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Abstract: Metallic glasses exhibit exceptional properties but suffer from brittle fracture via shear banding at room temperature.

Homogeneous deformation is vital for understanding amorphous plasticity. This review summarized recent advances in homogeneous

deformation of metallic glasses in atomic-scale flow mechanisms, evolution of shear transformation zones, flow defects, and

hierarchical relaxation processes. The correlation among free volume kinetics, stress-temperature equivalence, and rejuvenation
threshold stress was introduced. Role of structural heterogeneity in flow stability was discussed, alongside the application of modern

characterization and modeling techniques. The review proposed investigation methods for designing high ductile metallic glasses

based on these insights.
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1 Introduction

Metallic glasses (MGs), characterized by their disordered
atomic structure, represent a distinct class of materials that
crystals™.  This  disordered
configuration introduces properties,
superhigh strength and high elastic limit*”. A tendency for
localized plastic deformation at shear bands at ambient

temperature can be observed, resulting in brittle fracture and

distinguish ~ them  from

excellent such as

negligible macroscopic ductility. To overcome this problem,
flow has been applied to improve the
amorphous plasticity and superplastic forming techniques™ .

homogeneous

Although early investigations mainly focus on the high-

[6-71

temperature supercooled liquid region™ ", recent advances

elucidate that the microscopic mechanisms related to
homogeneity exist at lower temperatures™, which are
governed by a complex interplay of atomic-scale excitations
and a series of relaxation processes'”.

In the past decade, pivotal developments have been made.
Deformation mechanisms for hierarchical relaxation processes
from fast f'-to-a relaxation have been discussed"”. The prin-

ciple of stress-temperature equivalence has been estab-
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lished"' ¥, demonstrating that the mechanical energy directly
facilitates the structural excitation, which is analogous to
thermal energy. A threshold stress for structural rejuvenation
has been identified, presenting the boundary between aging-
dominated relaxation and net structural disorder that sustains
homogeneous flow by promoting shear transformation zone
activation™.

This review summarized the vital advances spanning from
atomic-scale mechanisms to macroscopic control of forming
The effects of extrinsic factors and
properties on the stability of homogeneous flow were

processes. intrinsic
discussed. The characterization and modeling techniques were
presented, as well as the research direction in the future. This
review provided a comprehensive insight for the application
of the principles to design the strong but ductile MGs with
accurate prediction.

2 Physical Perspective: from Hierarchical Excita-
tions to Structural Evolution

Homogeneous flow in MGs originates from their intrinsic

[14-15]

structural heterogeneity The physical essence can be
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conceptualized as follows: under external thermodynamic
forces (stress, temperature), a series of localized atomic
rearrangements are activated'®'”, and they subsequently
evolve and attain long-range spatiotemporal correlations,
ultimately manifesting as homogeneous plastic flow.
Clarifying this multi-scale dynamic cascade from isolated
local excitations to cooperativity is a key to understand the
underlying mechanism?.

The atomic configuration of MGs lies on the potential
energy with metastable states”. Plastic deformation is
enabled by a continuous series of excitations, which can be
divided into three parts. (1) p’ -relaxation: the localized
motions of a few atoms can initiate plasticity™. (2) S -
relaxation: cooperative rearrangement of tens of atoms can
lead to reversible anelasticity”™. (3) a-relaxation: large atomic
clusters can form a percolating network, enabling macroscopic
plasticity™. This hierarchy represents a continuous sequence
from triggering to percolation. Fig. la shows the evolution of
elastic, anelastic, and viscoplastic strains of this cascade!"”.

Macroscopic deformation is governed by internal structural
state parameters, particularly the free volume. The stability of
homogeneous flow depends on the competition between stress-
driven rejuvenation (formation of free volume) and thermally
activated aging (annihilation of free volume). A net increase in
free volume is essential to maintain the high-energetic state
and to prevent strain localization. Fig. 1b — lc show the
relationships between the measured strain of the topological-
state MGs and free volume. This approach can calculate the

activation volume and energy of flow defects as a function of

strain™,

Fig. 1b shows the strain rate-stress relationship at
constant strain with activation volume revealing the growth of
cooperating atomic clusters. The Arrhenius plot in Fig. Ic
shows the corresponding activation energy, linking the energy
to accumulated strain. This strain-based methodology shows
that the deformation involves the progressive activation of
larger flow wunits. Fig. 1d synthesizes these concepts,
illustrating how the decoupling of thermal and mechanical
effects governs the rejuvenation-aging competition and its
connection to relaxation dynamics™.

