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AASPI| Unsupervised Machine Learning
Hilmi Putra 2026




Unsupervised Clustering | cmm
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Assign datapoints to a determined number of groups based on a certain ‘distance metric’
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GMM: probability of membership




Gaussian Mixture Model

Distribution of glcm_entropy bal
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Soft Clustering Method vs Hard Clustering -> i.e K-means

HERE

Probability density function: Gaussian curve/normal distribution

Normal Distribution PDF (mean=0, std_dev=1) 297
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AASPI Artificial Intelligence Toolbox: Unsupervised | GMM %

I'COJ’O": 1 AN

As usual we'll... Aoy

1. Extract Training Data (we’re NOT gonna run 5 million data points) l @ lllilk‘i

2. Analyze Input: Parameterization onyoe ik =L
Normalization — Ty e,
Bayesian Information Criterion i f 1;. o
SHAP clusters \ss‘\ /nm’l""*"““

3. Create Model ’dﬁ’]hﬂ'“;z

4. Perform GMM Unsupervised Clustering L{f’:%
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Multiattribute Machine Learning » Unsupervised learning »

Step 1. Generate training data

Deep learning ’ Supervised learning  » Step 2. Analyze unsupervised ML modgls
AASPI QG Plotting - A quick tool to display poststack AAS  Volumetric Classification »

Formation Analysis 3

|| ImportExport  Seismic Aftributes  Data Conditioning | Artificial Intelligence Toolbox  Attribute-to-Well Correlation Tools  Well Log Tools  Visualization iliti Workflows Help |
Step 1. Plot and define polygons

AASPIQC Plotting |  AASPI Prestack Utilties |

Step 2. Convert polygons to point sets

Step 3. Create unsupervised model {Alternative) Convert surfaces to point sets

, — Step 4. Perform unsupervised ML analysis Step 3. Extract user-defined data
AASPI format input file name (*.H): I R L
P | Bre Step 5. Display unsupervised ML results Update:
Colorbar fil : L
orbar nle name | Browm| “for all options:

Enter plot title: I extract attributes at point sets”




Fire up AASPI!

I AASPI_demos

<« ™ G
® New -~

% Home

& Gallery

B Desktop
B Documents
;’_ Downloads
= Pictures
(1)

By

B 4-GMM_and_SHAP

< T

3 items

ImportExport  Seismic Attributes
AASPI QC Plotting

>

+

Documents > AASPl demos >

T Sort v = View v
Name Date modified

I Day1

B Day2

AASPI_for_Annual_Meeting.bat

X 4+

D > Documents > AASPl.demos > Dayl > 4-GMM and SHAP >

N Sort v View -
Name ; Date modified
. seqy 2026-01-15 12:05 AM
. datapath 2021-09-02 5:10 PM
B aaspi_viewer_poststacklog

B aaspiviewer tack.parms

Deep learning

Data Conditioning | Artificial Intelligence Toolbox

- ' Multiattribute Machine Learnin "
AASPIresiackUtes | Unsupervised eaming

» Supervised learning  »

Search AASP|_demos

Type
File folder
File folder

Windows Batch File

Search 4-GMM_and SHAP
Copy Address

Copy Address as Text B Det
T Edit Address

F Delete History
DATAPATH File
Text Document

PARMS File

Attribute-to-Well Correlation Tools

| CAWINDOWS\system32\cmd. X

AASPI folder exists!

e e e o o e ok o e ok ok o ok ok e ok ok e ok ok o ok ok o ok ok ok
Go to AASPI folder
e e e e ok e e ke e ok ke e ok o ke ok ok ke ke ok ok ke ok ok ke ok ok

C:\Users\hilmi\AASPI

e e e o ok e e ok e ok s ok o ke ok ok o e ok ok ok ke e ok ok ok k|
Define PATH environment var]
e 3k ok v ok ke o ok ke ok ok ok ok ok ke ok ok e e ok R ok ke ok ok k|
PATH=. ;C:\AASPI_for_Annual_
n\openvds; C:\AASPI_for_Anny
zgy ; C: \AASPI_for_Annual_Mee
PI_for_Annual_Meeting\intel
ual_ricc cloztmain: C: \WINDOWS
WINDOWS\System32\Up-nSSH\; (]
es\NVIDIA Corporation\NVIDI
hilmi\anaconda3\python.exe;
osoft VS Code\bin;

PYTHONPATH=. ; C: \AASPI_for_A|

'
dedeke e ek ok ko ok ke ok e ke ok ok ok kb ke ok

Change working directory
% e e d e e ok e e e ok ok e ok ok ok e ke ok ok ke e ok
\

Current working directory:

Well Log Tools

B ' Please choose a working directory for AASPI. AASPI will output all results in this working directory.

= C
+ (] AASPI_for_Annual_Meeting
+ (] eSupport
= (] Fledm
+ 1 GHelper
+1( inetpub
+ (] Perflogs
+ (] Program Files
+ ("1 Program Files (x36)
=121 Users
= 2 hilmi
= Sl
= (] anaconda3
+ 1 ansel
# (1] Contacts
# (] CrossDevice
# (] Desktop
# (1 Documents
+ 1 Downloads
+ ] Favorites
# (] Links
# 1 Music
4 1 Pictures
+ 1 Saved Games
4 (] Searches
= (] Videos
= (21 Public
# (1 WsiAccount
+ (1 Windows
* (] XboxGames
= DA
= k)

Visualization  Utjliti
Step 1. Generate training data
Step 2. Analyze unsupervised ML modgls

) |
Qiledur{ |C: Users\hilmi\Documents\AASPI_demos\Day1\4-GMM_and_SHAP l

Workflows Help

Cancel oK

b

Step 1. Plot and define polygons

Step 2. Convert polygons to point sets

AASPIQC Plotting - A quick tool to display poststack AAS

AASPI format input file name (* H):

Volumetric Classification 3
Formation Analysis 3

Step 3. Create unsupervised model

—

Step 4. Perform unsupervised ML analysis
E Step 5. Display unsupervised ML results

Colorbar file name: |

Browse |

Enter plot title: I

(Alternative] Convert surfaces to point sets
Step 3. Bxtract user-defined data

Update: Y
“for all options
extract attributes at point sets”



AASPI Artificial Intelligence Toolbox: Regularization

training_data

e

Eile Help
Tool to extract training data for either unsupervised (data decimation) B Please select AASPI files %
or supervised classification (point sets and/or wells)
The output will be multiple files corresponding te each attribute PER each point set/well Directory: |[:| GMM_dermo2026
and will be in the form of single trace (1D) data
' MName Type | Size | Modified Date | User | Group |Attril
List of AASP| attribute files: 4. File Folder 0 01/26/2026 15:07:43 0 0 drw-1
[ segy File Folder 0 01/15/2026 00:05:04 0 0 drw-1
2026\GMM_demo2026\envelope_deme_2026.H e as 2 (el L Iisﬁ| Take care of dead trace? v D cropped_KOKAKO_fix_demo_2026.H H File 6196 01/15/2026 00:02:28 0 ] -rw-r
I026\GMM demoEDEE\gIcm entropy, bal dema 2026.H Take care of rute? v j crossplot_SOM_finall_demo_2026.H H File 5922 01/14/2026 23:28:24 0 0 -rw-r
I - - - - Load and append list from a text fi|e| envelope_demo_2026.H T 2O 2o
20264 GMM_demo20264k1_demo_2026.H i i Extract coordinates (xy,z) as attributes? [ glem_entropy_bal_dema_2026.H 01/14/2026 2
2026\GMM_demo2026\k2_demo_2026.H Save current list to a text f"e| TSI . k1_demo_2026.H 9099 01/14/2026 23;
2026\GMM_demo2026\spec_mag_3d_cwt_13Hz_demo_20 L : 8000 k2_demo_2026.H 01/14/20262
Deselect all files in current list — .
20264GMM_demo2026\spec_mag_3d_cwt_20_5Hz_dermo_ j outer_product_similarity_multi-spectral_demo_2026.H 01/14/2026 23:27:
ZDZB\GMM_dem0EDZE\spec_mag_Bd_cwt_BS_SHz_demo_ Remove selected files from current |ist| Unique project name: demo D som_axis1_demo_2026.H 01/26/2026 14:49:18

j som_axis2_demo_2026.H 01/26/2026 14:50:30
2026 spec_mag_3d_cwt_13Hz_demo_2026.H 3

Reset lst Suffis ‘

Verbose output? [ | spec_ma 3d_cwt_20_5Hz_demo_2026.H
Kl |
Time Interval (s): |0.016
CDP no, Start: 2555
COP no. End: 3534 2 | ol

File Filter: | AASP! files (*H) > Cancdl

File Mame: | "spec_mag_3d_cwt_13Hz_demo_2026.H" "spec_mag_3d_cwt_20_5Hz_demo_2026.H" "spec_mag_3d_cwt_35_5Hz _demo_2026.H" oK

COP no. Interval: |32

Line no. Start: 1430
Line no. End;: 1680

Line no. Interval: |32

Extract unsupervised training data | .

