
Introducing STAMPS: an open-source discrete

adjoint CFD solver using source-transformation AD

Jens-Dominik Müller∗

and Mateusz Gugala†, Shenren Xu‡, Jan Hückelheim§

, Pavanakumar Mohanamuraly¶, Oluwadamilare Rahman Imam-Lawal‖

Queen Mary University of London, London, E1 4NS, United Kingdom

We present the developments of the open-source adjoint CFD code STAMPS which
uses source-transformation AD and fixed-point treatments to obtain readable, modifi-
able and efficient adjoint code.

I. Introduction

Adjoint CFD solvers are now commonplace in the aerospace industry, effectively all major aerospace
companies and research labs develop or collaborate around in-house implementations. Similarly, the
major code vendors now offer adjoint variants with varying capability. There are also two major adjoint
open-source efforts, the incompressible OpenFOAM1 and the compressible SU2.2 Both codes use the
continuous approach as the main adjoint variant, but also have discrete variants using operator overloading
AD tools.3,4

The continuous variants can produce effective adjoint code for the robust time-stepping of the com-
pressible flow equations, and can be made sufficiently stable for pressure-correction type discretisations.
As long as the user only needs a RANS solution for the flow, adjoint solutions can be obtained for
large-scale problems. For modelling beyond RANS, the continuous approach suffers from difficulties with
stability, as well as from a substantial manual effort in deriving and discretising the adjoint equations for
updates and new physical models. Questions remain whether the fact that the computed gradients are
not the gradients of the discrete CFD solutions pose a problem for applications of continuous adjoints in
e.g. uncertainty quantification.

The discrete adjoints derived with automatic differentiation tools can in principle overcome these
difficulties: exact transposition in reverse-mode differentiation guarantees that the linear stability of the
CFD code (primal) is inherited, any code modifications of the primal are automatically differentiated and
directly available to the user.

However, there are major caveats. Firstly, the initial effort of amending the primal to make AD
successful is often substantial. Good results typically need close collaboration of the teams developing
the CFD solver with the AD tool developers. Secondly, stability does remain an issue. In the memory-
effective AD implementations based on a steady-state primal, only linear stability is inherited. Stability
due to non-linear switching of the stabilisation as e.g. in limit cycle oscillations (LCO) is lost when the
system Jacobian is frozen. Thirdly, and most importantly, for advanced object-oriented languages such
as C++ AD tools using the source-transformation (S-T) approach are not available. Instead operator-
overloading (O-O) approaches have to be used which record a ’tape’ of the relevant operations of the
primal and unwinds that backward for the adjoint. Even with shortcuts such as not differentiating
through linear solvers, the memory requirements are substantial and not appropriate for industrial or
large-scale computation on typically available memory.

The CFD optimisation group at QMUL has over the years developed the discrete adjoint solver
STAMPSa using automatic differentiation. Different from other groups we have not succumbed to the
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temptation of C++, but use the level of object-orientedness available in Fortran90. In turn this allows
us to use the source-transformation AD-tool Tapenade, and hence avoid the huge memory requirements
of O-O and produce AD-derived adjoint code that is as efficient has hand-differentiated code.5,6 To date,
there is no AD-derived adjoint using S-T. This in our view holds back adoption of adjoint methods for
applications other than “shape improvement”, multi-physics or efficient uncertainty quantification in the
wider scientific community. In the Autumn 2016 we will therefore make the STAMPS code open-source.

II. Current status of development of STAMPS

The key functionality of STAMPS covers:

• Edge-based compressible finite-volume discretisation using MUSCL reconstruction on hybrid ele-
ments with geometric multigrid,7

• Explicit, Block-Jacobi and implicit JT-KIRK timestepping,8

• Parallelisation on CPU and GPU with OpenMP, MPI and the hybrid OP2 library,9

• Inviscid, laminar and turbulent flow calculation using RANS, DES and LES,

• Discrete adjoint solver automatically built from the primal using source-transformation AD with
efficient treatment of fixed-point iterations and reverse-differentiated shape sensitivity calculation,

• Laplacian smoothing and linear elasticity mesh deformation algorithms,

• Mesh r-refinement with truncation error and output error estimates.

Among the unique solver features of the flow solver one can distinguish a robust and stable JT-KIRK8

solver with geometric multi-grid and CFL auto-ramping technique10 used to obtain a stable yet fast
convergence path. The use of strong preconditioning with a first-order Jacobin approximation allows to
extend stability of the solver as compared to the explicit or simple block Jacobian scheme and obtain
steady state for cases with small or mild unsteadiness.

We use the Tapenade source-to-source transformation AD tool11 to generate derivative code of selected
routines. The main advantage of using Tapenade is that its generated derivative code has a low memory
footprint. The adjoint solver in STAMPS is hand assembled using the generated derivative code to avoid
differentiation of the fixed point iteration loop that is used to solve the primal system of equations. The
MPI support is an ongoing development.

The presentation will present the design and capabilities of the code, including validation and perfor-
mance analysis against standard testcases and application examples of adjoint optimisation. A roadmap
for publication and future development will also be shown.
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