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Magnons are emerging as a promising platform for ultra-low-power computing due to their potential for multiplexed information
encoding using their intrinsic wave properties (amplitude and phase) and the near absence of Joule heating. This review highlights the
major achievements in the field of magnonics over the past decade, focusing on two key themes: magnon information transport and
nonlinear magnon computing. First, we discuss the potential for logic operations based on the long-range coherent propagation of
magnons in magnetic insulator thin-film structures. We also cover recent advances such as efficient information conversion through
magnon-phonon magnetoacoustic coupling and phonon-mediated long-distance spin information transport. Next, we explore the
crucial role of the intrinsic nonlinearity of magnons in realizing neuromorphic computing that emulates the human brain, overcoming
the limitations of conventional linear systems. In particular, we introduce recent research on magnetic texture-based pattern
recognition, the generation of nonlinear magnons via parametric pumping, and their application in state-of-the-art neuromorphic
computing.
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Fig. 1. (Color online) Examples of magnon based computing devices (a) Magnon XNOR gate [6] (b) Magnon transistor [7] (c) Magnon half
adders [8] (d) Neural network system based on magnon nonlinear scattering [9] (¢) Magnon reservoir computing for pattern recognition [10].
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Fig. 2. (Color online) (a) Experimental setup for magnon-phonon coupling and a schematic of the sample. (b) Magnon resonance signal obtained
from microwave absorption experiments, showing the observation of strong magnon-phonon coupling. (c) Variation in signal amplitude for three
representative lines/traces from panel (b). (d) Magnon-phonon coupling in a YIG/spacer/YIG-like sandwich structure. Odd (left) and Even (right)
phonon modes are generated, respectively. () Measured spin pumping intensity. At the intersection of the YIG1 and YIG2 magnon modes, the
spin pumping signal exhibits up to a four-fold modulation due to coupling with either Even or Odd phonons. Figure reproduced from Ref. [14,15].
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Fig. 3. (Color online) Parametric pumping of magnons (a) Frequency comb-like structure observed near half frequency (b) The frequency spacing
sensitively depends on the external microwave power level. (c) VNA Frequency offset measurements to detect nonlinear frequency shifted

magnons. Figure reproduced from Ref. [21].
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