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Definition
Remark. Let us assume X; : [a,b] — R", then the signature of the path X; is an

infinite series of the iterated integrals
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e Reparametrization

The signature S(X) remains invariant under time
reparametrizations of X.

e Shuffle product

Theorem 2.1. We have a path X : [1,b] = RY, and I = (ij,..., i) and | =
(jl/~ . -/jm)/ (ill‘ . -/ik/j11~ . -;jm E {1/ . -/d})/ then

S(x)§x)= ), X o
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Definition 2.3. Let X : [a,b] = R%Y : [, c] =+ RY, then the concatenation of X and

Y is a path from [a,¢] ~ R%:

Xy, ifte [a, b]
(X X Y)t= <

X+ (Yt = Yb)/ ift € [b,C].
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Theorem 2.2 (Chen’s identity). As usual, let us have two paths X : [s,b] ~ R : Chen'’s

b,c] = RY, then : |
(X V)se = S(X)0s S()ye 5 ldentuty




Definition 2.4, A path X : [0,1] = R? is tree-like, if 3f : [0,1] = [0,00) : £(0) =
f(1)=0and ¥s,t € [0,1],5 <t:

X5 = Xil| < f(s)+ f(t) -2 inf f(u). (13)

uels]

Theorem 2.3, Assume X, Y : [a,b] = RY, then

Venb: X=Y = Yke{l...,d): SHX) =SkY).



Theorem 2.4 (Time reversed signature). If we have a path X : [a,b] R? then the

following is true:

S<X>a,b ¥ S(y)a,b =1 (15)

Here & is the time reversal, meaning yt = Xy1p—t, Yt € [a,].



Theorem 2.3.2 (Uniqueness). Let X be a continuous path with bounded variation. Then,
o S(X) =1ifand only if X is tree-like.

o The signature S(X) is unique up to tree-like equivalence.
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Conclusion

3-D The path cannot be simply reconstructed from
its signature in the exact speed it travels,
because of the time invariance property.

However, when X does not cross itself,
meaning it is a tree-like path, we can recreate
the geometry of the traverse of our path.
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Application

How do we use the signature
in real life?

&
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| would like to approximate a
function, what should | do?

Taylor’s theorem

But what if we do not have a
differentiable function?

4+6*’(1‘E)
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Approximation

f(X) =0 ClS(X)clz,b + Czs(X)glb + Cllls(X)}I:; e

2.8

3+2
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) Process

How to calculate this fraction?

Use the resulting
set of features for
analysing the
| | data/forecasting

We have a data
stream

Embed it to RAd Compute the iterated
integrals




(X1 =1{1,2.5,6), {X*} ={1,6,5,3},

At = 11.2.9.5,5,6,6) , X458 = {1,1,2,2,5,5,6}.

S(X) = {5,2,12.5,-9,19,2}.
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pip install iisignature ©
import iisignature as isig

import numpy as np

data= ([1,1], [2,6], [5.,31, [6,3])
isig.sig(data, 2, 1) PYthOn

output: (array([5., 2.]), array([12.5, =9. , 19. , 2. ]))




Thank you

for your
attention!
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Resources

Vectors Photos

e Webinar landing page template e Young woman talking with her students

e Webinar landing page template 2 online

e Webinar landing page template 3 e Chilling girl having coffee watching laptop

e Webinar landing page template 4 e Hands worker typing

e Webinar landing page template 5

e Webinar landing page template 6 Icons

e Webinar landing page template 7

e Realistic math chalkboard background e Maths 3¢ (2)4
X+Y+C
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https://www.freepik.com/free-vector/webinar-landing-page-template_11372802.htm/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=freepik
https://www.freepik.com/free-vector/webinar-landing-page-template_11372798.htm/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=freepik
https://www.freepik.com/free-vector/webinar-landing-page-template_11372794.htm/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=freepik
https://www.freepik.com/free-vector/webinar-landing-page-template_11372796.htm/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=freepik
https://www.freepik.com/free-vector/webinar-landing-page-template_11372801.htm/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=freepik
https://www.freepik.com/free-vector/webinar-landing-page-template_11372797.htm/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=freepik
https://www.freepik.com/free-vector/webinar-landing-page-template_11372799.htm/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=freepik
https://www.freepik.com/free-vector/realistic-math-chalkboard-background_4412903.htm#page=2&query=maths&position=21/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=freepik
https://www.flaticon.com/packs/maths-12?word=maths/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=flaticon
https://www.freepik.com/free-photo/young-woman-talking-with-her-students-online_9040844.htm#page=1&query=e+learning&position=7/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=freepik
https://www.freepik.com/free-photo/young-woman-talking-with-her-students-online_9040844.htm#page=1&query=e+learning&position=7/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=freepik
https://www.freepik.com/free-photo/chilling-girl-having-coffee-watching-laptop_1855483.htm#page=1&query=compute%20ethnic&position=40/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=freepik
https://www.freepik.com/free-photo/hands-worker-typing_1934753.htm#page=1&query=computer%20men%20ethnic&position=26/?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=sg_resources&utm_content=freepik

