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Introduction Approach Parallelism Mesh Summary

Continuum Mechanics

Fluids:

∂ρu

∂t
+∇ · (ρu) = 0

∂ρu

∂t
+∇ · (ρu⊗ u) = −∇P +∇ · S+ ρg

Solids:

ρ
∂2x

∂t2
= ∇ · S+ F
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Basic Linear Algebra Subroutines
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(Discrete) Vector Calculus

“it is evident that all analogies of this kind
depend on principles of a more fundamental
nature; and that [. . . ] we should lose no time
in availing ourselves of the mathematical
labours of those who had already solved
problems essentially the same”

J.C. Maxwell 1869
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Challenge

Can we systematize the computational and numerical aspects of computational
mechanics?

• How to consider the parallel aspects?

• How to construct the discretizations?

Set theory + OOP
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Abstract Algebra

Set

Vector Space

Topological Space

Cell Complex

Manifold Diff.Manifold

y = ax+ y

A : U → V

topology

incidence

atlas diff

FDM

FVM

FEM

...
BLAS
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Partitions

memory

R0 R1

R1 R2

partition

halo

interface

Definition

A partition P of a set X is a collection of
subsets such that:

• ∅ /∈ P

• ⋃
i Pi = X

• Pi ∩ Pj |i ̸= j = ∅

Summary:
• set X memory

• partition P MPI comm

• cover C halo/interface
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Abstraction

cover

partition

MPI CUDA OpenCL

virtual void refine()

virtual void communicate()
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Mesh

What is a mesh?
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Portability & Resilience

Why is it a challenge?

for(int i = 0; i < M; i++)

{

...

for(int j = 0; j < N; j++)

{

...

y[i] = A[i][j] * x[i];

...

}

...

}

c1 c2

c3 c4

n̂1

n̂2

n̂3

n̂4 n̂5

n̂6

n̂7

n̂8

n̂9 n̂10

n̂11 n̂12

v1 v2 v3

v4 v5 v6

v7 v8 v9

Local memory accesses!
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Connectivity - Cell complex

P L S V

Ṽ S̃ L̃ P̃

E0 E1 E2

co-chain

Ẽ0Ẽ1Ẽ2

chain

⋆⋆⋆⋆

Summary:
• Ci Cells!
• Ei : Ci → Ci±1 Connectivity!
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Ṽ S̃ L̃ P̃

E0 E1 E2

co-chain
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Ṽ S̃ L̃ P̃

E0 E1 E2

co-chain
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Ṽ S̃ L̃ P̃

E0 E1 E2

co-chain
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Coordinates - Manifold

Definition

A manifold M is a topological space X
equipped with a collection of maps φ that
map to the Euclidean space Rn.

φα : Uα ⊆ M → Rn

Summary:
• atlas φ xdmf/vtk/etc

• manifold M mesh!
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Differentials - Differential Manifold

Definition

A differential manifold M that is “smooth
enough” to perform differentiation. This
defines locally a tangent space TxM .

f fdl fdS fdv

Λ0 Λ1 Λ2 Λ3

P L S V

d d d

E0 E1 E2

∫∫∫∫

Summary:
• Tangent Space TxM FDM/FVM/FEM/SEM
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Summary

Set

Vector Space

Topological Space

Cell Complex

Manifold Diff.Manifold

y = ax+ y

A : U → V

topology

incidence

atlas diff

FDM

FVM

FEM

...
BLAS

1 Enhanced computational abstraction

2 Enhanced numerical abstraction

3 Better resilience

4 Better portability

5 Better interchangeability
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