIFNA4FNMPh5dRv3oPSPJG3ZpRCENO+5BFn1Fjp7qbbgVRzkchuoei5575fIgRbQnzfr1hySsplr4SJ681QRAvUuoX3Ti9hWQzSMEG1bhMvNcGYKsOZgEm+k2lIKRvSPrQtlTQGHYxnF0/wsVV6OEqULWnwTP0+Maax1qM4tJ0xNQP925uKf3ntzERnwZjLNDMg2XxRlAlsEjx9H/e4AmbEyBLKFLe3YjagijJjQ8rbEL4+xf+TRsklnkuuy8XqxSKOHDpER+gEEVRBVXSFaqiOGJLoAT2hZ0c7j86L8zpvXXIWMwfoB5y3Tw7MkSs=</latexit><latexit sha1_base64="VY7Wns/HidqNxbtue6hPyUUmiCw=">AAAB8XicdVDLSgNBEJz1GeMr6tHLYBA8LTsxS/QW9OIxonlgsoTZSW8yZHZ2mZkVQshfePGgiFf/xpt/4+QhqGhBQ1HVTXdXmAqujed9OEvLK6tr67mN/ObW9s5uYW+/oZNMMaizRCSqFVINgkuoG24EtFIFNA4FNMPh5dRv3oPSPJG3ZpRCENO+5BFn1Fjp7qbbgVRzkchuoei5575fIgRbQnzfr1hySsplr4SJ681QRAvUuoX3Ti9hWQzSMEG1bhMvNcGYKsOZgEm+k2lIKRvSPrQtlTQGHYxnF0/wsVV6OEqULWnwTP0+Maax1qM4tJ0xNQP925uKf3ntzERnwZjLNDMg2XxRlAlsEjx9H/e4AmbEyBLKFLe3YjagijJjQ8rbEL4+xf+TRsklnkuuy8XqxSKOHDpER+gEEVRBVXSFaqiOGJLoAT2hZ0c7j86L8zpvXXIWMwfoB5y3Tw7MkSs=</latexit>

For any consider: X
{Y ⇢ X | X/Y 2 S✏}

If this family contains a minimal element, this element is unique

Such a minimal element                should existsX[✏] ⇢ X

Aim: calculate the stabilization of rank: T ! N
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{S✏ ⇢ T}✏�0 is SIMPLE if:

     is closed under direct sumsS✏
<latexit sha1_base64="VY7Wns/HidqNxbtue6hPyUUmiCw=">AAAB8XicdVDLSgNBEJz1GeMr6tHLYBA8LTsxS/QW9OIxonlgsoTZSW8yZHZ2mZkVQshfePGgiFf/xpt/4+QhqGhBQ1HVTXdXmAqujed9OEvLK6tr67mN/ObW9s5uYW+/oZNMMaizRCSqFVINgkuoG24EtFIFNA4FNMPh5dRv3oPSPJG3ZpRCENO+5BFn1Fjp7qbbgVRzkchuoei5575fIgRbQnzfr1hySsplr4SJ681QRAvUuoX3Ti9hWQzSMEG1bhMvNcGYKsOZgEm+k2lIKRvSPrQtlTQGHYxnF0/wsVV6OEqULWnwTP0+Maax1qM4tJ0xNQP925uKf3ntzERnwZjLNDMg2XxRlAlsEjx9H/e4AmbEyBLKFLe3YjagijJjQ8rbEL4+xf+TRsklnkuuy8XqxSKOHDpER+gEEVRBVXSFaqiOGJLoAT2hZ0c7j86L8zpvXXIWMwfoB5y3Tw7MkSs=</latexit><latexit sha1_base64="VY7Wns/HidqNxbtue6hPyUUmiCw=">AAAB8XicdVDLSgNBEJz1GeMr6tHLYBA8LTsxS/QW9OIxonlgsoTZSW8yZHZ2mZkVQshfePGgiFf/xpt/4+QhqGhBQ1HVTXdXmAqujed9OEvLK6tr67mN/ObW9s5uYW+/oZNMMaizRCSqFVINgkuoG24EtFIFNA4FNMPh5dRv3oPSPJG3ZpRCENO+5BFn1Fjp7qbbgVRzkchuoei5575fIgRbQnzfr1hySsplr4SJ681QRAvUuoX3Ti9hWQzSMEG1bhMvNcGYKsOZgEm+k2lIKRvSPrQtlTQGHYxnF0/wsVV6OEqULWnwTP0+Maax1qM4tJ0xNQP925uKf3ntzERnwZjLNDMg2XxRlAlsEjx9H/e4AmbEyBLKFLe3YjagijJjQ8rbEL4+xf+TRsklnkuuy8XqxSKOHDpER+gEEVRBVXSFaqiOGJLoAT2hZ0c7j86L8zpvXXIWMwfoB5y3Tw7MkSs=</latexit><latexit sha1_base64="VY7Wns/HidqNxbtue6hPyUUmiCw=">AAAB8XicdVDLSgNBEJz1GeMr6tHLYBA8LTsxS/QW9OIxonlgsoTZSW8yZHZ2mZkVQshfePGgiFf/xpt/4+QhqGhBQ1HVTXdXmAqujed9OEvLK6tr67mN/ObW9s5uYW+/oZNMMaizRCSqFVINgkuoG24EtFIFNA4FNMPh5dRv3oPSPJG3ZpRCENO+5BFn1Fjp7qbbgVRzkchuoei5575fIgRbQnzfr1hySsplr4SJ681QRAvUuoX3Ti9hWQzSMEG1bhMvNcGYKsOZgEm+k2lIKRvSPrQtlTQGHYxnF0/wsVV6OEqULWnwTP0+Maax1qM4tJ0xNQP925uKf3ntzERnwZjLNDMg2XxRlAlsEjx9H/e4AmbEyBLKFLe3YjagijJjQ8rbEL4+xf+TRsklnkuuy8XqxSKOHDpER+gEEVRBVXSFaqiOGJLoAT2hZ0c7j86L8zpvXXIWMwfoB5y3Tw7MkSs=</latexit><latexit sha1_base64="VY7Wns/HidqNxbtue6hPyUUmiCw=">AAAB8XicdVDLSgNBEJz1GeMr6tHLYBA8LTsxS/QW9OIxonlgsoTZSW8yZHZ2mZkVQshfePGgiFf/xpt/4+QhqGhBQ1HVTXdXmAqujed9OEvLK6tr67mN/ObW9s5uYW+/oZNMMaizRCSqFVINgkuoG24EtFIFNA4FNMPh5dRv3oPSPJG3ZpRCENO+5BFn1Fjp7qbbgVRzkchuoei5575fIgRbQnzfr1hySsplr4SJ681QRAvUuoX3Ti9hWQzSMEG1bhMvNcGYKsOZgEm+k2lIKRvSPrQtlTQGHYxnF0/wsVV6OEqULWnwTP0+Maax1qM4tJ0xNQP925uKf3ntzERnwZjLNDMg2XxRlAlsEjx9H/e4AmbEyBLKFLe3YjagijJjQ8rbEL4+xf+TRsklnkuuy8XqxSKOHDpER+gEEVRBVXSFaqiOGJLoAT2hZ0c7j86L8zpvXXIWMwfoB5y3Tw7MkSs=</latexit>

For any consider: X
{Y ⇢ X | X/Y 2 S✏}

If this family contains a minimal element, this element is unique

Such a minimal element                should existsX[✏] ⇢ X

 rank(X[✏])  rank(X)

Aim: calculate the stabilization of rank: T ! N
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Noise Systems

