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IS RISC-V READY TO HELP UNRAVEL THE PHYSICS 
UNDERPINNING GRAVITATIONAL WAVES?
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WORMHOLE N300: RISC-V ACCELERATOR FOR 
OPTIMISED SCALABILITY AND DATA MOVEMENT

Tensix core: the n300 compute horsepower
SC Workshops ’25, November 16–21, 2025, St Louis, MO, USA Jenny Lynn Almerol, Elisabe�a Boella, Mario Spera, and Daniele Gregori

2 Background
Direct gravitational# -body simulations numerically solve the equa-
tions of motion for systems of # particles by explicitly computing
the mutual gravitational forces between all pairs. Because they
do not rely on approximations, these simulations are essential for
accurately modeling dense stellar systems, such as star clusters
[16]. These systems are considered to be the primary environments
for the formation of compact object binaries, such as black hole
binaries. The coalescence of these binaries produces gravitational
waves detectable by current observatories, including LIGO, Virgo,
and KAGRA [1], as well as by future detectors like the Einstein Tele-
scope [7]. With upcoming instruments expected to detect millions
of sources, it has become increasingly important for the astrophys-
ical interpretation of gravitational waves to develop e�cient and
scalable direct # -body codes.

In this study, we port and optimize our # -body code to execute
e�ciently on a RISC-V–based accelerator. The open and modular
nature of the RISC-V architecture enables customization of compute
platforms, which is crucial for meeting the energy e�ciency and
scalability demands of large-scale scienti�c simulations like# -body
problems. Among the emerging RISC-V-based accelerators, the Ten-
storrent Wormhole stands out as a notable example. Designed for
AI/ML workloads, it operates at up to 160W and o�ers a scalable,
cost-e�ective alternative to traditional Graphics Processing Units
(GPUs) [19]. Its architecture is optimized for scalability and e�-
cient data movement, both of which are essential for managing the
immense data and communication demands of large-scale # -body
simulations.

Tenstorrent Wormhole. The Wormhole is an Application-Speci�c
Integrated Circuit (ASIC) organized as a grid of processing tiles.
Each chip integrates 64 programmable processing elements known
as Tensix cores, along with additional RISC-V control processors
[18]. It connects to 12GB of external GDDR6 memory via a 192-bit
memory bus, providing high-bandwidth access to o�-chip data [19].
For high-throughput communication, the design includes twoQSFP-
DD ports capable of bidirectional data transfer at up to 200Gbps,
and a PCIe 4.0 x16 interface for host connectivity. Each Ethernet
core (ERISC) integrates a RISC-V processor, 256 kB local cache, and
an Ethernet subsystem for high-speed data transmission [6, 19].

Tensix cores, illustrated in Fig. 1, provide the system main com-
pute horsepower designed for e�cient matrix and vector computa-
tions. Each core comprises (a) �ve embedded “Baby” RISC-V CPUs
for control and coordination, (b) a high-throughput tensormath unit
(Floating Point Unit, FPU) for low-precision matrix arithmetic, (c)
a wide SIMD engine for general-purpose vector operations (Scalar
Floating Point Unit, SFPU), (d) 1.5MB of SRAM (L1), and (e) two
network routers interfacing with Networks-on-Chip (NoCs) [6, 18].
The NoC serves as a scalable communication backbone, allowing
tiles to e�ciently exchange data and access memory across the chip.
Through NoC transactions, any tile can initiate read or write oper-
ations on the memory located on another tile. The “Baby" RISC-V
core, on the other hand, is a lightweight 32-bit, in-order, single-issue
processor, optimized for area and power e�ciency, and operates at
a clock frequency of 1GHz [6].

