
Shape Modeling and 
Geometry Processing

Mass-Spring and FEM Simulation

252-0538-00L, Spring 2018 

1



#

Questions

If you have questions about the assignment:

moritzge@inf.ethz.ch
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#

Overview

Today:
● Review relevant theory

▪ Optimization: gradient descent (Ex 1.1) and Newton’s method (Ex. 
1.3)

▪ Mass-Spring system: point masses and springs (Ex 1.2 & 1.4)
● Introduction to the code

Next Friday: 
● FEM: deformation gradient, Neo-hookean material model
● Introduction to Automatic/Symbolic Differentiation
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Optimization: Gradient Descent
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gradient descent and Newton’s method side by side
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Optimization: Gradient Descent
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#

Optimization: Gradient Descent
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Taylor-Series expansion of 

want this to 
be



#

Optimization: Line Search
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How far in the direction of the gradient 
should we go?

→ Line search
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Optimization: Gradient Descent + Line Search
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Optimization: Newton’s Method
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Taylor-Series expansion of the gradient

?



#

Optimization: Newton’s Method
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Taylor-Series expansion of 
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Optimization: Newton’s Method
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Mass-Spring System
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Mass-Spring System
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#

Mass-Spring System
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Code Structure: Optimization
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Rosenbrock

ObjectiveFunction
- computes energy, 
gradient and hessian of 
objective function f(x)

TotalEnergyfunction

GradientDescent-
FunctionMinimizer

finds minimum of 
ObjectiveFunction

NewtonFunction-
Minimizer

finds minimum of 
ObjectiveFunction
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Code Structure: Simulation

16

Element
- connects a number of 
nodes
- computes energy, 
gradient and hessian

Spring FEMElement

TotalEnergyFunction
vector<Element*>
SimulationMesh*
- computes total energy, 
gradient and hessian

ObjectiveFunction

SimulationMesh
- uses GD or NM to 
minimize 
TotalEnergyFunction, 
external forces and 
constraints
- generates 
springs/FEM elements 
from triangle mesh

GradientDescent-
FunctionMinimizer

NewtonFunction-
Minimizer
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Next Week

● Exercise 2
● FEM
● Automatic Differentiation
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