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Building on the successful evolution of the SX-series of vector-supercomputers, NEC have com-
bined the flexibility of an HPC cluster with the raw power of the NEC Vector Engine Processor. 
Whereas the SX-series has previously been only available to large corporations or compute 
centers, the Vector Engine (VE) is now also available to engineers and HPC enthusiasts all over the 
world.

NEC have developed a Vector Engine (VE) for accelerated computing using vectorization, with the 
concept that the full application runs on the high performance Vector Engine and the operating 
system tasks are taken care of by the Vector Host (VH), which is a standard x86 server. This way the 
NEC SX series vector processor is integrated transparently into the Linux software environment. 
This allows the Vector Engine to concentrate on providing the best application performance.
With the three design concepts vectorization, maximum memory bandwidth and few but strong 
cores, the new NEC vector architecture gives a strong foundation for high sustained performance.

The Vector Engine Processor V2 integrates eight vector-cores and 48 GB of high bandwidth mem-
ory (HBM2) providing a peak performance of up to 3.07 TeraFLOPS. The computational efficiency 
is achieved by the outstanding memory bandwidth of up to 1.53 TB/s per CPU and by the laten-
cy-hiding effect of the vector architecture. 



The new NEC SX-Aurora TSUBASA platform provides the full spectrum of hardware from a work-
station for the engineering office up to state-of-the-art computer platform for renowned research 
institutes. This gives software developers a strong platform that scales up to large systems, and 
also enables research institutes to provide smaller hardware installations where research groups 
can test and evaluate their own code without having to use time on a large production installation.

What is VASP?

The Vienna Ab initio Simulation Package (VASP) is a computer program for modelling materials at 
the atomic level, e.g. for calculations of electronic structure and quantum mechanical molecular 
dynamics, starting from first principles.

VASP computes an approximate solution for the many-body Schrödinger equation, either in the 
framework of density functional theory (DFT), solving the Kohn-Sham equations, or in the frame-
work of the Hartree-Fock (HF) approximation, solving the Roothaan equations. Hybrid functionals 
that mix the Hartree-Fock approach with density functional theory are also implemented. In addi-
tion, Green’s function methods (GW quasiparticles and ACFDT-RPA) and many-body perturbation 
theory (Møller-Plesset 2nd order) are available in VASP.

In VASP, central quantities such as the one-electron orbitals, the electronic charge density and the 
local potential are expressed in plane wave basis sets. The interactions between the electrons and 
ions are described by norm-conserving or ultra-soft pseudopotentials or the projector-augment-
ed-wave method.

To determine the electronic ground state, VASP uses efficient iterative matrix diagonalisation tech-
niques such as the residual minimisation method with direct inversion of the iterative subspace 
(RMM-DIIS) or blocked Davidson algorithms. These are coupled with highly efficient Broyden and 
Pulay density mixing techniques to accelerate the self-consistency cycle.

VASP 6.3 on NEC SX-Aurora TSUBASA

The VASP port and optimization for Aurora was done according to the principle “as few changes as 
possible, but as many as necessary”.

After a few necessary adaptions like exchange of header files for numeric libraries the first port was 
successful. As basis for a performance analysis Aurora Ftrace information of different test cases 
have been studied. A major part of the VASP code showed already quite good performance in the 
ported but not yet optimized version.

A lot of performance optimizations could be achieved by introduction of NEC compiler directives 
and activation or deactivation of VASP pre-processor flags.

One major performance bottleneck was the non-vectorized random number generator. The ex-
isting code has been vectorized as far as possible. Furthermore a few adaptions have been imple-
mented to allow cross-file in lining in order to avoid call overhead.

Furthermore in a few selected routines performance optimizations by exchange of loop order and 
splitting of loops into vectorized and unvectorized parts have been implemented.

The port and optimization steps were applied to VASP version 6.2.1. The necessary adaptions have 
been provided to the VASP team, who implemented the adaptions into the official release of the 
VASP 6.3.0 version .



Results

To measure the performance of VASP 6.3 on NEC SX-Aurora TSUBASA, we compared the runtime 
of an Aurora-based Vector Host B300-8 based on an Intel 6148 host processor and equipped with 
8 direct-liquid-cooled vector engines of type 20B – of which only two were operative – with an 
AMD-based pure x86 system. 

As a result of NEC‘s porting and optimization efforts, the VASP performance as well as the ratio of 
performance per Watt on five test cases, which come along with the official VASP package, could 
be improved significantly.

As can be seen in Figure 1, two VE cards of type 20B are roughly at the same performance level 
as one dual-socket node with AMD Milan 7713. In order to measure the power consumption of 
VASP on Aurora and AMD Milan, four instances of VASP were run at the same time. In the Aurora 
system four times two Vector Engine jobs have been run in order to fill up all eight Vector Engines 
of a Vector Host. Correspondingly on the Milan system one instance of VASP has been run on each 
node of a four node server. The power measurement was done for one full Vector Host and one 
full Milan-server.

4 copies of CASP test cases run simultaneously
PdO4, GaAsBi-64, CuC_vdW, B_hR105_HSE06, Si256_VJT_HSE06

HW / copy 1 dual socket AMD 7713 2 VEs Aurora 20B 
Measured system 1 Gigabyte H262-Z61 server 

equipped with 4 dual socket nodes
1 Vector Host Intel Xeon 
6148 equipped with 8 VEs

Cooling air cooled DLC
Compiler & MPI Intel OneAPI compiler 

Intel MPI 2021 3.0
NEC compiler 3.4.0 
NEC MPI 2.19.0

Power meas. Tool Yokogawa IPMI
Average power con-
sumption [W] / system 
(4 copies)

2690 1925

Copies / hour on system 5.63 6.35
Energy consumption 
[kWh] / copy

0.477 0.303

Figure 1: Performance Comparison (higher is better).

Figure 2: Power to energy comparison



As can be seen on Figure 3, there is a 40% advantage for NEC SX-Aurora TSUBASA with regards to 
power / energy consumption, compared to a current-generation AMD Milan system.

Conclusion

Porting VASP 6.x to NEC SX-Aurora TSUBASA has proven to be no difficult task at all. In especial, 
we would like to stress that the collaboration and the technical discussions with the VASP devel-
opers at the University of Vienna has been overly fruitful, and our Application and Benchmarking 
team received very much support from the VASP team.

Our benchmarking results clearly show the significant advantage of NEC SX-Aurora TSUBASA over 
competing off-the-shelf x86-based systems, with regards to performance by power consumption. 
Especially in the light of recent developments and trends, bearing in mind that absolute perfor-
mance is not an advantage per se – and can trivially be reached simply by putting in more hard-
ware to the same problem – but that energy efficiency as a key guiding principle for the develop-
ment of new technology is more important than ever before.

Figure 3: Energy efficiency comparison (lower is better)
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