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Most powerful computers: http://Top500.org   

System Year Vendor Cores 
Rmax 
(PFlop/s) 

Rpeak  
(PFlop/s) 

Efficiency 
(HPCG) 

 
Supercomputer Frontier -  
HPE Cray EX235a, AMD 
Optimized 3rd Generation 
EPYC 64C 2GHz, AMD Instinct 
MI250X, Slingshot-11 
 
Supercomputer Fugaku - 
Supercomputer Fugaku, 
A64FX 48C 2.2GHz, Tofu 
interconnect D 

 
2021 
 
 
 
 
 
2020 

 
HPE 
 
 
 
 
 
Fujitsu 

 
8,730,112 
 
 
 
 
 
7,630,848 

 
1,102.00 
 
 
 
 
 
442.01 

 
1,685.65 
 
 
 
 
 
537.21 

 
0.8 % 
 
 
 
 
 
3.0 % 
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Jack Dongarra Turing Award Talk 
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Architecture and programming tools 

• Multicore processor node – shared memory, 
32-64 cores – OpenMP 

• Massively parallel computations – GPU – 6D 
structure of threads (3D grid, 3D block), 
~10000 cores – NVIDIA CUDA or OpenCL  

• Distributed nodes, fast (multidimensional) 
interconnect – MPI  
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https://www.openmp.org/
https://developer.nvidia.com/cuda-toolkit
https://opencv.org/opencl/
https://www.mpich.org/


Benchmarks of computer performance 

• Since 1977, LINPACK – to solve a dense system 
of linear equations (LU factorization with 
partial pivoting) 

• HPL (High Performance Linpack), 1991 

• The High Performance Conjugate Gradients 
(HPCG) Benchmark, 2015 – Sparse matrix-
vector multiplication and solvers 
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https://www.top500.org/project/linpack/
https://netlib.org/benchmark/hpl/
https://hpcg-benchmark.org/


Think! 0.8% of efficiency 

• LINPACK, for a half of century, shaped computer 
architecture to be inefficient 

• Processor-memory bottleneck of Von-Neumann 
architecture 

• Sequential programming languages 
• Heterogeneous conglomerate of concurrent 

programming techniques: OpenMP, MPI, OplenCL 
(CUDA) 
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Dilemmas 
• Why we need separate Processor and 

Memory? 

• Write Programs or Draw Programs? 

• Is heterogeneous framework inevitable? 

• Correctness Proof or Testing for 
Concurrent Programs? 
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Approaching a uniform concept 

• Textual programming 
• Graphs loaded by textual language  
• Pure graphical programming - nothing save graphs 
• Sleptsov net – fast universal language of concurrent 

programming 
• Massively parallel computations  
• Fine granulation 
• Computing memory implementation 
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Place-transition nets 

• Bipartite directed graph in CS: 

• S.Gill, 1958 – parallel program schemata 

• C.Petri, 1962 – added dynamical elements – 
tokens 

• T. Agerwala, M.Hack, 1974-1976 – Turing-
complete extensions: inhibitor and priority 
nets 
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https://academic.oup.com/comjnl/article/1/1/2/373737
https://edoc.sub.uni-hamburg.de/informatik/volltexte/2011/160/
https://www.osti.gov/biblio/4242290/
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https://dspace.mit.edu/handle/1721.1/148887


Transition firing strategy 

• Petri  
   – a single transition at a step 
• Salwicki  
   – the maximal firing strategy 
• Sleptsov  
   – the multiple firing strategy 

11 



Sleptsov net vs Petri net 

2t1 

t1 t1 
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Sleptsov Net – Multiple Firing 

Petri net Sleptsov net 

Reachability graphs 
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Inhibitor Priority Sleptsov Net 
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Sleptsov Nets Run Fast 

COMPARING TIME COMPLEXITIES OF OPERATIONS (LINEAR SCALE - NUMBER OF STEPS) 
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Concurrent programming in SNs 

• Control Flow Approach – an explicit control 
flow starting-finishing transformation of data 

• Data Flow Approach – start computations on 
readiness of data 

• Hybrid Approach 

• Unstructured approach  
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Peculiarities of programming in SNs 

• Reversed control flow (c) 
• Using inhibitor arcs to control transitions’ firing 
• Infinite firing multiplicity on a valid inhibitor arc 
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Basic 

statements 
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Basic subnets (subroutines) 
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Fast multiplication in Sleptsov nets 
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Work with variables 

f s 

Output variables 
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Operator 
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Expansion of dashed/dotted arcs 
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Subnets (routines) calls 
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Verification of SN programs 
• Boundedness and conservativeness 
• Liveness (absence of deadlocks) 
• Proof of program function 
• Methods: 

