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Abstract

An open-source cloud-based application has been developed to facilitate crystal
plasticity simulations using the fully-constrained Taylor model and Alamel model.
The application is primarily constructed using Python, leveraging the Dash frame-
work for the creation of the user interface and controller layer. It was deployed
to Azure through Docker. While incorporating a few novel Python functions and a
newly built user interface, the application also incorporates existing Fortran and
Python programs developed by the Department of Materials Science and Engineer-
ing at NTNU, enhancing its capabilities and reliability. The crystal plasticity tool-
box offers a diverse range of visualizations, including pole figures, inverse pole
figures, orientation distribution function (ODF) figures, two-dimensional yield
surfaces and R-values figures. These visualizations are essential for comprehend-
ing and analyzing the crystallographic texture and plastic deformation behavior
of polycrystalline materials. Users can conveniently upload the initial texture of
a polycrystalline aggregate from an external file, such as data acquired through
Electron back-scattered diffraction (EBSD). Users can also synthesize textures by
defining a spread around given orientations as well as fibre textures. Additionally,
the toolbox facilitates the examination of a single crystal’s orientation, specified
by three Euler angles, for educational purposes. An advantageous feature of the
toolbox is its scalability, allowing for future expansion to support other mean-field
crystal plasticity models.
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Chapter 1

Introduction

1.1 Background and Motivation

Understanding material deformation, when subjected to external forces, is import-
ant for predicting mechanical properties, which enables more informed decisions
on how to improve material performance, and ensures the reliability and safety
of engineered systems. Plastic deformation, which is irreversible or permanent, is
a key factor in determining the causes of material failure. On a macroscopic level,
the plastic deformation is often modelled as isotropic, using simple and compu-
tationally fast Von Mises plasticity model. However, the origin of plasticity on the
microscopic scale is by nature strongly anisotropic. To understand the mechanisms
of plastic deformation for crystalline materials, such as metals, crystal plasticity
theory has been developed. This theory assumes that, at ambient temperatures,
twinning or dislocation movement along specific planes and directions are the
main causes for plastic deformation in crystalline materials [1, 2]. Previous re-
searchers have already studied and created various crystal plasticity models (e.g.
Sachs model [3], Taylor model [4], Alamel model [5] , Visco-plastic self-consistent
(VPSC) model [6], Relaxed grain cluster (RGC) model [7], Crystal plasticity finite
element method (CPFEM) [8] and crystal plasticity fast Fourier transform-based
or crystal plasticity spectral methods (CPFFT) [9]) to help predict material texture
and mechanical properties.

At the Department of Materials Science and Engineering in the Norwegian Uni-
versity of Science and Technology (NTNU), various microstructure and physics-
based models have been developed during the past two decades. These have been
implemented in both Fortran and Python, which are related to material texture
and mean-field crystal plasticity models, such as the Taylor and Alamel models,
along with more advanced CPFEM codes. Presently, the Taylor and Alamel models
are visualized using Jupyter Notebook, as shown in Figure 1.1. The objective of
this project is to create a contemporary web application that encompasses these
existing programs, making them readily accessible to users.

1
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Figure 1.1: A screenshot from the implementation in Jupyter Notebook.

1.2 Aim and Scope

The aim of the master’s thesis is to develop a web-based application with a user-
friendly graphicsl user interface (GUI), that would serve as a platform to visualize
material texture and to perform crystal plasticity calculations by means of full-
constrained (FC) Taylor and two-grain Alamel models. The application will allow
for quick visualization and evaluation of pole figures, inverse pole figures, ori-
entation distribution function (ODF) figures, two-dimension yield surfaces, and
R-values.

The scope and requirements of the project will be thoroughly discussed in
Chapter 3, however, at a high-level, the following points outline the key aspects
covered:

• Generate initial and loaded figures for pole figures, inverse pole figures,
ODF figures, two-dimension yield Surfaces, and R-values

• Input the following parameters in the GUI for the simulation: (1) grain ori-
entation, (2) loading parameters, (3) total Von Mises strain, and (4) number
of steps



Chapter 2

Theory

This chapter gives a brief introduction to the theory behind the toolbox. Since the
main focus of the master’s thesis is on the development of the crystal plasticity
toolbox, this chapter only gives a high-level discussion on single crystal plasticity,
polycrystal plasticity models, material texture, yield surface and R-values.

2.1 Single crystal plasticity

2.1.1 Schmid’s Law

Plastic deformation for single crystals is facilitated by the movement of disloca-
tions along specific slip systems. These slip systems consist of close-packed slip
directions and typically close-packed slip planes. This arrangement enables dislo-
cations to move more easily since it produces the least Burger’s vector magnitude
[10], which is a measure of the lattice distortion caused by the dislocation. As
described by Schmid [1], crystallographic slip takes place on a slip plane along a
specific slip direction when the resolved shear stress reaches the critical resolved
shear stress (CRSS) value.

Schmid’s Law can be visually represented using Figure 2.1, which depicts a
single crystal under uniaxial tension σ. In the figure, the slip direction s is on
the slip plane which has the normal direction n. Additionally, the angles φ and λ
are shown, representing the angles between the loading axis and the slip normal
plane, and between the loading axis and the slip plane, respectively. The resolved
shear stress component can be calculated using the Equation 2.1, where the term
cosφ cosλ is known as the Schmid factor, which represents the projection of the
applied stress onto the slip system and determines the tendency for plastic de-
formation along that particular slip system.

τ= n ·σ · s= σ cosφ cosλ (2.1)

The resolved shear stress τ on a slip system α can be defined as the component
of the Cauchy stress tensor that acts along the slip direction of the slip system. The

3
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Figure 2.1: Illustration of the geometry of slip [11]. (Figure from Introduction to
Dislocations, Fifth Edition, D. Hull,D.J. Bacon, "Chapter 3 - movement of disloca-
tions", Pp. 43–62, 2011, with permission from Elsevier)

resolved shear stress is responsible for driving the motion of dislocations and ini-
tiating plastic deformation and can be defined by Equation 2.2, where the Schmid
tensor is Mα = sα ⊗ nα. Here, α represents an identifier for a slip system.

|τα|= |σ : 1
2(M

α +MαT )|= |σ : 1
2(s

α ⊗ nα + nα ⊗ sα)| ≤ ταc (2.2)

Each slip system within a crystal can have a different orientation relative to
the loading axis. Consequently, each slip system will exhibit different values for
the resolved shear stress τα. Among these various slip systems, the one with the
highest τα value which also reached the CRSS, τc , is where dislocation motion
occurs. Usually τc increases with the plastic deformation of the crystal, i.e. the
crystal hardens. Equation 2.3 demonstrates that the uniaxial stress will have dif-
ferent values depending on the crystal orientation. This leads to anisotropic plastic
deformation at the microscale level, where the material’s response to deformation
varies depending on crystal orientation [1]. Hence, the tensile stress σc can be ex-
pressed as Equation 2.3.

σc =
τc

cosφ cosλ
(2.3)

Crystal structures consist of specific slip systems and in face-centered cubic
(FCC) crystal structures, 12 slip systems are typically employed to accommodate
plastic deformation. These slip systems result from the combination of four {111}
close-packed slip planes, each of which has three<110> slip directions. Figure 2.2
provides a visualization of these slip systems. In contrast, for body-centered cubic

https://www.sciencedirect.com/science/article/abs/pii/B9780080966724000037
https://www.sciencedirect.com/science/article/abs/pii/B9780080966724000037
https://www.sciencedirect.com/science/article/abs/pii/B9780080966724000037


Chapter 2: Theory 5

(BCC) crystal structures, the slip systems are found on planes {110}, {112}, and
{123}, wherein the slip direction for all these planes is consistently along <111>
[12].

Figure 2.2: FCC slip planes and slip directions (slip systems) [13]. (Figure from
Computational Materials Science, Vol. 70, Y. Guilhem, S. Basseville, F. Curtit, J.-
M. Stéphan and G. Cailletaud, "Numerical investigations of the free surface effect in
three-dimensional poly-crystalline aggregates", Pp. 150–162, 2013, with permission
from Elsevier)

2.1.2 Kinematics of single crystal plasticity

Figure 2.3: Decomposition of deformation gradient [14].

The deformation of a single crystal can be described by decomposing its continu-
ous deformation gradient F into its plastic part FP and elastic part F∗, which also
accounts for rigid body rotation. Figure 2.3 schematically represents this decom-
position. An initial reference system is depicted for the single crystal, as can be
seen in the lower left part of Figure 2.3, with nα0 representing the initial unit slip
plane normal vector and sα0 representing the initial unit slip direction for the α slip
system. When the crystal lattice undergoes a continuous deformation F, it exper-
iences plastic deformation through the plastic deformation gradient FP, resulting

https://www.sciencedirect.com/science/article/abs/pii/S092702561200715X
https://www.sciencedirect.com/science/article/abs/pii/S092702561200715X
https://www.sciencedirect.com/science/article/abs/pii/S092702561200715X
https://www.sciencedirect.com/science/article/abs/pii/S092702561200715X
https://www.sciencedirect.com/science/article/abs/pii/S092702561200715X
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in shearing caused by dislocation slip. This leads to an intermediate configuration,
as shown in the lower right of Figure 2.3. Since this intermediate configuration is
assumed to be stress-free, the crystal lattice and orientation from the initial con-
figuration is preserved. The elastic deformation includes also rigid body rotations
and the elastic deformation gradient F∗ transforms vector sα0 into sα and vector
nα0 into nα. As a result, it produces the deformed and stressed configuration of the
crystal lattice, which is represented at the top part of Figure 2.3. The mathemat-
ical representation of the deformation gradient decomposition can be expressed
as shown in Equation 2.4 [1, 10].

F= F∗ · Fp (2.4)

The total deformation can also be described using the velocity gradient L,
which can be further divided into its plastic component Lp and elastic component
L∗. This can be mathematically represented by Equation 2.5.

L= Ḟ · F−1 = L∗ + Lp = Ḟ
∗ · (F∗)−1 + F∗ · Ḟp · (Fp)−1 · (F∗)−1 (2.5)

Furthermore, the velocity gradient L can also be decomposed into two parts,
the deformation velocity part D and the spin velocity part W, as can be seen in
Equation 2.6. Additionally, these parts can be further decomposed into their re-
spective plastic and elastic components, as can be seen in Equation 2.7. Plastic
deformation rate Dp and plastic spin Wp occur due to dislocation slip within the
crystal lattice, while elastic deformation rate D∗ and elastic spin W∗ result from
the stretching and rigid rotation of the crystal lattice.

L= D+W (2.6)

D= D∗ +Dp, W=W∗ +Wp (2.7)

The Schmid tensor Mα for a specific slip system α is represented as the tensor
product of the slip direction sα and the slip plane normal nα, as shown in Equation
2.8. This Schmid factor can be further separated into a symmetric component Pα

and Ωα, as shown in Equations 2.9 and 2.10.

Mα = sα ⊗ nα = Pα +Ωα (2.8)

Pα =
sα ⊗ nα + nα ⊗ sα

2
(2.9)

Ωα =
sα ⊗ nα − nα ⊗ sα

2
(2.10)

The plastic velocity gradient Lp can be expressed as the summation of the
shearing occurring in the crystal lattice, since plastic deformation is a result of
shearing within the slip system. In Equation 2.11, γ̇α is the shear rate of α slip
system.
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Lp =
n
∑

α=1

γ̇α(sα ⊗ nα) =
n
∑

α=1

γ̇α(Pα +Ωα) (2.11)

2.2 Crystal plasticity models for polycrystals

Figure 2.4: Sample illustrations of crystal plasticity models: (a) Sachs model [15],
(b) Taylor model [15], (c) Alamel model [16], (d) Relaxed grain cluster (RGC)
model [15], and (e) Full-field models such as Crystal plasticity finite element
method (CPFEM) [15].

Homogenization methods or models are utilized to predict the crystal plasti-
city behavior in polycrystalline materials. These models can be classified into two
categories: mean-field models and full-field models [14].

Mean-field models are statistical models that represent a polycrystal by volume
fractions of crystal orientations. These models do not explicitly consider the in-
teraction between grains, but they incorporate some level of local interaction
between neighboring grains or small grain clusters. Mean-field models provide
qualitative accuracy and fast simulations, however, they lack spatial resolution
compared to full-field models. Some examples of these models are the Sachs
model [3], Taylor model [4], Alamel model [5], and RGC model [7], which can be
visualized in Figure 2.4a-d. These models assume homogeneous stress or strain
to simplify the rather complex mechanisms in a polycrystal.

Full-field models consider both short-range and long-range grain interaction,
which can be visualized in Figure 2.4e. Grain morphology modelling in full-field
models mimic real microstructures during simulation, which makes models un-
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der this category more accurate but considerably higher in computational costs.
Examples of models under this category are the CPFEM [8] and CPFFT [9].

The crystal plasticity toolbox supports the Taylor and Alamel models, thus a
high-level discussion on the theories behind these models will be included in the
succeeding sub-sections.

2.2.1 FC-Taylor model

The FC-Taylor model [4] was one of the first models, developed in 1938, which
tried to understand and predict how the plastic behavior of individual crystals
can influence the overall mechanical response and texture development in a poly-
crystal. This model provides a framework to calculate the plastic anisotropy of a
textured polycrystal or predict the crystallographic textures that result from sig-
nificant plastic deformations in single-phased polycrystals.

Taylor assumes that each grain in a polycrystal undergoes uniform strain. The
strain experienced by each grain is equal to the global strain, thus each grain ex-
periences the same velocity gradient, and that the grains also do not interact with
each other. This assumption simplifies the analysis by allowing the macroscopic
deformation of the polycrystal to be equated to the deformation of a single crystal
with a known crystallographic orientation [17].

In the context of metals, the incompressibility condition, wherein the volume
remains constant, implies that the plastic deformation rate tensor Dp only has five
independent components. Thus, plastic deformation rate Dp and plastic spin Wp

can be represented as shown in Equations 2.12 and 2.13, respectively, with five
independent slip systems [18].

Dp =
n
∑

α=1

γ̇αPα =
∑

α

1
2
(Mα +MαT )γ̇α (2.12)

Wp =
n
∑

α=1

γ̇αΩα =
∑

α

1
2
(Mα +MαT )γ̇α (2.13)

However, there is no unique solution to these five equations from Equation
2.12, since in reality most metals have more than five possible slip systems. For
example, FCC metals typically have twelve potential slip systems, and in the case
of five active slip systems out of the twelve, there would be 792 possible combin-
ations. To address this issue, Taylor introduced an assumption that the solutions
with the least plastic work dissipation in the slip systems, shown in Equation 2.14,
were considered acceptable solutions. It should be noted that even with this cri-
terion, typically no unique solution exists, i.e. multiple solutions minimize the
plastic work rate. This is called the Taylor ambiguity. To determine a unique solu-
tion, an additional condition need to be specified or the rate-dependency intro-
duced [17].

∑

α

|γ̇α|ταc = min (2.14)
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In response to the challenges of identifying the active slip systems, Bishop and
Hill [19, 20] proposed an alternative theory that builds upon Taylor’s work. In-
stead of focusing on the solution that minimizes the internal plastic work, their
approach utilizes a stress-based procedure for the iso-strain scenario. Their ap-
proach aimed to directly determine stress states that could simultaneously activate
at least five independent slip systems. By considering yield criterion and maxim-
izing the external work, shown in Equation 2.15, the permissible stress states can
be narrowed down to one that maximizes the external work [17].

Ẇ = σi j D
p
i j = max (2.15)

Bishop and Hill [19, 20] showed that the principle of maximum work is equi-
valent to Taylor’s approach of minimizing internal energy dissipation [17]. Thus,
the model that combines Taylor’s and Bishop-Hill’s methods is often referred to as
the Taylor-Bishop-Hill model or the FC-Taylor model.

2.2.2 Alamel Model

The Taylor model is extremely restricting since it assumes iso-strain inside each
grain and interaction between grains is not considered. To relax the iso-strain as-
sumption, models which consider grain clusters were eventually studied and de-
veloped. The Alamel model [5], introduced by Van Houtte et al., is one example for
this, wherein the polycrystal is represented by grain pairs, with orientations that
as a whole represent a given texture. This model considers the local interactions
between the grain pair by allowing relaxation of constraints on the shear com-
ponents of the prescribed deformation. The yield criteria of the slip systems and
the equilibrium conditions of the shear stress components are considered when
calculating the stress tensors in each crystal of one grain pair [5, 21].

In the Alamel model, a grain pair consists of a "stack" of two grains, a and b,
with a common grain boundary which can be arbitrarily inclined. The grain pair
is exposed to a prescribed velocity gradient L with spin velocity WL . The shear
rate is represented as γ̇α and the unit vector along the slip direction of system is
represented as ŝα of α slip system. Grains a and b has an interface with a normal
vector n, and they have local velocity gradients, la and l b, which could be different
from the global velocity gradient L. The difference of the local and global velocity
gradients is due to allowed relaxation, K r , on the shear components [5, 21].

L = WL = +
∑

α

γ̇α ŝα ⊗ nα (2.16)

la = L+
∑

r

K r γ̇r (2.17)

l b = L−
∑

r

K r γ̇r (2.18)
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The Alamel model incorporates symmetric relaxation of the two local velo-
city gradient components such that

∑

r K r = e ⊗ n where e ⊥ n, which ensures
constant stress equilibrium at the boundary except for the normal component [5,
21].

2.3 Material texture

Material texture refers to the statistical distribution of crystallographic orienta-
tions within a polycrystal. When a polycrystal undergoes plastic deformation, the
individual crystals can rotate and align themselves into preferred orientations,
resulting in the development of crystallographic texture. This texture can signific-
antly influence various material properties. The introduction of texture introduces
anisotropy, meaning that the material properties become direction-dependent.
Therefore, it is crucial to have control over the texture formation process in order
to achieve desired material properties tailored for specific applications [22].

Figure 2.5: Schematic of a sample global fixed coordinate system, CG , and crystal
coordinate system, CL [23].

To define the orientation of a crystal, we establish a fixed global coordinate
system CG for the polycrystal, as shown in Figure 2.5. Additionally, for each crystal
within the polycrystal, a fixed local coordinate system CL is defined. In this local
coordinate system, each direction represents a crystallographic direction, and this
definition should remain consistent for all crystals. The orientation of a crystal
relative to the polycrystal can be defined by the rotation g (see Equation 2.19)
that transforms the global coordinate system CG to the local coordinate system
CL . This rotation can be described by three angles: ϕ1, Φ, and ϕ2. These angles
are known as Euler angles and they specify the crystal’s orientation within the
polycrystal [23].

g = {ϕ1,Φ,ϕ2} (2.19)

Figure 2.6 illustrates the process of rotations using Bunge’s notation and Euler
angles. In this notation, the coordinate axes for the global coordinate system CG
are denoted as X, Y and Z, while the coordinate axes for the local coordinate
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system CL are denoted as X’, Y’ and Z’. Initially, the crystal’s axes align with the
axes of CG . To determine the crystal’s orientation relative to the polycrystal, the
following steps are performed, which results in the final orientation of the crystal’s
axes represented by X’, Y’ and Z’ in the local coordinate system CL [23]:

1. Rotate the crystal about the Z-axis by an angle ϕ1.
2. Rotate the crystal about the X-axis (using the new axes obtained from the

first rotation) by an angle Φ.
3. Finally, rotate the crystal again about the Z-axis (using the new axes ob-

tained from the second rotation) by an angle ϕ2.

Figure 2.6: Euler angle rotation [23].

2.3.1 Pole figure

A common method to represent and visualize material texture is through the use
of pole figures. Pole figures provide a two-dimensional stereographic projection of
the orientation distribution of specific crystallographic planes within a material,
with respect to a chosen frame of reference. In a pole figure, each point corres-
ponds to a specific crystal orientation. By examining the distribution of points
on a pole figure, one can determine if there is clustering or preferred orientation
of crystals within the polycrystal, indicating the presence of texture. Clusters of
points on the pole figure suggest that certain crystallographic planes are more
likely to be aligned in a particular direction. To analyze and compare pole figures,
standard geographic projection techniques can be employed. These techniques
help identify patterns and trends in the texture of the material. Figure 2.7a illus-
trates an example of a pole figure for a standard stereographic projection [22].
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2.3.2 Inverse pole figure

In addition to pole figures, inverse pole figures can also be utilized to repres-
ent material texture. Inverse pole figures, as shown in Figure 2.7b, are named
"inverse" because they are projections relative to the crystal axes rather than the
sample axes. For materials with a cubic crystal structure, there are 24 inverse pole
figure triangles in the stereographic projection. However, due to symmetry, it is
sufficient to represent the inverse pole figure with just one triangle. This repres-
entation captures the distribution of crystallographic orientations and reveals the
preferred orientations or texture in the material. By examining the inverse pole
figure, one can gain insights into the orientation distribution and anisotropy of
the material. It provides a useful tool for analyzing and understanding the texture
characteristics of materials with cubic crystal structures [22].

Figure 2.7: (a) Pole figure superimposed to a standard stereographic projection,
(b) Inverse Pole Figure example [22]. (Figure from Crystallographic Texture of
Materials, S. Suwas and R. K. Ray, "Representation of texture", Pp. 11–38, 2014,
with permission from Springer Nature)

2.3.3 ODF figure

The ODF is a representation of the continuous distribution of crystal orientations
within a polycrystal. It provides information about the frequency of occurrence
for different crystal orientations in a three-dimensional Euler space, as depicted in
Figure 2.8. The Euler space is defined by the three Euler angles discussed earlier
in this section. By analyzing the ODF, one can gain insights into the preferred
orientations and anisotropic behavior of the material at a macroscopic level.

The ODF, which can be denoted as f (ϕ1,Φ,ϕ2), expresses the probability
density of finding a crystal with a specific orientation defined by the Euler angles
ϕ1, Φ and ϕ2. In other words, it quantifies the likelihood of a crystal having a
particular orientation within the polycrystal. Mathematically, the ODF can be rep-
resented as Equation 2.20. Here, g represents a specific crystal orientation, dg is
the differential measure of the spread of orientations contained in a volume ∆V ,

https://link.springer.com/book/10.1007/978-1-4471-6314-5
https://link.springer.com/book/10.1007/978-1-4471-6314-5
https://link.springer.com/book/10.1007/978-1-4471-6314-5
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and V is the total volume of the polycrystal. The equation describes the relative
distribution of crystal orientations within the polycrystal.

f (g)dg =
∆V
V

(2.20)

According to Bunge [23], the ODF can be expressed as Equation 2.21. Here,
C mn

l represents the series coefficients, and Pmn
l (Φ)e−imϕ2e−inϕ1 is a generaliza-

tion associated with Legendre functions.

f (ϕ1,Φ,ϕ2) =
∞
∑

l=0

+l
∑

m=−l

+l
∑

n=−l

C mn
l Pmn

l (Φ)e−imϕ2e−inϕ1 (2.21)

Pole figures, on the other hand, are obtained by integrating the ODF over the
angle ϕ2. This means that it is possible to derive the ODF from pole figure data.

Figure 2.8: ODF of 95% cold-rolled copper with constant ϕ2 [23]. (Figure from
Texture Analysis in Materials Science, H.-J.Bunge, "11 - Some Results of Texture
Analysis", Pp. 226-278, 1969, with permission from Elsevier)

2.4 Yield surface

A material exposed to a load deforms either in an elastic or plastic manner, de-
pending on the critical stress level known as the yield stress. Below the yield stress,
the material would behave elastically, which means that it will not permanently
deform and it will return to its original state once unloading occurs. However,
when the yield stress is reached or exceeded, the material undergoes permanent

https://www.sciencedirect.com/book/9780408106429/texture-analysis-in-materials-science
https://www.sciencedirect.com/book/9780408106429/texture-analysis-in-materials-science
https://www.sciencedirect.com/book/9780408106429/texture-analysis-in-materials-science
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plastic deformation. When the material undergoes another cycle of reloading and
unloading, it can be observed that the new yield stress upon reloading corresponds
to the stress level just prior to previous unloading. When multiple force systems
are applied, the yield criterion is not just a single number, but is expressed as as
function f (σi j) that would describe the yield surface. In general, when f (σi j) <
c, where c = constant, the deformation is elastic. If f (σi j) = c, the deformation is
plastic [24].

In crystal plasticity, yield surfaces are used to determine the onset of plastic
deformation for individual crystals or grains within a polycrystalline material. The
relationship between continuum plasticity theories and crystal plasticity models
lies with the Taylor factor m and the yield surface exponent A. The flow stress
σ can be related to the CRSS τc through the Taylor factor m as: σ = mτc [25].
Experimental measurements for the Taylor factor m is challenging, but it can be
estimated or calculated using crystal plasticity models.

