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Design and numerical simulation of physical reservoir computing with static magnetization states
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Abstract of Thesis

Physical reservoir computing (RC) is a kind of specific information processing through physical systems. It is an ideal energy-
saving method for edge computing. However, physical RC is currently still in the research and development phase. The challenge
of development is to create a physical system with good computational performance, high stability, and suitable for mass

production.

The basic requirements of physical RC systems are the memory capability and non-linear dynamics. Spintronic devices have
great potential for in-memory computing due to their non-volatile memory and fast processing characteristics. The oscillation
dynamics of spintronic devices have been demonstrated to achieve high RC performance, but the stability is questionable. On
the other hand, the static state of the spintronic devices used in memory applications is highly stable. In this Ph.D. work, I utilize
the static states of spintronic devices for RC and numerically study the performance of three different designs: artificial spin ice,

domain wall shift register and magnetic quantum cellular automata (MQCA) shift register.

Two common metrics are used to assess the performance of the designs. One metric is short-term memory (STM) capacity,
which measures the memory capability of a system. Another metric is parity-check (PC) capacity, which measures the non-linear

computing power of a system. A capacity of 1 means that the system can only do minimal work.

The optimal STM capacity and optimal PC capacity of artificial spin ice are 3.5 and 2.9 respectively. The performance of artificial
spin ice is promising, but it is sensitive to magnetic field and difficult to control. The optimal STM capacity and optimal PC
capacity of domain wall shift register are both 5. Domain wall shift register performs the best among the three designs, but the
entire device cannot be read electronically with current technology. The optimal STM capacity and optimal PC capacity of
MQCA shift register are 7 and 2.6 respectively. Although it has the worst non-linear computing performance, the performance

is expected to be tuned from the design configuration.
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