– solving Diophantine systems in nonnegative numbers for 
linear invariants 

– solving systems of logic equations for finding siphons and 
traps 

– symbolic state space techniques 
– reduction and decomposition (into clans) 
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Sleptsov Net Paradigm of Computing 

Input data 

(SN marking) 

Sleptsov 

net 

Machine 

Output 

data 

Loaded 

SN 

Compiler 

of loaded 

SNs into 

plain SN 

Plain 

inhibitor 

SN 
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Sleptsov net hardware machine 
• Reconfigurable multidimensional sparse matrices of 

connected transitions and places 
• Each transition represents a separate asynchronous process 

that repeats the following stages:  
– lock the set of incidental places or wait their availability to lock 

them;  
– compute the firing multiplexity c; 
– if c=0, unlock incidental places and wait update (increment); 
– if c>0, fire in c instances and unlock incidental places. 

• A transition implements Sleptsov firing rule using division, 
multiplication, subtraction, addition, and minimum  
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Examples of SN programs:  

RSA encoding/decoding 
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Examples of SN 

programs:  

Solving Laplace 

equation 
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Examples of SN programs:  

Computing Fuzzy Logic Function 
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Examples of SN programs:  

Discrete-Time Linear Control in Two Ticks  
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General Purpose Software Design 

in Sleptsov Net Machine 
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• SN Virtual Machine on multicore CPU – Qing Zhang, 
2023 

• SN Virtual Machine on GPU – Tatiana R. Shmeleva, 2023 

• Compiler-linker of SN for hierarchical design – Hongfei 
Zhao, 2023 

• Modeling system Tina for graphical design, LAAS, CNRS, 
France 

https://github.com/zhangq9919/SN-VM
https://github.com/zhangq9919/SN-VM
https://github.com/tishtri/SN-VM-GPU
https://github.com/tishtri/SN-VM-GPU
https://github.com/HfZhao1998/Compiler-and-Linker-of-Sleptsov-net-Program
https://github.com/HfZhao1998/Compiler-and-Linker-of-Sleptsov-net-Program
https://github.com/HfZhao1998/Compiler-and-Linker-of-Sleptsov-net-Program
https://projects.laas.fr/tina/index.php


Reliable Embedded System  

Graphical Design  

in Sleptsov Net Machine 
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• SN machine on microcontrollers (in Arduino IDE) – 
Ruiyao Xu, 2024 

• SN machine on FPGA (in Gowin FPGA Designer) – Si 
Zhang, 2024  

• Modeling system Tina for graphical design, LAAS, 
CNRS, France 

https://www.arduino.cc/en/software
https://www.arduino.cc/en/software
https://www.arduino.cc/en/software
https://www.gowinsemi.com/en/support/home/
https://www.gowinsemi.com/en/support/home/
https://www.gowinsemi.com/en/support/home/
https://projects.laas.fr/tina/index.php
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https://www.raspberrypi.com/documentation/microcontrollers/raspberry-pi-pico.html
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Video-presentation of SN machine work  

on Raspberry Pi Pico microcontroller 

41 

• Vending Machine on 
Raspberry Pi Pico  

    (哔哩哔哩)       

https://b23.tv/Ed21ze3 

https://b23.tv/Ed21ze3
https://b23.tv/Ed21ze3
https://b23.tv/Ed21ze3
https://b23.tv/Ed21ze3
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https://wiki.sipeed.com/hardware/zh/tang/Tang-Nano-9K/Nano-9K.html


SN program for multiplication in Tina 
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Run SN program in Tina 
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SN machine generator (Dev-C) 
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Verilog code in Gowin FPGA Designer 
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Video-presentation of SN machine work 

on FPGA Tang Nano 9k (Gowin IC) 
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• SN machine design for 
FPGAs 

   (哔哩哔哩)    

https://b23.tv/c8JBHiY  

https://b23.tv/c8JBHiY
https://b23.tv/c8JBHiY
https://b23.tv/c8JBHiY


Conclusions 
• Sleptsov net computing benefits:  

– graphical concurrent programming language,  
– formal verification of concurrent programs, 
– fine granulation of parallel processes,  
– massively parallel computations,  
– fast computing memory hardware concept 

• Sleptsov net computing application area:  
– general purpose computing 
– reliable embedded system design  
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References for  

Sleptsov Net Computing (SNC)  

to read, watch, run, cite, and join 

https://dimazaitsev.github.io/snc.html   
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