Instructions for use

In order to use this template, you must credit Slidesgo by keeping the Thanks slide.

You are allowed to:

- Modify this template.
- Use it for both personal and commercial projects.

You are not allowed to:

- Sublicense, sell or rent any of Slidesgo Content (or a modified version of Slidesgo Content).
- Distribute Slidesgo Content unless it has been expressly authorized by Slidesgo.

- Include Slidesgo Content in an online or offline database or file.

- Offer Slidesgo templates (or modified versions of Slidesgo templates) for download.

- Acquire the copyright of Slidesgo Content.

For more information about editing slides, please read our FAQs or visit Slidesgo School:
https://slidesgo.com/fags and https://slidesgo.com/slidesgo-school



http://bit.ly/2PfT4lq
http://bit.ly/33VAFh3
http://bit.ly/30B07Gq

Fonts & colors used

This presentation has been made using the following fonts:

Nunito
(https://fonts.google.com/specimen/Nunito)

i . N



https://fonts.google.com/specimen/Nunito

Storyset

Create your Story with our illustrated concepts. Choose the style you like the most, edit its colors, pick the
background and layers you want to show and bring them to life with the animator panel! It will boost your
presentation. Check out How it \Works.

Pana Amico Bro Rafiki Cuate


https://storyset.com/how-it-works?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=slidesgo_final_slides&utm_term=how%20it%20works&utm_content=storyset
https://storyset.com/pana?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=slidesgo_final_slides&utm_term=pana&utm_content=storyset
https://storyset.com/pana?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=slidesgo_final_slides&utm_term=pana&utm_content=storyset
https://storyset.com/amico?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=slidesgo_final_slides&utm_term=amico&utm_content=storyset
https://storyset.com/amico?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=slidesgo_final_slides&utm_term=amico&utm_content=storyset
https://storyset.com/bro?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=slidesgo_final_slides&utm_term=bro&utm_content=storyset
https://storyset.com/bro?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=slidesgo_final_slides&utm_term=bro&utm_content=storyset
https://storyset.com/rafiki?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=slidesgo_final_slides&utm_term=rafiki&utm_content=storyset
https://storyset.com/rafiki?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=slidesgo_final_slides&utm_term=rafiki&utm_content=storyset
https://storyset.com/cuate?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=slidesgo_final_slides&utm_term=cuate&utm_content=storyset
https://storyset.com/cuate?utm_source=slidesgo_template&utm_medium=referral-link&utm_campaign=slidesgo_final_slides&utm_term=cuate&utm_content=storyset

Use our editable graphic resources...

You can easily resize these resources without losing quality. To change the color, just ungroup the resource
and click on the object you want to change. Then, click on the paint bucket and select the color you want.
Group the resource again when you’re done. You can also look for more infographics on Slidesgo.
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https://bit.ly/2ZjL1pd
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...and our sets of editable icons

You can resize these icons without losing quality.
You can change the stroke and fill color; just select the icon and click on the paint bucket/pen.
In Google Slides, you can also use Flaticon’s extension, allowing you to customize and add even more icons.

i1 Q @ I 5 & & B E:
THEBORHELOE
@E%m@%@@!
£3 (88 [0 bl hy X 2Q¢ I
NPPD® @ ® (i

o 21 ¢y @) =] [
B &S0
BESBLAD
Cfﬂ%q&

¥p 6 A\ )



https://chrome.google.com/webstore/detail/flaticon-for-gsuit-gslide/haekgjfnhhdkgfgmldhfokhmfkgmciba
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Business lcons Teamwork lcons
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Help & Support Icons Avatar lcons
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Creative Process Icons Performing Arts Icons
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