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Abstract
For many applications in numerical physics,

fast convolutions with a Green kernel on un-
structured grids are needed to compute in a
reasonable time the matrix-vector products. To
this aim, many methods have been developed in
the last decades. They are divided in two major
classes, those which use analytical approxima-
tion of the Green kernel [1,2,4] and those based
on algebraic compression [3, 5]. Associated to
this paper, we provide a new open-source Mat-
lab toolbox named OpenHmX [6] for the second
class of compression.
Keywords : H-Matrix, open source, green ker-
nel convolution, hierarchical tree, ACA, SVD

1 Context
As a generic example, the case of boundary

element formulations for tri-dimensional acous-
tics is considered, associated to the single layer
potential expression :

Sλ(x) =
∫

Γ
G(x,y)λ(y)dΓy, ∀x ∈ R3,

where G(x,y) is the Green kernel :

G(x,y) = eik|x−y|

4π|x− y| , (1)

and Γ the boundary. Using a discrete quadra-
ture of Γ, this convolution product needs a fast
computation of discrete sums as :

G ? f(x) ∼
N∑

n=1
G(x,yn)fn, (2)

where the potential (fn)1≤n≤N is known for all yn.
Since each particle x interacts with each particle
y, numerical implementation of equation (2) na-
turally leads to the computation of a dense matrix-
vector product. However, thanks to local rank
defaults, algebraic compression with divide and
conquer process can be used to approximate ac-
curately many parts of the full matrix with low
rank pieces (H-Matrix based methods [3, 5]).

2 Overview of OpenHmX
OpenHmX [6] is an open-source toolbox for

H-Matrix computations, natively written in Mat-
lab language. This library builds the compres-
sed matrix representation of equation (2) in three
steps.

Firstly, two independent binary trees are com-
puted for the tri-dimensional clustering of the
particles x and y respectively. These trees try
to keep a well balanced spatial distribution with
any spatial configuration. To do so, it uses both
geometric and median cutting, dealing with the
best way for all particle groups encountered at
each depth of the tree. The cutting of the par-
ticles is carried on until the number of particles
in the leaf reaches the value :

Nleaf ≈ log(N)
3
2 . (3)

Secondly, from the binary trees associated
to particles x and y, the allowed block inter-
actions for algebraic compression is constructed
hierarchically (fig. 2, left). In order to proceed,
for each block defined by the sets of particles
(xi)i∈I indexed by I and (yj)j∈J indexed by J ,
we use the admissibility condition :

D(xI ,yJ) > max (d(xI), d(yI)) , (4)

where D(xI ,yJ) is the distance between the
centres of the two boxes surrounding each set
of particles, and d(xI) and d(yJ) are respecti-
vely the diameters of theses boxes.

Finally, an Adaptive Cross Approximation
[3] is done for admissible interactions, comple-
ted by the standard full computation for close
interactions, both with Matlab parallel compu-
tation. To do, we use a new criterion in order to
evaluate the convergence of the ACA algorithm,
instead of the classic one. We evaluate the dis-
tances between each set of particles (xi)i∈I and
(yj)j∈J , from their projections on the axis defi-
ned by the two centres of each dataset. We then
compute exactly the Green kernel for some re-
presentative interactions, indexed by I0 ⊂ I and
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N Cores τ k Direct (s) H-Matrix (s) Memory (Mo) L2 error for 103 values
103 1 10−3 0 0.52 0.71 6.9 7.6 10−5

104 1 10−3 0 5.4 7.5 130 1.1 10−4

105 1 10−3 0 - 74 2.2 103 1.2 10−4

106 1 10−3 0 - 783 4.2 104 1.2 10−4

103 8 10−3 0 0.18 0.31 7.1 7.1 10−5

104 8 10−3 0 1.1 1.5 130 1.1 10−4

105 8 10−3 0 - 11 2.2 103 1.0 10−4

106 8 10−3 0 - 120 4.1 104 1.1 10−4

104 8 10−6 0 1.1 2.4 243 7.1 10−8

104 8 10−9 0 1.1 3.4 379 2.7 10−11

104 8 10−12 0 1.1 4.4 520 2.2 10−14

103 8 10−3 5 0.19 0.41 8.4 1.8 10−4

104 8 10−3 10 1.6 1.8 183 5.5 10−4

105 8 10−3 20 - 22 3.3 103 5.1 10−4

106 8 10−3 30 - 260 6.2 104 5.2 10−4

Figure 1 – Numerical results for a random spherical distribution

J0 ⊂ J . With an user fixed threshold τ , the
stopping criterion can now be driven numeri-
cally by the condition :

||G(xI0 ,yJ0)−AI0BJ0 || < τ. (5)

3 Numericals results and conclusion
In this last section, we present few numerical

results from OpenHmX, computed with Matlab
R2013 on a 8 cores CPU at 2.7 GHz with 128 Go
memory. To do, we simply consider a random
spherical repartition of N particles both for x
and y (fig. 2, right). We use the standard Helm-
holtz Green kernel (1), with various wave num-
bers k and thresholds τ . All results are given in
figure 1.

To conclude, we propose in this paper a new
open source Matlab library for H-Matrix com-
putation. Some noticeable details enrich stan-
dard approaches proposed in the state of the
art, and numerical test provide good perfor-
mances, accuracies and paralelization speed-up
factors. In the future, we plan to focus on the
memory cost and the high frequency problem.
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