A yield function can be used to approximate the yield surface in classical plas-
ticity theory, and it can be written in the form: f (σ) = ϕ(σ) − σY . Here, the
equivalent stress corresponds to ϕ(σ) and σY corresponds to the yield stress of
the material. For isotropic materials, the yield function is expressed as a function
of the principal stresses (σ1,σ2,σ3) and the most widely used function is the Von-
Mises yield criterion. Hershey [26] and Hosford [27] proposed a non-quadratic
form of this criterion shown in Equation 2.22. In this function, σ is the Cauchy
stress tensor and the value for the exponent A depends on crystal structure [24].

f (σ) = 2
−1
A (|σ1 −σ2|A+ |σ2 −σ3|A+ |σ3 −σ1|A)

1
A −σY (2.22)

2.5 R-values

The plastic anisotropy of a material can be quantified using a metric known as
the R-value or Lankford coefficient. The R-value is the ratio of the plastic strain
rate across the width of a sample and the magnitude of the plastic strain rate in
the thickness of the sample produced by tensile loading, and it is a function of
the angle θ between the rolling direction and uniaxial tension axis, as shown in
Equation 2.23. Here, Dp

22 is the strain rate along the width and Dp
33 is the strain

rate along thickness of the materials [28].

R(θ ) =
Dp

22

Dp
33

(2.23)

The R-values can change depending on the sample’s orientation, thus it can
vary based on a material’s crystallographic texture, which makes it a measure of
the directional dependence of plastic deformation. Large R-values indicate good
material formability as there is little deformation along the thickness which is
desired as it prevents localization and eventually failure. On the contrary, low
R-values indicate poor material formability [28].
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Software development

3.1 Requirements and specifications

The main goal of the master’s thesis is to deploy a crystal plasticity toolbox to
cloud which would be able to generate visualization for crystal plasticity models.
The functional requirements for the application are listed in Table 3.1, while the
the non-functional requirements are listed in Table 3.2.

Table 3.1: Crystal plasticity toolbox functional requirements

ID Description
F-REQ-01 Crystal Plasticity Model: User should be able to generate crystal

plasticity visualizations for Taylor model
F-REQ-02 Crystal Plasticity Model: User should be able to generate crystal

plasticity visualizations for Alamel model
F-REQ-03 Grain Orientation Setup: User should be able to select pre-defined

texture components (Cube, Brass, S, Goss, Copper), specify spread
and number of grains

F-REQ-04 Grain Orientation Setup: User should be able to select random
orientation and spread, and specify number of grains

F-REQ-05 Grain Orientation Setup: User should be able to select fiber texture
component, specify spread, number of grains, Euler angles and
axis

F-REQ-06 Grain Orientation Setup: User should be able to select to input
custom spread, number of grains and Euler angles

F-REQ-07 Grain Orientation Setup: User should be able to mix multiple tex-
ture components in the polycrystal

F-REQ-08 Grain Orientation Setup: User should be able to upload .ori files
as source for the polycrystal

Continued on next page
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Table 3.1 – continued from previous page
ID Description
F-REQ-09 Grain Orientation Setup: User should be able to upload .ang files

as source for the polycrystal, and enter threshold
F-REQ-10 Loading Conditions Setup: User should be able to select from pre-

defined loading conditions (Uniaxial Tension, Plane-Strain Com-
pression, Mixed Boundary Condition)

F-REQ-11 Loading Conditions Setup: User should be able to select to input
custom loading values for Global Velocity Gradient (L)

F-REQ-12 Loading Conditions Setup: User should be able to specify total Von
Mises Strain

F-REQ-13 Loading Conditions Setup: User should be able to specify total
number of steps for loading

F-REQ-14 Pole Figures: User should be able to generate initial and loaded
pole figures

F-REQ-16 Pole Figures: User should be able to select projection type, which
would be either stereographic or area

F-REQ-17 Pole Figures: User should be able to select to view either point
projection or contour pole figures

F-REQ-18 Pole Figures: User should be able view pole figure for (100), (110)
and (111) FCC planes

F-REQ-19 Inverse Pole Figures: User should be able to generate initial and
loaded inverse pole figures

F-REQ-20 Inverse Pole Figures: User should be able to view the trajectory of
the Loaded Inverse Pole Figures

F-REQ-21 ODF: User should be able to see initial and loaded ODF figures
F-REQ-22 ODF: User should be able to change the ODF levels and re-

generate the figure
F-REQ-23 Yield Surface: User should be able to view initial and loaded yield

surfaces
F-REQ-24 Yield Surface: User should be able select the x and y axis for the

yield surface
F-REQ-25 R-values: User should be able to view initial and loaded R-values
F-REQ-26 R-values: User should be able select the normal axis for the R-

values
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Table 3.2: Crystal plasticity toolbox non-functional requirements

ID Description
NF-REQ-01 Generate Python executable module for existing crystal plasticity

Fortran codes (cko2odf.f, gauss_odf.f, gauss_odf_wrap.f,
simplx.for, minpack.f90, globals.f90, linesearch.f90,
utils.f90, crystal_plasticity.f90)

NF-REQ-02 Web appplication should be deployed to cloud
NF-REQ-03 Figure generation should be relatively "fast"
NF-REQ-04 Web application should be user-friendly and intuitive
NF-REQ-05 Code should be easily understandable (proper comments)
NF-REQ-06 Application should be available for use by the public (open-source)

3.2 Technology and tools

Identifying technologies and tools that would best suit the project is one of the
most important parts in software development. In this section, the tools used to
develop the cloud-based crystal plasticity toolbox is presented.

3.2.1 Python

Python is an open-source programming language, which supports object-oriented,
procedural and functional programming. It is used in various applications such as
scientific computing, data analysis, and web development. It is a widely used pro-
gramming language known by its simplicity and readability, making it easy to
learn. It has a large standard library that provides modules and functions for vari-
ous needs. Aside from the standard libraries, it also has a wide-range of packages
that can be easily installed through package managers [29].

It was known from the beginning of the project that existing Fortran codes for
crystal plasticity calculations would be used for the application. This is because
Fortran is known to be highly optimized for numerical calculations, which makes it
useful for scientific and engineering applications [30]. However, Fortran, by itself,
is not capable of creating modern and user-friendly GUI, thus the need for another
programming language which has both the possibility of using the existing Fortran
code and creating a sleek and modern web-based application. Thus, Python was
selected as the main programming language for the development of the cloud-
based crystal plasticity toolbox.

3.2.2 F2PY

Fortran to Python interface generator (F2PY) is a tool that simplifies the process
of integrating Fortran code to Python applications. It is used to generate Python
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extension modules that enables calling external subroutines for Fortran 77/90/95,
module subroutines for Fortran 90/9, and C functions, within the Python code
just like any other Python module. Access to COMMON blocks for Fortran 77 and
module data for Fortran 90/95 can also be enabled through this [31]. F2PY is
included as sub-package within Numerical Python (NumPy) Python library [32].

To create the executable Python extension from Fortran code, the following are
needed: Fortran source code, signature file, and a Fortran compiler to generate the
extension modules. The following are the steps to run F2PY [31]:

1. The Fortran code to be used in Python should be ready and compatible with
F2PY and the Fortran compiler chosen.

2. Generate the signature file (.pyf) for the Fortran code by running a similar
code below:

f2py -h <signature filename.pyf> <options> <fortran source files>

This would generate the .pyf signature file, which contains the information
for integration to the Fortran code fortrancode.f90.

3. Construct the extension module by running a similar code below, wherein
<fortran source files> can include signature files:

f2py -m <module name> <options> <fortran source files>

4. Generate the extension module by running a similar code below, wherein
<fortran source files> can include signature files:

f2py -c <options> <fortran source files>

This command compiles the Fortran code and generates a Python extension
module.

When the aforementioned steps are run in a Windows environment, the gen-
erated extension module would be in .pyd file. When run in a Linux environment,
the generated extension module would be a .so file. The extension modules can
be used in Python through the usual import of modules:

from <module name> import <function>
import <module name> as <module alias>

3.2.3 Dash

Dash was chosen as the main development platform to create the cloud-based crys-
tal plasticity web application, since it utilizes the open-source Python framework
and it can be used to build web applications for interactive data visualization.
Dash is a low-code platform, thus it enables fast creation of a modern and inter-
active user interface. Technologies such as Flask (web server), React.js (GUI),
and Plotly.js (plotting or chart generation tool) are inherently integrated in this
platform, which provides a variety of components and tools for creating charts,
graphs, tables, and other visualizations. Dash is licensed under the permissive
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Massachusetts Institute of Technology (MIT) software license and was introduced
in 2017 [33].

Dash installation can be done by running the following command in the ter-
minal [34]:

pip install dash

Dash consists of two fundamental parts:

1. layout
2. callback functions

The layout part controls the appearance and structure of the Dash application.
It determines how the application is visually presented to the the user. It is in the
layout where the GUI elements, such as graphs, buttons, texts, tabs, and input
fields, are declared. Also, as the component name suggests, it defines the layout
of the application or the placement of the GUI elements, which is represented
in the code as a hierarchical component tree. When Dash is installed, it includes
the Dash HTML (Hypertext Markup Language) Components module (dash.html)
and Dash Core Components module (dash.dcc) which are the most commonly
used modules to build the layout. Styling and creation of HTML elements is done
by Dash.html as it provides a set of classes and functions for generating HTML
tags and attributes within the Python code. Other pre-built components can be
created through dash.dcc, which does not only use HTML, but also uses CSS
(Cascading Style Sheets), JavaScript and React.js, and this makes it easier to
create a more complex and interactive GUI. The dash.dcc graphs are created
through Plotly.js plotting library, which is also included in the Dash install-
ation. To further customize the GUI, a custom CSS can be used to change the
font or even modify the default element styles [35]. Dash Bootstrap Components
(dash_bootstrap_components.themes) is a library that provides a pre-built set
of Bootstrap components and themes, which extends the default functionalities
provided by dash.dcc, and this can be installed by running the following com-
mand [36]:

pip install dash-bootstrap-components

Callback functions make interactivity possible in Dash applications. These func-
tions define how an output component’s value or property will be changed based
on changes done to the value or property of an input component. These func-
tions act as a decorator, wherein an input and output is specified and the function
takes in the input values as arguments and returns the updated values as out-
put [37]. An example of a basic callback function is shown in Code listing 3.1,
wherein the @app.callback decorator will call the function update_output when
the "value" component_property of "app-input" component_id is changed. This
would then update the "children" component_property of "app-output" compon-
ent_id. In the app.layout, this would mean that when the user enters value in
the dcc.Input field, the entered text will be shown in the html.Div section of the
GUI.
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Code listing 3.1: Example code for layout and basic callback function

1 app.layout = html.Div([
2 dcc.Input(id=’app-input’,type=’text’),
3 html.Div(id=’app-input’)
4 ])
5
6 @app.callback(
7 Output(component_id=’app-output’, component_property=’children’),
8 Input(component_id=’app-input’, component_property=’value’)
9 )

10 def update_output(input_value):
11 return value_output

Callbacks are automatically triggered by Dash when an input component is
changed, but, in most use cases, multiple inputs are needed before the callback
function should be run. In these cases, State can be utilized to make Dash wait
for a trigger, which is usually a button click, before running the function [37]. An
example of an implementation utilizing State can be visualized in Figure 3.1 and
the sample code can be seen in Code listing 3.2.

Figure 3.1: An example of a basic user interface for the State implementation in
a callback function.

Code listing 3.2: Example code for the State implementation in a callback func-
tion for Figure 3.1

1 app.layout = html.Div([
2 html.Label(’Input␣1’),
3 dcc.Input(id=’input-1’, type=’text’),
4 html.Br(),
5 html.Label(’Input␣2’),
6 dcc.Input(id=’input-2’, type=’text’),
7 html.Br(),
8 html.Button(id=’submit-button-state’, n_clicks=0, children=’Submit’),
9 html.Br(),

10 html.Br(),
11 html.Label(’Output:’),
12 html.Div(id=’output-1’)
13 ])
14
15 @app.callback(
16 Output(’output-1’, ’children’),
17 Input(’submit-button-state’,’n_clicks’),
18 State(’input-1’, ’value’),
19 State(’input-2’, ’value’),
20 prevent_initial_call=True)
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21 def update_ouput(n_clicks, input_1, input_2):
22 output_value = input_1 + "␣" + input_2
23 return output_value

3.2.4 VS Code

Visual Studio Code (VS Code) was the source code editor utilized during the
implementation of the crystal plasticity toolbox. VS Code is an open-source and
powerful code editor that can be used in Windows, MacOS and Linux operating
systems. It is lightweight, but it provides support to a wide-range of programming
languages, including Python and Fortran. It has built-in integration to other soft-
ware development tools, such as Gitlab for source control management, Docker
for environment setup and deployment, and Azure for cloud hosting. VS Code also
has IntelliSence, which makes coding easier as it suggests intuitive code comple-
tion, syntax highlighting, and auto-formatting [38].

3.2.5 Docker

Docker is an open-source platform for building, running, and deploying applic-
ation in containers, which are standardized units of software packages. Docker
enables the creation of an image, which is a read-only package that includes all
components needed to run the application, such as the code, run-time settings
and other dependencies. The instructions on how to create and run the image is
defined in a Dockerfile. Each step in the Dockerfile creates a layer of the im-
age, thus every time an instruction is changed only the changed part is rebuilt,
making the builds faster and lightweight. An image becomes a container during
run-time, which is an isolated environment for running an application. Since the
container already contains everything that is needed to run the application, con-
sistent run-time of the application is assured regardless of the choice of hosting
or infrastructure, as long as it supports Docker [39]. It was eventually decided to
utilize Docker in this project to build and deploy the crystal plasticity toolbox to
cloud, since there were a lot of package dependencies and with Docker containers
it made it less complicated to deploy the application to cloud.

3.2.6 Azure

One of the main goals of this project to ensure that the crystal plasticity toolbox is
hosted in cloud, making it readily available for anyone with an internet connec-
tion. To be able to do this, a hosting solution in the cloud is needed and Azure was
utilized for this project. Aside from Azure’s compatibility and seamless integration
to the other tools and technologies used, it also offers free credit to students up
to a certain amount, thus it was chosen as the hosting platform for this project.

Azure is a cloud computing platform created by Microsoft. Even though it is
tailor-fitted to work best with other Microsoft tools and Windows-based services, it



22 :

is compatible with various programming languages, frameworks and infrastruc-
tures. It has a wide range of tools and services for building, managing and de-
ploying cloud-based applications, such as virtual machines, databases, container
registries and applications services [40]. The two Azure products used for this
project are the Azure App Service and the Azure Container Registry. Azure App
Service was used for the of hosting of the web application. This product supports
various programming languages, such as Python, and it also supports both Win-
dows and Linux operating systems. [41]. Azure Container Registry was used for
the storage and management of the Docker container images [42]

3.3 Software architecture

Figure 3.2: Generic data flow diagram for a MVC architecture [43].

Model-Controller-View (MVC) is a software architecture pattern which is a com-
mon framework used for building web applications. MVC separates the application
into three interconnected components [43]:

• The model is the part that controls and defines how data is stored, retrieved
and manipulated. This represents data storage for the application.

• The view is the part that renders the user interface and handles user inter-
action or inputs. This is the tangible part of the application for an end-user.

• The controller is the part that acts as the intermediary between the model
and view. It processes business logic to manage data in the model, and it
also instructs the view part what to render as output.

Having these three separated and loosely coupled allows for separation of
concerns in an application, which means that one component can be changed
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without necessarily affecting the other components. This enables easier software
implementation, testing and maintenance.

Figure 3.2 shows a simplified data flow representation between the three com-
ponents. A user can interact through a GUI, like in a web browser, and the view
component receives the user input. The view sends the input to the controller for
processing based on business logic. The controller could interact with the model
to update or manage data, and it could also send back instructions to view [43].

Figure 3.3: High-level layout of application.

Figure 3.3 shows that the GUI of the application is divided into two: the side-
bar and content. The sidebar is the part of the GUI where the user can control
the setup of the polycrystal, while the content is the part where the graphs and
other visualization will be rendered. The application follows the MVC pattern by
separating the code defining the GUI and the business logic. As can be seen under
the "layout" folder there is a "content" folder that is separated into content.py,
which contains the application callbacks, and content_callbacks.py, which con-
tains the code defining the look of the application. The same pattern is also done
for the "sidebar" part of the application, which is separated into sidebar.py and
sidebar_callbacks.py. The main layout is defined in layout.py, which com-
bines both content.py and sidebar.py.

Figure 3.4 shows datasource.py, which is located under the "main" folder,
and it contains the code that acts as a controller. This Python file contains func-
tions for the generation of the data and figures, wherein it connects with the mod-
ules generated from pre-existing Fortran codes (auswert.cpython-37m-x86_64-
linux-gnu.so, cpfort.cpython-37m-x86_64-linux-gnu.so), and Python codes
(crystal_plasticity_module.py, odflib.py, TexTool_Driver.py, TexTool_Fun
cs.py). The code that processes the uploaded files is in upload_file.py. The entry
point of the application would be app.py, which defines the main Dash applica-
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tion.

The GUI style used for the application is the open-source Bootstrap theme Lux
[44]. Using a predefined theme for the styling enabled faster development. Other
customization in the styling were done through CSS in input.css which is stored
under the "assets" folder.

Figure 3.4: Application file tree structure.
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3.4 Generation of python extension modules

Fortran codes for crystal plasticity calculations, which were developed at the De-
partment of Materials Science and Engineering at NTNU, were converted into Py-
thon executable modules using F2PY. Initially, since development was done locally
in a Windows 11 64-bit operating system machine without deployment to cloud,
Windows-compatible modules were generated by following the steps below:

1. Download and install the following:

• Anaconda for Windows [45]
• Intel® Fortran Compiler [46]

2. Update the content of site.cfg file to the following:

[mkl]
mkl_libs = mkl_lapack95_lp64,mkl_blas95_lp64,mkl_intel_lp64,mkl_intel_thread,
mkl_core,libiomp5md
lapack_libs = mkl_lapack95_lp64,mkl_blas95_lp64,mkl_intel_lp64,
mkl_intel_thread,mkl_core,libiomp5md
library_dirs = C:/Program Files (x86)/Intel/oneAPI/mkl/latest/lib/intel64;
C:/Program Files (x86)/Intel/oneAPI/compiler/latest/windows/compiler/lib/
intel64_win
include_dirs = C:/Program Files (x86)/Intel/oneAPI/mkl/latest/include

This file can be found in the following location in the local machine: C:\User
\<username>\anaconda3\Lib\site-packages\numpy\distutils

3. Open a command line tool and by using conda, which is included in the
installation in step 1, create an environment for Python 3.7.5:

conda create --name <env name> python=3.7.5

4. Activate the environment that was recently create by running the following:

conda activate <env name>

5. Ensure that the environment created will have the pre-requisite packages
by installing requirements.txt using conda. Refer to Code listing B.1 in
Appendix B for content of the requirements file. Run the following in the
command line tool and ensure that this is done in the same folder that con-
tains the requirements.txt:

conda install -n <env_name> requirements.txt

6. Activate the Intel® Fortran Compiler, installed in step 2, by running the
following in the command line tool:

"C:\Program Files (x86)\Intel\oneAPI\compiler\latest\env\vars.bat" intel64

7. In command line tool, navigate to the folder which contains the Fortran
files:

• cko2odf.f
• gauss_odf.f
• gauss_odf_wrap.f
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• simplx.for
• minpack.f90
• globals.f90
• linesearch.f90
• utils.f90
• crystal_plasticity.f90

8. In command line tool, run the following to generate the Python executable
modules:

f2py -m auswert -c auswert.pyf cko2odf.f gauss_odf.f gauss_odf_wrap.f

f2py --link-lapack_opt -m cpfort -c simplx.for minpack.f90 globals.f90
linesearch.f90 utils.f90 crystal_plasticity.f90

9. The following Windows-compatible Python executable modules should be
generated in the same folder that contains the Fortran files:

auswert.cp37-win_amd64.pyd
cpfort.cp37-win_amd64

The need to generate Linux-compatible Python executable modules arose when
attempts to deploy the web application to cloud were done. The following steps
were followed to generate Linux-compatible modules through a machine with
Ubuntu as the Linux distribution:

1. Download and install the following:

• Intel® oneAPI Math Kernel Library (oneMKL) for Linux [47]
• Anaconda for Linux [45]

2. Open the terminal and run the following command in the same folder the
Anaconda installer was downloaded:

bash <installer file name>.sh

3. In the terminal and by using conda, which is included in the installation in
step 2, create an environment for Python 3.7.5:

conda create -n <env name> python=3.7.5

4. Activate the environment that was recently create by running the following:

conda activate <env name>

5. In the terminal and by using conda, install NumPy, which includes F2PY, by
running the following:

conda install numpy

6. In the terminal, install gfortran, by running the following:

sudo apt-get install gfortran

7. In the terminal, navigate to the folder which contains the Fortran files:
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• cko2odf.f
• gauss_odf.f
• gauss_odf_wrap.f
• simplx.for
• minpack.f90
• globals.f90
• linesearch.f90
• utils.f90
• crystal_plasticity.f90

8. In terminal, run the following to generate the Python executable modules:

f2py --fcompiler=gnu95 -m auswert -c auswert.pyf cko2odf.f gauss_odf.f
gauss_odf_wrap.f

f2py --fcompiler=gnu95 --f90flags="-ffree-line-length-none" -m cpfort -c
simplx.for minpack.f90 globals.f90 linesearch.f90 utils.f90
crystal_plasticity.f90 -L/opt/intel/oneapi/mkl/latest/ib/intel64
-lmkl_intel_lp64 -lmkl_sequential -lmkl_core -lpthread -lm -ldl

9. The following Linux-compatible Python executable modules should be gen-
erated in the same folder that contains the Fortran files:

auswert.cpython-37m-x86_64-linux-gnu.so
cpfort.cpython-37m-x86_64-linux-gnu.so

During implementation, the Windows-compatible modules (.pyd file exten-
sion) were used for fast debugging in the the Windows machine used for devel-
opment. However, for deploying the application to cloud, the Linux-compatible
modules (.so file extension) were used.

3.5 Build and deployment

In this section, the process of deploying the Dash application to a local devel-
opment environment and to the cloud is discussed. Figure 3.5 shows the high-
level deployment process in three steps. Step one involves building the Docker
image and running the container locally, which is the step required to deploy the
application locally for testing and debugging. Steps two and three involves the
steps needed for deployment to production or to cloud, wherein the Docker im-
age would be uploaded to Azure container registry and using the uploaded image
in Azure app service to make the application available in cloud [48].

Prior to deployment of the application, the following pre-requisites should be
done:

• VS Code [49] is installed.
• Docker Desktop [50] is installed .
• There is an active Azure subscription and user credentials.
• Files needed for the application are stored in a folder in the local machine

following the file tree structure in Figure 3.4. The files should already in-



28 :

Figure 3.5: Deployment flow for local development and production environments
[48].

clude the Linux-compatible Python executable modules generated through
the steps described in Section 3.4. These can be downloaded in the Gitlab
link shown in Appendix B.

• Development setup in VS Code should be done. In VS Code, open the folder
containing the application files. Then, navigate to the command palette
and enter "Python: Select Intepreter". Select the environment created in Sec-
tion 3.4 with Python version 3.7.5.

The following are the detailed steps how to create a Dash application running
on Docker in a local development environment or machine:

1. In the VS Code terminal, ensure you are in the path of the main folder
that contains the application files and run the following to build the Docker
image:

docker build -t <Docker image name>:<version> -f Dockerfile.prod .

For example, the Docker image name could be crystal-plasticity-toolbox.
The version should be incremented if image version control is desired. Thus,
for version 1.0 for crystal-plasticity-toolbox Docker image, the follow-
ing should be run:

docker build -t crystal-plasticity-toolbox:1.0 -f Dockerfile.prod .

2. After the build of the Docker image is done, Docker desktop can be opened
to see the recently built image (see Figure 3.6). This image can be run in a
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container by either clicking the play button under Actions column in the Im-
ages section in the Docker Desktop application, or by running the following
in the VS Code terminal:

docker run -d -p 80:80 <Docker image name>:<version>

For the example crystal-plasticity-toolbox Docker image version 1.0,
the following should be run:

docker run -d -p 80:80 crystal-plasticity-toolbox:1.0

Figure 3.6: Docker image in Docker desktop application.

3. The Dash application can now be accessed through the web browser, by
either clicking the link under Port(s) column in the Containers section in the
Docker Desktop application (see Figure 3.7), or by opening the browser and
accessing http://localhost/.

Figure 3.7: Docker container in Docker desktop application.

http://localhost/
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This local instance of the crystal plasticity toolbox (see Figure 3.8) running
in Docker can be used for local testing and quick debugging. If there are
issues found and if any of the code is changed, steps 1 and 2 need to be
done again to re-build the Docker image.

Figure 3.8: Crystal plasticity toolbox application running in the local environment
through Docker.

4. To proceed with deployment to cloud, the Docker image created in step
2 would need to be registered in Azure Container Registry. In the Azure
marketplace, search for "Container registries" and create a new container
registry by filling out all the required fields (see Figure 3.9). Take note of
the details of the container registry, like the name and the resource group,
as these will be needed in the succeeding steps.
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Figure 3.9: Creation of new container registry in Azure.

