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Persistent Homology
— Mathematical tool treating “shape” of discrete data

Yasuaki Hiraoka

geometric mput' PF ’e output > metric info. of

object ¢/-dim holes

connectivity, ring, cavity, ...

input: hemoglobin output: persistence diagram (PD)
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Persistent Homology
— Mathematical tool treating “shape” of discrete data
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Persistence diagram
= Fingerprint of the "shape" in discrete data
summarized as a 2-D histogram

 Born at r=b, dead at r=d

- Each (b,d) represents each "Hole"

- Robust "Hole" : apart from the diagonal line
 Noisy "Hole" : near by the diagonal line



Publication on "Persistent Homology" (web of Science)
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Application to SiO;
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Detection of "hidden" order
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Spatial ordering analysis
of specific atomic groups
(a kind of coarse graining)
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Forward and Inverse Analysis based on Persistent Homology

Input Data Persistence Diagram Descriptor
(properly translated vector data)

« Extraction of hidden order

..... system 1

..... system 2

..... system N

* Good affinity with machine-learning

- Database of complex systems

Image Data » Finding correlation with various properties
 Elucidation of key structures in original data
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Metallic Glass: cooling rate effect on glass structures

(R, KRR,

)

target: metallic glass (PdsoSizo)
identify structural changes induced from cooling rates
apply PDs to MDs for descrlblng structures
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Metallic Glass: cooling rate effect on glass structures
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Evaluation of Interface Structure

Model: MgO (310) 25 Grain boundary
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Amorphous carbon at high-temperature MD
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Quantification of Structural Motifs

# of generators in PD

6-membered
ring

_ triangle
in 6-membered ring

interlayer
order

9-membered
ring-

7-membered
ring

10 20 30 40 50
Time [ps]

conventional ring analysis

6-membered ring

\

/

7-membered ring

3-membered ring 8-me?bered fing

Interlayer order can also be quantified based on PD.




Detecting transformation of ring structures

PC2
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Novel Structure in Oxide Glass UNE. NFE, B, AR)
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Structural origin of mixed alkali effect

CUNR. NEFF. BE. HIR)
in alkali silicate glass

Yellow : Si

Red : Bridging O (BO)

Blue : Non-bridging O (NBO)
Cyan : R=Na, K

O
QQ R0
remove one BO
put two NBO
Four-membered rings Vs
», With R,NBO, are detected by TDA  Nao, — £ "Os
""" — Getting aware of hidden (2NBO+2BO) 4 (ENBO+4B0)

correlation between Na and K

Oks NaO,
----- (2NBO+3BO)
Two alkali ions are trapped around these two NBO
to compensate negative charge. KO, KOs
(2NBO+4BO) (2NBO+3BO)

Information beyond “pair-correlation” plays an important role!
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Magnetization (normalized)
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N=2RATF VAR EERDRZERAWCEZY Y1 MDOTREIRIL

Without Defect

With Defect

PH analysis PH analysis
(1 loop) (100 loop)
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SEM image of forged Ti alloy

(provided by KOBELCO)
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Quantitative characterization
by inverse analysis

of persistence diagram

blagk idiagram
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Quantitative characterization
by PCA of local structures
via persistence diagram

area 1 Different characterization by different feature values

i !i'.‘_
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"

area N | y; P PCZ'
d Set Of PDS from R y L : Y ~3 y — ! !
massive small cells
----- area 1
: : Machine
Learning
----- area N

(100-dimension vector)

Persistence Diagram (PD) Primitive Descriptor
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Can we distinguish TEM images of amorphous Ge?
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without pre-conditioning

Binarized PDO PC1 | Samp[e1
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with pre-conditioning

Binarized PDO PC1 Sample2
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