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L. Carrington et al. High-frequency simulations of global seismic wave 
propagation using SPECFEM3D_GLOBE on 62K processors. SC 2008.
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__handler vector_payload_handler(handler_args_t *args)

{
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uint8_t *host_base_ptr = args->host_address;

uint32_t host_offset = (args->pkt_offset / ddt_descr->block_size;) * stride;

uint8_t *host_address = host_base_addr + host_offset;

for (uint32_t i=0; i<num_blocks; i++)

{

PtlHandlerDMAToHostNB(host_address, pkt_payload, block_size, DMA_NO_EVENT);

pkt_payload += block_size;

host_address += stride;

}

return SPIN_SUCCESS;

}
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Real Applications DDTs

Checkpointing Overhead
Data Movement

Up to 3.8x less moved data volume

Handler Analysis

DMA Queue

Full app speedup (FFT2D)

75% of the analyzed DDTs amortized after 4 reuses
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Network-accelerated 
datatypes

Distributed File Systems Zoo-sPINNER
consensus on sPIN

Quantization 
Erasure coding

Serverless sPIN
Packet classification and

pattern matching

Network Group
Communication

In-network allreduce
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Fast, scalable, and reliable storage is a first-class requirement of both 
HPC systems and datacenters.
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Up to 60% I/O overhead [1].

https://towardsdatascience.com/training-deep-neural-networks-9fdb1964b964

[1] Sarunya Pumma, Min Si, Wu-chun Feng, and Pavan Balaji. 2017. Parallel I/O optimizations for scalable deep learning. In 2017 IEEE 23rd International Conference on Parallel and 
Distributed Systems (ICPADS). IEEE, 720–729.

Fast, scalable, and reliable storage is a first-class requirement of both 
HPC systems and datacenters.
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Up to 90% I/O overhead [2].

Fast, scalable, and reliable storage is a first-class requirement of both 
HPC systems and datacenters.

https://www2.cisl.ucar.edu/user-support/allocations/climate-simulation-laboratory-csl
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Efficiency of Distributed File Systems (DFS) is crucial in these systems
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Computing Machines (FCCM), pp. 38-46. IEEE, 2020.
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Comparison vs other architectures
ault @ CSCS

Xeon Gold @ 3 GHz 
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▪ Netronome/P4-based NICs

▪ Different philosophy

▪ Offloaded computation is not per-application (vs sPIN per-application packet handlers)

No isolation (computation on the NIC sees all packets)

▪ Introduce limitation on the offloaded computation

e.g., XDP is not Turing complete

▪ Not open source 

▪ INCA/off-path SmartNICs

▪ Complementary to sPIN/PsPIN

67

Other SmartNICs
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(4 cores, 2-way superscalar, 64-bit)

PsPIN

RI5CY (RISC-V) @ 1 GHz
(32 cores, single-issue, in-order, 32-bit)



spcl.inf.ethz.ch

@spcl_eth

▪ 4-stage pipeline, in-order, optimized for energy efficiency

▪ Area: 40 kGE

▪ Critical path: 30 logic levels of critical path

▪ CoreMark/MHZ 3.19

▪ Includes various extensions (X) to RISC-V (SIMD, Fixed point, bit manipulation, hw loops) 

69

Options:
- FPU: IEEE 754 single precision (+ 40-70 kGE)
- U/M privileges

https://pulp-platform.org/docs/hipeac/pulp_intro_kgf.pdf

RI5CY Core
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▪ RISC-V is an open source ISA

▪ Allows and supports extensions

Doing this in ARM may be complex and expensive

▪ PULP

▪ Open source!

▪ Energy efficient

▪ Provides tight control over compute and data movement schedule 

▪ Fits well the sPIN abstract machine model (e.g., removing cache coherency on ARM could be 
painful)

▪ Actively researched

70

But why PULP/RISC-V?
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Custom ISA Extensions

for (i = 0; i < 100; i++) 

d[i] = a[i] + b[i];
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mv x5, 0 

mv x4, 100 

Lstart: 

lb x2, 0(x10) 

lb x3, 0(x11) 

addi x10, x10, 1 

addi x11, x11, 1 

add x2, x3, x2 

sb x2, 0(x12) 

addi x4, x4, -1 

addi x12, x12, 1 

bne x4, x5, Lstart

for (i = 0; i < 100; i++) 

d[i] = a[i] + b[i];
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for (i = 0; i < 100; i++) 

d[i] = a[i] + b[i];

