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°° Outline

* PRONTo’s goals and history

e PRoNTo for users

v" General framework
v’ Modules

* PRoNTo for developers
v Implementation
v’ Scripting examples

* PRoNTo v3
e Hands-on session with Fabio Ferreira
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Neuroscience and
Clinical Neuroscience
communities

Machine Learning
community

fMRI
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geir :
el PRONTO’s history

* Pascal Harvest project: August 2011, v1.0
* Team from different backgrounds and institutions

e Releases since: v1.1, v2.0, v2.1, v3.0 to come
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" : PRoNTo features

* Matlab based

* Open-source

* Interfaced: GUI and batch

* SPM compatible

* Multiple classification and regression algorithms

* Includes developments from the team member’s work

Available at: http://www.mlinl.cs.ucl.ac.uk/pronto/
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http://www.mlnl.cs.ucl.ac.uk/pronto/

e Classification

»Can we use brain scans to diagnose psychiatric or neurological disorders?

»Can we decode from the brain scans information about the stimuli being
processed?

* Regression
» Can we predict clinical scores from brain scans?
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Data Atlas
Design 2"d |evel
15t level mask (ROI)
mask

Feature
set

* Groups * Extract features Targets/classes
* Subjects/scans e Build kernel(s) Cross-Validation
* Modalities e Detrend e Hyper-parameter
* Conditions e Scaling optimization

* Machines

* Data operations
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* Estimate model
* Assess performance
* Assess significance
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Design “‘ @
15t level mask ‘Og';;ﬁ,y
Data &
Design

PRT.mat
Review Design
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* User inputs:

v Groups
v'Subjects
v'"Modalities
v'Design
v'Covariates
v'Targets
v'Masks

Groups

Directory where to wnite the results

Subjects/ Scans
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Modalities/ runs Files




Atlas
2nd |evel
mask (ROI)

Feature
set

ReV|ew Kernel
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* Reads through all images in modality

 Selects features for kernel(s)

e v2: combines kerne

Current Folder @ |

Mame =

BE' Fastest.mat
7| Feature_set_Runl.dat

7| Feature_set_Run2.dat
H PRT.mat

J. Schrouff - PRNI 2018

S

4] PRoNTo = Prepare feature set

Se,

MName

Modalities

Number of modalities to concatel

Selected modalities

One kernel per modality {for M

4 PRoNTo =: Specify modality to include

Modality mr1
Conditions All scans
Parameters
Detrend No
Scaling No scaling
Features

Additional (2nd level) mask for selected modality

[ Build one kernel per region

Atlas defining regions of interest (ROls)




Specify
model

N

Review Model, CV

B <t " |
r— -
Feature sot Cross Validation [
09
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02 Train
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* Define the question:

v’ feature set

v’ classes / samples

v’ machine and parameters

v’ cross-validation (inner & outer)
v’ data operations
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ecify mo

Select PRT.mat

Model name
Feature set
Fi set
Use kernels Yes
Model
Model type Classification v
Define classes

Machine Binary support vector machine 22

[ Optimize hyper-parameter

Cross-Validation Scheme

Cross-Validation Scheme

Data operations

Define range

Custom

Cross-Validation

Custom

Selected data operations

Specify model

Specify and run model
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S A :
“egile - Machines

* Classification:

v' SVM (LIBSVM)

v’ Gaussian Processes (GPML)
v L1-MKL (simpleMKL)

* Regression:

v RVR

v" KRR

v Gaussian Processes (GPML)
v L1-MKL (simpleMKL)
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Select PRT.mat
Model name
Feature set
Feature set
Use kemels @ Yes
Model
Model type Classification
Define classes
Machine Binary supportvector machine
["] Optimize hyper-parameter Define range
Cross-Validation Scheme Custom

Cross-Validation Scheme Custom

4|

Sample averaging (withir
Mean centre features usii
Divide data vectors by the
Perform a GLM (for covari -

m L3 v

Specify model Specify and run model

4/14/2018

Standard approaches:

