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ABSTRACT 

In combinatorial optimization, probabilistic Ising machines (PIMs) have gained significant attention for their acceleration 
of Monte Carlo sampling with the potential to reduce time-to-solution in finding approximate ground states. However, to 
be viable in real applications, further improvements in scalability and energy efficiency are necessary. One of the 
promising paths toward achieving this objective is the development of the co-integration of different technologies and a 
co-design approach combining different layers including device, circuits and algorithm development.  

We experimentally demonstrated a fully connected PIM architecture based on spin-transfer torque magnetic tunnel 
junctions (STT-MTJs) with CMOS (FPGA hardware). Our computing approach integrates STT-MTJ-based tunable true 
random number generators with advanced annealing techniques, enabling the solution of problems with any topology 
and size. 
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