11 cycles/output
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mv x5, 0 
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Lstart: 
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11 cycles/output 8 cycles/output
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Packed SIMD

11 cycles/output 8 cycles/output 5 cycles/output 1.25 cycles/output
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Scalability

𝐶 =
𝑃 ∙ 𝑁 ∙ 𝑓

𝐵

Area:
95 MGE (18.5 mm2, 70% layout density)

Power:
6.1 W (98% dynamic power, worst case)

22nm -> 14 nm-> ~50% area reduction -> 20/30% frequency increase

Heavier handlers
• Number of clusters 

• (number of cores/cluster is more challenging)
• Simple cores (e.g., Snitch)

• Number of PsPIN units
• Frequency
• Accelerators (FPGAs?), specialized instructions

Higher network bandwidth
• Need to rebalance
• Need to scale data path as well!
• Only packet buffer is affected!
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A 4096-Core RISC-V Architecture

Zaruba, Florian, Fabian Schuiki, and Luca Benini. "Manticore: A 4096-Core RISC-V Chiplet Architecture for Ultraefficient Floating-Point Computing." IEEE 
Micro 41, no. 2 (2020): 36-42.

222 mm^2 @ 22nm
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A sPINning ecosystem

sPIN
(SC ’17, best paper fin.)

programming model

Network-accelerated 
datatypes (SC ‘19)

sPIN-FS

Zoo-sPINNER (MSc)
consensus on sPIN

Quantization (MSc)
Allreduce and other collectives

Erasure coding (MSc)

Serverless sPIN (BSc)

Packet classification and
pattern matching (BSc/MSc)

use cases

architecture

PsPIN (ISCA ‘21)
Power-efficient sPIN accelerator

fe
e

d
b

ac
ks

fe
atu

re
s Verilator support (Github)

Running PsPIN in an open-source 
cycle-accurate simulator

SST support (in progress)
Large scale network simulations
mixed with cycle accurate onesSi

m
u

la
ti

o
n

s

sPINIC
Flare (SC ‘21)

Offloading all-reduce to sPIN switches
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Multitenancy
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Network-accelerated non-contiguous memory transfers

Di Girolamo, Salvatore, Konstantin Taranov, Andreas Kurth, Michael Schaffner, Timo Schneider, Jakub Beránek, Maciej Besta, Luca Benini, Duncan Roweth, and Torsten Hoefler. 

"Network-accelerated non-contiguous memory transfers." SC ‘19
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https://specfem3d.readthedocs.io/en/latest/

L. Carrington et al. High-frequency simulations of global seismic wave 
propagation using SPECFEM3D_GLOBE on 62K processors. SC 2008.
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Derived Datatypes
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MPI Datatypes Processing

Gropp, W., et al., March. Improving the performance of MPI derived datatypes. MPIDC’99

Torsten Hoefler, Salvatore Di Girolamo, Konstantin Taranov, Ryan E. Grant, and Ron Brightwell. 2017. sPIN: High-performance streaming Processing In the Network. SC’17
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MPI Datatypes Processing

Gropp, W., et al., March. Improving the performance of MPI derived datatypes. MPIDC’99

Torsten Hoefler, Salvatore Di Girolamo, Konstantin Taranov, Ryan E. Grant, and Ron Brightwell. 2017. sPIN: High-performance streaming Processing In the Network. SC’17
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Input buffer Destination memory

MPI Datatypes Processing

Gropp, W., et al., March. Improving the performance of MPI derived datatypes. MPIDC’99

1 K non-contig. regions.

256 non-contig. regions.

4 MiB message; stride = 2 x block_sizeLine rate
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Input buffer Destination memory

MPI Datatypes Processing

Gropp, W., et al., March. Improving the performance of MPI derived datatypes. MPIDC’99

1 K non-contig. regions.

256 non-contig. regions.

4 MiB message; stride = 2 x block_sizeLine rate

Can we offload datatype processing?
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vector

spin_vec_t:
num_blocks: 3
block_size: 2
stride: 3
base_type: int
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Specialized Handlers

vector

Handler
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Cray Slingshot Simulator

32 Cortex A15 @800 MHz, 
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