During homogeneous deformation, small-scale fast process
(') can be transformed to larger-scale slower processes (ff and
o). Through stress and structural field coupling, discrete shear
transition zones (STZs) evolve into spatially correlated zones.
When the correlation length approaches the system scale,
atomic rearrangements become coordinated, transitioning
from localized activations to long-range plastic flow. This
universal pattern provides a foundation for understanding and

tailoring MG plasticity.

3 Governing Factors and Unified Framework for
Homogeneous Flow

At low temperatures (temperature 7< glass transition tem-
perature 7,), the plasticity is confined to easily activated
regions, yielding restricted anelasticity. The critical range for
homogeneous flow (0.77,-0.97,) emerges, when the thermal
energy activates cooperative rearrangements'’. Above T,, the
material behaves as a viscous fluid, deforming homo-
geneously. Applied stress not only leads to deformation but

600 10 —
0 El-component a4 12 b -8f c
O An-component A <,
s A Vp-component o* -
a9 L . X ©
S 400 £, -
G 50 o -10f
b @ g R=099 | - * 0.867, 6=0.4%
e g2 <10 = o
2200 E Qé‘ 4t #x10%s Q=033 nm’ | — — Linear fitting
£ g £,=9.98x10" 5" AG'=1.13 ¢V
77 ®  0.867,:04% 0 5=1.05x10" s
o : : p : N Cr . —— Fitted by Eq.(1) I L ) )
0 2 4 6 8 10 40 80 120 160 2.5 2.6 2.7 2.8
Stress, o/MPa 10007 /K

"

AES[\’;\I" ralc/v
330 5 110 MPa |
F— o =
Mcchanical stimulation
0.1} p-relaxation range
340 360 380 400
Temperature/°C

I — Deformation —-—x

— Mechanical stimulation
—o® 00—
®—
Thermal aptivation
S

o 4

Relaxation ~

Fig.1 Multi-scale homogeneous flow from physical perspective: (a) evolution of elastic, anelastic, and viscoplastic strains during flow'";

(b) strain rate as a function of stress at constant strain®'; (c) Arrhenius plot of strain rate vs. temperature[23 1 (d) decoupling thermal and

mechanical effects during creep and their correlation with relaxation dynamics

[24]
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also tailors the energy distribution. Mechanical facilitation
lowers activation barriers”™, which is similar to the thermal
effect. Higher deviatoric stresses activate larger flow events,
extending homogeneous deformation to the region with lower
temperatures and higher strain rates®.

3.1 Cfritical stress and deformation mode transition

The transition between homogeneous and inhomogeneous
flow is governed by a stress threshold with a boundary
between aging-dominated relaxation and rejuvenation-driven
flow, as illustrated in Fig.2. Key findings from creep and
atomic-scale strain analysis are also shown in Fig.2.

Fig. 2a presents the creep strain evolution under various
stresses, revealing a transition in deformation kinetics””. At
low stress levels, the creep curves exhibit a typical two-stage
behavior of primary state and steady state, which is a
character of thermally activated diffusion. In contrast, at
higher stresses, a tertiary stage emerges, which can be marked
by an accelerated strain rate, indicating the onset of
mechanical instability. This stress-dependent transition is
further quantified in Fig. 2b, where the steady-state creep
strain rate follows two distinct power-law scaling regimes

separated by a critical stress o

Below o, a linear
relationship suggests the Newtonian flow, which is dominated
by thermal diffusion. Above o, the power-law exponent m=3
reflects a non-Newtonian regime, where strain energy
gradients rearrangements, leading

rejuvenation. The macroscopic stress-strain responses in

drive  atomic to
Fig. 2c—2d further corroborate this transition™. The sample

deformed under high stress exhibits significant homogeneous

plastic flow before shear banding, as evidenced by the
diffusion shear strain contours in the insets of Fig. 2c. In
contrast, the sample under low stress shows restricted
plasticity and early localization into a shear band, as shown in
the insets of Fig.2d.

