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Figure 1 Two carts of equal mass are coupled by three springs with identical stiffness coefficients. Their motion exhibits two normal modes: in-

phase and out-of-phase.
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Figure 2 Patterns of the Hamiltonian for the classical ANNNI model,
with system size L=8. From top to bottom, they correspond to one-,

two-, four-, six-, and eight-domain structures. Image sourced from ref.
[21].
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Figure 4 Patterns of the Hamiltonian for the quantum ANNNI model,
with system size L=8. From top to bottom, they correspond to one-,
two-, four-, six-, and eight-domain structures. The part within the red
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corresponds to 4,>0. Image sourced from ref. [21].
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of the sub-Hamiltonians (colored lines) as functions of k. The red,
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taken as L=8. Image sourced from ref. [21].
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Figure 6 Ground state energy of the quantum ANNNI model (black
line) and the corresponding decomposed energies (colored lines). The
lattice sizes range from L=16 128. Based on the behavior of the
patterns, the ground states can be divided into four regions:
ferromagnetic phase (FM), paramagnetic phase (PM), floating phase
(FP), and (2, 2) anti-phase (AP). Image sourced from ref. [21].
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Figure 7 Ground state energy of the quantum ANNNI model (black
line) and its corresponding second derivative (red line). Based on the
behavior of the second derivative, the ground state includes four phases.
Image sourced from ref. [21].
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The central task of condensed matter physics is to investigate the physical properties of macroscopic systems composed
of a vast number of interacting particles and the changes in their states. Interactions are the root cause of rich physical
phenomena. Based on the fundamental question of “what is the relationship between the motions of particles if they
interact”, the paper introduces a novel theoretical framework: pattern language. A “pattern” is defined as an ordered
organizational structure formed by the “in-phase” and “out-of-phase” relationships between particles, arising from
interactions. The paper applies this approach to the study of phase transitions using the one-dimensional axial next-
nearest-neighbor Ising model as a concrete example. The results indicate that “patterns” can intuitively characterize
various types of order in the system and can be regarded as generalized order parameters, offering a new perspective and
language for understanding and describing the collective effects of interactions.

pattern language, in-phase/out-of-phase, phases and phase transitions, one-dimensional axial next-nearest-
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