(c) 2008-2026 AASP] for Windows - The University of Oklahoma 6
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AASPI GMM
analyze input

Import/Export  Seismic Attributes  Data Conditioning | Artificial Intelligence Toolbox  Attribute-to-Well Correlation Tools  Well Log Tools  Visualization  Utilities  Workflows

- Multiattribute Machine Learning » I Step 1. Generate training data 3
AASPI QC Plotting AASP| Prestack Utilities | Deep learning » Supervised leaming >
AASPI OC Plotting - A quick tool to display poststack AASE  Velumetric Classification b Step 3. Create unsupervised model
) ) Formation Analysis 4 Step 4. Perform unsupervised ML analysis
AASPl format input file name (“H): | Browse Step 5.0 51 Load list from = text fle b

- . . . . Directory: (] GMM_demo2026 i }
B aaspi_machine_learming_analyze_input (Release Date: 22 January 2026) Aty |D -ceme ﬂ & A 4oy
File MName Type | Size | Modified Date | User | Group |Attributes | |

3. File Folder o 01/26/2026 15:07:43 0 o drw-rw-rw-
Tool to assess the correlation and significance of input attributes (2] segy File Folder 0 01/15/2026 0 0 0 drw-
and the quality of each input point set / well in different supported machine learning algorithm

This tool only give you a text report with naming syntax:

<algorithm>_..._<unique_project_name>_<suffix> b

It is recommended to use the "Load and append list form a text file" instead of the browse button to input training data.

load the training attribute
volumes by choosing load
from text file,

»55>3555>> Regularized Training Data Detected! < <<<<<<<<<

ttributes] Runtime Parameters | Parallelization parametersl
List of AASP| training data files:

training_data_unsupervised_envelope_demo_2026_del  Browse and add to current Iist|

training_data_unsupervised_glcrn_entropy_bal_demo_

iLoad and append list from a text filg

training_data_unsupervised_k1_demo_2026_demo_20:
training_data_unsupervised_k2_demo_2026_demo_20;  Save current list to a text file |

training_data_unsupervised_spec_mag_3d_cwt_13Hz_ Deselect all files in current |ist|

training_data_unsupervised_spec_mag_3d_cwt_20_5H:
training_data_unsupervised_spec_mag_3d_cwt_35_5H: Reset list

. | ﬂ File Name: |training_data_unsupervised_extracted_list_demo_2026.tct oK

»3>>x55x33 Regularized Training Data Detected! << << 2<22aa »»»»»»»»»5 Regularized Training Data Detected! < << << <22

Input Training Data iAttributes| Runtime Parameters] Parallelization parameters Input Training Datal Attribute ;Runtim 55 arallelization parameters

List of attributes detected from input training data: Transformation Type: Shift: Scale: Scale Logarithm: [ pad Transformatior Unique Project Name: |dem0
Parameters from File.

1: envelope_demo_2026.H Rescan attribute |Z-Score Normalization > P [ [ _— Suffie 2026
At Save Transformation
2: glem_entropy_bal_demo_2026.H . . |Z-Score Normalization > b [ [ ! v
erbose output? [
3 k1_dermo_2026.H Savelehtofis |Z-Score Mormalization > P [ [ M g
4: k2_demo_2026.H Move selected attribute UP | |Z-Score Normalization > P [ [
5: spec_mag_3d_cwt_13Hz_demo_202 . |Z-Score Normalization > P [ [ . . . . .
- i - = Move selected attribute DOWN
e e 24 oot 20 51 oo 2 | b Score Normafotion 3] o f f customize the session name (suffix, unique project name).
T: spec_mag_3d_cwi_33_5Hz_demo_2 Deselect all attribute in current |i5t| IZ-Score Mormalization ﬂ |'0 |‘I |‘I
2 | ﬂ Remove selected attribute from current Iist|

[~ Zero-based counting?




AASP| GMM

analyze input

Eile

GMM

Transformation Analysis | Data Analy;isl Despike] PCAI ICA] K-means+

Specify parameters for Gaussian Mixture Model (GMM) clustering analysis

Maximum number of clusters: 15 h

Random seed: 1000

Want Bayesian Infermation Criteria (BIC) analysis? v

View Gaussian distributions? [

SHAP parameters

Do NOT perform SHAP analysis | |

MNumber of random samples per batch: {500
Murnber of batches:

10
Mumber of trees: 100
10

Depth of trees:

(c) 2008-2026 AASP| for Windows - The University of Oklahoma

Help

GMM Analysis Documentation |

"~ Bayesian Information Criterion

Generally, you’d want to do BIC analysis
(2) first to statistically inform how many
clusters is efficient for your specific
training dataset

It will scan up to the number of clusters
(1) specified and we’ll be able to
observe where the BIC value
converges/increases

I«



AASPI GMM | Bic

analyze input

BIC vs Number of GMM Clusters

94000 ~

93000

92000 ~

91000

BIC Score

BIC Score

90000 -
Increase = more number of cluster -> gets penalized

89000 ~

88000 +

2 4 [} 8 10 12 14
Number of Clusters

375000 4

370000 4

365000 A

360000 A

355000 4

350000 A

345000

higher datapoint sampling = more “noise” overfitting

BIC vs Number of GMM Clusters Rate of BIC Decrease per Cluster Count

16000

14000 A

= =
o )
o (=]
o o
=] (=]

ABIC (Change from previous)

/ ol N

75 10.0 12.5 15.0 17.5 20.0 2.5 5.0 75 10.0 12.5 15.0 17.5 20.0
Number of Clusters Number of Clusters

“BIC change from previous #”

note: BIC only shows what statistically makes sense. It does not have direct relationship with

geophysical or geological meaning.

As with most unsupervised clustering methods, it picks up multi-scale groupings of data

(facies, sub-facies, gradual changes)



AASP| GMM Q'

analyze input

FEile Help

I

Transformation Analysis | Data Analysis] Despike] PCAI ICA] K-rmeans++ GMM]
Specify parameters for Gaussian Mixture Model (GMM) clustering analysis

aumanss besmenion| 1@ Gaussian distributions option (3)

Maximum number of clusters: 7 ‘] will produce histograms of each
Random seed: W o o .o
Want Bayesian Information Criteria (BIC) analysis? [ feature InpUtS Wlth the speCIerd
v h ‘maximum number of Gaussians’ fitted

View Gaussian distributions?
(1) overlaid.

SHAP parameters

Do NOT perform SHAP analysis |

MNumber of random samples per batch: ,5{)07
10
100
10

MNumber of batches:
Mumber of trees:
Depth of trees:

Execute GMM I

(c) 2008-2026 AASPI for Windows - The University of Oklahoma

I4]
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AASP' GMM | Histograms

analyze input

Distribution of envelope Distribution of glcm_entropy_bal Distribution of spec_mag_3d cwt 13Hz
1007 — clusterl — clusterl — clusterl
—— cluster2 40 - — cluster2 —— cluster2
— cluster3 — cluster3 40 7 — cluster3
804 —— clusterd —— cluster4 —— clusterd
- clusters = cluster5 = clusters
clusteré 30 4 clusteré 204 clusteré
60 - cluster7 cluster7 cluster7
20 204
40 -
/
20 A \
-
T T T T T T T T T =T
-1 ] 1 2 3 4 5 6 7 5
Distribution of k1 Distribution of k2 Distribution of spec_mag_3d_cwt_35 5Hz
=— clusterl — clusterl 60 — clusterl
60 - —— duster2 60 4 — cluster2 —— cluster2
= cluster3 —— cluster3 = cluster3
= clusterd 50 4 = cluster4 501 — cluster4
50 1 —— cluster5 e ClUSERTS —— clusters
custeré clusteré 0 clusteré
0 | duster7 40 4 cluster? 1 cluster7
30 A 30 4 7
201 20 1 207
A
10 10 10 4 x
0 T T =T T T 0- T T T I 0 T T T T T
—4 -2 0 2 4 6 —4 -2 1] 2 -1 0 1 2 3 4 5 6

We can observe and QC how the gaussian distributions relate to the overall seismic attribute (feature input) histogram

11




AASP| GMM

analyze input

File

Transformation Analysis | Data Analysis] Despike] PCA] ICA] K-rneans++ GMMI

Specify parameters for Gaussian Mixture Model (GMM) clustering analysis

—

Random seed: 1[)0[)

Maximum number of clusters:

Want Bayesian Information Criteria (BIC) analysis? [

View Gaussian distributions? [

SHAP parameters y

Perform SHAP analysis Kernal SHAP analysis

Mumber of random samples per batch: |s500
Mumber of batches:
Mumber of trees:
500 x 10 = 5000

Depth of trees:

Execute GMM l

c) 2008-2026 AASPI for Windows - The University of Oklahoma

] CAWINDOWS\system32\cmd. X + o~

History file/Parameter file: machine
item[want_bic_analysis]=y
item[view_gaussians]=n
item[perform_shap_analysis]=n
item[n_cluster]=12
item[random_seed]=1000
item[which_shap]=
item[shap_nsample]=500
item[shap_nbatch]=10
item[shap_ntrees]=100
item[shap_max_depth]=10
1tem[un1que project_name]=demo
sremrEyerfefn 1 =2826
(4960, 7)

BIC for 1 clusters
Calculating BIC for 2 clusters
Calculating BIC for 3 clusters
Calculating BIC for U clusters

Calculating BIC for 5 clusters
Calculating BIC for 6 clusters

Calculating BIC for 7 clusters
Calculating BIC for 8 clusters
Calculating BIC for 9 clusters
Calculating BIC for 10 clusters
Calculating BIC for 11 clusters
Calculating BIC for 12 clusters
plotting...

displaying...

done

Make sure the batch Kernel settings (6) (7) are not greyed out.
This confirms we have Kernel SHAP selected.