Flexible CV schemes allowed

LOSO
LOBO
LORO
LOSCO
k-fold CV

J. Schrouff - Course 2018

-
n <Student Version> : PRoNTo :: Review Cross-Validation

Save

Feature set

Cross-Validation

Group Subject ModalityCondition Block Scans

— Define CV

Faces
Faces

Faces
Faces
Faces
Faces

Faces

Faces

Faces

Faces

Faces
Faces
Faces

Faces
Faces

fold1

S m A a s A NN NN NN NN

fold 2

MR NNRNRN =S = = 5 o oo e

fold3

fold 4

fold5

Done

oo |
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Run model

Display performance

6/14/2018

e Estimates the model
e Batch: runs permutations

[ Batch Editor ||
File Edit View BasidO PRoNTo ~
| i

DESH| b
Module List Current Module: Run model
Run model “| |Help on: Run model -
Load PRT.mat _..sults\PRT.mat
Model name F_H_MKL

Do permutation test?
_ Permutafion fest

__Number of permutations 1000
| .. Save permutations parameters No

Current ltem: Humber of permutations

1000 i
||
- ,
Number of permutations a
|| Enter the number of permutations to perform
|| |Evaluated statements are entered

An 1-by-1 array must be entered.
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"Bl PRoNTo : Results

. W =

F. PRoNT| | Save Figure File Edit View Inset Tools Desktop Window Help £l
Save Figu Ddde k| AAOLDLRL- 2|08 aDd
Ij % | — PRoNTo: Results
T = Plot Model
—PRob -
Model |svm_guys_vs_hamiop -
— Plot 76 *
gpc_3centres_2mod
14 74l » » RVR_age_regress
GPR_age_regress
12| b » » »
p | 70} -
osl E . Fold  |Allfolds / Average -
1 1 =
2
06 s | » . 5 o
04 .' Plot Frelidjnns (scatter) -~
641 Predictions (bar)
» Predictions (line)
02 = . . 2 . . }
64 65 66 67 63 69 70 ril i
0 P

Stats

Correlation: 0.23
Correlation p-value: 0.1710

Coeff. of determination (R2): 0.0

R2 p-value: 0.5610

! " 9.74

Norm. MSE: 145
Norm. MSE p-value: 0.8740

Copyright 2011 PRoNTo

Permutation test | repetitions
Edit plot Help Quit




Compute wel

r
PRoNTo :: Model interpretation E@ﬂ

Save Figure File Edit View Inset Tools Desktop Window Help k]

* Build voxel weights FECTIDNN] TP RN

| - @ =
fl;ﬂlz;h}l'—ro MELE ETETERLLT u PRoNTo :: Model interpretation u_ﬂ:
lay

Model ¢ 1 s GPMul_LOBO .] Save Figure File Edit View Inset Tools Desktop Window Help El

* Maps back to original image EEFTIORSC T ¥ PHCWLIET

[ 79 ¥
Il PRoNTo: Model interpretation
~ Display Weight
. Weights =
. - Model F_H_S_GPMu LOBO . weights_F_H_S_GPMult_L... . we!ghts Dervnx.el
¢ contripbutions: |
° | — Weights map — Anatomical img

v’ average from atlas (post-hoc
v’ kernel contribution (MKL) h——

Crosshair Position
Origin

mm | _0.0-25.0 10.0

VE 270300210

Intensity: Mah

C:\PRoNTo_data\Haxbyitest_resul; ﬂ L oad anatomical img A Resetimages
ROI label ROIw...| ROI...| Exp. R... 4
i 1 Parietal Sup_L 21558 528 09722 ~ =
2 |Occipital Sup_L 17965 372 2.0833| =9 1
3 Fusiform_L 1.7541 658 2.888% ;
4 Cerebelum_Tb_R 1.6190 95 4.5000 0
5 |Occipital_Mid_L 15962 928 45556 0 50 100 150
Copyright 2011 PRoNTo. G |Occipital Mid_R 15187 601 6.1111 Index in table
l 7 Fusiform_R 1.5073 729 6.5556
é' & Precuneus_L 1.4567 934 7.8889
] Parietal_Sup_R 1.4363 428 83333
10 |Frontal_inf_Oper.. 12942 285 10.2222
11  |Parigtal_Inf L 12841 724 106388
12 Occipital Sun B 17338 3RT 11 WRT kv
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“agie - Thank you!