At the atomic scale, Zhu et al® depicted the evolution of
local plastic shear strain under small and large strains. Under
small strain, plastic deformation is isolated and randomly
distributed, reflecting short-range rearrangements driven by
thermal energy gradients. Under large strain, however, plastic
strain fields become obvious and spatially correlated,
indicating long-range cooperative flow enabled by strain
energy dominance. align with the

abovementioned atomic-scale models™, confirming that the

These observations

mechanical stress fundamentally reshapes the energy
distribution and changes the relaxation dynamics.
3.2 Intrinsic structural state: competition between

rejuvenation and relaxation
The stability of homogeneous flow is governed by the
evolution of the structural state parameter during deformation,
which is controlled by the competition between rejuvenation
and relaxation. This dynamic mode is conceptualized through

a deformation-mode map™”

, as illustrated in Fig. 3a. The
inverse boson peak temperature rises with strain rate for a
well-aged MG, signaling a reduction in mechanical stability.
This result demonstrates that rejuvenation by lowering the
activation barrier for atomic rearrangements, rather than
increasing the energy level, directly facilitates the activation

of flow defects and stabilizes homogeneous deformation
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Fig.2 Analysis of transition governed by critical stress from homogeneous flow to inhomogeneous flow: (a) strain evolution under different

stresses”””; (b) scaling of normalized steady-state creep strain rate with normalized stress”®”’; (c) macroscopic stress-strain responses under

low stress™; (d) macroscopic stress-strain responses under high stress™™!
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Fig.3 Critical stress and competition between rejuvenation and aging: (a) energetic scales of relevant strain rates”;

1) (b) critical stress boundary

between rejuvenation state and aging state””; (c) energy distribution during transition from aging to rejuvenation®”; (d) initial state,

(e) after-elastostatic-loading state, and (f) after-elastostatic-loading-and-cryogenic-treatment state during microstructure evolution'

against localization. As quantified by the free volume
model®, the parameter ratio a /k, which governs the relative
efficiency of formation and annihilation of defects, controls
the direction of structural evolution, as shown in Fig.3b. A
lower a /k, ratio leads to a net annihilation of flow defects,
while crossing a threshold value induces a global rejuvenation
characterized by a net increase in defect concentration™ .
This evolution of the relative defect concentration reveals that
net structural disordering occurs when the formation rate of
defects surpasses the annihilation rate, which is a condition
inherently linked to the state with surpassing o,.

This critical stress is related to the relaxation hierarchy.
Fig.3c represents the energy distribution, highlighting that the
stress must be sufficient to activate a series of excitations®”.
The enthalpic peaks in the equivalent configurational heat
flow suggest that these processes may involve local bond-
breaking of a first-order transition, emphasizing that the stress-
driven rejuvenation is not a random disordering process but
involves coordinated structural rearrangements related to these
relaxation modes. The related microstructure evolution is
shown in Fig. 3d — 3f, which demonstrates that elastostatic
loading above a critical stress induces atomic expansion and
increases the concentration of flow units for both f-relaxation
and p’-relaxation, linking mechanical stimulation to enhanced
atomic mobility™. With the decrease in free volume,
subsequent cryogenic treatment generates internal stress and
promotes the formation of dense unstable regions with lower
activation energy, which triggers plasticity. Therefore, Fig.3
provides a multi-scale validation, linking the stress threshold
and kinetic pathways directly to the underlying atomic-scale
structural rearrangements and relaxation dynamics that define

33]

the competition between rejuvenation and aging.

In addition, ultrasonic vibration fundamentally alters the
flow behavior of MGs by activating their intrinsic dynamic
heterogeneity”. The high-frequency cyclic loading preferen-
tially activates the fast surface dynamics, drastically reducing
the activation energy. This phenomenon leads to an apparent
decrease in viscosity by up to several orders of magnitude,
accompanied by the expansion of liquid-like regions”. As
these regions percolate under continuous vibration, they
disrupt the surrounding elastic solid-like matrix, inducing a
macroscopic fluid-like state™. This acoustically-mediated
softening effect enables plastic deformation, while main-
taining the amorphous structure far below T, thus facilitating
novel cold joining and forming processes.

3.3 Structural heterogeneity: initial conditions

The chemical composition and the resulting atomic struc-
ture establish the baseline potential energy distribution and
intrinsic heterogeneity of MGs, thereby presetting their defor-
mation behavior. Fig. 4 shows the effect of initial structural
states dictated by composition on the mechanical response
across scales of novel high-entropy and conventional MGs.