Help

GMM Analysis Documentation|

[»

We toggle the SHAP Analysis button (4)
and determine the batch size (6) for
sampling the dataset, and how many
batches (7) you want to scan through.

Two options of SHAP calculation (5):
Kernel SHAP traditionally calculates the
values by testing out the model Input-
Output. This will take exponentially
longer the bigger the batch size.

Surrogate Tree SHAP uses a random
forest model to fit the input-output set
of the model, which will take
significantly faster but requires
parameterization of the surrogate tree
model that properly simulates the
GMM



SHapley Additive exPlanations | came Theory Q'

Relay Win Probability = Hilmi’s run + Anig’s run + Yasin’s run + Jared’s run
Cluster 1 Probability = Amplitude + Spectrum + Texture + Structural

Coalition size 1 2 3
Amplitude Amplitude  Amplitude Amplitude  Amplitude Amplitude  Amplitude
Texture Spectrum Spectrum Spectrum  Spectrum
Texture Structural  Structural
Spectrum Spectrum Spectrum
Texture Amplitude Amplitude Texture
Structural Structural
Texture Structural Structural Texture
Texture
Spectrum Spectrum
Structural Structural  Structural
Texture
3 3 1

Contribution = w/Texture — w/o Texture

13




SHapley Additive exPlanations | kernel sHAP

Uses ‘average world’ to simulate not knowing a feature
Representative values of the normal/background

sleep quality = duration + heart rate + breathing + movement

|

You can’t just NOT breathe
So, whats the normal value? Then we test the other variables changes

it simulates absence then smartly samples the responses
of the model to the input feature values l

probability value

Vs
actual probability value of that datapoint

14




AASP| GMM | sHap
analyze input
Beeswarm plot
X axis is influence to output (SHAP values): pushesinto or pullsfrom the cluster membership

Color is attribute value: high/low for characterization
Thickness is data point distribution (how many datapoint has that influence value for that attribute)

Sort is feature importance, typically wider spread of SHAP values

¢ .

ullin . - - - -
P & -0.4 -0.2 0.0 0.2 0.4
SHAP value (impact on model output)

onjeA ainjea

ushin
. P g

e direction of influence -> attribute indicator
* how polarized is the feature value distribution, one side? both side? gradual?

e distribution of the SHAP values of the dataset

15



AASP| GMM | sHap

k2

spec_mag_3d cwt 35 5Hz e
k1

glcm_entropy _bal .

spec_mag 3d cwt 20 5Hz

envelope

analyze input

Kernal SHAP for Cluster 5

High

—]

ature valJae

;/

— 3

spec_mag_3d cwt 13Hz "

spec_mag_3d_cwt_13Hz
spec_mag_3d cwt 20 5Hz
envelope
spec_mag_3d_cwt_35_5Hz
k2

glcm_entropy_bal

k1

Low

—0.50 —-0.25

0.00

0.25

050 075 100

SHAP value (impact on model output)

Kernal SHAP tor Cluster 1

Low

04 -02 00 02 04 06
SHAP value (impact on model output)

High

Feature value

k1

k2
spec_mag_3d_cwt 35 5Hz
spec_mag 3d_cwt 20 5Hz
envelope
spec_mag 3d cwt 13Hz

glcm_entropy _bal

GLCM entropy texture: concordant/not-chaotic/uniform

and high value K1 (max positive curvature)!

. Cluster is characterized by low value K2 (minimum negative
curvature)

Low values >increase> towards membership
High <decreases<

Kernal SHAP for Cluster 3

04 -02 00 02 04
SHAP value (impact on model output)

06

0.8

High

Low

Feature value

envelope
spec_mag_3d cwt 35 5Hz
spec_mag_3d cwt 20 5Hz
k2
spec_mag_3d_cwt_13Hz
k1

glcm_entropy_bal

Kernal SHAP for Cluster 4

04 -02 00 02 04 06 08
SHAP value (impact on model output)

]
a2
S

ASP

High

Low

Feature value

16



AASP| GMM

create model

Import/Export  Seismic Attributes  Data Conditioning | Artificial Intelligence Toolbox ~ Attribute-to-Well Correlation Tools  Well Log Tools  Visualization  Utilities  Workflows

Multiattribute Machine Learning » Unsupervised learning » Step 1. Generate training data »

AASPI QC Plotting AASP| Prestack Utilities | Deep learning » Supervised leaming  » Step 2. Analyze unsupervised ML models

AASPI QC Platting - A quick tool to display poststack AAS]  Velumetric Classification b Step 3. Create unsupervised model
Formation Analysis 4 Step 4. Perform unsupervised ML analysis

AASPI format input file name (*H): | Browse Step 3. Display unsupervised ML results  »

File

Tool to create models

in different supported machine learning algorithm

This tool will output an AASP| formatted medel file with naming scheme machine_learning_model_<algorithm>_<unique_project_name>_<suffix>.H
It is recommended to use the "Load and append list form a text file" instead of the browse button to input training data.

»=»>33>222> Regularized Training Data Detected! << <<<<<<<<

[ Input Training DEtElAttributes] Runtime Parameters]}’arallelization parameters]

List of AASP| training data files:

training_data_unsupervised_envelope_demo_2026_der  Browse and add to current Iistl

training_data_unsupervised_glcm_entropy_bal_demo_[ ——— Te — |]
training_data_unsupervised_k1_demo_2026_dero_20: Jar anc append 1= froma e

training_data_unsupervised_k2_demo_2026_demo_20:  Save current list to a text fi|e|

-

Help

|»

training_data_unsupervised_spec_mag_3d_cwt_13Hz_: Deselect all files in curs

training_data_unsupervised_spec_mag_3d_cwt_20_5H:
training_data_unsupervised_spec_mag_3d_cwt_33_5H Reset list

pca] ica] kmeans gmm l

Specify the desired number of cluster
for an optimized gmm classification

Mumber of clusters: |7

’7
Random seed: 1000

pca] ical kmeans gmm l

Specify the desired number of cluster
for an optimized gmm classification

MNumber of clusters: |7
100q

................................. o

Execute GM

-

Random seed:

Execute GMM

11

(c) 2008-2026 AASPI for Windows - The University of Oklahoma

Just like analyze_input:

- load the attribute volumes from the text file,

- adjust the attribute normalization parameters, and

- customize the session name (suffix, unique project name).

Then input the optimum number of cluster that we have: 7
and execute to build the model.

17



AASP| GMM @

perform_classification

!l Import/Export  Seismic Attributes  Data Conditioning | Artificial Intelligence Toolbox ~ Attribute-to-Well Correlation Tools  Well Log Tools  Visualization  Utilities  Workflows

AASPI OC Plot — | Multiattribute Machine Learning » Unsupervised learning I Hap  EmemmimiTniE N B
2k, AASPI Prestack Utilities Deep learning 4 Supervised learning ¢ Step 2. Analyze unsupervised ML models
AASPI QC Plotting - A quick tool to display poststack AASF  Velumetric Classification 4 Step 3. Create unsupervised model
. ) Formation Analysis 4 Step 4. Perform unsupervised ML analysis
A e AT ene=(ER: | Browse Step 3. Display unsupervised ML results  »
Colorbar file name: L !
File Help
Toel to perform classification =
in different supported machine learning algorithm
This teol will cutput AASPI-format classification result with naming scheme <algeorithm> _<result>_<unique_project_name>_=<suffix>.H
Input model file name: h‘lachirle_learning_model_gmm_demo_EDEﬁ.HI Browse lRescan
Unigque Project Name: |dem0
Suffix: 2026
Verbose output? [
»>>»>>>>>> Unsupervised classification detected! <<< <<<‘<<</
++++++++++ gmm algorithm detected! ++++++++++
Input for classification Vertical Limit ] Parallelization parameters]
Input Attribute List:
envelope_deme_2026.H Load list from a text file
lem_entropy_bal_deme_2026.H . )
glem- py-2aL - Save list to a text file
k1_demo_2026.H
k2_demo_2026.H
spec_mag_3d_cwt_13Hz_demec_2026.H
spec_mag_3d_cwt_20_5Hz_demo_2026.H
spec_mag_3d_cwt_35_3Hz_demo_2026.H
gmm perform classification Documentation
Output cluster index volume?
Want individual cluster's probability output? ¥
Want uncertainty output? v
-
(c) 2008-2026 AASPI for Windows - The University o Execute classification
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GMM OUtpUt | gmm_cluster_output_

Time about horizon= D3(Panel 51] Cluster
: — 10

Time=1.456 (Panel=7)

-

By looking at the Labels, we can intuitively select which
Clusters represent our target objects of interest.

Line no.

