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Reverse Mode Automatic Differentiation (AD)
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• if the program computes y = F (x), then the reverse mode computes x̄ = dF
dx (x)Tȳ [3]

• operator overloading tools replace double and overload the operators to record the graph

Shared-Memory Parallel AD

• parallel execution requires parallel recording of graphs
• synchronizations are dependencies between these graphs

– requires appropriate reverse synchronization
• non-exclusive read access produces inherent data races

(A1) atomic updates on all adjoint variables
(A2) atomic updates on variables without exclusive read access
(A3) avoid non-exclusive read access altogether

w1 = ϕ1(u) w2 = ϕ2(u)

ū += ∂ϕ1
∂u (u) · w̄1

ū += ∂ϕ2
∂u (u) · w̄2

AD of Hybrid Parallelism

network/interconnect

node/socket/NUMA domain

core

distributed memory, MPI
MeDiPack

serial code
CoDiPack [5]

shared memory, OpenMP [4]
OpDiLib [1]

• AD tool add-ons provide capabilities to differentiate parallel paradigms
• tools available at https://www.scicomp.uni-kl.de/software/

AD of OpenMP – Challenges

directives and clauses –
differentiation rules required

“invisible” mechanisms
that impact the

derivative

pairwise augmentations
required

pragma directives –
no overloading

#pragma omp declare reduction (ADProd : ADType : omp_out *= omp_in) \
initializer (omp_priv = 1.0)

ADType total = 1.0;
#pragma omp parallel num_threads(n)
{

... // preparations
#pragma omp for reduction(ADProd: total)
for (int i = 0; i < N; ++i) {

... // computations[i]
total *= contrib[i];

}
... // finalizations

}

Leveraging the OpenMP Tools Interface (OMPT)

• originally designed for performance monitoring [2]
• OpenMP workflow formalized in term of events

– pairs that mark the beginning/end of constructs
– data exchange between related events

• register custom callbacks for each event type
– OpenMP runtime invokes them as events occur

• couple the OpenMP workflow with tools executing
in the same address space as the program

parallel-begin
implicit-task-begin

ws-loop-begin
ws-loop-end
sync-region-begin/end
reduction-begin/end
sync-region-begin/end

implicit-task-end
parallel-end

OpDiLib

operator overloading AD tool

AD tool coupling

differentiation logic

event generation

OpenMP workflow

• covers the OpenMP 2.5 specification
– except for atomic and flush

• designed as an add-on for AD tools
• fully automatic differentiation of OpenMP via OMPT
• automatic deduction of reverse parallelism
• tools for disabling atomic updates

Coupled Burgers’ Equations Benchmark

ut + uux + vuy = 1
R(uxx + uyy)

vt + uvx + vvy = 1
R(vxx + vyy)

• compute d∥(u,v)n∥L2
d(u,v)0

• Elwetritsch cluster at RPTU
• 2x AMD EPYC 7351

– 8 NUMA domains
– 4 cores each

• hybrid parallel domain decomposition

MPI process/NUMA domain
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