In high-entropy MGs (Fig. 4a — 4b), the enhanced
configurational entropy leads to a distinct structural state
characterized by a high degree of short-range order and denser
atomic packing””. This results in superior hardness and elastic
modulus compared to their low- and medium-entropy
counterparts, which is attributed to the sluggish dynamics
effect. The pronounced nanoindentation creep displacement
observed at high loading rates signals a high susceptibility to
activate flow defects under high strain rates.

In conventional MGs (Fig. 4c — 4f), compositional tuning
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Fig.4 Effects of initial chemical composition and structural state on mechanical response across scales of novel high-entropy and conventional

MGs: (a) schematic diagram of measurement instrument™”’; (b) schematic diagram of creep displacement curves”
strain rejuvenation for La, Cu, Al with different relaxation behavior

different relaxation behavior”'; (e) relaxation-time curves with m=1-4 derived from bending measurements™®

with m=4-8 derived from bending measurements®**

(e.g., comparison between La, Cu Al and La,NiAl,) directly
alters the hierarchy of STZs""".
relaxation

Quasi-static anelastic
that a pronounced
[-relaxation is linked to a higher fraction of small fast poten-

measurements  reveal
tial STZs and a lower fraction of large slow STZs. However,
tensile tests show that superior plasticity correlates with a
higher density of STZs™, particularly in the o-relaxation re-
gion, which sustains a more homogeneous activation™”.

The initial structure state can be represented by the
population and distribution of flow defects or STZs, which
serve as the primary governor. Whether modulated by high-
entropy effects or conventional composition design, a
structure with a sufficient activatable flow units, especially
those enabling long-range correlation, promotes the stability
of homogeneous flow. Fig.4 shows the critical roles of initial
chemical composition and structural heterogeneity, and it
emphasizes that the initial structural state quantified via
STZ distributions can predict the deformation mode

transitions and change MG composition for enhanced ductility

7 (c) normalized anelastic
B3 (d) normalized anelastic strain re_]uvenatlon for La, Ni Al with

I (f) relaxation-time curves

and formability.

3.4 Synthesized perspective: deformation-mode phase

diagram

The effects of external stress and intrinsic structural state,
resulting in the competition between rejuvenation and aging,
can be synthesized into a deformation-mode map. Fig. 5
provides a multi-scale validation, linking macroscopic
mechanical response directly to the underlying atomic-scale
relaxation dynamics and structural evolution.

The fundamental principle enabling this framework is the
stress-temperature equivalence, as shown in Fig. 5a. The

temperature-stress-transformation  diagram™,

derived from
molecular dynamics (MD)-dynamic mechanical spectroscopy
simulations, reveals that a static load can effectively lower 7.
This finding confirms that mechanical energy can facilitate the
large-scale cooperative atomic rearrangements, which are
the characteristics of the a-relaxation, thereby expanding the

thermodynamic window for homogeneous flow. Fig.5b further
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Fig.5 Stress-induced reshaping of energy distribution and relaxation: (a) temperature-stress-transformation diagram™'

; (b) T, reduction induced

by alternating load™'’; (c) splitting of ’-relaxation peak into y and p’ peaks after laser-shock loading™”; (d) universal scaling of fast

secondary relaxation intensities vs. normalized temperature for MGs!*”

contrasts this effect with that of alternating load™”, which
induces a more dramatic reduction in 7, due to the additional
activation of flow units by strain rate effects and the
promotion of atomic rearrangement overlap. This direct
comparison emphasizes that the specific mode of mechanical
loading, whether static or dynamic loading, changes the
energy distribution and the kinetics of glass transition. This
result is represented by a framework for understanding
homogeneous deformation under diverse thermomechanical
conditions.

Crucially, the influence of mechanical stimulation is not
confined to the o -relaxation but extends to the entire
relaxation hierarchy. Fig. 5c¢ offers a typical example™
showing how laser-shock loading can split a single fast f’-
relaxation peak into two distinct peaks: a y-relaxation at lower
temperatures and a f’'-relaxation at higher temperatures. The y
-relaxation is linked to the excitation of less stable medium-
range orders. The universal nature of these fast processes *”
is further highlighted in Fig.5d, which summarizes data from
various MGs and shows a clear boundary between the y and f’
regions around 0.47,. This universal scaling shows that the
fast relaxation is an intrinsic process of the dynamic
heterogeneity in MGs.