The smaller cropped volume was run separately to
demonstrate the reliance of unsupervised methods to the
provided training dataset-attribute quality 19

[
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GMM OUtpUt | gmm_cluster_uncertainty @ ASP

GMM uncertainty
Time=1.456 (Panel=7) uncertainty

1450

1500

1 - [maximum probability across all clusters]

Line no.
1550

1600

This volume is useful to see where the edges

of our clusters are. It makes a good co-render
with the main label output and adds nuance

of facies gradual changes

1650

T ! -+

2600 2700 2800 2900 3000 3100 3200 3300 3400 3500
CDP no.

Time=1.456 (Panel=7) ’ Cluster

- /

Line no.

2600 2700 2800 2900 300 3100 3200 3300 3400 3500 20




CO—rendering gmm_cluster_output x gmm_uncertainty @

Import/Export  Seismic Attributes  Data Conditioning  Artificial Intelligence Toolbox  Attribute-to-Well Correlation Tools  Well Log Tools | Visualization  Utilities  Workflows

Single Volume Display Tools 2 |
AASPI QC Plotting AASP| Prestack Utilities Multiattribute Display Tools 3 Opacity blending

AASPI OC Plotting - A quick tool to display poststack AASPI-format attribute volurnes Crossplotting and Geobody Tools 4 RGB Blending
Plot a Simple Line Graph CMY Blending

AASPI format input file name (*.H): ‘ Browse Display an AASPI-format Surface in Map View Exportable Multiattribute Display Tools »

Colorbar file name: I — | |

B | aaspi_corender GUI (Release Date: 22 January 2026) = O *
File Help

Plot a single volume, or corender two or three volumes using transparancy or RGB color blending

Choose a blending type: |Alpha blending (Co-render 2 or 3 \rolumes]j

ayer 2] Layer 3]

Input attribute for base layer |

Color bar for base layer: |

Reverse polarity? r
Plot wiggle trace? r B ' AASPl-format file name
P Directory:| ] GMM_demo2026 = ol =
Pro tlp C|iCk the column namesAName Type |Size |Modified Date |U;er |Group |Attribute; | IL
Ga. File Folder 65336 01/27/2026 15:58:07 0 0 drw-nw-ra-
to sort by column [ seqy File Folder 0 01/15/2026 00:05:05 0 0 drw-rw-rw-
D cropped_KOKAKO fix_demo_2026.H H File 6196 01/15/2026 00:02:28 0 0 - W= - TW-
D crossplot_SOM_final1_demo_2026.H H File 5922 01/14/2026 23:28:25 o 0 - TW- TW-TW-
D envelope_demo_2026.H H File 7446 01/27/2026 16:14:26 0 0 - TW-PW-TW-
gl cntropi bal demo 20265 H File 8272 01/14/2026 23:36:53 0 0 -TW-PW-TW-
] D gmm_cluster_1_probability_derno_2026.H H File 7732 01/27/2026 16:39:43 0 0 - PW- TW- P -
gmm products will have gmm prefix ||| gmm_cluster_2_probability_demo_2026H | HFile 7752 01/27/2026 15:30:43 0 0 - rw-r-
D gmm_cluster_3_probability_demo_2026.H H File 7752 01/27/2026 16:39:43 0 0 - W= F- T -
D gmm_cluster_4_probability_demo_2026.H H File 7752 01/27/2026 16:39:43 0 0 - W= F- T -
D gmm_cluster_5_probability_demo_2026.H H File 7152 01/27/2026 16:39:43 o 0 - PW- FW-TW-
D gmm_cluster_6_probability_demo_2026.H H File 7752 01/27/2026 16:39:43 0 0 - P FW-TW-
D gmm_cluster_7_probability_demo_2026.H H File 01/27/2026 16:39:43 0 0 - W= FW- W -
D gmm_cluster_uncertainty_demo_2026.H 3 0 0 - V- V- -
3
9099 01/14/2026 23:39:25 0 0 -TW-PW-TW- =

H File 9105 01/14/2026 23:40:32 0 0 -TW-PW-TW-
D machine_learning_model_gmm_demeo_202... HFile 8793 01/27/2026 16:38:07 0 0 - PW- TW- P -
D outer_product_similarity_multi-spectral_de... HFile 7588 01/14/2026 23:27:15 0 0 - W= MW= P
D som_axis1_demo_2026.H H File 5088 01/26/2026 14:49:18 0 0 - M- F- T~
D som_axis2_demo_2026.H H File 5087 01/26/2026 14:50:31 0 0 - W= F- T -
D spec_mag_3d_cwt_13Hz_demo_2026.H H File 8356 01/14/2026 23:57:42 o 0 - PW- FW-TW-

[ crer mman el raak DN Slls Aeran INIA L L Eile 03RA 17147900 72.50.80 n n

A ]
File Mame: |gmm,output,demo,2026.H 0K 2 1

File Filter: | AASPI-format files (*H) > Cancel




CO—rendering gmm_cluster_output x gmm_uncertainty @

| Base Layerl ayeerLayer 3] Base Laye| Layerl] ayeri] brOWSG fOr Iayer 2:

Input attribute for base layer: |C:\Users\hilmi\Documents\GMM_demoZDZE\gmm_output_demo_ZDZE.H Browse Input attribute for layer 2 krs\hilmi\Documents\GMM_demoZDEﬁ\gmm_cluster_uncertaint)r_demo_z 6.H  Browse g m m_CI u Ste r_U nce rta | nty
Color bar for base layer: |rainbow_\riridis.alut Browse Color bar for layer 2: |C:\AASPI_for_Demo\aaspi_coIors\monochrome_black.alut then browse for Colorbar (6)
Reverse polarity? [ Reverse polarity? [
Plot wiggle trace? [ Opacity curve type: |For single-polarity attributes: set low values transparent, high values opague
¥ Plot wiggle trace? For single-polarity attributes: set low values transparent, high values opaque Ch oose monOCh rome black
I For single-polarity attributes: set high values transparent, low values opaque -
5 For dual-polarity attributes: set extrerne values transparent, zero values opaque then Select the fl rst OpaC|ty

For dual-polarity attributes, set zero values transparent, extreme values opaque

L - o . .
Use statistical data scaling? [ Custom settings read from the alpha channel on a *.alut-format colorbar file curve (7)
Use statistical data scaling? |
5
o5 B Colorbar File X
v Directory: |J aaspi_colors j o A 4 cof
= = MName Type Size Modified Date User Group | Attributes
Min-max data ranging ] malmeant ALUT FITE |4uu:f |\¢r T272UZE 1358230 |u ‘u ‘ TW-TW-T |
Minimum value: 1 Mi dat . D hot.alut ALUT File 3681 12/02/2021 14:24:52 0 0 ~MW-TW- -
: {n-max data ranging [ Isochron.alut ALUT File 3345 01/21/2026 12:25:04 0 0 -rw-rw-rw-
Maximum value: 7 Minimur value: 0 [ tipari.alut ALUT File 46 12/12/200413:42:50 0 0 T
X D magenta.alut ALUT File 4242 12/02/2021 14:24:52 0 ] ~PW-TW- W=
Maximum value: 1 [ magnitude_lajolla.alut ALUT File 12 0217/2025 10:21:54 0 0 W
D managua_flip.alut ALUT File 3998 12/12/2024 13:42:50 0 0 -PW-TW- TW-
HE T = |Corendered GMM BT = | Corendered GMM GMM uncertainty __] monochrome_black_with_high... ALUT File 2617 12/02/2021 142452 0 0 rw-rw-rw-
Axis 1 min Time: 136 Axis 1 min Time: 136 B menochrome_black_with_low_... ALUT File 2625 12/02/2021 14:24:52 0 0 ~PW=TW-rw-
monochrome_blue_oslo.alut ALUT File 4003 01,/26/2025 16:03:12 0 0 -MW-TW- T
Axiz 1 max Time: 1.664 Axis 1 max Time: 1.664 1 monachrome_gray.alut ALUT File 43452 12/02/2021 14:24:52 0 0 MWW -
L X L X [ 1 monochrome_white.alut ALUT File 4352 12/02/2021 14:24:52 0 0 - IW=PW- M-
3 . d . monochrome_yellow.alut ile S0/, 224 ~W-PW-TW-
Auxis 1 inc Time: 0.016 Auis Tinc Time: 0.016 hrome_yellow.al ALUTFil 3840 12/02/2021 14:24:52 0 0
Axis2 min CDP no.: [2355 Axis 2min CDP no:  [2555 B i Pt P o e
ramnow.alu e I / ] -3 =PW-rw-rw-
Axis 2 max COP no.: 3524 Axis 2 max COP nos: [3534 % rainbow_viridis.alut ALUT File 3589 01/26/2025 16:03:12 0 0 ~PW-TW-TW-
H oT: ” rainbow_w_black_white_extrem... ALUT File 3730 12/02/2021 14:24:52 0 0 ~MW- W= FWi-
Ais 2inc COP nox |1 Cha nge axis 3 (3) to Tl me Axis 2inc COP no: |9 [ rainbaw_with_znull_gray_at_ne... ALUT File 3852 12/02/2021 14:24:52 ] 0 -rw-rw-rw-
. A . . S red.alut ALUT File 3218 1270272021 14:24:52 0 0 ~PW-TW-TW-
Axis 3 min Lineno.: 11430 then Cha nge iIncrements (4) Auis 3 min Line no. 1430 %red_whlte_blua.alut ALUT File nn 12/02/2021 14:24:52 0 0 -rw-rw-rw-
Axis 3 max Line no. 1680 t 0 0 1 6 Axis 2 max Line no. 1680 D red_white_blue_balance.alut ALUT File A6 01/26/2025 16:03:12 0 0 -MW-TW-TW-
(0] S -> 16 ms [ roma0.alut ALUT File 4098 02/17/2025 10:21:54 0 0 - -
Axiz 3 inc Line no. 1 Axis 3inc Line no.: 1
Eile Mame: ‘mono:hmma_b\ack‘alut ﬁ
Desired output axis 1: |Line no. h Desired output axis 1: || ine no. ~ File Filter: | Colorbar Files (alut.".alu) ¥ Cancel

