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o Fast, sparse QR factorization to solve
• Sparse linear systems: Ax = b, A ∈ ℛ!×!
• Sparse linear LS problems:
• min

#
Ax − b $ , A ∈ ℛ%×!, M ≥ N

o Based on a multifrontal QR factorization
o Matrix reordered using Nested Dissection

o Key assumption: Fill-in blocks are low rank
o Sparsification of one interface p:

using a rank revealing QR on,

ND separators Interfaces Elimination tree

o Produces an approx. factorization 
with tunable cost and accuracy

o Complexity: 𝒪 𝑀 log𝑁 in time 
and 𝒪 𝑀 in space

o Exhibits more parallelism than 
direct methods

o Applications in CFD, PDE 
constrained optimization, 
computer graphics and vision.

PDE constrained optimization: Solve 𝐽&𝑥 = 𝑏
𝐽 is the Jacobian of size 𝛼𝑀 × 𝑁

2D 𝑛 × 𝑛 grid, 𝑁 = 𝑛!

3D 𝑛 × 𝑛 × 𝑛 grid, 𝑁 = 𝑛"