As shown in Fig. 1, the �ve “Baby” RISC-V cores within each
Tensix processor are functionally divided into two data movement
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Figure 1: Simpli�ed schematic overview of a Tensix core in
the Tenstorrent Wormhole AI accelerator. Blue arrows corre-
spond to instruction dispatch, while black arrows indicate
data movement [10].

cores (RISC-V NC and B) and three compute cores (RISC-V T0, T1,
and T2). The data movement cores are responsible for coordinating
data transfers between the Tensix core and o�-chip DRAM, while
the compute cores coordinate arithmetic and logic operations by
issuing instructions to various Tensix coprocessor units, including
the tensor FPU and the SFPU.

Within the Tensix compute pipeline, the three compute cores
assume specialized roles. Although any Tensix execution resource
can, in principle, be driven by any of the three compute cores and
any core can read from or write to either NoC router, the diagram
referenced here adopts the traditional mapping. RISC-V T0 (UN-
PACK) issues instructions to the unpacker module, which loads data
from SRAM into two 4 KiB source registers, srcA and srcB. Each
of these registers are capable of holding up to 1024 single-precision
�oating-point values. RISC-V T1 (MATH) controls the main arith-
metic datapath, issuing instructions to the ThCon, SFPU, and FPU
units to perform operations on the contents of srcA and srcB.
Finally, RISC-V T2 (PACK) directs the movement of results from
the 32KiB destination register, dst, organized into 16 segments,
back into SRAM [17]. In the Tenstorrent Software Development Kit
(SDK) TT-Metalium, the hardware-level partitioning is re�ected in
the software execution model, wherein data movement cores exe-
cute data movement kernels, while the compute cores are assigned
specialized roles in executing compute kernels [18].

Tenstorrent TT-Metalium. TT-Metalium is a low-level program-
ming interface that exposes direct control over Tenstorrent hard-
ware, enabling the construction of highly parallel, �ne-grained
compute pipelines. The standard development work�ow begins
with the initialization and con�guration of the hardware device,
including the setup of communication channels between the host
and the device. Subsequently, compute kernels are compiled and
loaded onto the device, with execution parameters de�ned explic-
itly. Memory bu�ers are then allocated, and data is transferred
between the host and device to prepare for computation. Finally,
kernels are enqueued for execution via a command queue, which
manages dispatch, synchronization, and sequencing of tasks on the
hardware [17, 18].
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ACCELERATING N-BODY SIMULATIONS WITH N300



N300 PERFORMANCE: 2× FASTER THAN CPU

1 MPI task
+

1 OMP thread
+

1 Tenstorrent n300

TTSavg = 1459.46 ± 0.47 s  

1 MPI task
+

32 OMP threads
+

AVX-512 intrinsics

TTSavg = 2875.39 ± 5.30 s 

1 MPI task
+

1 OMP thread
+

1 NVIDIA H100

TTSavg = 562.19 ± 0.38 s  

1x

2x

5x

Time-to-solution (TTS) over ~20 simulations 



N300 HALVES TOTAL ENERGY PER SIMULATION

Energy-to-solution (ETS) over ~50 simulations 
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(b)

1 MPI task +
1 OMP thread +
1 Tenstorrent n300

1 MPI task +
32 OMP threads +
AVX-512 intrinsics

ETSavg = 71.56 ± 0.13 kJ ETSavg = 128.89 ± 1.52 kJ



BEST EFFICIENCY–PERFORMANCE TRADE-OFF
WITH TWO CARDS

Multi-Host Single-Chip

Multi-Host Multi-Chip



SUMMARY & PERSPECTIVES

• We ported a N-body code to the RISC-V-based Tenstorrent Wormhole accelerator.
• We assessed the accelerated implementation by measuring time-to-solution and energy-to-solution, benchmarking 

it against highly optimised CPU and CUDA versions of the same application.

• RISC-V accelerators achieve impressive results, with over 2× faster execution and about 2× higher energy 
efficiency compared to x86.

• We explored multi-accelerator scaling strategies and, to our knowledge, present the first scientific code to leverage 
multiple Tenstorrent cards.

• Next steps:
• Further code optimisation to improve parallel performance;
• Tests on the p150.
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