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Overview

. Re-introduction to broad thesis topic
. Progress to date
- Next steps

. Timeline for graduation
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Thesis Objective

To explore and evaluate the effect that minor perturbations have
on neuroimaging pipelines, thereby shedding light on the state
of stability in neuroimaging and possible paths forward.
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Chapter 1: Facilitating FAIR Tool Creation,
Consumption, and Deployment

Complete
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Boutiques & Clowdr Enable FAIR Tooling
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Chapter 2: Comparing Methods for Identifying
Instabilities in Pipelines

Complete
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(Scaria, 2017)

(Skare, 2000)

CIVET

Projected dist. (mm) perturb->orig white,
fwhm20mm, CIVET-0.5mm->0.5mm

Projected dist. (mm) perturb->orig gray,
fwhm20mm, CIVET-0.5mm->0.5mm

EE T =
0.1 0 01

Freesurfer

Projected dist. (mm) perturb->orig gray,
fwhm20mm, FS-0.5mm->0.5mm
EEE =

-0.1 0 0.1

Projected dist. (mm) perturb->orig white,
fwhm20mm, FS-0.5mm->0.5mm

(Lewis, 2017)
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Floating Point Representations are Finite

32 Bits

Sign Exponent Mantissa

«— 1] Bit—> <«—— 8 Bits > < 23 Bits

Single Precision
IEEE 754 Floating-Point Standard

« 64 Bits >

Sign Exponent Mantissa

«—— 1Bit—> <« 11 Bits > o« 52 Bits >

Double Precision
IEEE 754 Floating-Point Standard

https://www.geeksforgeeks.org/ieee-standard-754-floating-point-numbers/
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Floating Point Arithmetic is Inexact

E.g. addition is non associative for the following with 8-digits

(11111113, ¢ —11111111.) ¢ 7.5111111 = 2.0000000 ¢ 7.5111111 = 9.5111111;
11111113, ¢ ( —11111111. ¢ 7.5111111) = 11111113. ¢ —11111103. = 10.000000.

(Parker, 1997)

OMUO T @ 3 :



https://www.mcgill.ca/hbhl/
https://www.mcgill.ca/hbhl/

Monte Carlo Arithmetic (MCA)

Inexact quantities become random variables

& = inexact(z,s, ) = ax 4+ 2°°¢  where e is the order of magnitude of x
.. . 77 if  can be expressed exactly with ¢ digits
t_digit_ = . :
git-presision:(#) { inexact (z, t, {)  otherwise.

(Parker, 1997)
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erificarlo

Verificarlo v0.2.3

A tool for automatic Montecarlo Arithmetic analysis.

Setup

Compile C/C++/Fortran lib with Veriticarlo

Instrumentation

launch pipeline...

1. if floating point operation:

2. convert {float, double} -> {double, quad}
3. (PB) simulate unrounding/rounding

4. perform operation

5. (RR) simulate unrounding/rounding

6. truncate {double, quad} -> {float, double}
7. endif

... re-run pipeline N times
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Differences in Perturbed Structural Connectomes
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1-voxel (Indep.) RR (Python)
RR (Full Stack)

1-voxel (Single)

Structural Differences Across Perturbation Modes and Subjects

Relative STD
double (increasing)

MCA (Python)

double (decreasing)
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Percent Edge Change

Deviations in Aggregated Edge Count from Reference
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Chapter 3: Evaluating Analytical Impact of
Instabilities

In Progress

Chapter 4: Improving Pipeline Stability Through
Statistical Aggregation

In Progress

Chapter 5: Informing Tool Selection Based on the
Stability of Pipelines

ToDo
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Thesis QOutline

Chapter 1: Facilitating FAIR Tool Creation, Consumption, and Deployment
Chapter 2: Comparing Methods for Identitying Instabilities in Pipelines
Chapter 3: Evaluating Analytical Impact of Instabilities

Chapter 4: Improving Pipeline Stability Through Statistical Aggregation

Chapter 5: Informing Tool Selection Based on the Stability of Pipelines
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Timeline
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we are here —

4 R
Ph.D. Thesis Pre-Submission Meeting
Thisr ing takes place at least six (6) months before planning to submit the Thesis to Graduate Faculty. i
myProgress Milestone: TBD Policy  Form N\
J
v
e N
Ph.D. Thesis Submission
Submission of a thesis compiling the scholarly work containing original contributions to the field completed during
the Ph.D. period is a requirement.
GPS Thesis Guidelines Polic Form
- f’ il
4 )
Ph.D. Oral Defence
The student presents an oral defence of the thesis research to some members of the Advisory Committee and
other experts, according to Graduate Faculty regulations.
http://www.mcgill.ca/gps/thesis/guidelines/oral-defence
. & 7 A
3 B
Ph.D. Final Thesis Submission
Final submission of the thesis through e-Thesis, incorporating any changes required by the thesis defence
committee, is mandatory.

S http://www.mcgill.ca/gps/thesis/guidelines/final-submission )

approval required 6
months pre-defense

i.e. this time next year
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All code mentioned in this presentation is publicly
available on GitHub.

Thanks!
Find me @
() gkiar

¥ g_kiar
greg.kiar@mail.mcgill.ca
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Questions?
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