5. In the VS Code terminal, run the following and the web browser will be
opened for login to Azure:

az login

6. Once login to Azure is successful, run a similar command in the VS Code
terminal to access the Azure container registry:

az acr login --name <registry name>

Enter the registry name in step 4, thus the following will be run for the
example given:

az acr login --name crystalplasticitytoolbox

7. Once "Login Succeeded" is shown in the terminal, the Docker image can
now be pushed to Azure container registry by running similar commands:

docker tag <Docker image name>:<version> <registry name>.azurecr.io/<Docker
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image name>:<version>
docker push <registry name>.azurecr.io/<Docker image name>:<version>

For the example given in the previous steps, the commands should look like
the following:

docker tag crystal-plasticity-toolbox:1.0 crystalplasticitytoolbox.azurecr.io
/crystal-plasticity-toolbox:1.0
docker push crystalplasticitytoolbox.azurecr.io/crystal-plasticity-toolbox:1.0

8. After the push to repository is done, the Docker image should be listed as a
repository in Azure container registry as can be seen in Figure 3.10.

Figure 3.10: Docker image pushed to Azure container registry.

9. Enable admin user rights for the container registry by running a similar
command in the terminal:

az acr update -n <registry name> --admin-enabled true

For the example given in the previous steps, the command should look like
the following:

az acr update -n crystalplasticitytoolbox --admin-enabled true

10. The Docker image can now be deployed as a web application through Azure
App Service. In the Azure marketplace, search for "Web app" and create a
web application by filling out all the required fields (see Figure 3.11). The
value entered in the Name field will determine the URL of the web applica-
tion. In the Basics tab, ensure to select "Docker Container" value in the Publish
field and "Linux" value in the Operating System field. In the Docker tab, select
"Azure Container Registry" value in Image Source field and select the registry
created in step 4 in Registry field.
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Figure 3.11: Creation of new web application in Azure.

11. Azure will now start running a container with the Docker image pushed in
the container registry. Access the web application by either clicking Browse
button in the Azure web page or by accessing the web URL in a browser. In
the example provided in the previous steps, the URL is https://crystalp
lasticity.azurewebsites.net/.

Figure 3.12: Crystal plasticity toolbox application running in cloud.

https://crystalplasticity.azurewebsites.net/
https://crystalplasticity.azurewebsites.net/
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Results and discussion

4.1 Implementation

4.1.1 Generation of initial and loaded polycrystal

The Python code that acts as the controller, datasource.py, is called when the
user clicks "Generate Polycrystal" button in the GUI, and it triggers the generation
of the initial polycrystal data. Based on the selected grain orientation value, it
either calls TexTool_Driver.py or crystal_plasticity_module.py to generate
the orientations. If the selected grain orientation setup for the initial polycrystal
is to input texture components, and the selected texture components are either
cube, brass, S, goss, copper, random, or user defined, then the orientation genera-
tion is through TexTool_Driver.py with GenTex.py or TexTool_Funcs.py, which
are from the TexTool application [51]. If the selected texture component is fibre,
then the orientation generation is through crystal_plasticity_module.py. If
the user uploads a supported file (.ori or .ang), the initial grain orientation would
come from the uploaded file. The generation of the initial polycrytal follows the
algorithm shown in Algorithm 1.

For the generation of the loaded polycrystal, it follows the algorithm shown in
Algorithm 2. The trigger for the generation is when the user clicks the "Load Poly-
crystal" button. It is generated through crystal_plasticity_module.py, wherein
the initial polycrystal data is processed through the cpfort module, one of the Py-
thon executable modules from Fortran generated through F2PY, which contains
crystal plasticity calculations for both Taylor and Alamel models. In the genera-
tion of the initial and loaded polycrystals, hardening mechanisms and elasticity
effects are currently not implemented in the crystal plasticity calculations.

The generated initial polycrystal and loaded polycrystal Python objects are
saved as separate .pkl files. This is done through Dill [52], an external Python lib-
rary, which is an extension of the built-in Pickle [53]module, which serializes and
converts Python objects into a byte stream. This serialized "pickle" can then later
be de-serialized and reconstructed back into Python objects, which can be used
by the functions for the generation of pole figures, inverse pole figures, ODFs,

35
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yield surfaces and R-values. During the initial stages of the implementation, at-
tempts to utilize dcc.Store [54], a component of the Dash framework, to store
the initial and loaded polycrystal Python objects were done, however this was un-
successful since dcc.Store does not support serialization of Python objects. Since
dcc.Store stores data in the client side and utilizes the browser’s local storage,
its performance is greatly affected when processing huge data sizes. Thus, it was
also decided to utilize "pickling" to save the initial and loaded orientations, which
are NumPy arrays. The application still utilizes dcc.Store in other areas which do
not process large data sets. The full implementation can be seen in Appendix B.3
and Appendix B.4.

Algorithm 1: Initial polycrystal generation
Input: Generate Polycrystal Button Click, Grain Orientation Data Source, Crystal

Plasticity Model, Texture Component, Spread, Number of Grains, Euler Angles,
Axis, Uploaded File

Output: Initial Polycrystal Data, Initial Orientations Data
1 Generate Polycrystal Button Click
2 datasource.create_initial_polycrystal(Grain Orientation Data Source, Crystal Plasticity

Model, Texture Component, Spread, Number of Grains, Euler Angles, Axis, Uploaded
File)

3 if Grain Orientation Data Source = Texture Components then
4 if Texture Components != Fibre then
5 TexTool_Driver.Generate_BTN(Texture Component, Number of Grains, Spread,

Euler Angles)
6 if Texture Components IN (Cube, Goss, Brass, Copper, S, User Input) then
7 Texture Components Orientations← GenTex.USERTEX(Number of Grains,

Euler Angles, Spread)

8 else if Texture Components = Random then
9 Random Orientations← TexTool_Funcs.Get_Random_Eulers(Number of

Grains)

10 else if Texture Components = Fibre then
11 Fibre Orientations← crystal_plasticity_module.fibre_spread(Euler Angles, Axis,

Spread, Number of Grains)

12 Orientations← Append(Texture Components Orientations, Random Orientations,
Fibre Orientations)

13 else if Grain Orientation Data Source = Upload file then
14 Orientations← Euler angles from Uploaded File

15 Grain Interaction← Crystal Plasticity Model
16 Elasticity← None
17 Crystal Structure← FCC (111)
18 Hardening← Rigid plastic
19 Initial Orientations Data← Orientations
20 Initial Polycrystal Data← crystal_plasticity_module.Polycrystal(Orientations, Grain

Interaction, Elasticity, Crystal Structure, Hardening)

4.1.2 Generation of pole figures

Generation of pole figures is automatically triggered when the user clicks either
"Generate Polycrystal" or "Load Polycrystal" button. The user can change the pole
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Algorithm 2: Loaded polycrystal generation
Input: Load Polycrystal Button Click, Initial Polycrystal Data, Loading Condition, Global

Velocity Gradient, Total Von Mises Strain, Number of Steps
Output: Loaded Polycrystal Data, Loaded Orientations Data

1 Load Polycrystal Button Click
2 datasource.create_loaded_polycrystal(Initial Polycrystal Data, Loading Condition, Global

Velocity Gradient, Total Von Mises Strain, Number of Steps)
3 if Initial Polycrystal Data = None then
4 Loaded Orientations Data← None

5

6 Loaded Polycrystal Data← None else
7 if Loading Condition = Axisymmetric tension along z-axis then
8 Loading Condition Values← Axisymmetric tension along z-axis predefined values

9 else if Loading Condition = Plane-strain tension then
10 Loading Condition Values← Plane-strain tension predefined values

11 else if Loading Condition = Mixed condition then
12 Loading Condition Values← Mixed condition predefined values

13 else if Loading Condition = Input Custom Values then
14 Loading Condition Values← Global Velocity Gradient

15 Deformation Rate← datasource.deformation_rate(Global velocity gradient values
from Loading Condition Values)

16 Max Time← Total Von Mises Strain, Deformation Rate
17 dt← Max Time, Steps
18 Steps← Number of Steps
19 Elasticity← None
20 Open Initial Polycrystal Data
21 Loaded Orientations Data← Initial Polycrystal

Data.crystal_plasticity_module.ori_loaded_val
22 Loaded Polycrystal Data← Initial Polycrystal

Data.crystal_plasticity_module.load(Loading Condition Values, dt, Steps, Elasticity)

figures generated depending on the selected normal direction (ND, RD or TD),
projection type (stereographic or equal area), pole figure type (point projection
or contour). If the user selects contour as the pole figure type, the contour levels
can be changed depending on the user’s preference.

The algorithm for pole figure generation is shown in Algorithm 3 and the
Plot_PF function in TexTool_Driver.py is utilized to generate the pole figures,
which is from the TexTool application [51]. The Plot_PF function calls the Pro-
jection function in TexTool_Funcs.py to generate the projections, and this ini-
tially only supported projection for ND. This code was modified to support TD and
RD projections also. For contour plots, the Plot_PF function calls the Points2Dens
function in TexTool_Funcs.py. The pole figures are created through the Matplot-
lib [55] plotting library and the figures are saved as .png images, encoded into
a HTML element, and then shown in Dash. The full implementation can be seen
in Appendix B.4, Appendix B.6, Appendix B.3 Code listing B.7, Appendix B.8 and
Appendix B.9.
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Algorithm 3: Pole Figure Generation
Input: Initial Polycrystal Data, Loaded Polycrystal Data, Pole figure type (Point Projection

or Contour), Normal Direction (ND, TR or RD), Projection Type (Stereographic or
Equal Area), Contour levels

Output: Initial Pole Figure, Loaded Pole Figure
1 if Initial Polycrystal Data exists then
2 Open Initial Polycrystal Data
3 Initial Orientations← Orientations from Initial Polycrystal Data
4 Initial Pole Figure← TexTool_Driver.Plot_PF(Pole figure type, Projection Type,

Normal Direction, Contour levels, Initial Orientations)

5 else if Initial Polycrystal Data does not exist then
6 Initial Pole Figure← None

7 if Loaded Polycrystal Data exists then
8 Open Loaded Polycrystal Data
9 Loaded Orientations← Orientations from Loaded Polycrystal Data

10 Loaded Pole Figure← TexTool_Driver.Plot_PF(Pole figure type, Projection Type,
Normal Direction, Contour levels, Loaded Orientations)

11 else if Loaded Polycrystal Data does not exist then
12 Loaded Pole Figure← None

4.1.3 Generation of inverse pole figures

Generation of inverse pole figures is automatically triggered when the user clicks
either "Generate Polycrystal" or "Load Polycrystal" button. The user has the option
to view either a static or an animated version of the inverse pole figure, and the
user can also decide to view either an initial, loaded or trajectory version.

Functions from crystal_plasticity_module.py are used for the generation
of the inverse pole figures. The existing functions in crystal_plasticity_module.
py utilized Matplotlib, which does not support interactive graphs in Dash. Thus,
new functions plot_orientations_plotly and plot_orientation_plotly were
introduced to generate plotting data for plotting in Plotly [56] to be able to sup-
port interactive graphs, such as the animated inverse pole figure. The algorithm
for inverse pole figure generation is shown in Algorithm 4, and the full imple-
mentation can be seen in Appendix B.4, Appendix B.6, and in Appendix B.3 Code
listing B.7.
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Algorithm 4: Inverse Pole Figure Generation
Input: Initial Polycrystal Data, Loaded Polycrystal Data, Inverse Pole Figure Type

(Initial/Loaded/Trajectory or Animated), Plot Type (Initial, Loaded or Trajectory)
Output: Inverse Pole Figure

1 if Initial Polycrystal Data exists then
2 datasource.generate_inversepolefigure(Initial Polycrystal Data, Loaded Polycrystal

Data)
3 if Loaded Polycrystal Data does not exist then
4 Open Initial Polycrystal Data
5 Initial Inverse Pole Figure Data← Initial Polycrystal

Data.plot_orientations_plotly(Plot Type Inverse Pole Figure)
6 Inverse Pole Figure← Generate intial figure from Initial Inverse Pole Figure Data

7 else if Loaded Polycrystal exists then
8 Open Loaded Polycrystal Data
9 Loaded Inverse Pole Figure Data← Loaded Polycrystal

Data.plot_orientations_plotly(Plot Type Inverse Pole Figure)

10 if Animated Inverse Pole Figure is True then
11 Inverse Pole Figure← Generate animated figure from Loaded Inverse Pole Figure

Data
12 else if Animated Inverse Pole Figure is False then
13 Generate empty Inverse Pole Figure
14 if Initial/Loaded/Trajectory Inverse Pole Figure has Initial then
15 Inverse Pole Figure← Generate initial figure from Loaded Inverse Pole

Figure Data

16 else if Initial/Loaded/Trajectory Inverse Pole Figure has Loaded then
17 Inverse Pole Figure← Generate loaded figure from Loaded Inverse Pole

Figure Data

18 else if Initial/Loaded/Trajectory Inverse Pole Figure has Trajectory then
19 Inverse Pole Figure← Generate trajectory figure from Loaded Inverse Pole

Figure Data

20 else if Initial Polycrystal Data does not exist then
21 Inverse Pole Figure← None

4.1.4 Generation of ODF figures

The generation of the ODF figures can be triggered by clicking "Generate ODF" in
the GUI. The contour levels of the figure can be controlled by the user through
the "ODF Levels" field.

Generation of the ODF figures are done through the existing functions Ori-
entations and ODF in odflib.py. Similar to the pole figures, Matplotlib is utilized
for the generation of the ODF figures, which are saved as .png files, then encoded
to a HTML element, and then shown in the GUI. The saving of the Matplotlib fig-
ures as .png images are done through the newly added function save_plotly in
odflib.py. The algorithm for inverse pole figure generation is shown in Algorithm
5, and the full implementation can be seen in Appendix B.4 and in Appendix B.3
Code listing B.7.
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Algorithm 5: ODF Figure Generation
Input: Initial Polycrystal Data, Loaded Polycrystal Data, ODF Levels
Output: Initial ODF Figure, Loaded ODF Figure

1 if Initial Polycrystal Data exists then
2 datasource.generate_odf(ODF Levels, Initial Polycrystal Data, Loaded Polycrystal

Data)
3 Open Initial Polycrystal Data
4 ODF Initial Data← Initial Polycrystal Data.plot_orientations_plotly(Plot Type ODF)
5 Initial Orientations← odflib.Orientations(ODF Initial Data)
6 Matplotlib Inital ODF Figure = odflib.ODF(Initial Orientations)
7 if Loaded Polycrystal Data does not exist then
8 Initial ODF Figure← Matplotlib Inital ODF Figure.save_plotly(Plot Type ODF)
9 Loaded ODF Figure← None

10 else if Loaded Polycrystal exists then
11 Open Loaded Polycrystal Data
12 ODF Loaded Data← Loaded Polycrystal Data.plot_orientations_plotly(Plot Type

ODF)
13 Loaded Orientations← odflib.Orientations(ODF Loaded Data)
14 Matplotlib ODF Figure = odflib.ODF(Loaded Orientations)
15 Initial ODF Figure← Matplotlib Inital ODF Figure.save_plotly(Plot Type ODF)
16 Loaded ODF Figure← Matplotlib Loaded ODF Figure.save_plotly(Plot Type

ODF)

17 else if Initial Polycrystal Data does not exist then
18 Initial ODF Figure← None
19 Loaded ODF Figure← None

4.1.5 Generation of yield surface

The generation of the two-dimensional yield surfaces is triggered by clicking "Gen-
erate Yield Surface" in the GUI. The user can select to view the initial and/or
loaded figures, and the user can also select the x-axis and y-axis for the yield sur-
face. The yield surface figure is created through the yield_locus function under
Polycrystal class in crystal_plasticity_module.py, and changes were done
to convert the figures from Matplotlib to Plotly. The algorithm followed for this
is shown in Algorithm 6, and the full implementation can be seen seen in Ap-
pendix B.4 and in Appendix B.3 Code listing B.7.

4.1.6 Generation of R-values

The algorithm to generate the R-values and yield stress graphs can be seen in Al-
gorithm 7. The trigger to generate these graphs is through the button "Generate
R-values" in the GUI. The user can either select to view initial or loaded figures,
and the user can also select the normal axis for the R-values. The function getR-
values under Polycrystal class in crystal_plasticity_module.py is utilized
for the generation. Similar to the other figures in the application, changes were
done to convert the figures from Matplotlib to Plotly. The full implementation can
be seen seen in Appendix B.4 and in Appendix B.3 Code listing B.7.
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Algorithm 6: Yield Surface Figure Generation
Input: Initial Polycrystal Data, Loaded Polycrystal Data, Plot Axes, Initial or Loaded Yield

Surface
Output: Yield Surface Figure

1 if Initial Polycrystal Data exists then
2 datasource.generate_ys(Plot Axes, Initial Polycrystal Data, Loaded Polycrystal Data)

if Loaded Polycrystal Data does not exist then
3 Open Initial Polycrystal Data
4 Initial Yield Surface Data← Initial Polycrystal Data.yield_locus(Plot Axes)
5 Yield Surface Figure← Generate initial figure from Initial Yield Surface Data

6 else if Loaded Polycrystal exists then
7 Open Initial Polycrystal Data
8 Open Loaded Polycrystal Data
9 if Initial or Loaded Yield Surface has Initial then

10 Initial Yield Surface Data← Initial Polycrystal Data.yield_locus(Plot Axes)
11 Initial Yield Surface Figure← Generate initial figure from Initial Yield

Surface Data
12 Yield Surface Figure← Add Initial Yield Surface Figure to figure

13 if Initial or Loaded Yield Surface has Loaded then
14 Loaded Yield Surface Data← Loaded Polycrystal Data.yield_locus(Plot Axes)

15 Loaded Yield Surface Figure← Generate loaded figure from Loaded Yield
Surface Data

16 Yield Surface Figure← Add Loaded Yield Surface Figure to figure

17 else if Initial Polycrystal Data does not exist then
18 Yield Surface Figure← None
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Algorithm 7: R-values Figure Generation
Input: Initial Polycrystal Data, Loaded Polycrystal Data, Normal Axis, Initial or Loaded

R-values
Output: R-values Figure

1 if Initial Polycrystal Data exists then
2 datasource.generate_rv(Normal Axis, Initial Polycrystal Data, Loaded Polycrystal

Data)
3 if Loaded Polycrystal Data does not exist then
4 Angles← 0 to 90 degrees with increments of 5 degrees, converted to radians
5 Open Initial Polycrystal Data
6 for Angle in Angles do
7 Tensile Axis← From Normal Axis and Angle
8 Initial R-values Data for Angle← Initial Polycrystal

Data.crystal_plasticity_module.getRvalues(Normal Axis, Tensile Axis)
9 Initial R-values Data← Append(Initial R-values Data for Angle)

10 R-values Figure← Generate initial figure from Initial R-values Data and Angles

11 else if Loaded Polycrystal exists then
12 Angles← 0 to 90 degrees with increments of 5 degrees, converted to radians
13 if Initial or Loaded R-values = Initial then
14 Open Initial Polycrystal Data
15 for Angle in Angles do
16 Tensile Axis← From Normal Axis and Angle
17 Initial R-values Data for Angle← Initial Polycrystal

Data.crystal_plasticity_module.getRvalues(Normal Axis, Tensile Axis)
18 Initial R-values Data← Append(Initial R-values Data for Angle)

19 R-values Figure← Generate initial figure from Initial R-values Data and
Angles

20 else if Initial or Loaded R-values = Loaded then
21 Open Loaded Polycrystal Data
22 for Angle in Angles do
23 Tensile Axis← From Normal Axis and Angle
24 Loaded R-values Data for Angle← Loaded Polycrystal

Data.crystal_plasticity_module.getRvalues(Normal Axis, Tensile Axis)
25 Loaded R-values Data← Append(Loaded R-values Data for Angle)

26 R-values Figure← Generate loaded figure from Loaded R-values Data and
Angles

27 else if Initial Polycrystal Data does not exist then
28 R-values Figure← None
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4.2 Crystal plasticity toolbox overview

Figure 4.1: Initial load view of the cloud-based crystal plasticity toolbox.

The GUI of the application is divided into two areas: the sidebar and the main view
for the generated figures. The sidebar is located on the left side of the GUI, and
this is where the user can configure the setup for the initial and loaded polycrystal.
The main view for the generated figures is located on the right side of the GUI,
wherein the different figures that can be generated by the toolbox are separated
into different tabs: Pole figures, Inverse Pole Figures, ODF, Yield Surface, and R-
values (see Figure 4.1).

The initial setup of the polycrystal is done in the left sidebar, wherein the
user will be able to select either "FC Taylor" or "Alamel" in the "Model" dropdown
field. The user can also select the source of the grain orientations in the "Grain
Orientation" dropdown field. When "Input Texture Components" is selected as the
grain orientation source, the user will be able to select the texture components
for the polycrystal. Depending on the selected texture component radio buttons,
the user will be able to define other details for the initial polycrystal. If the radio
buttons "Cube", "Brass", "S", "Goss" or "Copper" is selected, then the user will be
able to enter the spread and the number of grains. If the radio button "Random"
is selected, the user will be able to enter the number of grains, but not the spread.
If the radio button "Fibre" is selected, the user will be able to enter the spread,
number of grains, Euler Angles (Bunge’s notation in degrees for the three angles
of rotation: ϕ1, Φ, and ϕ2), and axis (x,y, and z). And if the radio button "User
Input" is selected, the user will be able to enter the spread, number of grains, and
Euler Angles. The user can upload a file as the source of the grain orientations by
selecting "Upload file" as the value in "Grain Orientation field", which can be useful
for analysis of material texture from external sources. Currently, either a .ang or
.ori file is supported for this functionality. If a .ang file is uploaded, the threshold



44 :

for the values to be taken from the file can be defined. By clicking the "Generate
Polycrystal" button, the user will be able to trigger the generation of the initial
polycrystal and also automatically generate the initial pole figure and inverse pole
figure. The user will be able to generate the initial ODF, yield surface and R-values
by navigating to their respective tabs, optionally changing some settings, and then
clicking their respective generate buttons.

The initial polycrystal can be subjected to a deformation to create the loaded
polycrystal. There is an option for the user to select a pre-defined loading con-
dition in the "Loading Condition" dropdown field, which can either be "Axisy-
metric tension along z-axis", "Plane-strain compression", or "Mixed (strain+stress)
boundary condition". The user can also select "Input Custom Values" to enter cus-
tom values for the global velocity gradient (L). To further define the deformation
behaviour, the user can control the values for the "Total Von Mises Strain" and
"Number of Steps". To apply the loading setup to the polycrystal, the user can click
the "Load Polycrystal" button, which will also trigger the generation of the loaded
versions of the pole figure and inverse pole figure. Similar to the initial polycrys-
tal, the loaded ODF, yield surface and R-values can be generated by navigating to
their respective tabs, optionally changing some settings, and then clicking their
respective generate buttons.

Figure 4.2: Pole figure tab of the cloud-based crystal plasticity toolbox.

The first tab in the main view is the "Pole Figures" tab, where the initial and
loaded pole figures will be shown (see Figure 4.2). The user has the option to
change a few settings for the pole figures generated, such as the normal direction
(ND, TD or RD), the projection mode (stereographic or equal area), and the pole
figure type (point or contour). If the user selects "Contour" as the pole figure type,
the "Contour Levels" field will be shown and the user will be able to define specific
levels for the contour plot. The pole figures shown will be for the FCC structure
and for the planes (100), (110) and (111).
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Figure 4.3: Inverse pole figure tab of the cloud-based crystal plasticity toolbox
showing trajectories of single grain orientations during axisymmetric tension are
shown, starting from the random texture.

The second tab is the "Inverse Pole Figures" tab, where the initial, loaded or
trajectory version of the inverse pole figure is shown (see Figure 4.3). The user
can select to show a static or animated version of the figure. In the animated
version, the movement or the rotation of the grains can be visualized by showing
the points moving to a preferred direction.

The third tab is the "ODF" tab, which shows the ODF figures (see Figure 4.4).
In this tab, the figures are not automatically generated by clicking the "Generate
Polycrystal" or "Load Polycrystal" buttons. The user has the option to change the
default contour levels (2, 4, 8, 12, 16, 20, 25, 30, 35), and then click "Generate
ODF" button to view the figures. If the polycrystal is not loaded, this tab will only
show the initial ODF figures. And if the polycrystal is loaded, this tab will show
both the initial and loaded ODF figures.

The fourth tab is the "Yield Surface" tab, which shows the two-dimension yield
surface figures (see Figure 4.5). In this tab, the figures are also not automatically
generated by clicking the "Generate Polycrystal" or "Load Polycrystal" buttons. The
user can select the stress components to be plotted on the x and y-axis for the
yield surface figure, then click the "Generate Yield Surface" button to generate the
figure. When a high number of grains and deformation is entered in the setup,
the yield surface generation could take up a lot of machine resources and could
take a long time to run, thus, controls are added in the GUI so that the user has
the option to generate either only the initial version, or only the loaded version,
or both at the same time.

The fifth and last tab is the "R-values" tab, which shows the R-values and
Yield Stress graphs (see Figure 4.6). Similar to the previous two tabs, the figures
here are also not automatically generated by clicking the "Generate Polycrystal"
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Figure 4.4: ODF figure tab of the cloud-based crystal plasticity toolbox showing
ODF for a random texture.

or "Load Polycrystal" buttons. The user has the option to change the normal axis
for the generation of the R-values, then click the "Generate R-values" button to
generate the figure. If the polycrystal is loaded, the user will also have the option
to view either the initial or loaded version.