The consequence of activating these relaxation processes is
a net shift in the energetic state. This is quantitatively captured
in Fig.5e, which depicts the evolution of the normalized loss

; (¢) enhancement of slow f-relaxation intensity in recovered MG*!

modulus for MG in recovered, as-cast, and aged states™". The
application of mechanical cycling (rejuvenation) significantly
enhances the intensity of the slow f-relaxation and broadens
its distribution. This enhancement signals an increase in the
population and mobility of flow defects, which directly
changes to a higher propensity for homogeneous plastic flow
by facilitating the nucleation and percolation of shear
transformations™.

In summary, Fig.5 collectively elucidates that the mecha-
nical stress simultaneously facilitates the primary a-relaxation
and reconstructs the secondary relaxation by reshaping the
potential energy distribution. This multi-scale excitation from
the triggering of fast y -relaxation and f’ -relaxation to the
eventual cooperation in the o-relaxation alters the balance in

the continuous competition between rejuvenation and aging.

4 Probing and Modeling Spatiotemporal Evolution
of Deformation

Synergistically integrating current experiments and multi-
scale modeling is necessary. Techniques, such as dynamic
mechanical analysis, particularly under a superimposed static
have been pivotal in establishment of the stress-
temperature equivalence. The systematic stress-induced shift

stress,

of the a-relaxation peak provides direct experiment evidence

that mechanical energy directly facilitates large-scale
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cooperative motions, which is a foundational principle for
homogeneous flow. The evolution of f -relaxation with
thermal and mechanical history correlates with the population
and mobility of flow defects.
exponential relaxation described by the Kohlrausch-Williams-
Watts (KWW) function™*” is far more than a fitting tool. The
stretched exponent S, 1S a quantitative metric for the

Furthermore, the non-

dynamic heterogeneity. Its correlation with the change rate of
free volume creates a crucial bridge, inferring microscopic
from macroscopic mechanical or
calorimetric data. Fig. 6 provides the origin of Sy This

structural ~ kinetics
modified diffusive-trapping model considers that the applied
fundamentally  reshapes the
distribution. It allows atomic excitations to diffuse and

strain potential ~ energy
become trapped in this reconfigured distribution. The change
rate of free volume governs this process: a slow change rate
(the structure evolution is minimal) favors compressed
exponential relaxation (f>1), which is the characteristic of
internal stress redistribution or caged atomic hopping.
Conversely, a fast change rate of free volume driven by
mechanical stimulation promotes this band-mediated diffusive
trapping, leading to the stretched exponential decay (fw<1),
which is the characteristic of heterogeneous dynamics during
rejuvenation and flow.

MD simulations offer atomic-scale deformation processes,
which can identify the fundamental operation of STZs,
visualizing the nucleation and percolation of shear bands, and
B9 MD can directly observe the

string-like collective rearrangements of f-relaxation and even

validating scaling laws

the faster f" processes, providing a relation between atomic
structure and mechanical response. The vital challenge is to
establish a direct causal relation between the fundamental
and the macroscopic mechanical
While the
o-relaxation and f-relaxation processes have been extensively
studied, their
governed by the energetic state have remained complex,

relaxation processes

performance of MGs. individual roles of
interplay and corresponding mechanism

particularly in the deep supercooled liquid region where

crystallization cannot be presented by conventional
Ref[8]
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experiments. Fig.7 shows advanced nano-calorimetry and MD
to resolve this problem, providing a unified multi-scale
framework.

Fig.7a shows the critical coupling degree separating regions
where f -relaxation is pronounced or appears as an excess
wing®™. Fig.7a—7b show a universal critical coupling degree
1 — n that dictates the relaxation mode in the supercooled
liquid®™. This critical value validated across metallic,
polymeric, and oxide glasses separates two distinct regions™.
(1) Low coupling region (1 — n<0.47): the p -relaxation is
pronounced and decoupled early from the a-relaxation process
upon cooling (f separated from o). This early decoupling
preserves a high population of flow units in the glassy state.
(2) High coupling region (1 —#n>0.47): the p -relaxation can
only be observed as an excess wing, and the a -relaxation
process can be observed from a continuous S -relaxation
process upon cooling (a separated from f), resulting in fewer
more-isolated flow units. The mechanical implication is that
the glasses in the low-coupling region exhibit superior
plasticity. The atomic-scale origin of this behavior can be
revealed by MD simulations. Fig. 7c shows the fraction of
atomic rearrangements in MGs under strain, revealing the
atomic-scale origin of homogeneous flow. It can be seen that
the systems with a pronounced f-relaxation and low 1-n value
exhibit a high fraction of atomic rearrangements (string-like
cooperativity)™. This is a direct atomic-level signature of the
interconnected flow units that promote the homogeneous
plasticity. In contrast, systems with weak f-relaxation show
randomized displacements, leading to localized
deformation. This further verified by
mesoscale modeling, which incorporates the activation energy.
The model quantifies the effect of initial energetic state on the