Desired output axis 2: ’m Desired output axis 2: ’m
Desired output axis 3: ,h‘ Desired output axis 3: ,h
Reverse x-axis? ﬂ Reverse x-axis? ﬂ
Reverse y-axis? ﬂ Reverse y-axis? d
Want color bar? ﬂ ‘Want color bar? ﬂ

(c) 2008-2026 AASPI - The University of Oklahoma Execute corender || (c) 2008-2026 AASPI - The University of Oklahoma Execute corender
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Line no.

Line no.

GMM OUtpUt | gmm_cluster_[cluster number]_probability

GMM cluster_3
Time=1.472 (Panel=8)

GMM cluster 4
Time=1.472 (Panel=8)

GMM cluster_5

Time=1.472 (Panel=8)

Probability
1.0

1450

N
D

08

1500

ros

1550

H0.4

1600

1650

. - . P '\ A .
2600 2700 2800 2900 3000 3100 3200 3300 3400 3500 2600 2700 2800 2900 3000 3100 3200 3300 3400 3500 2600 2700 2800 2900 3000 3100 3200 3300 3400 3500
CDP no. CDP no. COP mo.
Time=1.472 (Panel=8) Cluster

1450

: We can produce clusters as their own volumes.
This is good to map out the facies using their probability values that
would also illustrate the gradual edges or seismic signal ambiguity

1550 1500

1600

This volume is especially useful for quick geobody extraction.

1650

2600 2700 2800 2900 3000 3100 3200 3300 3400 3500
CDP no.



GMM OUtpUt | gmm_cluster_[cluster number]_probability

Line no.
1600

Line no.
1600

1500 1450

1550

1650

1700

1500 1450

1550

3000

3100

3200

GMM cluster_11
Time=1.456 (Panel=14)

3300 3400
CDP no.

3500

3600

3700

3700

3800

3800

Line no.
1600

1500 1450

1550

1650

1700

GMM cluster 4&6

GMM cluster 1&2
Time=1.456 (Panel=14) Amplitude

1450

1500

0.6

1550

.....

1600

0.4

1650

1700

3400 3500 3600 3000 3100 3200 3300 3400 3500 3600 3700 3800
CDP no. CDP no.

We can produce clusters as their own volumes.
This is good to map out the facies using their probability values that
would also illustrate the gradual edges or seismic signal ambiguity

This volume is especially useful for quick geobody extraction.



Co-rendering seismic x gmm_cluster_probability @

Base layer:

B AASP|-format file name

Directory: |1 GMM_demo2025 > B A e e E
MName Type | Size ‘ Modified Date | User ‘ Group | Attributes

Q. File Folder 65336 01/27/2026 15:58:07 0 0 drw-rw-rw-
[Csegy File Folder 0 01/15/2026 00:05:05 0 0 drw-rw-rw-

D crossplot_SOM_finall_demc_2026.H
D envelope_demo_2026.H H File 7446
H File 8272

01/27/2026 16:14:26 0 0 - W= -
011472096 23:36:33 0 0

Input attribute for base layer: |\U sers\hilmitDocuments\ GMM_d emoZDE%\c ropped_KOKAKO_fix_demo_2026.H

Browse

Color bar for base layer: | CAAASPI_for_Demnch\aaspi_colors\red_white_blue_balance.alut

Reverse polarity? [
Plot wiggle trace? [
-
=
50

Use statistical data scaling? W
Statistical data scaling

Minimum percentage value (Lower values will be clipped): 5
Maximum percentage value (Higher values will be clipped): 33

All positive values? [

browse (1) seismic data (cropped KOKAKO fix demo_2026)
then browse for colorbar (2) red_white_blue _balance or
whichever colorbar you like for looking at seismic

Layer 2:

Base LayeI Layer 2] Iayer 3]

Input attribute for layer 2: |s\hi|mi\DUcumEnts\GM M_d EmUZDZB{\g mm_cluster_4_probability_dem U_Z!!E.H l Browse |

Color bar for layer 2: |C:\AASPI_for_Demo\aaspi_coI0rs\monochrome_black.alut Browse
Reverse polarity? I

Opacity curve type: |F0r single-polarity attributes: set high values transparent, low values opaque =

Plot Wigg|EtrEa For single-polarity attributes: set low values transparent, high values opaque

For single-polarity attributes: set high values transparent, low values cpaque
For dual-polarity attributes: set extreme values transparent, zero values opaque
For dual-polarity attributes, set zero values transparent, extreme values opaque
Custom settings read from the alpha channel on a *.alut-format colorbar file

Use statistical data scaling? [

Min-max data rangi

Minimum value: 0

Maximum value: 1

Plot Title:

Axis 1 min Time:
Axis 1 max Time:
Axis 1inc Time:
Axis 2 min CDP no.:
Axis 2 max CDP no.:
Axis 2 inc COP no.
Axis 3 min Line no.
Axis 3 max Line no.
Axis 3 inc Line no.:
Desired cutput axis 1:
Desired output axis 2:
Desired output axis 3:

Reverse x-axis?

on layer 2
5 choose (3) gmm_cluster_4_probability
= set the colorbar (4) to monochrome _black
o then choose (5) the 2"d opacity curve

|Curendered crop Input Seismic Amplitude Data GMM cluster_4
1.36

1.664

0.004

2555
N
e
o Change axis 2 (6) to Line if you

——  wantto look at Xline section

n

Reverse y-axis? n =
Want color bar? y ~

(c) 2008-2026 AASPI - The University of Oklahoma

Execute corender
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Co-rendering seismic x gmm_cluster_probability

envelope

spec mag 3d cwt 35 5Hz
spec mag 3d cwt 20 5Hz
k2
spec_mag_3d_cwt 13Hz
k1

glcm_entropy_bal

k2
spec_mag_3d_cwt 35 5Hz
k1

glcm_entropy_bal
spec_mag_3d_cwt 20 5Hz
envelope

spec_mag_3d_cwt _13Hz

Kernal SHAP for Cluster 4

A 4

0.4 -02 00 02 04 06 08
SHAP value (impact on model output)

Kernal SHAP for Cluster 5

v

—050 025 000 025 050 0.75
SHAP value (impact on model output)

1.00

Corendered crop Input Seismic Amplitude Data GMM cluster_4
High CDP no.=3305 (Panel=76)

&
3
©
>
g
3
2
1]
&
Low 1450 1500 1550 1600 1650
Line no.
Corendered crop Input Seismic Amplitude Data GMM cluster_5
Higl CDP no.=3305 (Panel=76)
o
E
E
1450 1500 1850 1600 1650
Low

Line no.

Factors to consider:
seismic attribute quality
- training data

- facies hierarchy

Amplitude
40000

30000
20000
10000
0
-10000
-20000
-30000

-40000

e
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N7
+1 Machine Learning tool in your arsenal QI v

With this not only are we utilizing machine learning to extract patterns,
we’re also getting meaning to the patterns

Gaussian Mixture Model may simulate how the real geological distribution works:
Shale | Sand

Shale >>>>>> Sand (v/shale)

SHAP facies characterization adds QC to machine learning model AND could add

Interpretation value

28
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GMM Step0 Navigate to Multiattribute Machine Learning Toolbox @

B! aaspi_util GUI - Post Stack Utilities (Release Date: 22 January 2026) = m] X

Import/Export  Seismic Attributes  Data Conditioning | Artificial Intelligence Toolbox  Attribute-to-Well Correlation Tools  Well Log Toels  Visualization  Utilities  Workflows

Multiattribute Machine Learning » Unsupervised learning » Step 1. Generate training data 3 Step 1. Plot and define polygons

AASPI QC Plotti iliti - . .
otting AASP| Prestack Utilities | Deep learning r Supervised learning  » Step 2. Analyze unsupervised ML models Step 2. Convert polygens to point sets
AASPI OC Plotting - A quick tool to display poststack AasE  Volumetric Classification b Step 3. Create unsupervised model [Alternative) Convert surfaces to point sets
; ; p 4. Perform unsupervise analysis Step 3. Extract user-defined data
AASPI format input file name (“H): | Browse Step 5. Display unsupervised ML results  »

Colorbar file name: | Browse

Enter plot title: |

Minimum labell: ID—
Maximum labell: ID—
Increment labell: I[H—
Minimum label2: I[)—
Maximum label2: I[)—
Increment label2: |‘|—
Minimum label3: ID—
Maximum label3: ID—
Increment label3: |‘|—

Desired output axis 1: |Iabel1

Ei
Desired output axis 2 |Iabel2 j
E

Desired output axis 3: |Iabel3

Reverse x-axis? auto

Reverse y-axis? (Default is positive down) auto —

Display color bar?