Figure 4.6: R-values figure tab of the cloud-based crystal plasticity toolbox show-
ing R-values for normal axis [001] for 500 random grains subjected to Plane-
strain compression with Total Von Mises Strain of 3.
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Figure 4.5: Yield surface figure tab of the cloud-based crystal plasticity toolbox
showing yield surface for a random texture (initial) and the texture after axisym-
metric tension (loaded).

4.3 Generated figures

The figures generated for the following simulation are shown in this section:

• Grain Orientation: Random
• Number of grains: 1000
• Model: One for Taylor and one for Alamel
• Loading condition: Run for both axisymmetric tension along z-axis and plane-

strain compression, with Total Von Mised Strain 0.5, 1, 2, and 5

Figure 4.7 and Figure 4.8 show the evolution of the pole figures generated
through stereographic projection for FCC planes (100), (110) and (111), subjec-
ted to axisymmetric tension along z-axis using Taylor model. As the Total Von
Mises strain is increased, grains rotate to a fibre texture, as shown in both point
and contour pole figures. Figure 4.9 and Figure 4.10 are similar pole figures, but
for plane-strain compression and using Alamel model.

The evolution of the inverse pole figures as deformation is increased can be
seen in Figure 4.11 and Figure 4.12, using Taylor and Alamel model, respectively.
For loading with axisymmetric tension along z-axis, the grains rotate to an orienta-
tion of either [111] or [011] direction. For loading with plane-strain compression,
the grains rotate towards stable orientations along the so-called beta-fibre.

ODF figures for axisymmetric tension along z-axis using Taylor Model can
be seen in Figure 4.13, while ODF figures for plane-strain compression using
Alamel model can be seen in Figure 4.13. Figure 4.15 shows the evolution of two-
dimensional yield surfaces, and Figure 4.16 shows the evolution of R-values and
yield stress, wherein both are for plane-strain compression using Alamel model.
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Figure 4.7: Pole figures generated using stereographic point projection for FCC
structure with 1000 random grains subjected to axisymmetric tension along z-
axis using Taylor Model: (a) Initial polycrystal; not loaded, (b) Total Von Mises
Strain of 0.5, (c) Total Von Mises Strain of 1, (d) Total Von Mises Strain of 2, (e)
Total Von Mises Strain of 5.
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Figure 4.8: Pole figures generated using stereographic projection in contour plots
for FCC structure with 1000 random grains subjected to axisymmetric tension
along z-axis using Taylor Model: (a) Initial polycrystal; not loaded, (b) Total Von
Mises Strain of 0.5, (c) Total Von Mises Strain of 1, (d) Total Von Mises Strain of
2, (e) Total Von Mises Strain of 5.
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Figure 4.9: Pole figures generated using area point projection for FCC structure
with 1000 random grains subjected to plane-strain compression using Alamel
Model: (a) Initial polycrystal; not loaded, (b) Total Von Mises Strain of 0.5, (c)
Total Von Mises Strain of 1, (d) Total Von Mises Strain of 2, (e) Total Von Mises
Strain of 5.
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Figure 4.10: Pole figures generated using area projection in contour plots for FCC
structure with 1000 random grains subjected to plane-strain compression using
Alamel Model: (a) Initial polycrystal; not loaded, (b) Total Von Mises Strain of
0.5, (c) Total Von Mises Strain of 1, (d) Total Von Mises Strain of 2, (e) Total Von
Mises Strain of 5.
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Figure 4.11: Inverse pole figures generated for FCC structure with 1000 random
grains subjected to axisymmetric tension along z-axis using Taylor Model, with
the left figures showing the loaded version and the right figures showing the
trajectories: (a) Initial polycrystal; not loaded, (b) Total Von Mises Strain of 0.5,
(c) Total Von Mises Strain of 1, (d) Total Von Mises Strain of 2, (e) Total Von Mises
Strain of 5.
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Figure 4.12: Inverse pole figures generated for FCC structure with 1000 random
grains subjected to plane-strain compression using Alamel Model, with the left
figures showing the loaded version and the right figures showing the trajectories:
(a) Initial polycrystal; not loaded, (b) Total Von Mises Strain of 0.5, (c) Total Von
Mises Strain of 1, (d) Total Von Mises Strain of 2, (e) Total Von Mises Strain of 5.
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Figure 4.13: ODF figures generated for FCC structure with 1000 random grains
subjected to axisymmetric tension along z-axis using Taylor Model: (a) Initial
polycrystal; not loaded, (b) Total Von Mises Strain of 0.5, (c) Total Von Mises
Strain of 1, (d) Total Von Mises Strain of 2, (e) Total Von Mises Strain of 5.
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Figure 4.14: ODF figures generated for FCC structure with 1000 random grains
subjected to plane-strain compression using Alamel Model: (a) Initial polycrystal;
not loaded, (b) Total Von Mises Strain of 0.5, (c) Total Von Mises Strain of 1, (d)
Total Von Mises Strain of 2, (e) Total Von Mises Strain of 5.
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Figure 4.15: 2-dimension yield surfaces generated for FCC structure with 1000
random grains subjected to axisymmetric tension along z-axis for 11-22 axes us-
ing Taylor Model: (a) Total Von Mises Strain of 0.5, (b) Total Von Mises Strain of
1, (c) Total Von Mises Strain of 2, (d) Total Von Mises Strain of 5; and for 11-12
axes: (e) Total Von Mises Strain of 0.5, (f) Total Von Mises Strain of 1, (g) Total
Von Mises Strain of 2, (h) Total Von Mises Strain of 5.
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Figure 4.16: R-value and yield stress figures generated for FCC structure with
1000 random grains subjected to plane-strain compression with normal axis
[001] using Alamel Model: (a) Initial polycrystal; not loaded, (b) Total Von Mises
Strain of 0.5, (c) Total Von Mises Strain of 1, (d) Total Von Mises Strain of 2, (e)
Total Von Mises Strain of 5.
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4.4 Challenges during implementation

A lot of challenges were encountered during the implementation and deployment
of the crystal plasticity toolbox to cloud, and the main ones were the following:

• Creation of the Python executable modules from Fortran code using F2PY,
and importing them successfully within the Python code used for the Dash
application

• Deploying the Dash application to cloud with the F2PY-generated Python
executable modules from Fortran code and oneMKL [57]

At the beginning of the project, the first goal was to successfully create the
Python executable modules from the existing Fortran code for crystal plasticity
calculations. F2PY needs a Fortran compiler to be able to generate the modules
and it was important to select a compatible compiler, not just with the operat-
ing system but also with the existing Fortran codes. Originally, a machine with a
Mac operating system and an Apple M1 silicon processor was utilized, however
it had compatibility issues with Intel® Fortran, which is only compatible with
computers with Intel® Processors. It was also attempted to utilize the GFortran
[58] compiler in Mac, however issues with linking the Linear Algebra PACKage
(LAPACK) [59] libraries, utilized in the crystal_plasticity.f90 Fortran code,
were encountered during compilation. With this, it was decided to move devel-
opment to a Windows-based computer. Using a machine with Windows operating
system, Python executable modules were successfully generated with F2PY using
the Intel® Fortran compiler, with the detailed steps discussed in Section 3.4. The
generated modules, in .pyd format were successfully imported to the Python code
in Dash, thus, these were utilized during the initial implementation of the required
functionalities and debugging of the application. At this point, the application was
only deployed locally in the Windows machine.

The next goal was to deploy the Dash application to cloud. The initial attempt
for the cloud deployment used the files of the built application that was working
locally, which included the Python executable modules in .pyd format. The steps
provided by Microsoft Azure on how to deploy a Python app to Azure App Ser-
vice[60] were followed, however the build always failed since Azure App Service
was Linux-based, thus the Python executable modules in .pyd format were incom-
patible and could not be imported successfully. Due to this, it was decided to try to
generate Linux-compatible Python executable modules, or those with .so format,
and try to deploy these with the application instead. A machine with Ubuntu op-
erating system was used, and the first attempt to generate the Python executable
modules in the Linux environment utilized Intel® Fortran as the compiler. How-
ever, when trying to deploy the web application to Azure using the .so files gener-
ated with Intel® Fortran, the error "libifport.so.5 not found" was encountered and
the web application failed to run. Another attempt was done, wherein GFortran
was utilized as the compiler, however the generated .so files still caused an error
during deployment which is "libgfortran.so.5 not found".
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It was decided to proceed with using Docker in the deployment to Azure to
try to solve the errors related to the missing libgfortran [61] and libifport
[62] libraries. An article in Medium detailing the steps on how to deploy a Dash
application using a Docker image to Azure [48] was found, however, the same
errors were encountered when trying to run the Docker images, both in the local
machine and in the cloud. There was no sufficient information found in Stack-
overflow or in Google on how to solve these aforementioned errors, but there was
a recently introduced AI chatbot on November 2022 called ChatGPT [63], which
was able to provide a solution to the problem. A chat with this AI chatbot provided
solutions to the error, as can be seen in the conversation screenshots in Figure A.1
and Figure A.2 in Appendix A. ChatGPT was also able to solve the problem which
was encountered pertaining to the missing oneMKL in the deployment as can be
seen in Figure A.3 in Appendix A. Together, the solutions provided by ChatGPT
and the steps provided by Medium article, the Dash application was successfully
deployed to Azure using Docker.





Chapter 5

Conclusion

5.1 Conclusion

The crystal plasticity toolbox, originally consisting of Python and Fortran code
with very limited user base, is now made accessible as a web application with user-
friendly GUI. It is deployed to cloud in Azure with the help of Docker, which allows
packaging of the application and its dependencies into a container, ensuring that
the application will run consistently across different environments. Dash is utilized
for the creation of the GUI, and the existing Fortran codes for crystal plasticity
models are utilized through the creation of Python executable modules with the
help of F2PY. This proves that legacy Fortran codes are viable to be utilized for web
application development. Dash has also been proven to be able to support data
visualization requirements for Taylor and Alamel crystal plasticity models. The
toolbox is able to generate pole figures in both point and contour plots, inverse
pole figures in static and animated versions, ODF figures, yield surfaces, and R-
value figures.

5.2 Future work

The cloud-based crystal plasticity toolbox opens a lot of possibilities for future
work, one of which is the possibility of adding yield surface fitting for the genera-
tion of the yield surface. Another is that the pole figure contour plots are currently
generated using a grid approach and this can be improved by using kernel density
functions. Also, both the ODF and pole figures are still generated through Mat-
plotlib, which currently lacks interactive functionalities when used with Dash, thus
converting these to Plotly graphs can be considered. And, since the upload of .ang
files has already been introduced in the application, EBSD grain visualization can
also be considered as an added functionality.

General improvements for the application can also be done, such as for the
performance, in terms of speed. Although this was originally included the non-
functional requirements, time did not permit for further performance improve-
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ments, specially for the generation of the yield surface and R-values figures. The
Python version used for the current version of the application is 3.7.5, and the up-
grade to a more recent version of Python is something that needs to done. Also,
the export of the output results can also be implemented so that further processing
of data can be done, possibly in other external applications, if desired.

One possibility that can also be explored for the future of this application
is to check how this can be utilized to possibly contribute to the efforts of the
European Materials and Modelling Ontology (EMMO), which provides a struc-
tured and standardized way to organize concepts and relationships within the
materials science and engineering domain. It serves as a common language and
knowledge framework for describing materials, processes, properties, and mod-
els.
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Appendix A

Conversations with an AI
(ChatGPT)

These are conversations with ChatGPT, an artificial intelligence chatbot developed
by OpenAI. Some solutions to some of the challenges encountered during the
implementation of the application were solved through these "conversations".

Figure A.1: ChatGPT: Steps how to deploy a Dash application with .so python
modules to Azure with Docker.
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Figure A.2: ChatGPT: Steps how to install libgfortran5 using Dockerfile.

Figure A.3: ChatGPT: Steps to install Intel® oneAPI Math Kernel Library.



Appendix B

Code listings

The code listings can also be found in: https://gitlab.com/ntnu-physmet/master-
students/crystal-plasticity-dashboard/-/tree/CP_Demo.

B.1 Pre-requisite Installation

Code listing B.1: requirements.txt

1 # This file may be used to create an environment using:
2 # $ conda create --name <env> --file <this file>
3 # platform: win-64
4 matplotlib
5 ipywidgets
6 ipython
7 dash
8 dash-bootstrap-components
9 dash_bootstrap_templates

10 ipython_genutils
11 scipy
12 pandas
13 dill
14 dash-loading-spinners
15 gunicorn
16 quadprog

Code listing B.2: Dockerfile.prod

1 FROM python:3.7
2
3 # Create a directory where the code is to be hosted
4 RUN mkdir /app
5
6 # Define the working directory in the container
7 WORKDIR /app
8
9 # Copy and install the requirements.

10 COPY requirements.txt /app/requirements.txt
11
12 # Install dependencies
13 RUN apt-get update \
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14 && apt-get install -y libpq-dev gcc \
15 && apt-get install libgfortran5 \
16 && pip install --no-cache-dir -r requirements.txt \
17 && pip install ipykernel
18
19 RUN apt-get update && apt-get install -y \
20 curl
21
22 RUN curl -fsSL https://apt.repos.intel.com/intel-gpg-keys/GPG-PUB-KEY-INTEL-SW-

PRODUCTS.PUB | apt-key add -
23 RUN echo "deb␣https://apt.repos.intel.com/oneapi␣all␣main" | tee /etc/apt/sources.

list.d/oneAPI.list
24 RUN apt-get update && apt-get install -y intel-oneapi-mkl
25
26
27 # Copy application code to the image
28 COPY . /app/
29
30 # Define environment variables
31 ENV LD_LIBRARY_PATH=/opt/intel/oneapi/mkl/latest/lib/intel64
32 ENV dash_port=80
33 ENV dash_debug="False"
34
35 CMD ["python", "app.py"]

B.2 Layout Codes

Code listing B.3: Code for sidebar layout

1 from dash import html, dcc, dash_table
2 import dash_bootstrap_components as dbc
3 import pandas as pd
4
5
6 # This styles the sidebar to be fixed and always shown in the left of the UI
7 SIDEBAR_STYLE = {
8 "position": "fixed",
9 "top": 0,

10 "left": 0,
11 "bottom": 0,
12 "width": "30rem",
13 "padding": "2rem␣1rem",
14 "overflow": "auto",
15 "background-color": "#ebebeb",
16 }
17
18 # This defines the layout of the input fields in the sidebar
19 sidebar = html.Div([
20
21 # Sidebar Header
22 html.H4("Setup"),
23 html.Hr(),
24
25 # Expandable/collapsable section in the sidebar for the grain orientation

input
26 dbc.Accordion([
27 dbc.AccordionItem([
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28
29 # Dropdown field for the model
30 dbc.Row([
31 dbc.Col([
32 dbc.Label("MODEL"),
33 dbc.Select(
34 id = ’input-cp-model’,
35 options =[
36 {’label’:"FC␣Taylor", ’value’:"FCTAYLOR"},
37 {’label’:"Alamel", ’value’:"ALAMEL"},
38 ],
39 value = "FCTAYLOR"
40 )
41 ])
42 ]),
43
44 # Dropdown field for the grain orientaion
45 html.Br(),
46 dbc.Row([
47 dbc.Col([
48 dbc.Label("GRAIN␣ORIENTATION"),
49 dbc.Select(
50 id = ’input-grain-ori-state’,
51 options =[
52 # {’label’:"Random", ’value’:"Random"},
53 # {’label’: "Specify Euler Angles (Bunge’s notation

in degrees)", ’value’:"Specify Euler Angles (
Bunge’s notation in degrees)"},

54 {’label’: "Input␣Texture␣Components", ’value’:"
Input␣Texture␣Components"},

55 {’label’: "Upload␣file", ’value’:"Upload␣file"},
56 ],
57 value = "Input␣Texture␣Components"
58 )
59 ])
60 ]),
61
62 # Select Texture Components Label
63 dbc.Row([
64 html.Br(),
65 dbc.Label("Select␣texture␣component:")
66 ], id = ’texture-component-label’),
67
68 dbc.Row([
69
70 # Toggle Selection for Cube Texture Component
71 dbc.Col([
72 dbc.Checklist(
73 options=[
74 {"label": "Cube", "value": "Cube"},
75 ],
76 value=[],
77 switch=True,
78 id = ’texture-switch-cube’
79 ),
80 ], id = ’texture-component-switch-cube’),
81
82 # Toggle Selection for Brass Texture Component
83 dbc.Col([
84 dbc.Checklist(
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85 options=[
86 {"label": "Brass", "value": "Brass"},
87 ],
88 value=[],
89 switch=True,
90 id = ’texture-switch-brass’
91 ),
92 ], id = ’texture-component-switch-brass’),
93
94 # Toggle Selection for S Texture Component
95 dbc.Col([
96 dbc.Checklist(
97 options=[
98 {"label": "S", "value": "S"},
99 ],

100 value=[],
101 switch=True,
102 id = ’texture-switch-s’
103 ),
104 ], id = ’texture-component-switch-s’),
105 ]),
106
107 dbc.Row([
108
109 # Toggle Selection for Goss Texture Component
110 dbc.Col([
111 dbc.Checklist(
112 options=[
113 {"label": "Goss", "value": "Goss"},
114 ],
115 value=[],
116 switch=True,
117 id = ’texture-switch-goss’
118 ),
119 ], id = ’texture-component-switch-goss’),
120
121 # Toggle Selection for Copper Texture Component
122 dbc.Col([
123 dbc.Checklist(
124 options=[
125 {"label": "Copper", "value": "Copper"},
126 ],
127 value=[],
128 switch=True,
129 id = ’texture-switch-copper’
130 ),
131 ], id = ’texture-component-switch-copper’),
132
133 # Toggle Selection for Random Texture Component
134 dbc.Col([
135 dbc.Checklist(
136 options=[
137 {"label": "Random", "value": "Random"},
138 ],
139 value=[],
140 switch=True,
141 id = ’texture-switch-random’
142 ),
143 ], id = ’texture-component-switch-random’),
144 ]),
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145
146 dbc.Row([
147
148 # Toggle Selection for Fiber Texture Component
149 dbc.Col([
150 dbc.Checklist(
151 options=[
152 {"label": "Fiber", "value": "Fiber"},
153 ],
154 value=[],
155 switch=True,
156 id = ’texture-switch-fiber’
157 ),
158 ], width = 4, id = ’texture-component-switch-fiber’),
159
160 # Toggle Selection for User Input Texture Component
161 dbc.Col([
162 dbc.Checklist(
163 options=[
164 {"label": "User␣Input", "value": "User␣Input"},
165 ],
166 value=[],
167 switch=True,
168 id = ’texture-switch-user-input’
169 ),
170 ], id = ’texture-component-switch-user-input’),
171
172
173 ]),
174
175 # Input for Texture Components
176
177 # Input for Cube Texture Components
178 dbc.Row([
179 dbc.Card([
180 dbc.CardBody([
181 dbc.Row([
182 dbc.Col([
183 dbc.Badge("i",id = ’info-cube’, class_name="

badge␣rounded-pill␣bg-info", text_color="
white",style={’margin-top’: ’15px’}),

184 dbc.Popover("Texture:␣90,90,45", body = True,
target = ’info-cube’, trigger =’hover’)

185 ]),
186 dbc.Col([
187 dbc.Label("Cube",style={’margin-top’: ’15px’})
188 ], width = 3),
189 dbc.Col([
190 dbc.FormFloating([
191 dbc.Input(size = ’sm’,type = ’number’,min =

0,max = 100,step=0.1,id = ’spread-cube
’,value=0),

192 dbc.Label("Spread")
193 ]),
194 ], width=3),
195 dbc.Col([
196 dbc.FormFloating([
197 dbc.Input(size = ’sm’,type = ’number’,min =

0,max = 10000,step =1,id = ’number-
grains-cube’,value=0),
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198 dbc.Label("#␣of␣Grains")
199 ]),
200 ], width=5,style={’margin-left’: ’6px’}),
201 ], className="g-0"),
202 ]),
203 ], style = {’margin’: ’0’}),
204 ], id = ’texture-component-input-cube’),
205
206 # Input for Goss Texture Components
207 dbc.Row([
208 dbc.Card([
209 dbc.CardBody([
210 dbc.Row([
211 dbc.Col([
212 dbc.Badge("i",id = ’info-goss’, class_name="

badge␣rounded-pill␣bg-info", text_color="
white",style={’margin-top’: ’15px’}),

213 dbc.Popover("Texture:␣90,90,45", body = True,
target = ’info-goss’, trigger =’hover’)

214 ]),
215 dbc.Col([
216 dbc.Label("Goss",style={’margin-top’: ’15px’})
217 ], width = 3),
218 dbc.Col([
219 dbc.FormFloating([
220 dbc.Input(size = ’sm’,type = ’number’,min =

0,max = 100,step=0.1,id = ’spread-goss
’,value=0),

221 dbc.Label("Spread")
222 ]),
223 ], width=3),
224 dbc.Col([
225 dbc.FormFloating([
226 dbc.Input(size = ’sm’,type = ’number’,min =

0,max = 10000,step =1,id = ’number-
grains-goss’,value=0),

227 dbc.Label("#␣of␣Grains")
228 ]),
229 ], width=5,style={’margin-left’: ’6px’}),
230 ], className="g-0"),
231 ]),
232 ]),
233 ], id = ’texture-component-input-goss’),
234
235 # Input for Brass Texture Components
236 dbc.Row([
237 dbc.Card([
238 dbc.CardBody([
239 dbc.Row([
240 dbc.Col([
241 dbc.Badge("i",id = ’info-brass’, class_name="

badge␣rounded-pill␣bg-info", text_color="
white",style={’margin-top’: ’15px’}),

242 dbc.Popover("Texture:␣55,90,45", body = True,
target = ’info-brass’, trigger =’hover’)

243 ]),
244 dbc.Col([
245 dbc.Label("Brass",style={’margin-top’: ’15px’})
246 ], width = 3),
247 dbc.Col([
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248 dbc.FormFloating([
249 dbc.Input(size = ’sm’,type = ’number’,min =

0,max = 100,step =0.1,id = ’spread-
brass’,value=0),

250 dbc.Label("Spread")
251 ]),
252 ], width=3),
253 dbc.Col([
254 dbc.FormFloating([
255 dbc.Input(size = ’sm’,type = ’number’,min =

0,max = 10000,step =1,id = ’number-
grains-brass’,value=0),

256 dbc.Label("#␣of␣Grains")
257 ]),
258 ], width=5,style={’margin-left’: ’6px’}),
259 ], className="g-0"),
260 ]),
261 ]),
262 ], id = ’texture-component-input-brass’),
263
264 # Input for Copper Texture Components
265 dbc.Row([
266 dbc.Card([
267 dbc.CardBody([
268 dbc.Row([
269 dbc.Col([
270 dbc.Badge("i",id = ’info-copper’, class_name="

badge␣rounded-pill␣bg-info", text_color="
white",style={’margin-top’: ’15px’}),

271 dbc.Popover("Texture:␣90,35,45", body = True,
target = ’info-copper’, trigger =’hover’)

272 ]),
273 dbc.Col([
274 dbc.Label("Copper",style={’margin-top’: ’15px’

})
275 ], width = 3),
276 dbc.Col([
277 dbc.FormFloating([
278 dbc.Input(size = ’sm’,type = ’number’,min =

0,max = 100,step =0.1,id = ’spread-
copper’,value=0),

279 dbc.Label("Spread")
280 ]),
281 ], width=3),
282 dbc.Col([
283 dbc.FormFloating([
284 dbc.Input(size = ’sm’,type = ’number’,min =

0,max = 10000,step =1,id = ’number-
grains-copper’,value=0),

285 dbc.Label("#␣of␣Grains")
286 ]),
287 ], width=5,style={’margin-left’: ’6px’}),
288 ], className="g-0"),
289 ]),
290 ]),
291 ], id = ’texture-component-input-copper’),
292
293
294 # Input for S Texture Components
295 dbc.Row([
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296 dbc.Card([
297 dbc.CardBody([
298
299 dbc.Row([
300 dbc.Col([
301 dbc.Badge("i",id = ’info-s’, class_name="badge␣

rounded-pill␣bg-info", text_color="white",
style={’margin-top’: ’15px’}),

302 dbc.Popover("Texture:␣59,37,63", body = True,
target = ’info-s’, trigger =’hover’)

303 ]),
304 dbc.Col([
305 dbc.Label("S",style={’margin-top’: ’15px’})
306 ], width = 3),
307 dbc.Col([
308 dbc.FormFloating([
309 dbc.Input(size = ’sm’,type = ’number’,min =

0,max = 100,step =0.1,id = ’spread-s’,
value=0),

310 dbc.Label("Spread")
311 ]),
312 ], width=3),
313 dbc.Col([
314 dbc.FormFloating([
315 dbc.Input(size = ’sm’,type = ’number’,min =

