
IFT 6113
INTRODUCTION

http://tiny.cc/6113

Mikhail Bessmeltsev



INSTRUCTOR

Mikhail Bessmeltsev

Email : bmpix@iro.umontreal.ca
Office : AA 6191
Office hour : Fri, 1- 2 pm
Web: http://www - labs.iro.umontreal.ca/~bmpix/



FORMALITIES

Lectures: Tue 9.30- 11.30
Thu 16.30- 18.30

Web: http://tiny.cc/6113

Use Piazza!
http://piazza.com/umontreal.ca/fall2019/ift6113



TEXTBOOK (OPTIONAL)
Polygon Mesh Processing by Botsch et al.

Free online at UdeM library



PREREQS

ÅFor sure:
ïCalculus
ïLinear algebra

ÅBonus (but not required):
ïDifferential Geometry
ïPartial Differential Equations



THIS IS NOT AN EASY COURSE

Heavy math
Heavy programming



BUT INTERESTING

I will help
and be generous with grading



GRADING

Assignments (33%)
Paper Presentation (25%)

Participation (2%)
Final Project (40%)

100%



ASSIGNMENTS (33%)
ÅMostly coding, but math also
Å~ 2 weeks long
ÅRecommended framework: libigl (C++)

http://libigl.github.io/libigl/

http://libigl.github.io/libigl/


FACE TO FACE GRADING

ÅUnderstand each line of your code

ÅPlagiarism policy



PAPER PRESENTATION (25%)

ÅChoose a SIGGRAPH paper on a related topic

ÅGive a talk!
ÅOthers : ask questions

ÅChoose a paper (and post about it in Piazza) 
by Oct 29th



PARTICIPATION (2%)

ÅClassroom
ÅQuestions/discussion at paper and 

project presentations



FINAL PROJECT (40%)

1. Choose a recent SIGGRAPH paper
2. Propose an improvement /modification
3. Implement
4. Present!

Important dates:
Project proposal: Oct 15 th , by midnight
Final Presentation: Dec 5 th , in class



NO EXAMS



WHAT YOU WILL LEARN
Fundamentals:

Mesh data structures
Discrete Differential Geometry

Discrete Laplacians
Vector Fields

Applications:
Shape Deformations

Surface Reconstruction
Mesh Parameterization

Remeshing
Animation/Sketch -ĈðŲēď ŊŒďēńĳŋĩ˧˝

Learning geometry



TODAY

1. Geometric modeling?
2. Shape analysis?
3. Studying shapes: what we need
4. Applications
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WHAT IS 
GEOMETRIC MODELING?



Geometric 
Modeling

Computer Vision

Augmented/Virtual Reality

Human - Computer Interaction (HCI)

Machine 
Learning

19

Computer 
Graphics

Fabrication
Medical

Mechanical 
Engineering

Numerical Optimization

ÍÉÎὪὼ
Ὣὼ π

Ὤὼ π

s.t.

Architecture 
and civil 

engineering



THIS.





AND THIS.



THIS TOO.



AND EVEN THIS.



MODELING



MODELING

ÅHow to represent 3D shapes?
ÅModel them?
ÅGenerate them?
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MODELING

ÅHow to represent 3D shapes?
ÅModel them?
ÅGenerate them?
ÅHow to scan a building? An animal? A 

molecule?
ÅHow to deform a model?
Å̋



MODELING SESSION



SHAPE ANALYSIS

Which parts of 3D shape are interesting ?



SHAPE ANALYSIS

How can we compare shapes?

Sketch- Based 3D Shape Retrieval: Mathias Eitz , Kristian Hildebrand, Tamy Boubekeur , and Marc Alexa, ACM SIGGRAPH 2010



SHAPE ANALYSIS

ÅHow can we compare shapes?
ÅHow to map them onto each other?

http://people.csail.mit.edu/jsolomon/assets/fmaps.pdf

‰



SHAPE ANALYSIS

Segment shapes?

https://arxiv.org/pdf/1705.11050.pdf

https://arxiv.org/pdf/1705.11050.pdf


ROADMAP

ÅData Structures    Ὠ᷿ὼ

ÅRecap of differential geometry ḁ ὨὼὨώὨᾀ
ÅMesh Simplification & Saliency ḀὨὼὨώ

Å6ÅÃÔÏÒ&ÉÅÌÄÓḁ ὨὼὨώὨᾀ

ÅMesh Parameterization ḀὨὼὨώ
ÅShape Deformation ḀὨὼὨώ

Å2$ÍÏÄÅÌÉÎÇὨ᷿ὼ
ÅRÅÍÅÓÈÉÎÇḀὨὼὨώ

ÅLearning Ὠ᷿ὼ



TODAY

1. Geometric modeling?
2. Shape analysis?
3. Studying shapes: what we need
4. Applications



WE WANT TO STUDY SHAPES

What (pure) mathematicians think:



EUCLIDEAN GEOMETRY



EUCLIDEAN GEOMETRY



EUCLIDEAN GEOMETRY

http://www.turbosquid.com/3d - models/medically - human - brain - 3d- model/437885

?



DIFFERENTIAL GEOMETRY

Spivak:  A Comprehensive Introduction to Differential Geometry

Harder intro (5 volumes):

Easy intro:



DIFFERENTIAL GEOMETRY

http://en.wikipedia.org/wiki/Differential_geometry

Study of smooth manifolds



MANIFOLD

http://upload.wikimedia.org/wikipedia/commons/b/bc/Double_torus_illustration.png



MANIFOLD?



MANIFOLD?



MANIFOLD?



MANIFOLD?



DIFFERENTIAL GEOMETRY TOOLBOX

http://www.sciencedirect.com/science/article/pii/S0010448510001983

Curvature and shape properties



WE WANT TO STUDY SHAPES

What graphics people think:



WE WANT TO STUDY SHAPES

ÅCollection of flat triangles/quads
ÅApproximates a smooth surface



WE WANT TO STUDY SHAPES

ÅCan such a mesh have curvature?



MANIFOLD?



DISCRETE DIFFERENTIAL GEOMETRY

Structure preservation:
ïKeeping properties from the continuous 

abstraction exactly true in a discretization.



EXAMPLE: TURNING 
NUMBERS

Images from:  Grinspun ðōď ÁēĉŔŰďˍ ˫Éİē XēŔŌēżŰƘ Ŕĩ ºņðōē 9ƁŰƕēŴˬ ˟ÁbXX½ º^ ʸʶʶʼˠ



DISCRETE DIFFERENTIAL 
GEOMETRY



THEORY: GRAD



THEORY: LAPLACIAN
ɝ

Vallet and Lévy.
Spectral Geometry Processing with Manifold Harmonics .  

EG 2008


