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INTRODUCTION THE SOLUTION
The Overlap operator is defined as THEOREM (R. Mathias)[3]

Let A(t) € C™"*" be differentiable at ¢t = 0 and assume that the spec-
trum of A(?) is contained in an open subset D C C for all ¢ in some
with the Wilson Dirac operator Dw and the lat- neighbourhood of 0. Let f be 2n — 1 times continuously differentiable
tice spacing a. It satisfies the Ginsparg-Wilson on D. We then have:
equation, preserves chiral symmetry in the limit
a — 0 and can be defined for finite chemical f(
potential y [1]. The matrix sign function makes
the Overlap operator numerically very expensive
and for realistic lattice sizes one usually has to
rely on approximation methods.
In many situations we need to compute deriva-
tives of the lattice Dirac operator, for example to
compute the fermionic force in HMC simulations
or to study conserved currents. To take deriva-
tives of the Overlap operator we need to know
how to differentiate the approximation of the
sign function, which is often highly non-trivial.

We present a method to compute derivatives of CONVERGENCE OF THE METHOD

the Overlap operator.

The convergence of the Lanczos algorithm depends on the spectrum of the matrix. Therefore it is
A A
0 A |

important to study the properties of A :=

THE LANCZ0OS ALGORITHM

An efficient method to approximate the matrix
sign function is the nested, two-sided Lanczos det A = (det A)2
algorithm|2|:

. . A eigenvalue of A < )\ eigenvalue of A
e Compute approximation to

7= f(A)ZF, A €Cnxn

—
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x eigenvector of A < ( 0

> eigenvetor of A

Krylov subspace method:
Ki(A,Z) ;= span(Z, AZ,..., A"17) Convergence depends only on A

Works for finite p, where 5 Dw 1s non-
hermitian

NUMERICAL RESULTS
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Lanczos algorithm. Therefore we need to know: Outer Krylov size Outer Krylov size

How CAN WE COMPUTE THE
DERIVATIVE OF THE LANCZOS e SU(3) configurations with improved action e Results for simultaneous computation of the sign

o o . function and the derivative from the matrix
ALGORITHM ! e Compute derivatives with respect to background

) 5 ]
gauge field 0,,(x) vs Dw 80, () (75 Dw )
0 75 Dw

. : : : L e Matrix size 31104 (6x6%) and 98304 (8x83)
Straight forward algorithmic differentiation o Results for sign(vs Dy) ("Sign Small") lic on top of

turned out to be numerically unstable even for e Finite chemical potential, v5 Dy is not hermitian the results for the bigger block matrix.

small matrix sizes. e Nested Lanczos algorithm: e The Krylov subspace size needed to achieve a given

Inner Krylov size [ fixed, error ploted as function precision does not nearly grow as fast as the matrix
of the outer Krylov subspace size size when we go to larger lattices.
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