N

Wiggle plot instead of color image?

-
-
—
50

Llze =tatistical data scalinn? [ j
Construct training data by extracting attribute vectors from point sets




Step1 aaspi_training_data . @

B | aaspi_training_data (Release Date: 22 January 2026) = O *

File Help

Tool to extract training data for either unsupervised (data decimation)

B | Please select AASPI files *
or supervised classification (point sets and/or wells)

R e e T | St DA e Sk
; ; ; Name Type | Size | Modified Date | User | Group |Attril
List of AASP attribute files: a. File Folder 0 01/26/2026 15:07:43 0 0 drw-t
2026\ GMM_demo2026\envelope_demo_2026.H Browse and add to current Iist|7 Take care of dead trace? v (segy . FiIeIFoIder 0 01/15/2026 00:05:04 0 0 drw-t
2026\ GMM_derno2028\glem_entropy_bal_demo_2026.H Tl Tl il v D cropped_KOKAKO _fix_demo_2026.H H File 6196 01/15/2026 00:02:28 0 0 -rw-r

Load and append list from a text file| [ 7] crossplot_SOM_final1_dema_2026.H

envelope_demo_2026.H

2026\GMM_demo2026\k1_dema_2026.H
2026\ GMM_demo2026\k2_dema_2026.H

H File 5022 01/14/2026 23:28:24 0 0

01/14/2026 23:

Extract coordinates (xy,z) as attributes? [
Save current list to a text file|

Vertical unit factor:

20264 GMM_demo2026\spec_mag_3d_cwt_13Hz_demo_20
2026'GMM_demo2026\spec_mag_3d_cwt_20_5Hz_demo_
2026\ GMM_demo2026\spec_mag_3d_cwt_35_5Hz_demo_

Deselect all files in current Iist|

Remove selected files from current Iist| Unique project name:

Suffize

\W

2000

glem_entropy_bal_demao_2026.H
k1_demo_2026.H
k2_demo_2026.H

206 j outer_product_similarity_multi-spectral_demo_2026.H

0

som_axis1_demo_2026.H

iK1

i

> 4

Verbose output?

Don’t forget to customize the session

-

j som_axis2_demo_2026.H
spec_mag_3d_cwt_13Hz_demo_2026.H
spec_mag_3d_cwt_20_5Hz_demo_2026.H

01/14/2026 23:3
01/14/2026 23:39:24
01/14/2026 23:
01/14/2026 23:27:14
01/26/2026 14:49:18
01/26/2026 14:50:30
01/14/2026 23:
01/14/2026 23

Beanlarized ]llr rclafinad |

name (suffix, unique project name)

Time Interval () |0.016
COP no. Start: 7555
ZDP no. End: 3534
COP no. Interval: |22

Line no. Start: 1430
Line no. End: 1620

Line no. Interval: |32

tilsl s

Extract unsupervised training data | .

(c) 2008-2026 AASP] for Windows - The University of Oklahoma

III

Pro tip: hold down “ctrl” to multi select

| | |

File Name: | "spec_mag_3d_cwt_13Hz_demo_2026.H" "spec_mag_3d_cwt_20_5Hz_demo_2026.H" "spec_mag_3d_cwt_35_5Hz_demo_2026.H" oK

File Filter: | AASP! files (*H) > Cancel

Select:

- envelope

- glem_entropy
- K1 & K2

Scroll down, set time interval sampling (1) to 0.016s -> 16ms
set the CDP (2) and Line (3) sampling to 32

- 3 CWT spectral magnitudes




Step2 aaspi_machine _learning_analyze input @

Import/Export  Seismic Attributes  Data Conditioning | Artificial Intelligence Toolbox ~ Attribute-to-Well Correlation Tools  Well Log Tools  Visualization  Utilities  Workflows

- Multiattribute Machine Learning » Unsupervised learning » Step 1. Generate training data » -
AASPI QC Plotting AASP| Prestack Utilities | Deep learning 4 Supervised leaming ¥ Step 2. Analyze unsupervised ML models ‘

AASPI QC Platting - A quick tool to display poststack AAS]  Velumetric Classification b Step 3. Create unsupervised model
Formation Analysis ] Step 4.

AASP| format input file name (. H): | Browse Step 5. B! Load list from a text file *
Directory: |1 GMM_demo2026 Rl
B ' aaspi_machine_leaming_analyze_input (Release Date: 22 January 2026)
MName Type ‘ Size ‘ Modified Date | User ‘ Group |Attr\butes | |
File 0. File Folder 0 01/26/2026 15:07:43 0 0 drw-rw-rw-
s ] seqgy File Folder 0 01/15/2026 00:05:04 0 0 drw-rw-rw-

Tool to assess the correlation and significance of input attributes

and the quality of each input point set / well in different supported machine learning algorithm pEmn e thpea S AL . ke " Ioad the training attribUte
e e volumes by choosing load
from text file,

It is recommended to use the "Load and append list form a text file" instead of the browse button to input training data.

»3»»»>>>5>> Regularized Training Data Detected! < <<<<<<<<<

l ttributes] Runtime Parameters | Parallelization parameters
List of AASPI training data files:

training_data_unsupervised_envelope_demo_2026_del  Browse and add to current Iistl

training_data_unsupervised_glcrm_entropy_bal_demo_ - =
[Load and append list from a text filg

training_data_unsupervised_k1_demo_2026_demo_20:
training_data_unsupervised_k2_demo_2026_demo_20;  Save current list to a text file |

training_data_unsupervised_spec_mag_3d_cwt_13Hz_ Deselect all files in current Iist|

training_data_unsupervised_spec_mag_3d_cwt_20_5H
training_data_unsupervised_spec_mag_3d_cwt_35_5H Reset list

File Mame: ‘train\ng_data_unsupervised_atracted_list_demU_ZDZE.b(t oK
J | ﬂ File Filter: ‘AASPI training data list file (training_data_*_extracted_~.tet, despiked_training_data_".bd, transformed_data_list_* tet) j Cancel
»3»»»>555>> Regularized Training Data Detected! << <<<<<<<< =»»>3»>>>> Regularized Training Data Detected! < <<<<<<<a=
Input Training Dat untime Parameters] Parallelization parameters Input Training Data]Attribute arallelization parameters
List of attributes detected from input training data: Transformation Type: Shift: Scale: Scale Logarithm: Load Transformatior Unigque Project Name: |dem0
Parameters from File. .
1: envelope_demo_2026.H Rescan attnbute |Z-Score Normalization > P [ [ —_— Suffic 2026
2: glem_entropy_bal_demo_2026.H Ry —— |Z-Score Mormalization > P [ [ S;:fﬂx:::::{;";ﬁ':” Verbose output? [
% k1_derno_2026.H 4 |Z-Score Normalization > b [ [ -
4: k2_demo_2026.H Move selected attribute UP | |Z-Score Normalization > P [ [
5t spec_mag.3d_owt 132 demo.202 o ¢ selected attribute DOWN iZ-Score Normalization ] o f f customize the session name (suffix, unique project name).
6: spec_mag_3d_cwt_20_5Hz_demo_2 IZ' Score Normalization ﬂ |'0 |'I |'I
7: spec_mag_3d_cwt_35_SHz_dema_2 Deselect all attribute in current Iist| lz_ Score Normalization ﬂ |0 |1 |1
4] | ﬂ Remove selected attribute from current Iist|

™ Zero-based counting? adjust the attribute normalization parameters




Step2 aaspi_machine _learning_analyze input

B ' aaspi_machine_learning_analyze_input (Release Date: 22 January 2026)

Eile

4

Transformation Analysis | Data Analysis] Despikel PCAI ICA] K-means+{ GMM

Specify parameters for Gaussian Mixture Model (GMM) clustering analysis

Maximum number of clusters: 7
Random seed: 1000
Want Bayesian Information Criteria (BIC) analysis? [
View Gaussian distributions? [
SHAP parameters y
Perform SHAP analysis | Kernal SHAP analysis

Mumber of random samples per batch: ’5[)[)7
Mumber of batches: ’1[)7
Mumber of trees: ’r

’wi

Depth of trees:

Execute GMM -

(c) 2008-2026 AASP| for Windows - The University of Oklahoma

BONUS: Surrogate SHAP analysis
Kernal SHAP takes time, a potentially faster way is to let a simple random forest model simulate the
GMM then analyze the decision tree SHAP instead. To do this click the toggle button (5).

Scroll down and select the GMM tab

BIC analysis:

Typically, we want to analyze BIC first to see the
optimum number of cluster for our dataset. Set
number of cluster (1) to a reasonable number you
want to test out. Make sure BIC analysis is active (2),
execute. The algorithm will scan to show how the
unsupervised ML performs up to the specified
number of cluster.