Simple Noise Systems

Contours (actions) 
C : Rn

�0 ⇥ R�0 ! Rn
�0

Aim: calculate the stabilization of rank: T ! N

Persistent contours C : Rn
�0 ⇥ R�0 ! Rn

�0

C(v, t) � C(w, s) for v � w t � sand

C(v, 0) � v
C(C(v, t), s)  C(v, t+ s)

A contour is a (lax) action of on(R�0,+, 0) Rn
�0

Contours are called superlinear families by

Bubenik, de Silva, Scott

Standard contour: C(v, t) = v + t(1, · · · , 1)
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Simple Noise Systems

Contours (actions) 
C : Rn

�0 ⇥ R�0 ! Rn
�0

Aim: calculate the stabilization of rank: T ! N

X

t

rank(Y)

T Minimize the rank 

in a disc of radius t

Even if the field is finite

such a disc is infinite

Theorem
For a simple noise system, if the field is finite, 

drank(X)determining 
requires only finitely many calculations.



X YLet   ,    be compact tame     parameterized vect spRn



X YLet   ,    be compact tame     parameterized vect spRn

n=1 parameter n>1 parameter



X YLet   ,    be compact tame     parameterized vect spRn

n=1 parameter n>1 parameter

X
Theorem

Y are isomorphic iff

drank(X) = drank(Y )

for any contour



X YLet   ,    be compact tame     parameterized vect spRn

n=1 parameter n>1 parameter

X
Theorem

Y are isomorphic iff

drank(X) = drank(Y )

for any contour

Question
Construct non isomorphic 

X Y

drank(X) = drank(Y )

s.t. for any noise system



X YLet   ,    be compact tame     parameterized vect spRn

n=1 parameter n>1 parameter

X
Theorem

Y are isomorphic iff

drank(X) = drank(Y )

for any contour

Question
Construct non isomorphic 

X Y

drank(X) = drank(Y )

s.t. for any noise system

Calculating drank
is as hard as calcutaing 


the usual barcode



X YLet   ,    be compact tame     parameterized vect spRn

n=1 parameter n>1 parameter

X
Theorem

Y are isomorphic iff

drank(X) = drank(Y )

for any contour

Question
Construct non isomorphic 

X Y

drank(X) = drank(Y )

s.t. for any noise system

Calculating drank
is as hard as calcutaing 


the usual barcode

drank(X)(t)=

|{bars [b, d) in X | C(b, t) < d}|
b ⌃

C(b,t)
;; • d
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X YLet   ,    be compact tame     parameterized vect spRn

n=1 parameter n>1 parameter

X
Theorem

Y are isomorphic iff

drank(X) = drank(Y )

for any contour

Question
Construct non isomorphic 

X Y

drank(X) = drank(Y )

s.t. for any noise system

Calculating drank
is as hard as calcutaing 


the usual barcode
Calculating drank

is an NP hard problem

O. Gäfvert theorem:
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n=1
f : R� ! R>0A density is an ingerable function

Implementing contours

of the equation:
R x
v f = t

xC(v, t)Define to be the solution (unique)

t
v C(v, t)

This is a contour
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Contour learning

 ���������! RDensity functions
f : R�0 ! R>0

T
drank(HnVR(�))����������! Funk(R�0,R�0)

X XY Y (f) = inf{
Z

| drank( )� drank( ) | , }

Maximizing  :
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6 point processes on the unit square, containing 200
points on average

500 instances of 

each process


was generated

200 used for 

training 

300 used for

testing

After choosing a contour

we took averages of stable


ranks of the 200 processes in

the training set

These averages are then used

as classifiers
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 7 subjects were equiped with 3 sensors (IMU)

 producing 28 measurments every 0.1 second

 in the following analysis we concidered two 

activities of accending and decending stairs.

 for every subject we have two time series in 28 

dim space

 for each series we sample 100 time slots without 

replacement

 we took 100 such samplings

 40 are used as training and 60 for testing

 after choosing a contour, the average of the 40 

train data are used as classifiers


PAMAP2 DATA (www.pamap.org):

http://www.pamap.org
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Thank you!