more
phenomenon is

average activation barrier and softening potential. It is
suggested that the lower the initial energy, the larger the
required average activation energy, which promotes strain
localization despite increasing the yield strength®™. These
results are summarized in Fig.7d—7e.

Collectively, the initial energetic state (set by composition
and processing) dictates the a - f coupling degree, which

2.0

0.5

102 107 102 107 107 107 107
AHs”

Fig.6 Relationship between relaxation kinetics and atomic-scale free volume dynamics®™: (a) relationship between KWW stretching exponent

and homologous temperature of various MGs; (b) stretching exponent as a function of change rate of free volume
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Fig.7 Multi-scale relationship between o - relaxation coupling and plasticity: (a) critical coupling degree®”; (b) relationship between critical

[53].

temperature ratio and coupling degree™; (c) fraction of atomic rearrangements in MGs under strain®; (d) g-relaxation map of Al,,Sm,,

MGPY; (e) schematic diagram of cooperative rearrangements of accelerated atoms and their surroundings in Al,,Sm,, and Y ,Cu,; MGs"™"

microscopically leads to the propensity for string-like
rearrangements. This atomic-scale cooperativity governs the
stability of homogeneous flow at the mesoscale and ultimately
determines the macroscopic ductility. This multi-scale
understanding provides a quantitative analysis for designing
MGs with designed mechanical properties by controlling their

relaxation hierarchy through
[55-57]

thermal and mechanical

history
5 Summary and Outlook

Despite significant achievements, several fundamental
challenges remain in achieving a predictive understanding and
control of homogeneous flow in MGs. Addressing the
following problems requires a concerted shift from
phenomenological description to predictive science and
controlled engineering.

1) The initial stages of plasticity: the occurrence mechanism
of plastic deformation from the initial atomic scale to the
formation of a stable shear transformation is still obscure. A
primary challenge is the direct and quantitative experiment for
investigation of the fast relaxation dynamics (') and their
causal relationship with the nucleation of flow defects.
Prevailing techniques often lack the combined temporal
resolution and sensitivity to probe these fast events. The
development of ultrafast high-resolution mechanical tests and
the application of low-temperature X-ray photon spectroscopy
are promising methods to capture the dynamics. Coupled with

atomic simulations designed to isolate these triggers, a

concerted effort is needed to establish a complete distribution
map of plasticity from the initial g’ trigger, through the
f-relaxation, to the eventual a-scale cooperation.

2) Towards predictive modeling across time and space:
current constitutive models incorporating the key physics
often fall short in predicting long-term performance and
behavior under complex loading. Two critical gaps exist. One
is predicting deformation over decades, which requires
models to integrate the continuous competition between
physical aging and mechanical rejuvenation. Current
accelerated testing protocols need to be validated against these
coupled kinetics. The other one is that most models are
calibrated for uniaxial or simple shear loading. The behavior
under multi-axial, non-proportional, or cyclic loading, where
the directions of stress and strain rate are different, is
profoundly complex and can barely be captured. Next-
generation models must incorporate tensorial state variables
and anisotropic damage evolution.

3) The ultimate challenge lies in linking fundamental
knowledge to materials and manufacturing processes. The
proven efficacy of protocols, such as elastostatic loading and
cryogenic cycling, must be systematized. A fundamental
understanding should be investigated on the following
perspectives: how these treatments activate the relaxation
processes, and how much the rejuvenation threshold stress is
needed for different MGs and component geometries.
Additionally, the comprehensive Ashby-type map for MGs is
still rare, which can reliably predict the transition among
homogeneous flow, shear banding, and fracture as a function
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of stress, temperature, strain rate, and the initial structural
state. Integrating the rejuvenation threshold stress as a central
boundary is a critical milestone.
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