Display Histograms and Gaussians:

Now we can set the optimum number of cluster (1).
Put in 7 as that’s what we observe with this demo
dataset. Then activate the view gaussian (3) option,
execute.

Kernal SHAP analysis:

Still with the optimum number of cluster (1), toggle
the SHAP Analysis button (4) and determine the
batch size (6) for sampling the dataset, and how
many batches (7) to scan through. We have 4960
datapoints so setting it to 10 batches of 500
datapoints makes sure we use all of the available
data to obtain the most representative SHAP plot.
execute




tep3 aaspi_machine learning_create _model @

Import/Export  Seismic Attributes  Data Conditioning | Artificial Intelligence Toolbox ~ Attribute-to-Well Correlation Tools  Well Log Tools  Visualization  Utilities  Workflows

Multiattribute Machine Learning » Unsupervised learning » Step 1. Generate training data » -

AASPI OC Plotting AASPI Prestack Utilities | Dezp leaming N

Supervised leaming  » Step 2. Analyze unsupervised ML models
AASPI QC Plotting - A quick tool to display poststack AAst  Velumetric Classification ’
Formation Analysis 4 Step 4. Perform unsupervised ML analysis
AASPI format input file name (*H): | Browse Step 5. Display unsupervised ML results  »

B! aaspi_machine_learning_create_model (Release Date: 22 January 2026) = O *

File Help

|»

Tool to create models

in different supported machine learning algorithm

This tool will output an AASP| formatted model file with naming scheme machine_learning_model_<algorithm>_<unique_project_name>_<suffix>.H
It is recommended to use the "Load and append list form a text file" instead of the browse button to input training data.

»»»>»>>>>> Regularized Training Data Detected! << <<<<<<a<

[ Input Training DEtE]Attributes] Runtime Parameters]}’arallelization parameters

List of AASPI training data files Just like analyze_input:
riing i usupenise,cvelop. derme 2025 el curtent st - load the attribute volumes from the text file,
raining_data_unsupervised_glcm_entropy_bal_demo_

gt snpenise s 202 g 20 Losdend append i rom e el | adjust the attribute normalization parameters, and
training_data_unsupervised_k2_demo_2026_demo_20;  Save current list to a text fi|e| . . . . .
- customize the session name (suffix, unique project name).

training_data_unsupervised_spec_mag_3d_cwt_13Hz_: Deselect all files in currentlist|

training_data_unsupervised_spec_mag_3d_cwt_20_5H:
training_data_unsupervised_spec_mag_3d_cwt_33_5H Reset list

4 | |

Check for missing training data files
and number of samples consistency

pca] ical kmeans gmm l

Specify the desired number of cluster
for an optimized gmm classification

Numberof clusters |7 Then input the optimum number of cluster that we have: 7

Random seed: 100 Q
! and execute to build the model.
Execute GMM

-
4| | »

(c) 2008-2026 AASPI for Windows - The University of Oklahoma




tep4 aaspi_machine_learning perform_classification @

Import/Export  Seismic Attributes  Data Conditioning | Artificial Intelligence Toolbox  Attribute-to-Well Correlation Tools WellLog Tools  Visualization  Utilities Workflows

Multiattribute Machine Learning » Unsupervised leaming » Step 1. Generate training data 3
»

a

AASPI QC Plottin: iliti . 7 =
9 | AASPI Prestack Utilities ‘ Deep leamning Supervised learning  » Step 2. Analyze unsupervised ML models
AASPI QC Plotting - A quick tool to display poststack AAS|  Volumetric Classification L] Step 3. Create unsupervised model B | AASPI-Format Model File
; ; Formation Analysis » Step 4. Perform unsupervised ML analysis
SRCEHOSEmpRt FEsne ] Browse Step 5. Display unsupervised ML results » | Directory: {;] GMM_demo2026
MName Type | Size [Modiﬁed Date | User | Grg|
B | aaspi_ML_perform_classification GUI (Release Date: 22 January 2026) ;l o File Folder 0 01/26/2026 15:07:43 0 0

] segy File Folder 0 01/15/2026 00:05:04 _ 0 ~

2 B machine_learning_model_gmm, 2811 01/27/2026 00:54:57

Tool to perform classification
in different supported machine learning algorithm
This tool will output AASPI-format classification result with naming scheme <algorithm>_<result>_<unj

_name>_<suffoc> . H

browse and select the gmm model we built on
o EE the previous step. It will then automatically

Input model file name: %achinejeaming_model_gmm_demo_EDZE.HI Brow;al Re;canl

Suffic 2026

Verbose output? |

prepare the gmm algorithm

>>>>>>>>>> Unsupervised classification detected! <<<<<<<<<<

++++++++++ gmm algorithm detected! ++++++++++
Input for classification Vertical Limit Parallelization parameters
Input Attribute List:

envelope_demo_2026.H Load list from a t4
glem_entropy_bal_demo_2026.H e
k1_demo_2026.H

k2_demo_2026.H
spec_mag_3d_cwt_13Hz_demo_2026.H
spec_mag_3d_cwt_20_5Hz_demo_2026.H
spec_mag_3d_cwt_35_5Hz_demo_2026.H

Save list to a text f

File Name: ‘machine_learnmg_model_gmm_demo_éDE&H

File Filter: {AASPi-format Model files (machine_learning_model*,H)

gmm perform classi rooter T

Qutput cluster index volume? W

Select the desired outputs. We check all the boxes
Want individual cluster's probability output? ¥ .
Wil Gt Rkt v since we want to see all of the products. execute i

-

(c) 2008-2026 AASPI for Windows - The University of Oklahoma Execute classification




Co-rendering1 gmm_cluster_output x gmm_uncertainty @

Import/Export  Seismic Attributes  Data Conditioning  Artificial Intelligence Toolbox  Attribute-to-Well Correlation Tools  Well Log Tools | Visualization  Utilities  Workflows

Single Volume Display Tools 3 |
AASPI QC Plotting l AASP| Prestack Utilities Multiattribute Display Tools 3 Opacity blending

AASPI QC Plotting - A quick tool to display poststack AASPI-format attribute volumes Crossplotting and Geobody Tools 4 RGB Blending
Plot a Simple Line Graph CMY Blending

AASPI format input file name (*H): ‘ Browse Display an AASPI-format Surface in Map View Exportable Multiattribute Display Tools »

Colorbar file name: [ Domeem | | |

B! aaspi_corender GUI (Release Date: 22 January 2026} — O X
File Help

Plot a single volume, or corender two or three volumes using transparancy or RGE color blending

Choose a blending type: |Alpha blending (Co-render 2 or 3 \rolumes]j

ayer ?_] Layer 3]

Input attribute for base layer: |

Color bar for base layer: |

Reverse polarity? [
Plot wiggle trace? r B ' AASPl-format file name
v Directory: |1 GMM_demo2026
PrO t|p C“Ck the COIUmn names__JName Type |Size |Modified Date |User |Group |Attributes | IL
. File Folder 65536 01/27/2026 15:58:07 0 0 drw-rw-na-
to sort by column [ segy File Folder 0 01/15/2026 00:05:05 D drw-rw-rw-
D cropped_KOKAKD fix_demo_2026.H H File 6196 01/15/2026 00:02:28 o - PW- FW-TW-
D crossplot_SOM_finall_demo_2026.H H File 5922 01/14/2026 23:28:25 o - PW- FW-TW-
[] envelope_dema_2026.H H File 7445 01/27/2026 16:14:26 0 - - P TW-
plom sotrog bal demg 2006 H H File 8272 01/14/2026 23:36:53 0 - MW= P -TW-
f D gmm_cluster_1_probability_derno_2026.H H File 7752 01/27/2026 16:39:43 0 - W= - TW-
gmm products will have gmm prefix [||[] gmm_cluster 2_probability_demo_2026H | HFile 772 01/27/2026 16:3%:43 0 W rw-r-
D gmm_cluster_3_probability_demo_2026.H H File 7752 01/27/2026 16:39:43 o - TW- TW-TW-
D gmm_cluster 4 probability_demo_2026.H H File 7732 01/27/2026 16:39:43 0 - W= MW= P
D gmm_cluster_5_probability_derno_2026.H H File 7732 01/27/2026 16:39:43 0 - PW- TW- P -
D gmm_cluster_6_probability_demo_2026.H H File 7752 01/27/2026 16:39:43 0 - M- F- T~
D gmm_cluster_7_probability_demo_2026.H H File 7752 01/27/2026 16:39:43 0 - W= F- T -
D gmm_cluster_uncertainty_demo_2026.H H File 01/27/2026 16: 0 - W= F- T -
| TkI_demo_2026 0 0 =
D k2_demo_2026.H H File 9105 01/14/2026 23:40:32 0 0 - MW= P -TW-
D machine_learning_model_gmm_demo_202... H File 8795 01/27/2026 16:38:07 0 0 - W= - TW-
D outer_product_similarity_multi-spectral_de... H File 7588 01/14/2026 23:27:15 0 0 - FW- W= Tw-
D som_axis1_demo_2026.H H File 5088 01/26/2026 14:49:18 o 0 - TW- TW-TW-
D som_axis2_demo_2026.H H File 5087 01/26/2026 14:30:31 0 0 - W= MW= P
D spec_mag_3d_cwt_13Hz_derno_2026.H H File 8356 01/14/2026 23:57:42 0 0 - PW- TW- P -
[ emar man 3o cud M Sz damn 2006 H H Eil= a3RA 17147202 73.50.50 n n - s nae . =