0,max = 10000,step =1,id = ’number-
grains-s’,value=0),

316 dbc.Label("#␣of␣Grains")
317 ]),
318 ], width=5,style={’margin-left’: ’6px’}),
319 ], className="g-0"),
320
321 ]),
322 ]),
323 ],id = ’texture-component-input-s’),
324
325 # Input for Random Texture Components
326 dbc.Row([
327 dbc.Card([
328 dbc.CardBody([
329 dbc.Row([
330 dbc.Col([
331 dbc.Badge("i",id = ’info-random’, class_name="

badge␣rounded-pill␣bg-info", text_color="
white",style={’margin-top’: ’15px’}),

332 dbc.Popover("Texture:␣Random", body = True,
target = ’info-random’, trigger =’hover’)

333 ]),
334 dbc.Col([
335 dbc.Label("Random",style={’margin-top’: ’15px’

})
336 ], width = 3),
337 dbc.Col([
338 dbc.FormFloating([
339 dbc.Input(size = ’sm’,type = ’string’,id =

’spread-random’,disabled = True, value
=’Rand’),

340 dbc.Label("Spread")
341 ]),
342 ], width=3),
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343 dbc.Col([
344 dbc.FormFloating([
345 dbc.Input(size = ’sm’,type = ’number’,min =

0,max = 10000,step =1,id = ’number-
grains-random’,value=0),

346 dbc.Label("#␣of␣Grains")
347 ]),
348 ], width=5,style={’margin-left’: ’6px’}),
349 ], className="g-0"),
350 ]),
351 ]),
352 ], id = ’texture-component-input-random’),
353
354 # Input for Fiber Texture Component
355 dbc.Row([
356 dbc.Card([
357 dbc.CardBody([
358 dbc.Row([
359 dbc.Col([
360 dbc.Badge("i",id = ’info-fiber’, class_name="

badge␣rounded-pill␣bg-info", text_color="
white",style={’margin-top’: ’15px’}),

361 dbc.Popover("Texture:␣User␣Input", body = True,
target = ’info-fiber’, trigger =’hover’)

362 ]),
363 dbc.Col([
364 dbc.Label("Fiber",style={’margin-top’: ’15px’})
365 ], width = 3),
366 dbc.Col([
367 dbc.FormFloating([
368 dbc.Input(size = ’sm’,type = ’number’,min =

0,max = 100,step =0.1,id = ’spread-
fiber’,value=0),

369 dbc.Label("Spread")
370 ]),
371 ], width=3),
372 dbc.Col([
373 dbc.FormFloating([
374 dbc.Input(size = ’sm’,type = ’number’,min =

0,max = 10000,step =1,id = ’number-
grains-fiber’,value=0),

375 dbc.Label("#␣of␣Grains")
376 ]),
377 ], width=5,style={’margin-left’: ’6px’}),
378 ],className="g-0"),
379
380 dbc.Row([
381 dbc.Col([
382 dbc.FormFloating([
383 dbc.Input(size = ’sm’,type = ’number’,min =

0,max = 100,step =1,id = ’euler-phi1-
fiber’,value=0),

384 dbc.Label(["\u03C6",html.Sub(1)])
385 ]),
386 ], style={’width’:’123px’}),
387 dbc.Col([
388 dbc.FormFloating([
389 dbc.Input(size = ’sm’,type = ’number’,min =

0,max = 100,step =1,id = ’euler-theta-
fiber’,value=0),
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390 dbc.Label("\u03B8")
391 ]),
392 ], style={’width’:’123px’,’margin-left’: ’6px’}),
393 dbc.Col([
394 dbc.FormFloating([
395 dbc.Input(size = ’sm’,type = ’number’,min =

0,max = 100,step =1,id = ’euler-phi2-
fiber’,value=0),

396 dbc.Label(["\u03C6",html.Sub(2)])
397 ]),
398 ], style={’width’:’123px’,’margin-left’: ’6px’}),
399 ],className="g-0",style={’margin-top’: ’6px’}),
400
401 dbc.Row([
402 dbc.Col([
403 dbc.FormFloating([
404 dbc.Input(size = ’sm’,type = ’number’,min =

0,max = 100,step =1,id = ’axis-x’,
value=0),

405 dbc.Label("x")
406 ]),
407 ], style={’width’:’123px’}),
408 dbc.Col([
409 dbc.FormFloating([
410 dbc.Input(size = ’sm’,type = ’number’,min =

0,max = 100,step =1,id = ’axis-y’,
value=0),

411 dbc.Label("y")
412 ]),
413 ], style={’width’:’123px’,’margin-left’: ’6px’}),
414 dbc.Col([
415 dbc.FormFloating([
416 dbc.Input(size = ’sm’,type = ’number’,min =

0,max = 100,step =1,id = ’axis-z’,
value=0),

417 dbc.Label("z")
418 ]),
419 ], style={’width’:’123px’,’margin-left’: ’6px’}),
420 ],className="g-0",style={’margin-top’: ’6px’})
421 ]),
422 ]),
423 ], id = ’texture-component-input-fiber’),
424
425 # Input for User Input Texture Components
426 dbc.Row([
427 dbc.Card([
428 dbc.CardBody([
429 dbc.Row([
430 dbc.Col([
431 dbc.Badge("i",id = ’info-user-input’,

class_name="badge␣rounded-pill␣bg-info",
text_color="white",style={’margin-top’: ’15
px’}),

432 dbc.Popover("Texture:␣User␣Input", body = True,
target = ’info-user-input’, trigger =’
hover’)

433 ]),
434 dbc.Col([
435 dbc.Label("User␣Input",style={’margin-top’: ’15

px’})
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436 ], width = 3),
437 dbc.Col([
438 dbc.FormFloating([
439 dbc.Input(size = ’sm’,type = ’number’,min =

0,max = 100,step =0.1,id = ’spread-
user-input’,value=0),

440 dbc.Label("Spread")
441 ]),
442 ], width=3),
443 dbc.Col([
444 dbc.FormFloating([
445 dbc.Input(size = ’sm’,type = ’number’,min =

0,max = 10000,step =1,id = ’number-
grains-user-input’,value=0),

446 dbc.Label("#␣of␣Grains")
447 ]),
448 ], width=5,style={’margin-left’: ’6px’}),
449 ],className="g-0"),
450 dbc.Row([
451 dbc.Col([
452 dbc.FormFloating([
453 dbc.Input(size = ’sm’,type = ’number’,min =

0,max = 100,step =1,id = ’euler-phi1-
user-input’,value=0),

454 dbc.Label(["\u03C6",html.Sub(1)])
455 ]),
456 ], style={’width’:’123px’}),
457 dbc.Col([
458 dbc.FormFloating([
459 dbc.Input(size = ’sm’,type = ’number’,min =

0,max = 100,step =1,id = ’euler-theta-
user-input’,value=0),

460 dbc.Label("\u03B8")
461 ]),
462 ], style={’width’:’123px’,’margin-left’: ’6px’}),
463 dbc.Col([
464 dbc.FormFloating([
465 dbc.Input(size = ’sm’,type = ’number’,min =

0,max = 100,step =1,id = ’euler-phi2-
user-input’,value=0),

466 dbc.Label(["\u03C6",html.Sub(2)])
467 ]),
468 ], style={’width’:’123px’,’margin-left’: ’6px’}),
469 ],className="g-0",style={’margin-top’: ’6px’})
470 ]),
471 ]),
472 ], id = ’texture-component-input-user-input’),
473
474
475
476 # Input field for .ang file threshold
477 dbc.Row([
478 dbc.Col([
479 html.Br(),
480 dbc.FormFloating([
481 dbc.Input(
482 type = ’number’,
483 min = 0,
484 max = 1,
485 step = 0.01,
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486 id = ’ang-threshold’
487 ),
488 dbc.Label("Threshold␣(0-1.0)")
489 ]),
490 ]),
491 html.Br()
492 ],id = ’ang-threshold-hide’),
493
494 # Upload file area
495 dbc.Row([
496 dbc.Col([
497 dcc.Upload(
498 id = "uploaded-file",
499 children = html.Div([’Drag␣or␣select␣a␣file␣to␣upload’

]),
500 style={
501 ’width’: ’90%’,
502 ’height’: ’110px’,
503 ’lineHeight’: ’60px’,
504 ’borderWidth’: ’1px’,
505 ’borderStyle’: ’dashed’,
506 ’borderRadius’: ’5px’,
507 ’textAlign’: ’center’,
508 ’margin’: ’10px’
509 },
510 multiple = False
511 ),
512 dbc.Alert(id="upload-indicator", color="success")
513 ]),
514 ],id = ’upload-hide’),
515
516 # Button to generate initial polycrystal
517 dbc.Row([
518 dbc.Col([
519 dbc.Button(id=’generate-polycrystal-button’,
520 className = ’btn-success’,
521 n_clicks=0,
522 children=’GENERATE␣POLYCRYSTAL’,
523 style={"margin-left": "10px"})
524 ]),
525 ], id = ’generate-polycrystal-button-style’, style ={’textAlign’:’

right’, ’margin-top’ : ’20px’}),
526
527 ],title = ’INITIAL’),
528 ], flush = True),
529
530 # Expandable/collapsable section in the sidebar for the loading options
531 dbc.Accordion([
532 dbc.AccordionItem([
533
534 # Dropdown field for the loading condition
535 dbc.Row([
536 dbc.Col([
537 dbc.Label("LOADING␣CONDITION"),
538 dbc.Select(
539 id = ’input-loading-condition’,
540 options =[
541 {’label’:"Axisymmetric␣tension␣along␣z-axis", ’

value’:"Uniaxial␣tension"},
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542 {’label’:"Plane-strain␣compression", ’value’:"
Plane-strain␣compression"},

543 {’label’: "Mixed␣(strain+stress)␣boundary␣
condition", ’value’:"Mixed␣(strain+stress)␣
boundary␣condition"},

544 {’label’: "Input␣Custom␣Values", ’value’:"Input
␣Custom␣Values"}

545 ],
546 value = "Uniaxial␣tension"
547 )
548 ])
549 ]),
550
551 # Matrix Input fields for the Global Velocity Gradiebt (L)
552 html.Div([
553 html.Br(),
554 dbc.Row([
555 dbc.Col([
556 dbc.Row([
557 dbc.Label("GLOBAL␣VELOCITY␣GRADIENT␣(L)"),
558 dbc.Col([
559 dbc.FormFloating([
560 dbc.Input(
561 type = ’number’,
562 id = ’L-XX’
563 ),
564 dbc.Label("XX")
565 ]),
566 ]),
567 dbc.Col([
568 dbc.FormFloating([
569 dbc.Input(
570 type = ’number’,
571 id = ’L-XY’
572 ),
573 dbc.Label("XY")
574 ]),
575 ]),
576 dbc.Col([
577 dbc.FormFloating([
578 dbc.Input(
579 type = ’number’,
580 id = ’L-XZ’
581 ),
582 dbc.Label("XZ")
583 ])
584 ])
585 ]),
586 html.Br(),
587 dbc.Row([
588 dbc.Col([
589 dbc.FormFloating([
590 dbc.Input(
591 type = ’number’,
592 id = ’L-YX’
593 ),
594 dbc.Label("YX")
595 ]),
596 ]),
597 dbc.Col([
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598 dbc.FormFloating([
599 dbc.Input(
600 type = ’number’,
601 id = ’L-YY’
602 ),
603 dbc.Label("YY")
604 ]),
605 ]),
606 dbc.Col([
607 dbc.FormFloating([
608 dbc.Input(
609 type = ’number’,
610 id = ’L-YZ’
611 ),
612 dbc.Label("YZ")
613 ])
614 ])
615 ]),
616 html.Br(),
617 dbc.Row([
618 dbc.Col([
619 dbc.FormFloating([
620 dbc.Input(
621 type = ’number’,
622 id = ’L-ZX’
623 ),
624 dbc.Label("ZX")
625 ]),
626 ]),
627 dbc.Col([
628 dbc.FormFloating([
629 dbc.Input(
630 type = ’number’,
631 id = ’L-ZY’
632 ),
633 dbc.Label("ZY")
634 ]),
635 ]),
636 dbc.Col([
637 dbc.FormFloating([
638 dbc.Input(
639 type = ’number’,
640 id = ’L-ZZ’
641 ),
642 dbc.Label("ZZ")
643 ])
644 ])
645 ])
646 ])
647 ]),
648 ],id = ’loading-cond-hide’),
649
650 # Input field for the Total Von Mises Strain
651 dbc.Row([
652 dbc.Col([
653 html.Br(),
654 dbc.Label("TOTAL␣VON␣MISES␣STRAIN"),
655 dbc.Input(
656 id = ’input-von-mises-strain’,
657 type = ’number’,
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658 step = 0.001,
659 value = 1
660 )
661 ])
662 ]),
663
664 # Input field for the Number of Steps
665 dbc.Row([
666 dbc.Col([
667 html.Br(),
668 dbc.Label("NUMBER␣OF␣STEPS"),
669 dbc.Input(
670 id = ’input-number-steps’,
671 type = ’number’,
672 step = 1,
673 value = 100
674 )
675 ])
676 ]),
677
678 # Button to generate loaded polycrystal based on values entered in

LOAD section
679 dbc.Row([
680 dbc.Col([
681 html.Br(),
682 dbc.Button(id=’load-polycrystal-button’,
683 className = ’btn-success’,
684 n_clicks=0,
685 children=’LOAD␣POLYCRYSTAL’,
686 style={"margin-left": "10px"})
687 ], style={’textAlign’:’right’})
688 ])
689
690 ], title = ’LOAD’),
691 ], flush = True, start_collapsed=True),
692 ],style=SIDEBAR_STYLE)

Code listing B.4: Code for content layout

1 from dash import html
2 import dash_bootstrap_components as dbc
3 import dash_loading_spinners as dls
4
5 # This styles the content to be fixed and always shown in the right of the UI
6 CONTENT_STYLE = {
7 "margin-left": "32rem",
8 "margin-right": "2rem",
9 "padding": "2rem␣1rem",

10 "overflow": "auto",
11 }
12
13 # This defines the layout of the tabs and generated graphs
14 content = html.Div([
15 html.Div([
16
17 # Content Header
18 html.H1("CRYSTAL␣PLASTICITY␣TOOLBOX"),
19
20 # This defined the tabs (Pole Figures, Inverse Pole Figures, ODF,

Yield Surface)
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21 dbc.Row([],id = ’loaded-warning’),
22 dbc.Row([], id = ’initial-warning’),
23 dbc.Row([
24 dbc.Tabs([
25 # Tab - Pole Figures
26 dbc.Tab([
27 dbc.Card([
28 dbc.Row([
29
30 # Radio button for normal direction
31 dbc.Col([
32 dbc.Label("Normal:"),
33 dbc.RadioItems(
34 options=[
35 {’label’:’ND’, ’value’:’ND’},
36 {’label’:’TD’, ’value’:’TD’},
37 {’label’:’RD’, ’value’:’RD’}
38 ],
39 value = ’ND’,
40 id = ’pf-normal-radiobuttons’,
41 )
42 ], width = 2),
43
44 # Radio button for projection type
45 dbc.Col([
46 dbc.Label("Projection:"),
47 dbc.RadioItems(
48 options=[
49 {’label’:’Steriographic’, ’value’:’

Steriographic_Projection’},
50 {’label’:’Area’, ’value’:’

Area_Projection’},
51 ],
52 value = ’Steriographic_Projection’,
53 id = ’proj-mode’,
54 )
55 ], width = 2),
56
57 # Radio button for pole figure type
58 dbc.Col([
59 dbc.Label("Mode:"),
60 dbc.RadioItems(
61 options=[
62 {’label’:’Point␣projection’, ’value

’:’Point␣projection’},
63 {’label’:’Contour’, ’value’:’

Contour’},
64 ],
65 value = ’Point␣projection’,
66 id = ’pf-mode’,
67 )
68 ], width = 2),
69
70 dbc.Col([
71 dbc.Row([
72
73 # Input for contour levels
74 dbc.Col([
75 dbc.Label("Contour␣Levels:"),
76 dbc.Input(type="text", id = ’pf-
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contour-levels-input’),
77 dbc.FormText("Separate␣levels␣with␣

a␣comma,␣without␣any␣spaces"),
78 ], width=4),
79
80 # Button to re-generate pole figures

based on entered contour levels
81 dbc.Col([
82 dbc.Button(id=’pf-contour-btn’,
83 className = ’btn-

success’,
84 n_clicks=0,
85 children=’RE-GENERATE␣

POLE␣FIGURES’,
86 style={"margin-top": "

33px"})
87 ]),
88
89 ]),
90 ], id = ’pf-contour-levels’),
91 ]),
92
93 # Loading icon when pole figure generation is in

progress
94 dls.Pacman([
95 dbc.Row([
96 dbc.Col([
97 html.Br(),
98 dbc.Row([
99 dbc.Label("Initial␣Pole␣Figure:"),

100 ],id = ’pf-initial-label’),
101 dbc.Row([],id = ’pf-image-initial’),
102 dbc.Row([
103 dbc.Label("Loaded␣Pole␣Figure:"),
104 ],id = ’pf-loaded-label’),
105 dbc.Row([],id = ’pf-image-loaded’),
106 ])
107 ])
108 ], color="#eba134",speed_multiplier=2, fullscreen =

True,fullscreen_style={’opacity’: ’0.7’}),
109
110 ], body=True, className= ’border-0’, id = ’pf-inputs’),
111 ], label = ’Pole␣Figures’,
112 tab_id = ’tab-pf’
113 ),
114
115 # Tab - Inverse Pole Figures
116 dbc.Tab([
117 dbc.Card([
118 dbc.Row([
119
120 # Radio button for static or animated IPF
121 dbc.Col([
122 dbc.Label("Show:"),
123 dbc.RadioItems(
124 options=[
125 {’label’:’Initial,␣Loaded␣&␣

Trajectory’, ’value’:’Initial␣
and␣Loaded␣View’},

126 {’label’:’Animated␣Trajectory’, ’
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value’:’Animated’},
127 ],
128 value = ’Initial␣and␣Loaded␣View’,
129 id = ’ipf-radiobuttons’,
130 inline = True
131 )
132 ])
133 ],id = ’ipf-radiobuttons-visibility’),
134
135 # Checboxes for showing initial/loaded/trajectory

IPF
136 dbc.Row([
137 dbc.Col([
138 html.Br(),
139 dbc.Checklist(
140 options=[
141 {"label": "Initial", "value": 1},
142 {"label": "Loaded", "value": 2},
143 {"label": "Trajectory", "value": 3}
144 ],
145 inline=True,
146 value=[1,2],
147 id="ipf-checklist",
148 )
149 ])
150 ],id = ’ipf-checklist-visibility’),
151
152 # Loading icon shown when the data is still being

generated in the background
153 dbc.Row([
154 dls.Pacman(dbc.Col([],id = ’ipf-content’),color

="#eba134",speed_multiplier=2, fullscreen =
True,fullscreen_style={’opacity’: ’0.7’})

155 ]),
156
157 ], id = ’ipf-card’, body=True, className= ’border-0’)
158 ], label=’Inverse␣Pole␣Figures’, tab_id = ’tab-ipf’),
159
160 # Tab - ODF
161 dbc.Tab([
162 dbc.Card([
163 dbc.Row([
164
165 # Input field for the ODF levels
166 dbc.Col([
167 dbc.Label("ODF␣Levels"),
168 dbc.Input(placeholder="

2,4,8,12,16,20,25,30,35", type="
text", id = ’odf-levels-input’),

169 dbc.FormText("Separate␣levels␣with␣a␣
comma,␣without␣any␣spaces"),

170 ], width=4),
171
172 # Button to generate the ODF graph
173 dbc.Col([
174 dbc.Button(id=’odf-button-state’,
175 className = ’btn-success’,
176 n_clicks=0,
177 children=’GENERATE␣ODF’,
178 style={"margin-top": "33px"
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})
179 ])
180
181 ]),
182 html.Br(),
183 dbc.Row([
184
185 # Loading icon shown when the data is still

being generated in the background
186 dls.Pacman([
187 dbc.Col([
188 dbc.Row([
189 dbc.Label("Initial␣ODF:",id = ’

odf-initial-label’),
190 ]),
191 dbc.Row(id=’odf-initial’)
192 ],width = 7),
193 dbc.Col([
194 dbc.Row([
195 dbc.Label("Loaded␣ODF:",id = ’

odf-loaded-label’),
196 ]),
197 dbc.Row(id=’odf-loaded’)
198 ],width = 7),
199 ], color="#eba134",speed_multiplier=2,

fullscreen = True,fullscreen_style={’
opacity’: ’0.7’})

200 ]),
201
202 ], body=True, className= ’border-0’, id = ’odf-fields’)
203 ],label=’ODF’, tab_id = ’tab-odf’),
204
205 # Tab - Yield Surface
206 dbc.Tab([
207 dbc.Card([
208 dbc.Row([
209
210 # Checkbox for Initial and/or Loaded Yield

Surface
211 dbc.Col([
212 dbc.Label("Generate␣yield␣surface␣for␣

the␣following:"),
213 dbc.Checklist(
214 options=[
215 {"label": "Initial", "value":

1},
216 {"label": "Loaded", "value":

2},
217 ],
218 inline=True,
219 value=[1,2],
220 id="ys-checklist",
221 ),
222 html.Br()
223 ], id = ’ys-checklist-visibility’),
224 ], id=’ys-generate-checklist’),
225 dbc.Row([
226 dbc.Col([
227 dbc.Row([
228
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229 # Dropdown field for x-axis of
yield surface

230 dbc.Col([
231 dbc.Label("X-axis"),
232 dbc.Select(
233 id = ’ys-input-x’,
234 options =[
235 {’label’:"11", ’value’:

"11"},
236 {’label’:"12", ’value’:

"12"},
237 {’label’:"13", ’value’:

"13"},
238 {’label’:"22", ’value’:

"22"},
239 {’label’:"23", ’value’:

"23"},
240 {’label’:"33", ’value’:

"33"},
241 ],
242 value = "11"
243 )
244 ], width=2),
245
246 # Dropdown field for y-axis of

yield surface
247 dbc.Col([
248 dbc.Label("Y-axis"),
249 dbc.Select(
250 id = ’ys-input-y’,
251 options =[
252 {’label’:"11", ’value’:

"11"},
253 {’label’:"12", ’value’:

"12"},
254 {’label’:"13", ’value’:

"13"},
255 {’label’:"22", ’value’:

"22"},
256 {’label’:"23", ’value’:

"23"},
257 {’label’:"32", ’value’:

"32"},
258 {’label’:"33", ’value’:

"33"},
259 ],
260 value = "22"
261 )
262 ], width=2),
263
264 # Button to generate yield surface
265 dbc.Col([
266 dbc.Button(id=’ys-button-state’

,
267 className = ’btn-

success’,
268 n_clicks=0,
269 children=’GENERATE␣

YIELD␣SURFACE’,
270 style={"margin-top"
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: "33px"})
271 ])
272 ])
273 ])
274 ]),
275
276 # Loading icon shown when the data is still

being generated in the background
277 dbc.Row([
278 dls.Pacman(dbc.Col([],id = ’ys-content’),

color="#eba134",speed_multiplier=2,
fullscreen = True,fullscreen_style={’
opacity’: ’0.7’})

279 ]),
280 ], body=True, className= ’border-0’, id = ’ys-fields’)
281 ],label=’Yield␣Surface’, tab_id = ’tab-ys’),
282
283 # Tab - R-values
284 dbc.Tab([
285 dbc.Card([
286
287 # Checkboxes for generating initial and/or

loaded r-values
288 dbc.Row([
289 dbc.Col([
290 dbc.Label("View␣r-values␣for␣the␣

following:"),
291 dbc.RadioItems(
292 options=[
293 {"label": "Initial", "value":

1},
294 {"label": "Loaded", "value":

2},
295 ],
296 value = 1,
297 id = ’rv-checklist’,
298 inline = True
299 ),
300 html.Br()
301 ], id = ’rv-checklist-visibility’),
302 ], id=’rv-generate-checklist’),
303
304 dbc.Row([
305 dbc.Col([
306 dbc.Row([
307
308 # Dropdown field for normal axis

for r-values
309 dbc.Col([
310 dbc.Label("Normal␣axis"),
311 dbc.Select(
312 id = ’rv-input-normal-axis’

,
313 options =[
314 {’label’:"001", ’value’

:"001"},
315 {’label’:"100", ’value’

:"100"},
316 {’label’:"010", ’value’

:"010"},
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317 ],
318 value = "001"
319 )
320 ], width=2),
321
322 # Button to generate r-values
323 dbc.Col([
324 dbc.Button(id=’rv-button-state’

,
325 className = ’btn-

success’,
326 n_clicks=0,
327 children=’GENERATE␣

R-VALUES’,
328 style={"margin-top"

: "33px"})
329 ])
330 ])
331 ])
332 ]),
333
334 # Loading icon shown when the data is still

being generated in the background
335 dbc.Row([
336 dls.Pacman(dbc.Col([],id = ’rv-content’),

color="#eba134",speed_multiplier=2,
fullscreen = True,fullscreen_style={’
opacity’: ’0.7’})

337 ]),
338 ], body=True, className= ’border-0’, id = ’rv-fields’)
339 ],label=’R-values’, tab_id = ’tab-rv’),
340
341 ],
342 id = ’tabs’,
343 active_tab = ’tab-pf’
344 ),
345 ]),
346 ]),
347 ],style=CONTENT_STYLE)