Questions?
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* Tool box: use PRoNTo as a basis for developments

* Avoids to re-code e.g. cross-validation when new data/model
* Established framework: less prone to errors, double dipping
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e User interfaces

e Core functions
e All written in Matlab with occasional mex interfaces
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PRoNTo architecture

GUI Batch
rE PRoNTo (=1 E e’

(4] Batch Editor [E=R RN
File Edit View SPM BasiclO PRoNTo ™
DEd P
Pattern Recognition for Neuroimagin Hoowe L¥ bbb
g ging Data & Design | ~| [gElale I E RN BT B
data Toolbox Feature set/Kem Directory <X
Specify model Groups <X
5 Revi . Run model Masks <X
Main steps BIEDTIOTE Compute weights Review No
Data & Design Review data
Prepare feature set Review kernel & CV
Specify model Display results
Run model Display weights 1
4 1 L3
Compute weights Batch Specify the data and design for each group (minimum one group). :J
This branch contains 4 items:
* Directory i
=

Core functions
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e Similar to SPM structure

et
e Saved in folder as ‘PRT.mat’ E§E::g:::z:;‘:::;_:3:2

- PRT.mat

* PRT has one or 2 fields per module ] vt comb. g

j weights_comb_regress_mrl.img
weights_comb_regress_mr2. hdr

. 2| weights_comb_regress_mr2.img
* Load and dig:

PRT.rmat (MAT-file)

EE Mame Yalue
PRT 1x1 struct
6/14/2018 J. Schrouff - PRNI 2018

Command Window

»» PRT
PRT =
struct with fields:

group: [1=x1 =truct]
masks: [1=2 struct]
f=z: [1x1 =struct]
fas: [1=2 =struct]
model: [1=x1 struct]

»>» PRT .model (1) .output.stats
ans =
strnct with fields:

con _mat: [2=2 double]
acc: 0.4000

c_acc: [2=1 double]
b acc: 0.3333

c_pv: [2x1 doubkle]
acc_lb: 0.117&
acc ub: 0.7693

fx o>
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Core functions

°® One function per module LEunctinn [oucfile] = prt_cv_model (PRT,in)

% Function to run a cross-validation structure on a given model

%
* |deal for scripting: b Inputs:
% PRT: data structure
% in.fname: filename for PRT.mat (string)
% in.model name: name for this model (string)
%
% OCutputs:
L ————————
% Writes the following fields in the PRT data structure:
%
% PRT.model (m) .output.fold(i).targets: targets for fold(i)
% PRT.model (m) .output.fold(i) .predictions: predictions for fold(i)
° Not for Data & DeS|gn Step $ PRT.model (m) .output.fold(i).stats: statistics for fold(i)
% PRET.model (m) .output.fold(i).{custom}: optional fields
. %
* Best for running models e
% The PRT.model (m).input fields are set by prt_init model, not by
% this function
£
%
% Copyvright (C) 2011 Machine Learning & Neuroimaging Laboratory
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e Simulated data: one feature set per SNR and sparsity
e 19 * 15 = 285 models

* Power using PRoNTo:
»Home script
»Batch to create feature set
»Load PRT
» Use a pre-defined model as basis
»Replace the feature set
»Run and extract performance

6/14/2018
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function [PRT] = pronto_analysis (fname,prtname, channel file)

load (prtname)

path = spm fileparts (prtname);

% Beplace file name by new file name
FRT.group.subject.modality.scans = fname;
PRT = rmfield(PRT,{'f=',"fa=s', "'model'});
gave (fullfile (path, "PFET.mat"), "PRT")

% Build feature set
batch create_ feature set (prtname,channel file)
load (prtname)

% Specify models
batch specify models pronto(prtname)
load (prtname)

¥ Bun models

in.fname = prtname;

in.model name = "3IVH';

prtname = prt cv_model (PRT,in);
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* Permutations can be lengthy

e Can run code on cluster

* Different strategies:
»one job per xx permutations
» using parfor
»spmd
»Batch or prt_permutations

» Careful with graphical/workspace output

6/14/2018
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Eunctimn [1 = prt_permutation (PRT, n _perm, modelid, path, flag)
% Function to compute permutation test

% FRT: PRT structure including model
% n_perm: number of permutations
% modelid: model ID for model to test and model to copy permutations from

% (optional). Can hence be of size 1x1l or 1x2.