File Name: |gmm_output_demo_2026.H oK
File Filter: | AASPI-format files (*.H) | Concel 7




Co-rendering1 gmm_cluster_output x gmm_uncertainty @

Base LE)’EF] ayer?_] Layer 3]

Input attribute for base layer: | CA\Users\hilmi\Documents\GMM_demo2026\gmm_output_demeo_2026.H

Browse
Browse

Color bar for base layer: |rainb0w_\riridis.a|ut

Reverse polarity? [
Plot wiggle trace? r
-
-
50
Use statistical data scaling? [

95

Min-max data ranging

Minimum value: 1

Maximum value: 7

Plot Title: | Corendered GMM
Axis 1 min Time: 1.36

Axis 1 max Time: 1.664

Axis 1inc Time: ’00167

Axis 2 min CDP no.:

2555
,17
1680

1

Desired output axis 1: ’m
Desired output axis 2: ’m
Desired output axis 3: | Time -
H

o

v

Axis 2 max CDP no.:

s 2 inc CDP no: Change axis 3 (3) to “Time”
then change increments (4)

to 0.016s -> 16ms

Axis 3 min Line no.:
Axis 3 max Line no.:

Axis 3 inc Line no.

Reverse x-axis?
Reverse y-axis?

‘Want color bar?

Base Layef| Layer ;“—l ayer 3]

Input attribute for layer 2: krs\hilmi\Documents\GMM demo2026\gmm_cluster_uncertainty_demo_20/6.H

|C\AASPI for_Demnc\aaspi_colors\monochrome_black.alut .

|F0r single-polarity attributes: set low values transparent, high values opagque

Color bar for layer 2:
Reverse polarity?

Opacity curve type:

For single-polarity attributes: set low values transparent, high values opaque

Plot wiggle tra
For single-polarity attributes: set high values transparent, low values opaque
For dual-polarity attributes: set extreme values transparent, zero values opaque
For dual-polarity attributes, set zero values transparent, extreme values opaque
Custom settings read from the alpha channel on a *.alut-format colorbar file

-

Use statistical data scaling?

browse (5) for layer 2:
gmm_cluster_uncertainty
then browse for colorbar (6)
choose monochrome_black

Browse

Browse

then select the first opacity
curve (7)

B! Colorbar File

Directory: |J aaspi_colors

B> ek

MName |Type | Size | Modified Date ‘ User ‘ Group |Attnbutes |
L] fafne.diut ALUTFIIE oy L-E v e o Fa U T T T
Mi d . D hot.alut ALUT File 3681 12/02/2021 14:24:52 o 0 -IW-rW-rw-
FuEBEE R ERENE [ tsochron.alut ALUT File 3945 01/21/2026 1225:04 0 0 -
Minimum value: 0 D lipari.alut ALUT File 4046 12/12/2024 13:42:30 ] 0 -TW-TW- W=
X D magenta.alut ALUT File 4242 12/02/2021 14:24:52 ] 0 -TW-TW- W=
Maximum value: 1 [] magnitude_lajolla.alut ALUT File 3922 02/17/2025 10:21:54 0 0 W
D managua_flip.alut ALUT File 3998 12/12/2024 13:42:30 0 0 -TW-TW-TW-
. - Il monochreme_black.alut ALUT File
Plot Title: |C°'E”de’e‘j GMM GMM uncertainty | 1 onochrome_black_with_high... ALUT File 617 12/02/2001 14:24:52 0 0 -~
Axiz 1 min Time: 1.36 D monachrome_black_with_low_... ALUT File 2625 12/02/2021 14:24:52 o 0 W W -
D monachrome_blue_oslo.alut ALUT File 4003 01/26/2025 16:03:12 o 0 W W -
Axiz 1 max Time: 1.664 [[] monochrome_gray.alut ALUT File 43452 12/02/2021 14:24:52 ] 0 W W -
L X [[1 monachrame_white.alut ALUT File 4352 12/02/2021 14:24:52 ] 0 - MW-TW- -
Axis 1 inc Time: 0.016 [ monochrome_yellow.alut ALUT File 3340 12/02/2021 14:24:52 0 0 -rwerw- -
e mi G Eme ’25557 D navia.alut ALUT File 4045 12/12/2024 13:42:50 0 0 -TWi- MW~ Wi
D rainbow.alut ALUT File EYEN 12/02/2021 14:24:52 0 0 - TWi- M- W=
Axis 2 max CDP no:  |3524 D rainbow_viridis.alut ALUT File 3989 01/26/2025 16:03:12 0 0 - TWi- M- W=
D rainbow_w_black_white_extremn... ALUT File 3730 12/02/2021 14:24:52 o 0 - W= W= -
Axis 2inc COP no: |4 [ rainbow_with_znull_gray_at_ne.. ALUT File 3852 12/02/2021 14:24:52 ] 0 - -
. L D red.alut ALUT File Erak} 12/02/2021 14:24:52 o 0 - W= W= -
Asis 3 min Lineno.:  |1430 [ red_white_blue.alut ALUT File 4132 12/02/2021 1422452 0 0 -
Axis 3 max Line no. ’16307 D red_white_blue_balance.alut ALUT File 4046 01/26/2025 16:03:12 0 0 - PV~ W~ -
D romaQ.alut ALUT File 4088 02/17/2025 10:21:54 0 0 - TW-PW- W= el

Axis 3 inc Line no.

File Name: |monochroma_b\ack.alut

oK

Desired output axis 1: |Line no. hd

File Filter: |Colorbar Files (*.alut,*.alut)

j Cancel

Desired output axis 2: ’m
Desired output axis 3: ’h‘
n
v
v

Reverse x-axis?
Reverse y-axis?

Want color bar?

(c) 2008-2026 AASPI - The University of Oklahoma

Execute corender

(c) 2008-2026 AASPI - The University of Oklahoma

Execute corender




Co-rendering2 seismic x gmm_cluster_probability

Base layer:

Layer 2:

B AASP|-format file name

Directory: |1 GMM_demo2025 > B A e e E
MName Type | Size ‘ Modified Date | User ‘ Group | Attributes

Q. File Folder 65336 01/27/2026 15:58:07 0 0 drw-rw-rw-
[Csegy File Folder 0 01/15/2026 00:05:05 0 0 drw-rw-rw-

D crossplot_SOM_finall_demc_2026.H
D envelope_demo_2026.H

H File TA46
H File 2272

01/27/2026 16:14:26 0 0
011472096 23:36:33 0 0

Input attribute for base layer: |\U sers\hilmitDocuments\ GMM_d emoZDE%\c ropped_KOKAKO_fix_demo_2026.H

Browse

Color bar for base layer: | CAAASPI_for_Demnch\aaspi_colors\red_white_blue_balance.alut

Reverse polarity? [
Plot wiggle trace? [
-
=
50

Use statistical data scaling? W
Statistical data scaling

Minimum percentage value (Lower values will be clipped): 5
Maximum percentage value (Higher values will be clipped): 33

All positive values? [

browse (1) seismic data (cropped KOKAKO fix demo_2026)
then browse for colorbar (2) red_white_blue _balance or
whichever colorbar you like for looking at seismic

Base LayeI Layer 2] Iayer 3]

Input attribute for layer 2:

|s\hi|mi\DUcumEnts\GM M_d EmUZDZB{\g mm_cluster_4_probability_dem U_Z!!E.H l Browse |

|C:\AASPI_for_Dem0\aaspi_coI0rs\monochrome_black.alut Browse

Color bar for layer 2:

Reverse polarity? I

Opacity curve type: |F0r single-polarity attributes: set high values transparent, low values opaque =
Plot wiggle tra For single-polarity attributes: set low values transparent, high values opaque

For single-polarity attributes: set high values transparent, low values cpaque

For dual-polarity attributes: set extreme values transparent, zero values opaque
For dual-polarity attributes, set zero values transparent, extreme values opaque
Custom settings read from the alpha channel on a *.alut-format colorbar file

Use statistical data scaling? [

on layer 2

5 choose (3) gmm_cluster 4 probability

95
Min-mn ot ranging then choose (5) the 2"

Minimum value: 0

Maximum value: 1

Plot Title: |Curendered crop Input Seismic Amplitude Data GMM cluster_4
Auis 1 min Time: 1.36
Axis 1 max Time: 1.664
Axis 1inc Time: 0.004

Axis 2 min CDP no.:

2555
N
e
o Change axis 2 (6) to Line if you

——  wanttolook at Xline section

Desired cutput axis 1: ,h‘
Desired output axis 2! |Line no. -
Desired output axis 3: ’m
o
-
v

Axis 2 max CDP no.:
Axis 2 inc COP no.

Axis 3 min Line no.
Axis 3 max Line no.

Axis 3 inc Line no.:

Reverse x-axis?
Reverse y-axis?

Want color bar?

- set the colorbar (4) to monochrome _black

opacity curve

(c) 2008-2026 AASPI - The University of Oklahoma

Execute corender
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