Code listing B.5: Code for common layout

1 from dash import html, dcc
2 from layout.sidebar.sidebar import sidebar
3 from layout.content.content import content
4 import dash_loading_spinners as dls
5 import dash_bootstrap_components as dbc
6
7 # This defines the common layout for the application
8 layout = html.Div([
9 sidebar,content,

10 dls.Pacman([
11 dcc.Store(id=’store_initial’),
12 dcc.Store(id=’store_loaded’),
13 dcc.Store(id=’store_pf’),
14 ],
15 color="#eba134",
16 speed_multiplier=2,
17 fullscreen=True,
18 fullscreen_style={’opacity’: ’0.7’})
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19 ])

B.3 Callback Codes

Code listing B.6: Code for sidebar callbacks

1 from dash import Input, Output
2 from upload_file import save_file, check_uploaded_file
3
4 def get_callbacks_sidebar(app):
5
6 # Callback for showing or hiding input field for texture components
7 @app.callback(
8 Output(’texture-component-switch-cube’,’style’),
9 Output(’texture-component-switch-brass’,’style’),

10 Output(’texture-component-switch-s’,’style’),
11 Output(’texture-component-switch-goss’,’style’),
12 Output(’texture-component-switch-copper’,’style’),
13 Output(’texture-component-switch-random’,’style’),
14 Output(’texture-component-switch-fiber’,’style’),
15 Output(’texture-component-switch-user-input’,’style’),
16 Output(’texture-component-label’,’style’),
17 Input(’input-grain-ori-state’,’value’),
18 )
19 def show_hide_element(grain_orientation):
20 """This function returns style value for the texture components section.
21 The field will only be shown if the selected grain orientation value is ’

Input Texture Components’
22 Input: Selected value in Grain orientation field
23 Output: Styling of texture components section"""
24 if grain_orientation == "Input␣Texture␣Components":
25 return {’display’: ’block’},{’display’: ’block’},{’display’: ’block’},{

’display’: ’block’},{’display’: ’block’},{’display’: ’block’},{’
display’: ’block’},{’display’: ’block’},{’display’: ’block’}

26 else:
27 return {’display’: ’none’,},{’display’: ’none’},{’display’: ’none’},{’

display’: ’none’},{’display’: ’none’},{’display’: ’none’},{’display
’: ’none’},{’display’: ’none’},{’display’: ’none’}

28
29 # Callback to show or hide Cube texture component input section based on switch
30 @app.callback(
31 Output(’texture-component-input-cube’,’style’),
32 Input(’texture-switch-cube’,’value’),
33 Input(’input-grain-ori-state’,’value’),
34 )
35 def show_hide_element(texture_switch, grain_orientation):
36 """This function returns style value for the Cube texture component input

section.
37 The section will only be shown if Cube toggle button is selected.
38 Input: Cube toggle button value
39 Output: Styling of the Cube texture component input section"""
40 if grain_orientation != ’Input␣Texture␣Components’:
41 return {’display’: ’none’}
42 else:
43 if texture_switch == ["Cube"]:
44 return {’display’: ’block’}
45 else:
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46 return {’display’: ’none’}
47
48 # Callback to show or hide Goss texture component input section based on switch
49 @app.callback(
50 Output(’texture-component-input-goss’,’style’),
51 Input(’texture-switch-goss’,’value’),
52 Input(’input-grain-ori-state’,’value’),
53 )
54 def show_hide_element(texture_switch, grain_orientation):
55 """This function returns style value for the Goss texture component input

section.
56 The section will only be shown if Goss toggle button is selected.
57 Input: Goss toggle button value
58 Output: Styling of the Goss texture component input section"""
59 if grain_orientation != ’Input␣Texture␣Components’:
60 return {’display’: ’none’,}
61 else:
62 if texture_switch == ["Goss"]:
63 return {’display’: ’block’}
64 else:
65 return {’display’: ’none’}
66
67 # Callback to show or hide Brass texture component input section based on

switch
68 @app.callback(
69 Output(’texture-component-input-brass’,’style’),
70 Input(’texture-switch-brass’,’value’),
71 Input(’input-grain-ori-state’,’value’),
72 )
73 def show_hide_element(texture_switch, grain_orientation):
74 """This function returns style value for the Brass texture component input

section.
75 The section will only be shown if Brass toggle button is selected.
76 Input: Brass toggle button value
77 Output: Styling of the Brass texture component input section"""
78 if grain_orientation != ’Input␣Texture␣Components’:
79 return {’display’: ’none’}
80 else:
81 if texture_switch == ["Brass"]:
82 return {’display’: ’block’}
83 else:
84 return {’display’: ’none’}
85
86 # Callback to show or hide Copper texture component input section based on

switch
87 @app.callback(
88 Output(’texture-component-input-copper’,’style’),
89 Input(’texture-switch-copper’,’value’),
90 Input(’input-grain-ori-state’,’value’),
91 )
92 def show_hide_element(texture_switch, grain_orientation):
93 """This function returns style value for the Copper texture component input

section.
94 The section will only be shown if Copper toggle button is selected.
95 Input: Copper toggle button value
96 Output: Styling of the Copper texture component input section"""
97 if grain_orientation != ’Input␣Texture␣Components’:
98 return {’display’: ’none’}
99 else:

100 if texture_switch == ["Copper"]:
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101 return {’display’: ’block’}
102 else:
103 return {’display’: ’none’}
104
105 # Callback to show or hide S texture component input section based on switch
106 @app.callback(
107 Output(’texture-component-input-s’,’style’),
108 Input(’texture-switch-s’,’value’),
109 Input(’input-grain-ori-state’,’value’),
110 )
111 def show_hide_element(texture_switch, grain_orientation):
112 """This function returns style value for the S texture component input

section.
113 The section will only be shown if S toggle button is selected.
114 Input: S toggle button value
115 Output: Styling of the S texture component input section"""
116 if grain_orientation != ’Input␣Texture␣Components’:
117 return {’display’: ’none’}
118 else:
119 if texture_switch == ["S"]:
120 return {’display’: ’block’}
121 else:
122 return {’display’: ’none’}
123
124 # Callback to show or hide Random texture component input section based on

switch
125 @app.callback(
126 Output(’texture-component-input-random’,’style’),
127 Input(’texture-switch-random’,’value’),
128 Input(’input-grain-ori-state’,’value’),
129 )
130 def show_hide_element(texture_switch, grain_orientation):
131 """This function returns style value for the Random texture component input

section.
132 The section will only be shown if Random toggle button is selected.
133 Input: Random toggle button value
134 Output: Styling of the Random texture component input section"""
135 if grain_orientation != ’Input␣Texture␣Components’:
136 return {’display’: ’none’}
137 else:
138 if texture_switch == ["Random"]:
139 return {’display’: ’block’}
140 else:
141 return {’display’: ’none’}
142
143 # Callback to show or hide Fiber texture component input section based on

switch
144 @app.callback(
145 Output(’texture-component-input-fiber’,’style’),
146 Input(’texture-switch-fiber’,’value’),
147 Input(’input-grain-ori-state’,’value’),
148 )
149 def show_hide_element(texture_switch, grain_orientation):
150 """This function returns style value for the Fiber texture component input

section.
151 The section will only be shown if Fiber toggle button is selected.
152 Input: Fiber toggle button value
153 Output: Styling of the Fiber texture component input section"""
154 if grain_orientation != ’Input␣Texture␣Components’:
155 return {’display’: ’none’}
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156 else:
157 if texture_switch == ["Fiber"]:
158 return {’display’: ’block’}
159 else:
160 return {’display’: ’none’}
161
162 # Callback to show or hide Fiber texture component input section based on

switch
163 @app.callback(
164 Output(’texture-component-input-user-input’,’style’),
165 Input(’texture-switch-user-input’,’value’),
166 Input(’input-grain-ori-state’,’value’),
167 )
168 def show_hide_element(texture_switch, grain_orientation):
169 """This function returns style value for the User Input texture component

input section.
170 The section will only be shown if User Input toggle button is selected.
171 Input: User Input toggle button value
172 Output: Styling of the User Input texture component input section"""
173 if grain_orientation != ’Input␣Texture␣Components’:
174 return {’display’: ’none’}
175 else:
176 if texture_switch == ["User␣Input"]:
177 return {’display’: ’block’}
178 else:
179 return {’display’: ’none’}
180
181 # Calback to return the Spread and Number Grains value for Cube texture

component
182 @app.callback(
183 Output(’spread-cube’, ’value’),
184 Output(’number-grains-cube’, ’value’),
185 Input(’texture-switch-cube’,’value’),
186 Input(’spread-cube’, ’value’),
187 Input(’number-grains-cube’, ’value’)
188 )
189 def show_hide_element(texture_switch, val1, val2):
190 """This function returns the spread and number of grains value for Cube

texture component
191 Input: Cube toggle button value, spread, and number of grains
192 Output: Cube spread and number of grains"""
193 if texture_switch == []:
194 return 0, 0
195 else:
196 return val1, val2
197
198 # Calback to return the Spread and Number Grains value for Goss texture

component
199 @app.callback(
200 Output(’spread-goss’, ’value’),
201 Output(’number-grains-goss’, ’value’),
202 Input(’texture-switch-goss’,’value’),
203 Input(’spread-goss’, ’value’),
204 Input(’number-grains-goss’, ’value’)
205 )
206 def show_hide_element(texture_switch,val1, val2):
207 """This function returns the spread and number of grains value for Goss

texture component
208 Input: Goss toggle button value, spread, and number of grains
209 Output: Goss spread and number of grains"""
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210 if texture_switch == []:
211 return 0, 0
212 else:
213 return val1, val2
214
215 # Calback to return the Spread and Number Grains value for Brass texture

component
216 @app.callback(
217 Output(’spread-brass’, ’value’),
218 Output(’number-grains-brass’, ’value’),
219 Input(’texture-switch-brass’,’value’),
220 Input(’spread-brass’, ’value’),
221 Input(’number-grains-brass’, ’value’)
222 )
223 def show_hide_element(texture_switch, val1, val2):
224 """This function returns the spread and number of grains value for Brass

texture component
225 Input: Brass toggle button value, spread, and number of grains
226 Output: Brass spread and number of grains"""
227 if texture_switch == []:
228 return 0, 0
229 else:
230 return val1, val2
231
232 # Calback to return the Spread and Number Grains value for Copper texture

component
233 @app.callback(
234 Output(’spread-copper’, ’value’),
235 Output(’number-grains-copper’, ’value’),
236 Input(’texture-switch-copper’,’value’),
237 Input(’spread-copper’, ’value’),
238 Input(’number-grains-copper’, ’value’)
239 )
240 def show_hide_element(texture_switch, val1, val2):
241 """This function returns the spread and number of grains value for Brass

texture component
242 Input: Copper toggle button value, spread, and number of grains
243 Output: Copper spread and number of grains"""
244 if texture_switch == []:
245 return 0,0
246 else:
247 return val1, val2
248
249 # Calback to return the Spread and Number Grains value for S texture component
250 @app.callback(
251 Output(’spread-s’, ’value’),
252 Output(’number-grains-s’, ’value’),
253 Input(’texture-switch-s’,’value’),
254 Input(’spread-s’, ’value’),
255 Input(’number-grains-s’, ’value’)
256 )
257 def show_hide_element(texture_switch, val1, val2):
258 """This function returns the spread and number of grains value for S

texture component
259 Input: S toggle button value, spread, and number of grains
260 Output: S spread and number of grains"""
261 if texture_switch == []:
262 return 0, 0
263 else:
264 return val1, val2



98 :

265
266 # Calback to return the Spread and Number Grains value for Random texture

component
267 @app.callback(
268 Output(’spread-random’, ’value’),
269 Output(’number-grains-random’, ’value’),
270 Input(’texture-switch-random’,’value’),
271 Input(’spread-random’, ’value’),
272 Input(’number-grains-random’, ’value’)
273 )
274 def show_hide_element(texture_switch, val1, val2):
275 """This function returns the spread and number of grains value for Random

texture component
276 Input: Random toggle button value, spread, and number of grains
277 Output: Random spread and number of grains"""
278 if texture_switch == []:
279 return ’-’, 0
280 else:
281 return val1, val2
282
283 # Calback to return the spread, number of grains, Euler angles and axis values

for Fiber texture component
284 @app.callback(
285 Output(’spread-fiber’, ’value’),
286 Output(’number-grains-fiber’, ’value’),
287 Output(’euler-phi1-fiber’, ’value’),
288 Output(’euler-theta-fiber’, ’value’),
289 Output(’euler-phi2-fiber’, ’value’),
290 Output(’axis-x’, ’value’),
291 Output(’axis-y’, ’value’),
292 Output(’axis-z’, ’value’),
293 Input(’texture-switch-fiber’,’value’),
294 Input(’spread-fiber’, ’value’),
295 Input(’number-grains-fiber’, ’value’),
296 Input(’euler-phi1-fiber’, ’value’),
297 Input(’euler-theta-fiber’, ’value’),
298 Input(’euler-phi2-fiber’, ’value’),
299 Input(’axis-x’, ’value’),
300 Input(’axis-y’, ’value’),
301 Input(’axis-z’, ’value’),
302 )
303 def show_hide_element(texture_switch, val1, val2, tex1, tex2, tex3, axis_x,

axis_y, axis_z):
304 """This function returns the spread, number of grains, Euler angles and

axis values for Fiber texture component
305 Input: Fiber toggle button value, spread, number of grains, Euler angles

and axis values
306 Output: Fiber spread, number of grains, Euler angles and axis"""
307 if texture_switch == []:
308 return 0, 0, 0, 0, 0, 0, 0, 0
309 else:
310 return val1, val2, tex1, tex2, tex3, axis_x, axis_y, axis_z
311
312 # Calback to return the spread, number of grains and Euler angles values for

User Inpur texture component
313 @app.callback(
314 Output(’spread-user-input’, ’value’),
315 Output(’number-grains-user-input’, ’value’),
316 Output(’euler-phi1-user-input’, ’value’),
317 Output(’euler-theta-user-input’, ’value’),
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318 Output(’euler-phi2-user-input’, ’value’),
319 Input(’texture-switch-user-input’,’value’),
320 Input(’spread-user-input’, ’value’),
321 Input(’number-grains-user-input’, ’value’),
322 Input(’euler-phi1-user-input’, ’value’),
323 Input(’euler-theta-user-input’, ’value’),
324 Input(’euler-phi2-user-input’, ’value’)
325 )
326 def show_hide_element(texture_switch, val1, val2, tex1, tex2, tex3):
327 """This function returns the spread, number of grains and Euler angles

values for User Input texture component
328 Input: User Input toggle button value, spread, number of grains and Euler

angles
329 Output: User Input spread, number of grains and Euler angles"""
330 if texture_switch == []:
331 return 0, 0, 0, 0, 0
332 else:
333 return val1, val2, tex1, tex2, tex3
334
335 # Callback for showing or hiding file upload field
336 @app.callback(
337 Output(’upload-hide’,’style’),
338 Input(’input-grain-ori-state’,’value’),
339 )
340 def show_hide_element(grain_orientation):
341 """This function returns style value for the upload field.
342 The field will only be shown if the selected grain orientation value is ’

Upload file’
343 Input: Selected value in Grain orientation field
344 Output: Styling of number of upload field"""
345 if grain_orientation == "Upload␣file":
346 return {’display’: ’block’}
347 else:
348 return {’display’: ’none’}
349
350 # Callback for showing the file is uploaded successfully or not
351 @app.callback(
352 Output("upload-indicator", "children"),
353 Output("upload-indicator", "color"),
354 Output("ang-threshold-hide","style"),
355 Input("uploaded-file", "filename"),
356 Input("uploaded-file", "contents"),
357 Input("input-grain-ori-state", "value"),
358 )
359 def file_upload(uploaded_filename, uploaded_file_content,

selected_grain_ori_state):
360 """This function returns the status of the uploaded file (successful, error

, not yet uploaded).
361 Input: uploaded file name, content, selected grain orientation value
362 Output: Message showing the status of the uploaded file"""
363 if uploaded_filename is not None and uploaded_file_content is not None:
364 if selected_grain_ori_state == ’Upload␣file’:
365 if uploaded_filename.endswith(’.ori’):
366 save_file(uploaded_filename, uploaded_file_content)
367 result = check_uploaded_file(uploaded_filename)
368 return result, "success", {’display’: ’none’}
369 elif uploaded_filename.endswith(’.ang’):
370 save_file(uploaded_filename, uploaded_file_content)
371 result = check_uploaded_file(uploaded_filename)
372 return result, "success", {’display’: ’block’}
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373 else:
374 return "Only␣.ori␣or␣.ang␣files␣are␣allowed.␣Please␣try␣again."

, "danger", {’display’: ’none’}
375 else:
376 return "No␣uploaded␣files␣yet.", "warning", {’display’: ’none’}
377 else:
378 return "No␣uploaded␣files␣yet.", "warning", {’display’: ’none’}
379
380 # Call back for showing or hiding input fields for custom loading conditions
381 @app.callback(
382 Output(’loading-cond-hide’,’style’),
383 Input(’input-loading-condition’,’value’),
384 )
385 def show_hide_element(loading_condition):
386 """This function returns style value for custom values field.
387 The field will only be shown if the selected loading condition value is ’

Input Custom Values’
388 Input: Selected value in loading condition field
389 Output: Styling of custom values field"""
390 if loading_condition == "Input␣Custom␣Values":
391 return {’display’: ’block’}
392 else:
393 return {’display’: ’none’}

Code listing B.7: Code for content callbacks

1 from dash import html, dcc, Input, Output, State
2 from dash.exceptions import PreventUpdate
3 import dash_bootstrap_components as dbc
4 import plotly.graph_objects as go
5 import plotly.express as px
6 from plotly.subplots import make_subplots
7 import pandas as pd
8 import numpy as np
9 from datasource import create_initial_polycrystal, generate_odf,

create_loaded_polycrystal, generate_inversepolefigure, generate_ys, generate_rv
10 import TexTool_Driver
11 import dill
12
13 def get_callbacks_content(app):
14
15 # Callback to show or hide messagge "Update setup to generate plots" when app

is initiliaze for the first time
16 @app.callback(
17 Output(’initial-warning’,’children’),
18 Input(’store_initial’,’data’),
19 )
20 def render_tab_content(data):
21 """This function shows or hides the info message ’Update setup to generate

plots’
22 Input: Initial data
23 Output: Show or hide info message ’Update setup to generate plots’"""
24 if data is None:
25 return html.Br(), dbc.Alert("Update␣setup␣to␣generate␣plots.", color="

warning")
26 else:
27 pass
28
29 # Callback to show or hide messagge "Update setup to generate plots" when app

is initiliaze for the first time
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30 @app.callback(
31 Output(’loaded-warning’,’children’),
32 Input(’store_initial’,’data’),
33 Input(’store_loaded’,’data’),
34 )
35 def render_tab_content(initial_data, loaded_data):
36 """This function shows or hides the info message ’Update setup to generate

plots’
37 Input: Initial data and Loaded data
38 Output: Show or hide info message ’Update setup to generate plots’"""
39 if initial_data is not None:
40 if loaded_data is None:
41 return html.Br(), dbc.Alert("Update␣setup␣to␣generate␣plots.",

color="warning")
42 else:
43 pass
44 else:
45 pass
46
47 # Call back to generate and store data for initial polycrystal
48 @app.callback(
49 Output(’store_initial’,’data’),
50 Input(’generate-polycrystal-button’,’n_clicks’),
51 State(’input-grain-ori-state’,’value’),
52 State(’input-cp-model’, ’value’),
53 #Cube
54 State(’spread-cube’, ’value’),
55 State(’number-grains-cube’,’value’),
56 #goss
57 State(’spread-goss’, ’value’),
58 State(’number-grains-goss’,’value’),
59 #brass
60 State(’spread-brass’, ’value’),
61 State(’number-grains-brass’,’value’),
62 #copper
63 State(’spread-copper’, ’value’),
64 State(’number-grains-copper’,’value’),
65 #s
66 State(’spread-s’, ’value’),
67 State(’number-grains-s’,’value’),
68 #random
69 State(’spread-random’, ’value’),
70 State(’number-grains-random’,’value’),
71 #fiber
72 State(’spread-fiber’, ’value’),
73 State(’number-grains-fiber’,’value’),
74 State(’euler-phi1-fiber’,’value’),
75 State(’euler-theta-fiber’,’value’),
76 State(’euler-phi2-fiber’,’value’),
77 State(’axis-x’, ’value’),
78 State(’axis-y’, ’value’),
79 State(’axis-z’, ’value’),
80 #user input
81 State(’spread-user-input’, ’value’),
82 State(’number-grains-user-input’,’value’),
83 State(’euler-phi1-user-input’,’value’),
84 State(’euler-theta-user-input’,’value’),
85 State(’euler-phi2-user-input’,’value’),
86 #upload
87 State(’uploaded-file’,’filename’),
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88 State(’ang-threshold’,’value’),
89 prevent_initial_call=True)
90 def generate_initial_polycrystal(n_clicks, selected_grain_ori_state, cp_model,
91 spread_cube, number_grains_cube,
92 spread_goss, number_grains_goss,
93 spread_brass, number_grains_brass,
94 spread_copper, number_grains_copper,
95 spread_s, number_grains_s,
96 spread_random, number_grains_random,
97 spread_fiber, number_grains_fiber,
98 euler_phi1_fiber, euler_theta_fiber,

euler_phi2_fiber,
99 axis_x, axis_y, axis_z,

100 spread_user_input, number_grains_user_input,
101 euler_phi1_user_input, euler_theta_user_input,

euler_phi2_user_input,
102 uploaded_filename, threshold):
103 """This function generates and stores data for initial polycrystal when

generate polycrystal button is clicked
104 Input: Generate polycrystal button click, details for selected texture

component or uploaded file
105 Output: Initial polycrystal data"""
106 if n_clicks is None:
107 raise PreventUpdate
108 else:
109 store_initial = create_initial_polycrystal(selected_grain_ori_state,
110 cp_model,
111 spread_cube,

number_grains_cube,
112 spread_goss,

number_grains_goss,
113 spread_brass,

number_grains_brass,
114 spread_copper,

number_grains_copper,
115 spread_s, number_grains_s,
116 spread_random,

number_grains_random,
117 spread_fiber,

number_grains_fiber,
118 euler_phi1_fiber,

euler_theta_fiber,
euler_phi2_fiber,

119 axis_x, axis_y, axis_z,
120 spread_user_input,

number_grains_user_input
,

121 euler_phi1_user_input,
euler_theta_user_input,
euler_phi2_user_input,

122 uploaded_filename, threshold
)

123 return store_initial
124
125 # Call back to generate and store data for loaded polycrystal
126 @app.callback(
127 Output(’store_loaded’,’data’),
128 Input(’load-polycrystal-button’,’n_clicks’),
129 State(’store_initial’,’data’),
130 State(’input-loading-condition’,’value’),
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131 State(’L-XX’,’value’),
132 State(’L-XY’,’value’),
133 State(’L-XZ’,’value’),
134 State(’L-YX’,’value’),
135 State(’L-YY’,’value’),
136 State(’L-YZ’,’value’),
137 State(’L-ZX’,’value’),
138 State(’L-ZY’,’value’),
139 State(’L-ZZ’,’value’),
140 State(’input-von-mises-strain’, ’value’),
141 State(’input-number-steps’, ’value’),
142 prevent_initial_call=True)
143 def generate_loaded_polycrystal(n_clicks, initial_data, selected_loading_state,
144 L_XX, L_XY, L_XZ, L_YX, L_YY, L_YZ, L_ZX, L_ZY

, L_ZZ,
145 tot_von_mises_strain, number_steps):
146 """This function generates and stores data for loaded polycrystal when load

polycrystal button is clicked
147 Input: Initial polycrystal data, loading condition selected, global

velocity gradient values, total von mises stress value, number of steps
value

148 Output: Loades polycrystal data"""
149 if n_clicks is None:
150 raise PreventUpdate
151 else:
152 store_loaded = create_loaded_polycrystal(initial_data,

selected_loading_state,
153 L_XX, L_XY, L_XZ, L_YX, L_YY, L_YZ, L_ZX,

L_ZY, L_ZZ,
154 tot_von_mises_strain, number_steps)
155 return store_loaded
156
157 # Callback to generate and show inverse pole figures
158 @app.callback(
159 Output(’ipf-content’,’children’),
160 Input(’store_initial’, ’data’),
161 Input(’store_loaded’, ’data’),
162 Input(’ipf-radiobuttons’,’value’),
163 Input(’ipf-checklist’,’value’),
164 prevent_initial_call=True)
165 def gen_initial_ipf(initial_data, loaded_data, ipf_rb_value, ipf_cl_value):
166 """This function the generates and shows the Inverse Pole Figure
167 Input: Initial polycrystal data, Loaded polycrystal data, IPF radio buttons

value, IPF checkboxes value
168 Output: Inverse Pole figure"""
169 if initial_data is not None:
170
171 ipf_figure = go.Figure(
172 data=[go.Scatter(x = [], y = [], mode=’markers’, marker=dict(color