% path: path

%2 flag: boolean wariable. =et to 1 to =save the outputs for each
E permutation. default: 0

E
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S
@)

N e .
- PRoNTo machines

.h\:
o

e PRoNTo interfaces libraries

atlas
batch £ prt_machine_rvr.m gpml
machines B prt_machine_sMKL_cla.m ‘ libsvim-3.20
manual Jnl pri_machine_sMEL_reg.m RT-dec2010
macke Jnl prt_machine_svm_bin.m SimpleMKL
utils Wrapper functions Third-party libraries
D .gitignore
ﬂ pronto.m

ﬂ prt.m
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) N

>~ New machine

 Can interface your classification/regression algorithm

ﬂ pri_machine_esvr.m

Sffunction output = prt machinme esvr (d,args)

—-/% Run Epsilon-5VR - wrapper for 1ib5SVM R
% _FORMAT cutput = prt_machine esvr(d,args) e_a rra nge
3] Inputs: R
3 d - structure with data inform In putS/O utputs
% .train — training data (cell ar
% sach [Ntr x D]). esach
% of the data. This is u and arguments
% maltiple kernel learnirs esvr train m
% .test — testing data (cell ar —_— °
% [Mce x D]) .
% .tr_targets - tralning labels (for c esvr pred Ict m
% regression) (column ve —_— .
5 .use_kernel - flag, is data in form
% form of features (false)
% ardgs — libSVHM arguments
3 Cutput:
- output < output of machine (struct).
% ¥ Mandatory fields:
% predictions - predictions of classi
E #* Optional fields:
% .func wal - wvalue of the decision &
% Lype — which type of machine tI
k]
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 labels: 1 for class 1, 2 for class 2, ...

* Hyper-parameter optimization: careful with string arguments

e Use ‘custom machine’

* Compiled machine?

* Weight computation:
» Default: linear kernel
» If not: need to specify weight function

prt_weights_bin_linkernel.m

pri_weights_gpclap.m
prt_weights_sMEL_cla.m

e e

prt_weights_sMEKL_reg.m

6/14/2018

Module List

Current Module: Specify model

— W = ) OX
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Specifiymodel  ~| | . Groups

Run model

DI ... Group
... Group name Aged
i Suhiects 102w douhl
. Machine
.. Custom machine
... Function _\prt_machine_esvr.m
___ Arguments -q-s3-t4-c1
l".rnc::_ua IAATIAn TWne

E] MyCustornMachine.m

2

l
Wﬂﬂﬁfi




* Yes!

* Next releases in Github

* Need to interface: GUI and batch

* Backwards compatibility

* Matlab backwards compatibility and toolbox codes

* Coming soon: developer’s manual
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“agie - Thank you!

Questions?
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* SPM MEEG

|4 PRoNTo & Specify modality to include

4] PRoNTo »: Specify modality - O X Modality EEG
Modality Channels :
oeecied
Name Enter new v
e Good =
Data format nifti v
All
. MEEG
Files
.mat
[J Average signal over channels
Design MNo design v

[] One kemnel per channel

Time points

From | -200 msto | 600 'ms

[J Average signal over time points

] One kemel per:

OK Cancel fime pomt
window of ms
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Frequencies

From Hz to Hz

Average signal in specified band

One kernel per frequency bin

Done
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fre

JN
\
i
.
v

.mat

|4\ PRoMTo = Specify modality

Modality
Name Enter new
Data format nifti
. MEEG

Files

.mat
Design MNo design

OK Cancel

6/14/2018
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|4 Batch Editor — O b
File Edit View SPM BasiclO PRoNTo
D d P
Module List Current Module: Feature setiKernel
m Help on: Feature set/Kernel 2
Load PRT.mat =X
Feature/kernel name <X
Data format
. .mat
- Modality
.. Modality name <X
.. Features to include
.. All features
W
Current ltem: .mat
New: Modality 2
Replicate: Modality (1)
Delete: Modality (1)
W
W
£ > Specify...
Add modalities in .mat format
1 or more options must be selected from:
* Modality y
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i New functionalities

* Non-kernel methods

 Combining different data formats (e.g. EEG and fMRI)
* Multi-Task Learning

* Test model module: share PRT and weight maps

* and much more ...
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“agie - Thank you!

Suggestions?
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 OASIS data set
* 50 demented — 50 non-demented

* Confounds: age and gender (boolean)
* Two features extracted: grey and white matter

e Goal: classify demented from non-demented
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