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Motivation

<> Code (1) Issues 55 11 Pull requests 0 [l Projects o ) Security  [;i Insights
Branch: master ~ | ceres-solver / internal / ceres / Create new file =~ Upload files = Find file = History
alexsmac Default to any other sparse libraries over Accelerate  «-- Latest commit c4dbc92 2 days ago

benchmarks Update the sizes In small_blas_gem?_benchmark.cc last year > 5 O % Of t h e CO d e i S fo r

i generated Add the 3,3,3 template specialization. 4 months ago

B generated_bundle_adjustment_tests Add Apple's Accelerate framework as a sparse linear algebra library. last year .
i = Sparse Block Matrices
B gtest Update googletest/googlemock to db8b85e2. 4 months ago o

B miniglog/glog Make minigleg threadsafe on non-windows system by using 4 years ago . LI n e a r SO |Ve rS

[E) CMakeLists.txt Speed up InvertPSDMatrix 28 days ago

E) accelerate_sparse.cc Recycle numeric factorisation when using Accelerate Sparse. last year

E) accelerate_sparse.h Recycle numeric factorisation when using Accelerate Sparse. last year .

E) algorithm_test.cc Switch to FixedArray implementation from abseil. 3 months ago C a n We get rl d Of t h a t ?
E) array_utils.cc Deprecate macros.h and fpclassify.h last year

E] array_utils.h Fix typos. 9 months ago

https://github.com/ceres-solver/ceres-solver
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Overview
Block Matrix Block Solver
l replace with 1 replace with \
Recursive Matrix Recursive Solver Eigen Extension

\ apply to /
implement as

Structured Optimization Problem

https://eigen.tuxfamily.org
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What is a Recursive Matrix?

Definition

A recursive matrix is a rectangular array of
numbers or recursive matrices.

N
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Recursive Matrix Operations

= Multiplication
= Addition
= Transposition
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Recursive Matrices in Eigen

= Scalar Matrix

Matrix<float, 3, 3>

= Dense Block Matrix
Matrix<Matrix<float,2,2>2,2>
= Sparse Block Matrix

SparseMatrix<Matrix<float,2,2>>

= Recursive Operations in Eigen

» Not working without our extension (see Paper)
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Least-Squares Optimization
arg min Z R(p,q,...)°

p,q,-..

Adjacency/Hessian Matrix ‘
= H

=

. Parameter

= Residual
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As Rigid as Possible (ARAP)
argafninz:R(a:‘i,:flc'j)2

i

3x3 Block

Recursive Matrix Type:

—) SparseMatrix<

Matrix<float, 3, 3>
> H;

—
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Bundle Adjustment
arg min Z R(zi,p;)°

L,p

3x3 Block

Points

o ° o

O
® O

Cameras , Points | Cameras 3x6 Block

Recursive Matrix Type:

Points

SparseMatrix<
Matrix<float,-1,-1>
> H;

Slow! D:

Cameras

6x6 Blotkdly 2019
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Mixed Matrix

Definition

A mixed matrix is a rectangular array, where
each element can be of a different type.

0 -1 1 MixedMatrix22<
[1 0 1] 49 Matrix<float,3, 3>,
1 1 0 float,
complex<float>,
31 + 5i “Hello” string
> A,
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Recursive Bundle Adjustment

——————————
F oo T T Tty e e m -

1 1
I 1

. | i MixedMatrix22<

o= | i DiagonalMatrix<Matrix<float, 3, 3>>,
R SparseMatrix<Matrix<float, 3,6>>,
SparseMatrix<Matrix<float, 6, 3>>,
DiagonalMatrix<Matrix<float,6,6>>
> H;

_________

How do we solve

HAx=b ?
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Recursive Linear Solvers

“Normal” recursive matrices
= Recursive CG, Recursive LDLT,...
» Straight forward (see paper)

Mixed recursive matrices
* General solvers (CG)
= Partially specialized solvers
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Partially Specialized Solvers

. Implementation
] Diagonal
- Arbitrary 1. Invert Diagonal Matrix
2. Compute Schur Complement
Arbi
. AelfAreI 3.  Solve Reduced System (Recursive Call!)
] Arbitrary 4. Compute Solution for Initial System

Mixed 2x2 Matrix
» Better than general solver
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Template Matching
‘/ v
II/\\\

\\//

v
> Optimal solver is picked at compile time!
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Results

Structured Optimization
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ARAP - Speedup Bundle Adjustment - Speedup
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Results

Sparse Block Matrix Multiplication
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Sparse Block Matrix-Vector

Sparse Block Matrix-Matrix

Speedup Speedup
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2 : h
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Block Size _ Block Size
——MKL -e—Recursive ——MKL -e—Recursive
» Clang 8.0 - 1 Thread on i7-7700K, SSE+AVX
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Application

Camera Tracking (SLAM)
Local/Global BA
Pose Refinement

Pose Graph Optimization

1.17 ms/frame (~850 FPS)*

*4 Threads on i7-8850H
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Any Questions?

o https://github.com/darglein/EigenRecursive
& darius.rueckert@fau.de
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