= ’#00256e’,size=3), showlegend=False)],
173 layout = {’xaxis’: {’visible’: False,
174 ’showticklabels’: False},
175 ’yaxis’: {’visible’: False,
176 ’showticklabels’: False}
177 }
178 )
179
180 ipf_figure.update_layout(xaxis_range=[-0.05, 0.5],yaxis_range=[-0.05,

0.5],height=700, width=700)
181



104 :

182 # border for ipf
183 x3 = 1./np.sqrt(3.)/(1./np.sqrt(3.)+1.)
184 x2 = 1./np.sqrt(2.)/(1./np.sqrt(2.)+1.)
185 ipf_trace1=dict(type=’scatter’,
186 x=[0., x2],
187 y=[0., 0.],
188 marker=dict(color=’Black’, size =3),
189 showlegend=False)
190
191 ipf_trace2=dict(type=’scatter’,
192 x=[0., x3],
193 y=[0., x3],
194 marker=dict(color=’Black’, size =3),
195 showlegend=False)
196
197 # plot arc
198 a2 = np.arange(0., 0.263, 0.001)
199 ipf_trace3=dict(type=’scatter’,
200 x=(1.+x2)*np.cos(a2)-1.,
201 y=(1.+x2)*np.sin(a2),
202 mode=’markers’,
203 marker=dict(color=’Black’, size =3),
204 showlegend=False)
205
206 ipf_figure = go.Figure(
207 data=[go.Scatter(x = [], y = [], mode=’markers’, marker=dict(color

= ’#00256e’,size=3), showlegend=False)],
208 layout = {’xaxis’: {’visible’: False,
209 ’showticklabels’: False},
210 ’yaxis’: {’visible’: False,
211 ’showticklabels’: False}
212 }
213 )
214 ipf_figure.update_layout(xaxis_range=[-0.05, 0.5],yaxis_range=[-0.05,

0.5],height=700, width=700)
215
216 if loaded_data is None:
217 ipf_start = generate_inversepolefigure(loaded_data)
218 ipf_figure.add_trace(ipf_trace1)
219 ipf_figure.add_trace(ipf_trace2)
220 ipf_figure.add_trace(ipf_trace3)
221 ipf_figure.add_trace(ipf_start)
222
223 elif loaded_data == 1:
224
225 fig_ipf_trajectory, ipf_start, ipf_end, ipf_trajectory =

generate_inversepolefigure(loaded_data)
226
227 if ipf_rb_value == ’Animated’:
228 ipf_figure = fig_ipf_trajectory
229
230 elif ipf_rb_value == ’Initial␣and␣Loaded␣View’:
231
232 ipf_figure.add_trace(ipf_trace1)
233 ipf_figure.add_trace(ipf_trace2)
234 ipf_figure.add_trace(ipf_trace3)
235
236 if ipf_cl_value != []:
237 if 1 in ipf_cl_value:
238 ipf_figure.add_trace(ipf_start)
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239 if 2 in ipf_cl_value:
240 ipf_figure.add_trace(ipf_end)
241 if 3 in ipf_cl_value:
242 ipf_figure.add_trace(ipf_trajectory)
243
244 ipf_figure.add_annotation(text=’111’, x=0.37, y=0.38, showarrow=False)
245 ipf_figure.add_annotation(text=’101’, x=0.43, y=0, showarrow=False)
246 ipf_figure.add_annotation(text=’001’, x=0, y=0.03, showarrow=False)
247
248 return dcc.Graph(figure=ipf_figure)
249
250 # Callback to show or hide UI elements in the Inverse Pole Figure tab
251 @app.callback(
252 Output(’ipf-card’,’style’),
253 Output(’ipf-radiobuttons-visibility’,’style’),
254 Output(’ipf-checklist-visibility’,’style’),
255 Input(’store_initial’,’data’),
256 Input(’store_loaded’,’data’),
257 Input(’ipf-radiobuttons’,’value’)
258 )
259 def show_hide_element(initial_data, loaded_data, ipf_radiobutton_value):
260 """This function controls if which UI element in the inverse pole figure

tab will be shown or hidden
261 Input: Initial polycrystal data, Loaded polycrystal data, IPF radio button

value
262 Output: IPF card style, IPF radio buttons style, IPF checkboxes style"""
263 if initial_data is not None:
264 if loaded_data is not None:
265 if ipf_radiobutton_value == "Initial␣and␣Loaded␣View":
266 return {’display’: ’block’}, {’display’: ’block’}, {’display’:

’block’}
267 else:
268 return {’display’: ’block’}, {’display’: ’block’}, {’display’:

’none’}
269 else:
270 return {’display’: ’block’}, {’display’: ’none’}, {’display’: ’none

’}
271 else:
272 return {’display’: ’none’}, {’display’: ’none’}, {’display’: ’none’}
273
274 # Callback to generate and show ODF figure
275 @app.callback(
276 Output(’odf-initial’,’children’),
277 Output(’odf-loaded’,’children’),
278 Input(’odf-button-state’,’n_clicks’),
279 State(’store_initial’,’data’),
280 State(’store_loaded’,’data’),
281 State(’odf-levels-input’,’value’),
282 prevent_initial_call=True
283 )
284 def generate_initial_odf(n_clicks, initial_data, loaded_data, odf_levels):
285 """This function the generates and shows the ODF figure
286 Input: Generate ODF button click, Initial polycrystal data, Loaded

polycrystal data, ODF levels value
287 Output: ODF figure"""
288
289 default_levels = [2,4,8,12,16,20,25,30,35]
290
291 if initial_data is not None:
292
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293 if odf_levels == None:
294 odf_levels_list = default_levels
295 elif odf_levels == ’’:
296 odf_levels_list = default_levels
297 elif odf_levels == []:
298 odf_levels_list = default_levels
299 else:
300 odf_levels_strlist = list(odf_levels.split(","))
301 odf_levels_list = [eval(i) for i in odf_levels_strlist]
302
303 initial_odf, loaded_odf = generate_odf(odf_levels_list, loaded_data)
304
305 if loaded_data is None:
306
307 return html.Img(src = initial_odf), loaded_odf
308
309 elif loaded_data == 1:
310
311 return html.Img(src = initial_odf), html.Img(src = loaded_odf)
312
313 else:
314 return None, None
315
316 # Callback to show or hide UI elements in the ODF tab
317 @app.callback(
318 Output(’odf-fields’,’style’),
319 Input(’store_initial’,’data’),
320 Input(’store_loaded’,’data’),
321 )
322 def show_hide_element(initial_data, loaded_data):
323 """This function controls if which UI element in the ODF tab will be shown

or hidden
324 Input: Initial polycrystal data, Loaded polycrystal data
325 Output: ODF level style"""
326 if initial_data is not None:
327 if loaded_data is not None:
328 return {’display’: ’block’}
329 else:
330 return {’display’: ’block’}
331 else:
332 return {’display’: ’none’}
333
334 # Callback to generate and show inverse pole figures
335 @app.callback(
336 Output(’pf-image-initial’,’children’),
337 Output(’pf-image-loaded’,’children’),
338 Input(’pf-mode’, ’value’),
339 Input(’proj-mode’, ’value’),
340 Input(’pf-normal-radiobuttons’, ’value’),
341 Input(’store_initial’,’data’),
342 Input(’store_loaded’,’data’),
343 Input(’pf-contour-btn’, ’n_clicks’),
344 State(’pf-contour-levels-input’, ’value’),
345 prevent_initial_call=True
346 )
347 def show_hide_element(mode, proj_mode, pf_normal, store_initial, store_loaded,

n_clicks, pf_contour_levels):
348 """This function the generates and shows the pole figures
349 Input: Pole figure tye, projection type, normal value, initial polycrystal

data, loaded polycrystal data
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350 Output: Initial pole figure, Loaded pole figure"""
351 if n_clicks is (None or 0):
352
353 if store_initial is not None:
354 with open(’orientations_initial.pkl’, ’rb’) as f:
355 initial_orientations = dill.load(f)
356 pf_img_initial = TexTool_Driver.Plot_PF(mode, proj_mode, pf_normal,

pf_levels_list=None, EulersAll= initial_orientations)
357 else:
358 pf_img_initial = None
359
360 if store_loaded is not None:
361 with open(’orientations_loaded.pkl’, ’rb’) as f:
362 loaded_orientations = dill.load(f)
363 pf_img_loaded = TexTool_Driver.Plot_PF(mode, proj_mode, pf_normal,

pf_levels_list=None, EulersAll= loaded_orientations)
364 else:
365 pf_img_loaded = None
366
367 else:
368 if pf_contour_levels == None:
369 pf_levels_list = None
370 elif pf_contour_levels == ’’:
371 pf_levels_list = None
372 elif pf_contour_levels == []:
373 pf_levels_list = None
374 else:
375 pf_levels_strlist = list(pf_contour_levels.split(","))
376 pf_levels_list = [eval(i) for i in pf_levels_strlist]
377
378 if store_initial is not None:
379 with open(’orientations_initial.pkl’, ’rb’) as f:
380 initial_orientations = dill.load(f)
381 pf_img_initial = TexTool_Driver.Plot_PF(mode, proj_mode, pf_normal,

pf_levels_list, EulersAll = initial_orientations)
382 else:
383 pf_img_initial = None
384
385 if store_loaded is not None:
386 with open(’orientations_loaded.pkl’, ’rb’) as f:
387 loaded_orientations = dill.load(f)
388 pf_img_loaded = TexTool_Driver.Plot_PF(mode, proj_mode, pf_normal,

pf_levels_list, EulersAll = loaded_orientations)
389 else:
390 pf_img_loaded = None
391
392 return html.Img(src = pf_img_initial), html.Img(src = pf_img_loaded)
393
394 # Callback to show or hide UI elements in the PF tab
395 @app.callback(
396 Output(’pf-inputs’,’style’),
397 Input(’store_initial’,’data’),
398 Input(’store_loaded’,’data’),
399 )
400 def show_hide_element(initial_data, loaded_data):
401 """This function controls if which UI element in the PF tab will be shown

or hidden
402 Input: Initial polycrystal data, Loaded polycrystal data
403 Output: PF input style"""
404 if initial_data is not None:
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405 if loaded_data is not None:
406 return {’display’: ’block’}
407 else:
408 return {’display’: ’block’}
409
410 else:
411 return {’display’: ’none’}
412
413 # Callback reset button clicks for generate pole figure for contour plots
414 @app.callback(
415 Output(’pf-contour-btn’, ’n_clicks’),
416 Input(’pf-mode’, ’value’)
417 )
418 def reset_button(pf_mode):
419 """This function reset button clicks for generate pole figure for contour

plots. This would only reset if pole figure type is NOT contour.
420 Input: Pole figure type
421 Output: Reset button click"""
422 if pf_mode != ’Contour’:
423 return 0
424 else:
425 pass
426
427 # Callback to show or hide PF Contour Levels
428 @app.callback(
429 Output(’pf-contour-levels’,’style’),
430 Input(’pf-mode’,’value’),
431 )
432 def show_hide_element(pf_mode):
433 """This function controls to show or hide the Contour levels field in PF

tab. This would only show if Contour is selected.
434 Input: Pole figure type
435 Output: Contour levels field style"""
436 if pf_mode != ’Contour’:
437 return {’display’: ’none’}
438 else:
439 return {’display’: ’block’}
440
441 # Callback to generate and show Yield Surface
442 @app.callback(
443 Output(’ys-content’,’children’),
444 Input(’ys-button-state’,’n_clicks’),
445 State(’store_initial’, ’data’),
446 State(’store_loaded’, ’data’),
447 State(’ys-input-x’,’value’),
448 State(’ys-input-y’,’value’),
449 State(’ys-checklist’, ’value’)
450 )
451 def gen_ys(n_clicks, initial_data, loaded_data, ys_input_x, ys_input_y,

ys_cl_value):
452 """This function the generates and shows the Yield Surface
453 Input: Generate yield surface button click, Initial polycrystal data,

Loaded polycrystal data, x-axis value, y-axis value, yield surface
checbox value

454 Output: Yield surface graph"""
455 if initial_data is not None:
456
457 plot_axes = [0,0]
458 plot_axes[0] = ys_input_x
459 plot_axes[1] = ys_input_y
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460 plot_axes_tup = tuple(plot_axes)
461
462 if loaded_data is None:
463
464 ys_xvalues_initial, ys_yvalues_initial, ys_xvalues_loaded,

ys_yvalues_loaded= generate_ys(plot_axes_tup, loaded_data)
465
466 df_ys = pd.DataFrame(ys_xvalues_initial)
467 df_ys[1] = ys_yvalues_initial
468 fig_ys = px.scatter(df_ys, x = 0, y = 1,
469 labels={
470 "0": "S"+plot_axes_tup[0],
471 "1": "S"+plot_axes_tup[1],
472 })
473 fig_ys.update_layout(xaxis_range=[-40,40],yaxis_range=[-40,40],

height=600, width=600)
474 fig_ys.update_traces(marker=dict(color=’#00256e’))
475
476 return dcc.Graph(figure = fig_ys)
477
478 if loaded_data == 1:
479 fig_ys = go.Figure(
480 data=[go.Scatter(x = [], y = [], mode=’markers’, showlegend=

False)],
481 layout = {’xaxis’: {’visible’: True,
482 ’showticklabels’: True},
483 ’yaxis’: {’visible’: True,
484 ’showticklabels’: True}
485 }
486 )
487 fig_ys.update_layout(xaxis_range=[-40,40],yaxis_range=[-40,40],

height=600, width=600)
488
489 ys_xvalues_initial, ys_yvalues_initial, ys_xvalues_loaded,

ys_yvalues_loaded= generate_ys(plot_axes_tup, loaded_data)
490
491 if ys_cl_value != []:
492 if 1 in ys_cl_value:
493 df_ys_initial = pd.DataFrame(ys_xvalues_initial)
494 df_ys_initial[1] = ys_yvalues_initial
495 fig_ys_initial = go.Scatter(x = df_ys_initial[0], y =

df_ys_initial[1], mode=’markers’, marker=dict(color = ’
#78abde’,size=5), name = "Initial", showlegend=True)

496 fig_ys.add_trace(fig_ys_initial)
497 if 2 in ys_cl_value:
498 df_ys_loaded = pd.DataFrame(ys_xvalues_loaded)
499 df_ys_loaded[1] = ys_yvalues_loaded
500 fig_ys_loaded = go.Scatter(x = df_ys_loaded[0], y =

df_ys_loaded[1], mode=’markers’, marker=dict(color = ’
#00256e’,size=5), name = "Loaded", showlegend=True)

501 fig_ys.add_trace(fig_ys_loaded)
502
503 fig_ys.update_xaxes(title_text = "S"+ plot_axes_tup[0])
504 fig_ys.update_yaxes(title_text = "S"+plot_axes_tup[1])
505
506 return dcc.Graph(figure = fig_ys)
507
508 else:
509 return None
510



110 :

511
512 # Callback to show or hide UI elements in the Yield Surface tab
513 @app.callback(
514 Output(’ys-fields’,’style’),
515 Output(’ys-checklist-visibility’, ’style’),
516 Input(’store_initial’,’data’),
517 Input(’store_loaded’,’data’),
518
519 )
520 def show_hide_element(initial_data, loaded_data):
521 """This function controls if which UI element in the Yield Surface tab will

be shown or hidden
522 Input: Initial polycrystal data, Loaded polycrystal data
523 Output: Yield surface x-axis and y-axis fields style, Yield surface warning

message style, Yield surface checbox style"""
524 if initial_data is not None:
525 if loaded_data is not None:
526 return {’display’: ’block’},{’display’: ’block’}
527 else:
528 return {’display’: ’block’},{’display’: ’none’}
529 else:
530 return {’display’: ’none’},{’display’: ’none’}
531
532
533 # Callback to generate and show R-values
534 @app.callback(
535 Output(’rv-content’,’children’),
536 Input(’rv-button-state’,’n_clicks’),
537 State(’store_initial’, ’data’),
538 State(’store_loaded’, ’data’),
539 State(’rv-input-normal-axis’,’value’),
540 State(’rv-checklist’, ’value’)
541 )
542 def gen_rvalues(n_clicks, initial_data, loaded_data, normal_axis_input,

rv_radiobutton_value):
543 """This function the generates and shows the R-values
544 Input: Generate r-values button click, Initial polycrystal data, Loaded

polycrystal data, normal axis, r-values checkbox value
545 Output: R-values graph"""
546 if initial_data is not None:
547
548 fig = make_subplots(rows=2, cols=1,shared_xaxes=True)
549 angles = np.arange(0,90,5)
550
551 if loaded_data is None:
552
553 rlist_initial, ylist_initial,rlist_loaded, ylist_loaded=

generate_rv(normal_axis_input, loaded_data)
554
555 fig.append_trace(go.Scatter(
556 x=angles,
557 y=rlist_initial,
558 ), row=1, col=1)
559
560 fig.append_trace(go.Scatter(
561 x=angles,
562 y=ylist_initial,
563 ), row=2, col=1)
564
565 if loaded_data == 1:
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566
567 rlist_initial, ylist_initial,rlist_loaded, ylist_loaded=

generate_rv(normal_axis_input, loaded_data)
568
569 if rv_radiobutton_value == 1:
570
571 fig.append_trace(go.Scatter(
572 x=angles,
573 y=rlist_initial,
574 ), row=1, col=1)
575
576 fig.append_trace(go.Scatter(
577 x=angles,
578 y=ylist_initial,
579 ), row=2, col=1)
580
581 fig.update_layout(height=600, width=600, showlegend=False,

title_text="R-values␣for␣initial␣polycrystal",
582 xaxis=dict(title=’Angles␣[deg]’),
583 yaxis1=dict(title=’r-value’),
584 yaxis2=dict(title=’Yield␣stress␣[MPa]’))
585
586 if rv_radiobutton_value == 2:
587
588 fig.append_trace(go.Scatter(
589 x=angles,
590 y=rlist_loaded,
591 ), row=1, col=1)
592
593 fig.append_trace(go.Scatter(
594 x=angles,
595 y=ylist_loaded,
596 ), row=2, col=1)
597
598
599 fig.update_layout(height=600, width=600, showlegend=False,

title_text="R-values␣for␣loaded␣polycrystal",
600 xaxis=dict(title=’Angles␣[deg]’, side=’bottom’)

,
601 yaxis1=dict(title=’r-value’),
602 yaxis2=dict(title=’Yield␣stress␣[MPa]’))
603
604
605
606 return dcc.Graph(figure = fig)
607
608 else:
609 return None
610
611 # Callback to show or hide UI elements in the R-values tab
612 @app.callback(
613 Output(’rv-fields’,’style’),
614 Output(’rv-checklist-visibility’, ’style’),
615 Input(’store_initial’,’data’),
616 Input(’store_loaded’,’data’),
617 )
618 def show_hide_element(initial_data, loaded_data):
619 """This function controls if which UI element in the R-values tab will be

shown or hidden
620 Input: Initial polycrystal data, Loaded polycrystal data
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621 Output: R-values fields style"""
622 if initial_data is not None:
623 if loaded_data is not None:
624 return {’display’: ’block’},{’display’: ’block’}
625 else:
626 return {’display’: ’block’},{’display’: ’none’}
627 else:
628 return {’display’: ’none’},{’display’: ’none’}
629
630 # Callback to show or hide Pole Figure and ODF Initial or Loaded labels
631 @app.callback(
632 Output(’pf-initial-label’,’style’),
633 Output(’pf-loaded-label’,’style’),
634 Output(’odf-initial-label’,’style’),
635 Output(’odf-loaded-label’,’style’),
636 Input(’store_initial’,’data’),
637 Input(’store_loaded’,’data’),
638 )
639 def show_hide_labels(initial_data, loaded_data):
640 if initial_data is not None:
641 if loaded_data is not None:
642 return {’display’: ’block’},{’display’: ’block’},{’display’: ’block

’},{’display’: ’block’}
643 else:
644 return {’display’: ’block’},{’display’: ’none’},{’display’: ’block’

},{’display’: ’none’}
645 else:
646 return {’display’: ’none’},{’display’: ’none’},{’display’: ’none’},{’

display’: ’none’}
647
648 # Callback for clearing the initial polycrystal data everytime the generate

polycrystal button is clicked
649 @app.callback(
650 Output(’store_loaded’,’clear_data’),
651 Input(’generate-polycrystal-button’,’n_clicks’)
652 )
653 def clear_store_data(n_click):
654 """This function clears the initial polycrystal data when the generate

polycrystal button is clicked.
655 Input: Generate polycrystal button click
656 Output: Trigger to clear initial stored data"""
657 if n_click is not None and n_click > 0:
658 return True
659 else:
660 return False

B.4 Model Component Codes

Code listing B.8: datasource.py

1 import numpy as np
2 import crystal_plasticity_module as cp
3 import odflib
4 import plotly.express as px
5 import plotly.graph_objects as go
6 import pandas as pd
7 import TexTool_Driver
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8 import dill
9

10 # Storage path for uploaded files
11 UPLOAD_DIRECTORY = "/uploads/"
12
13 FCC_Texture_Comps={ ’Cube’ : ’0,0,0’,
14 ’Rotated␣Cube’ : ’0,0,45’,
15 ’Copper’ : ’90,35,45’,
16 ’Rotated␣Copper’ : ’0,35,45’,
17 ’Inverse␣Copper’ : ’x,x,x’,
18 ’Copper␣Twin’ : ’90,74,45’,
19 ’Brass’ : ’55,90,45’,
20 ’Inverse␣Brass’ : ’0,35,45’,
21 ’Goss’ : ’90,90,45’,
22 ’Rotated␣Goss’ : ’0,90,45’,
23 ’Goss␣Twin’ : ’90,25,45’,
24 ’S’ : ’59,37,63’,
25 ’A’ : ’35,90,45’,
26 ’G/B’ : ’70,90,45’
27 }
28
29 # Function that triggers the creation of the initial polycvrystal data and returns

flag if initial polycrystal data is generated
30 def create_initial_polycrystal(selected_grain_ori_state,
31 cp_model,
32 spread_cube, number_grains_cube,
33 spread_goss, number_grains_goss,
34 spread_brass, number_grains_brass,
35 spread_copper, number_grains_copper,
36 spread_s, number_grains_s,
37 spread_random, number_grains_random,
38 spread_fiber, number_grains_fiber,
39 euler_phi1_fiber, euler_theta_fiber,

euler_phi2_fiber,
40 axis_x, axis_y, axis_z,
41 spread_user_input, number_grains_user_input,
42 euler_phi1_user_input, euler_theta_user_input,

euler_phi2_user_input,
43 uploaded_filename, threshold):
44 """
45 Input: Grain Orientaion source, Crystal Plasticity model, Details for selected

texture component or uplaoded file
46 Output: Flag if initial polycrystal data is generated. Returns ’None’ if is is

NOT generated and returns 1 if it is generated. This also pickles the
initial polycrystal data and grain orientation.

47 """
48 if selected_grain_ori_state is None:
49 return None
50
51 else:
52
53 if selected_grain_ori_state == "Input␣Texture␣Components":
54 number_grains = [number_grains_cube, number_grains_goss,

number_grains_brass, number_grains_copper, number_grains_s]
55 spread = [spread_cube, spread_goss,spread_brass,spread_copper,spread_s]
56 tex_comp = [’Cube’, ’Goss’, ’Brass’, ’Copper’, ’S’]
57 tbl = np.array([])
58
59 n = 0
60 for tc in tex_comp:



114 :

61 row = ’’
62 if number_grains[n] != 0:
63 row = ’>␣’ + tc + ’|’ + str(number_grains[n]) + ’|’ + str(

spread[n]) + ’|’ + FCC_Texture_Comps[tc] + ’|’
64 tbl=np.append(tbl,row)
65 n += 1
66
67 if number_grains_random != 0:
68 random = ’Random␣Distribution|’ + str(number_grains_random) + ’|||’
69 tbl=np.append(tbl,random)
70
71 if number_grains_user_input != 0:
72 user_input = ’>␣UserInput|’ + str(number_grains_user_input) + ’|’ +

str(spread_user_input) + ’|’ + str(euler_phi1_user_input) + ’,
’ + str(euler_theta_user_input) + ’,’ + str(
euler_phi2_user_input) + ’|’

73 tbl=np.append(tbl,user_input)
74
75 orientations = []
76 orientations = TexTool_Driver.Generate_BTN(tbl)
77
78 if number_grains_fiber != 0:
79 Naxi = int(np.round(number_grains_fiber*(3/5), decimals=0))
80 print(’Naxi:’, Naxi)
81 euler_angles_deg_fiber = [euler_phi1_fiber, euler_theta_fiber,

euler_phi2_fiber]
82 axis = [axis_x, axis_y, axis_z]
83 print(’axis:’, axis)
84 ori_fiber = cp.fibre_spread(euler_angles_deg_fiber, axis,

spread_fiber, Naxi, number_grains_fiber)
85 if orientations is None:
86 orientations = ori_fiber
87 else:
88 orientations = np.append(orientations, ori_fiber, axis = 0)
89
90 elif selected_grain_ori_state == "Upload␣file":
91 if uploaded_filename.endswith(’.ori’):
92 orientations = []
93 file_ori = UPLOAD_DIRECTORY + uploaded_filename
94 orientations = np.loadtxt(file_ori, skiprows=3, usecols=(0,1,2))
95
96 elif uploaded_filename.endswith(’.ang’):
97 orientations = []
98 file_ang = UPLOAD_DIRECTORY + uploaded_filename
99 ori1 = np.loadtxt(file_ang, skiprows=103, usecols=(0,1,2))

100 ori1 = np.rad2deg(ori1)
101 ori2 = []
102 threshold_list = np.loadtxt(file_ang, skiprows=103, usecols=(6))
103
104 i = 0
105 while i < len(ori1):
106 if threshold_list[i]>=threshold:
107 ori2.append(ori1[i])
108 i+=1
109
110 orientations = ori2
111
112 # No elasticity
113 elasticity = None
114



Chapter B: Code listings 115

115 # choose the crystallography of the grains
116 crystal_structure = ’FCC_111’
117
118 # Taylor model without grain interactions
119 grain_interaction = cp_model
120
121 hardening_law = {’model’ : ’RIGID_PLASTIC’, # rigid

plasticity with a given critical stress
122 ’hardening_parameters’ : [10.], # CRSS [MPa]
123 ’relax_penalties’ : [0., 0., 0.]} # [MPa]
124
125 # Create polycrystal
126 polycrystal_initial = cp.Polycrystal(crystal_structure, orientations,

elasticity, hardening_law, grain_interaction)
127
128 with open(’polycrystal_initial.pkl’, ’wb’) as f:
129 dill.dump(polycrystal_initial, f)
130
131 with open(’orientations_initial.pkl’, ’wb’) as f:
132 dill.dump(orientations, f)
133
134 return 1
135
136 # Function that triggers the creation of the loaded polycvrystal data and returns

flag if initial polycrystal data is generated
137 def create_loaded_polycrystal(initial_data, selected_loading_state,
138 L_XX, L_XY, L_XZ, L_YX, L_YY, L_YZ, L_ZX, L_ZY, L_ZZ,
139 tot_von_mises_strain, number_steps):
140 """
141 Input: Initial Polycrystal daya, Loading mode, global velocity gradient, total

Von Mises strain, Number of steps
142 Output: Flag if loaded polycrystal data is generated. Returns ’None’ if is is

NOT generated and returns 1 if it is generated. This also pickles the
loaded polycrystal data.

143 """
144 if initial_data is None:
145 pass
146 elif initial_data is not None:
147 if selected_loading_state is None:
148 return None
149 else:
150 if selected_loading_state == ’Uniaxial␣tension’:
151 # prescribed global velocity gradient
152 L = np.array([[-0.5, 0.0, 0.0],
153 [ 0.0, -0.5, 0.0],
154 [ 0.0, 0.0, 1.0]])
155 # prescribed stress direction components
156 S_direction = None
157 # prescribed absolute stress components
158 S_absolute = None
159 # bool array for indicating known (True) and unknown (False) terms

in both vel. gradient and stress tensor
160 iL = True
161 iS_direction = False
162 iS_absolute = False
163 elif selected_loading_state == ’Plane-strain␣compression’:
164 L = np.array([[1.0, 0.0, 0.0],
165 [0.0, 0.0, 0.0],
166 [0.0, 0.0, -1.0]])
167 # prescribed stress direction components
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168 S_direction = None
169 # prescribed absolute stress components
170 S_absolute = None
171 # bool array for indicating known (True) and unknown (False) terms

in both vel. gradient and stress tensor
172 iL = True
173 iS_direction = False
174 iS_absolute = False
175
176 elif selected_loading_state == ’Mixed␣(strain+stress)␣boundary␣

condition’:
177 # prescribed global velocity gradient
178 L = None
179 # prescribed stress direction components
180 ang = np.deg2rad(0.)
181 sd1 = 2./3.*np.cos(ang) - 1./3.*np.sin(ang)
182 sd2 = 2./3.*np.sin(ang) - 1./3.*np.cos(ang)
183 S_direction = [[sd1, 0., 0.],
184 [ 0., sd2, 0.],
185 [ 0., 0., -sd1-sd2]]
186 # prescribed absolute stress components
187 S_absolute = [[ 0., 0., 0.],
188 [ 0., 0., 0.],
189 [ 0., 0., 0.]]
190
191 # bool array for indicating known (True) and unknown (False) terms

in both vel. gradient and stress
192 iL = False
193 iS_direction = [[ True, False, False],
194 [ False, True, False],
195 [ False, False, True]]
196 iS_absolute = [[False, True, True],
197 [ True, False, True],
198 [ True, True, False]]
199
200 elif selected_loading_state == ’Input␣Custom␣Values’:
201 # prescribed global velocity gradient
202 L = np.array([[L_XX, L_XY, L_XZ],
203 [L_YX, L_YY, L_YZ],
204 [L_ZX, L_ZY, L_ZZ]])
205 L[L==None]=0
206 S_direction = None
207 S_absolute = None
208
209 # bool array for indicating known (True) and unknown (False) terms

in both vel. gradient and stress tensor
210 if not np.any(L):
211 iL = False
212 else:
213 iL = True
214
215 iS_direction = False
216 iS_absolute = False
217
218 if number_steps == None:
219 Nsteps = 100
220 elif number_steps != None:
221 Nsteps = number_steps
222
223 D = deformation_rate(L)
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224 t_max = tot_von_mises_strain/(np.sqrt((3/2)*D))
225 dt = t_max/Nsteps
226
227 # number of computation steps
228 Nsteps = Nsteps
229 # time increment
230 dt = dt
231 # run with elasticity or without
232 run_elasticity = False
233 # set export options
234 results_output_options = {’grain_results’ : [’euler_angles’,’

sliprates’,’crss’,’relaxation’,’stress_loc’],
235 ’polycrystal_results’ : [’average_stress’,’

average_slip’],
236 ’number_of_outputs’ : 100}
237 dofortran = True
238
239 with open(’polycrystal_initial.pkl’, ’rb’) as f:
240 polycrystal_initial = dill.load(f)
241
242 # Load polycrystal
243 polycrystal_initial.load(L, S_direction, S_absolute, iL, iS_direction,

iS_absolute, Nsteps, dt, run_elasticity, results_output_options,
dofortran)

244
245 loaded_orientations = polycrystal_initial.ori_loaded_val
246
247 with open(’polycrystal_loaded.pkl’, ’wb’) as f:
248 dill.dump(polycrystal_initial, f)
249
250 with open(’orientations_loaded.pkl’, ’wb’) as f:
251 dill.dump(loaded_orientations, f)
252
253 return 1
254
255 # Function that generates data and figures for initial and loaded inverse pole

figures
256 def generate_inversepolefigure(loaded_data):
257 """
258 Input: Loaded polycrystal data
259 Output: Inverse pole figure
260 """
261 # border for ipf
262 x3 = 1./np.sqrt(3.)/(1./np.sqrt(3.)+1.)
263 x2 = 1./np.sqrt(2.)/(1./np.sqrt(2.)+1.)
264 ipf_trace1=dict(type=’scatter’,
265 x=[0., x2],
266 y=[0., 0.],
267 marker=dict(color=’Black’, size =3),
268 showlegend=False)
269
270 ipf_trace2=dict(type=’scatter’,
271 x=[0., x3],
272 y=[0., x3],
273 marker=dict(color=’Black’, size =3),
274 showlegend=False)
275 # plot arc
276 a2 = np.arange(0., 0.263, 0.001)
277 ipf_trace3=dict(type=’scatter’,
278 x=(1.+x2)*np.cos(a2)-1.,
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279 y=(1.+x2)*np.sin(a2),
280 mode=’markers’,
281 marker=dict(color=’Black’, size =3),
282 showlegend=False)
283
284 inversepolefigure_start = []
285 inversepolefigure_end = []
286 inversepolefigure_trajectory = []
287
288 if loaded_data is None:
289
290 with open(’polycrystal_initial.pkl’, ’rb’) as f:
291 polycrystal_initial = dill.load(f)
292
293 ipf_data = polycrystal_initial.plot_orientations_plotly(plot_type=’IPF’)
294 df_ipf_data = pd.DataFrame(ipf_data)
295 df_ipf_data_transposed = df_ipf_data.transpose()
296
297 for i in range(len(df_ipf_data_transposed)):
298 inversepolefigure_start.append([i,df_ipf_data_transposed[0][i][0],

df_ipf_data_transposed[1][i][0]])
299
300 df_inversepolefigure_start = pd.DataFrame(inversepolefigure_start, columns

=[’grain’,’x’, ’y’])
301
302 ipf_start = go.Scatter(x = df_inversepolefigure_start.loc[:,"x"], y =

df_inversepolefigure_start.loc[:,"y"], mode=’markers’, marker=dict(
color = ’#78abde’,size=3), showlegend=False)

303
304 return ipf_start
305
306 elif loaded_data == 1:
307
308 with open(’polycrystal_loaded.pkl’, ’rb’) as f:
309 polycrystal_loaded = dill.load(f)
310
311
312 ipf_data = polycrystal_loaded.plot_orientations_plotly(plot_type=’IPF’)
313 df_ipf_data = pd.DataFrame(ipf_data)
314 df_ipf_data_transposed = df_ipf_data.transpose()
315
316 for i in range(len(df_ipf_data_transposed)):
317 inversepolefigure_start.append([i,df_ipf_data_transposed[0][i][0],

df_ipf_data_transposed[1][i][0]])
318 inversepolefigure_end.append([i,df_ipf_data_transposed[0][i][-1],

df_ipf_data_transposed[1][i][-1]])
319 for j in range(len(df_ipf_data_transposed[0][0])):
320 inversepolefigure_trajectory.append([i,j,df_ipf_data_transposed[0][

i][j],df_ipf_data_transposed[1][i][j]])
321
322 df_inversepolefigure_trajectory = pd.DataFrame(inversepolefigure_trajectory

, columns=[’grain’,’iteration’, ’x’, ’y’])
323
324 # IPF trajectory figure
325 fig_ipf_trajectory = px.scatter(df_inversepolefigure_trajectory, x="x", y="

y", animation_frame="iteration")
326 fig_ipf_trajectory.update_xaxes(showticklabels=False, showgrid=False,

visible = False) # Hide x axis ticks
327 fig_ipf_trajectory.update_yaxes(showticklabels=False, showgrid=False,

visible = False) # Hide y axis ticks
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328 fig_ipf_trajectory.update_traces(marker=dict(size=3, color = ’#00256e’))
329 fig_ipf_trajectory.add_trace(ipf_trace1)
330 fig_ipf_trajectory.add_trace(ipf_trace2)
331 fig_ipf_trajectory.add_trace(ipf_trace3)
332 fig_ipf_trajectory.add_annotation(text=’111’, x=0.37, y=0.38, showarrow=

False)
333 fig_ipf_trajectory.add_annotation(text=’101’, x=0.43, y=0, showarrow=False)
334 fig_ipf_trajectory.add_annotation(text=’001’, x=0, y=0.03, showarrow=False)
335 fig_ipf_trajectory.update_layout(xaxis_range=[-0.05, 0.5],yaxis_range

=[-0.05, 0.5],height=700, width=700)
336
337 df_inversepolefigure_start = pd.DataFrame(inversepolefigure_start, columns

=[’grain’,’x’, ’y’])
338 df_inversepolefigure_end = pd.DataFrame(inversepolefigure_end, columns=[’

grain’,’x’, ’y’])
339 df_inversepolefigure_trajectory = pd.DataFrame(inversepolefigure_trajectory

, columns=[’grain’,’iteration’, ’x’, ’y’])
340
341 ipf_start = go.Scatter(x = df_inversepolefigure_start.loc[:,"x"], y =

df_inversepolefigure_start.loc[:,"y"], mode=’markers’, marker=dict(
color = ’#78abde’,size=3), showlegend=False)

342 ipf_end = go.Scatter(x = df_inversepolefigure_end.loc[:,"x"], y =
df_inversepolefigure_end.loc[:,"y"], mode=’markers’, marker=dict(color
= ’#00256e’,size=3), showlegend=False)

343 ipf_trajectory = go.Scatter(x = df_inversepolefigure_trajectory.loc[:,"x"],
y = df_inversepolefigure_trajectory.loc[:,"y"], mode=’markers’, marker
=dict(color = ’#00d900’,size=1), showlegend=False)

344
345 return fig_ipf_trajectory, ipf_start, ipf_end, ipf_trajectory
346
347 # Function that generates ODF figures
348 def generate_odf(odf_levels_list, loaded_data):
349 """
350 Input: ODF levels, Loaded Polycrystal data
351 Output: Initial ODF image, Loaded ODF image
352 """
353 with open(’polycrystal_initial.pkl’, ’rb’) as f:
354 polycrystal_initial = dill.load(f)
355
356 odf_data = polycrystal_initial.plot_orientations_plotly(plot_type=’ODF’)
357 ori = odflib.Orientations(angles=odf_data)
358 odf = odflib.ODF(orientations=ori)
359 initial_odf = odf.save_plotly(boundaries=odf_levels_list)
360
361 if loaded_data is None:
362
363 return initial_odf, None
364
365 if loaded_data == 1:
366
367 with open(’polycrystal_loaded.pkl’, ’rb’) as f:
368 polycrystal_loaded = dill.load(f)
369
370 odf_data = polycrystal_loaded.plot_orientations_plotly(plot_type=’ODF’)
371 ori = odflib.Orientations(angles=odf_data)
372 odf = odflib.ODF(orientations=ori)
373 loaded_odf = odf.save_plotly(boundaries=odf_levels_list)
374
375 return initial_odf, loaded_odf
376
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377 # Function that generates Yield Surface graphs
378 def generate_ys(plot_axes, loaded_data):
379 """
380 Input: Axes for the yield surface, Loaded polycrystal data
381 Output: Yield Surface graph
382 """
383 xij = [int(x)-1 for x in plot_axes[0]]
384 xij.sort()
385 xij = tuple(xij)
386 yij = [int(x)-1 for x in plot_axes[1]]
387 yij.sort()
388 yij = tuple(yij)
389 xi, xj = xij
390 yi, yj = yij
391
392 if loaded_data is None:
393
394 with open(’polycrystal_initial.pkl’, ’rb’) as f:
395 polycrystal_initial = dill.load(f)
396
397 YL_initial, r_initial, num_initial = polycrystal_initial.yield_locus(

locus_type=’2D’, number_of_points=50, plot_axes=plot_axes)
398 ys_xvalues_initial = YL_initial[xi,xj,:]
399 ys_yvalues_initial = YL_initial[yi,yj,:]
400
401 ys_xvalues_loaded = 0
402 ys_yvalues_loaded = 0
403
404 if loaded_data == 1:
405
406 with open(’polycrystal_initial.pkl’, ’rb’) as f:
407 polycrystal_initial = dill.load(f)
408
409 with open(’polycrystal_loaded.pkl’, ’rb’) as f:
410 polycrystal_loaded = dill.load(f)
411
412
413 YL_initial, r_initial, num_initial = polycrystal_initial.yield_locus(

locus_type=’2D’, number_of_points=50, plot_axes=plot_axes)
414 ys_xvalues_initial = YL_initial[xi,xj,:]
415 ys_yvalues_initial = YL_initial[yi,yj,:]
416
417 YL_loaded, r_loaded, num_loaded = polycrystal_loaded.yield_locus(locus_type

=’2D’, number_of_points=50, plot_axes=plot_axes)
418 ys_xvalues_loaded = YL_loaded[xi,xj,:]
419 ys_yvalues_loaded = YL_loaded[yi,yj,:]
420
421 return ys_xvalues_initial, ys_yvalues_initial, ys_xvalues_loaded,

ys_yvalues_loaded
422
423
424 # Function that generates R-values graphs
425 def generate_rv(normal_axis_input, loaded_data):
426 """
427 Input: Normal axis, Loaded polycrystal data
428 Output: R-values graph and Yield stress graph
429 """
430 angles = np.arange(0,90,5)
431 normal_axis_string = list(normal_axis_input)
432 normal_axis = [int(x) for x in normal_axis_string]
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433
434 if loaded_data is None:
435 with open(’polycrystal_initial.pkl’, ’rb’) as f:
436 polycrystal_initial = dill.load(f)
437
438 rlist_initial, ylist_initial = [], []
439
440 if normal_axis == [0,0,1]:
441 for ang in np.deg2rad(angles):
442 tensile_axis = [np.cos(ang),np.sin(ang),0]
443 r, y = polycrystal_initial.getRvalues(tensile_axis, normal_axis)
444 rlist_initial.append(r)
445 ylist_initial.append(y)
446
447 if normal_axis == [1,0,0]:
448 for ang in np.deg2rad(angles):
449 tensile_axis = [0,np.sin(ang),np.cos(ang)]
450 r, y = polycrystal_initial.getRvalues(tensile_axis, normal_axis)
451 rlist_initial.append(r)
452 ylist_initial.append(y)
453
454 if normal_axis == [0,1,0]:
455 for ang in np.deg2rad(angles):
456 tensile_axis = [np.cos(ang),0,np.sin(ang)]
457 r, y = polycrystal_initial.getRvalues(tensile_axis, normal_axis)
458 rlist_initial.append(r)
459 ylist_initial.append(y)
460
461 rlist_loaded = 0
462 ylist_loaded = 0
463
464 if loaded_data == 1:
465
466 with open(’polycrystal_initial.pkl’, ’rb’) as f:
467 polycrystal_initial = dill.load(f)
468
469 rlist_initial, ylist_initial = [], []
470
471 if normal_axis == [0,0,1]:
472 for ang in np.deg2rad(angles):
473 tensile_axis = [np.cos(ang),np.sin(ang),0]
474 r, y = polycrystal_initial.getRvalues(tensile_axis, normal_axis)
475 rlist_initial.append(r)
476 ylist_initial.append(y)
477
478 if normal_axis == [1,0,0]:
479 for ang in np.deg2rad(angles):
480 tensile_axis = [0,np.sin(ang),np.cos(ang)]
481 r, y = polycrystal_initial.getRvalues(tensile_axis, normal_axis)
482 rlist_initial.append(r)
483 ylist_initial.append(y)
484
485 if normal_axis == [0,1,0]:
486 for ang in np.deg2rad(angles):
487 tensile_axis = [np.cos(ang),0,np.sin(ang)]
488 r, y = polycrystal_initial.getRvalues(tensile_axis, normal_axis)
489 rlist_initial.append(r)
490 ylist_initial.append(y)
491
492 with open(’polycrystal_loaded.pkl’, ’rb’) as f:
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493 polycrystal_loaded = dill.load(f)
494
495 rlist_loaded, ylist_loaded = [], []
496
497 if normal_axis == [0,0,1]:
498 for ang in np.deg2rad(angles):
499 tensile_axis = [np.cos(ang),np.sin(ang),0]
500 r, y = polycrystal_loaded.getRvalues(tensile_axis, normal_axis)
501 rlist_loaded.append(r)
502 ylist_loaded.append(y)
503
504 if normal_axis == [1,0,0]:
505 for ang in np.deg2rad(angles):
506 tensile_axis = [0,np.sin(ang),np.cos(ang)]
507 r, y = polycrystal_loaded.getRvalues(tensile_axis, normal_axis)
508 rlist_loaded.append(r)
509 ylist_loaded.append(y)
510
511 if normal_axis == [0,1,0]:
512 for ang in np.deg2rad(angles):
513 tensile_axis = [np.cos(ang),0,np.sin(ang)]
514 r, y = polycrystal_loaded.getRvalues(tensile_axis, normal_axis)
515 rlist_loaded.append(r)
516 ylist_loaded.append(y)
517
518 return rlist_initial, ylist_initial,rlist_loaded, ylist_loaded
519
520 # Function to calculate deformation rate from gradient velocity
521 def deformation_rate(L):
522 """
523 Input: Global velocity gradient (L) matrix
524 Output: D:D
525 """
526 L_T = np.transpose(L)
527 D = (1/2)*(L+L_T)
528 D_D = (((D[0,0])**2) + ((D[1,1])**2) + ((D[2,2])**2)) + (2*(((D[0,1])**2)+((D

[0,2])**2)+((D[1,2])**2)))
529 return D_D

Code listing B.9: uploadfile.py

1 import base64
2 import os
3 from pickle import TRUE
4
5 UPLOAD_DIRECTORY = "/uploads/"
6
7 if not os.path.exists(UPLOAD_DIRECTORY):
8 os.makedirs(UPLOAD_DIRECTORY)
9

10 #This function saves the uploaded file to the upload directory
11 def save_file(name, content):
12 """
13 Input: File name, File content
14 Output: Decoded and saved file in upload directory
15 """
16 for file_name in os.listdir(UPLOAD_DIRECTORY):
17 file = UPLOAD_DIRECTORY + file_name
18 if os.path.isfile(file):
19 os.remove(file)



Chapter B: Code listings 123

20
21 # Decode and store a file uploaded with Plotly Dash.
22 data = content.encode("utf8").split(b";base64,")[1]
23 with open(os.path.join(UPLOAD_DIRECTORY, name), "wb") as fp:
24 fp.write(base64.decodebytes(data))
25
26 #This function checks is the file is uploaded successfully and returns a message
27 def check_uploaded_file(uploaded_filename):
28 """
29 Input: Uploaded filename
30 Output: Message whether the file upload was successful or not
31 """
32 if os.path.exists(os.path.join(UPLOAD_DIRECTORY, uploaded_filename)):
33 return "File␣uploaded␣successfully:␣",uploaded_filename
34 else:
35 return "No␣files␣uploaded."

B.5 Main Dash Application

Code listing B.10: app.py

1 import dash
2 import dash_bootstrap_components as dbc
3 from dash_bootstrap_templates import load_figure_template
4 from layout.layout import layout
5 from layout.content.content_callbacks import get_callbacks_content
6 from layout.sidebar.sidebar_callbacks import get_callbacks_sidebar
7 import os
8
9 app = dash.Dash(__name__, external_stylesheets=[dbc.themes.LUX])

10 server=app.server
11
12 load_figure_template("lux")
13 get_callbacks_content(app)
14 get_callbacks_sidebar(app)
15
16 # App Layout
17 app.layout = layout
18
19 # Run app
20 if __name__ == ’__main__’:
21 # app.run_server(debug=True)
22 # Get port and debug mode from environment variables
23 port = os.environ.get(’dash_port’)
24 debug = os.environ.get(’dash_debug’)=="True"
25 app.run_server(debug = debug, host="0.0.0.0", port=port)

B.6 Added functions in crystal_plasticity_module.py

Code listing B.11: plot_orientations_plotly function

1 def plot_orientations_plotly(self, plot_type=’IPF’, crystal_structure = ’FCC_111’,
plot_what =’trajectory’):
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2 # This function generates the plotting data for pole figures, inverse pole figures
or ODF which can be used in Plotly

3 # Input: Polycrystal grain orientations, Plot type (PF or IPF or ODF), Selected
crystal structure and plane, Plot trajectory or start

4 # Ouput: Plotting data for pole figures, inverse pole figures or ODF for the
polycrystal

5
6 # For Pole Figures
7 if plot_type.upper() == ’PF’:
8 # Lists to store x and y values for plotting; for all normal directions (TD

, RD and ND)
9 x_pf_nd = []

10 x_pf_td = []
11 x_pf_rd = []
12 y_pf_nd = []
13 y_pf_td = []
14 y_pf_rd = []
15 crys_struc = crystal_structure
16
17 for grain in self.grains:
18 result = grain.plot_orientation_plotly(’PF’, crystal_structure =

crys_struc)
19 x_pf_nd.extend(result[0])
20 x_pf_td.extend(result[1])
21 x_pf_rd.extend(result[2])
22 y_pf_nd.extend(result[3])
23 y_pf_td.extend(result[4])
24 y_pf_rd.extend(result[5])
25
26 # Return x and y data for plotting
27 return x_pf_nd, x_pf_td, x_pf_rd, y_pf_nd, y_pf_td, y_pf_rd
28
29 # For Inverse Pole Figures
30 elif plot_type.upper() == ’IPF’:
31 plot_what_input = plot_what
32 x_ipf = []
33 y_ipf = []
34 x_list = [0]
35 y_list = [0]
36 for grain in self.grains:
37 result = grain.plot_orientation_plotly(’IPF’, plot_what =

plot_what_input)
38 x_list[0]=result[0]
39 y_list[0]=result[1]
40 x_ipf.extend(x_list)
41 y_ipf.extend(y_list)
42 return x_ipf, y_ipf
43
44 # For ODF
45 elif plot_type.upper() == ’ODF’:
46 angs = np.zeros((int(self.Ngrains),3))
47 for i, g in enumerate(self.grains):
48 angs[i,:] = matrix2ang(g.Q)
49 return angs

Code listing B.12: plot_orientation_plotly function

1 def plot_orientation_plotly(self, plot_type=’IPF’, crystal_structure = ’FCC_111’,
plot_what=’trajectory’):
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2 # This function generates the plotting data for one grain for pole figures or
inverse pole figures which can be used in Plotly

3 # Input: Grain orientation, Plot type (PF orIPF), Selected crystal structure and
plane, Plot trajectory or start

4 # Ouput: Plotting data for pole figures or inverse pole figures for one grain
5
6 # For Pole Figures
7 if plot_type == ’PF’:
8
9 if crystal_structure == ’FCC_111’:

10
11 planes111 = 1./np.sqrt(3.)*np.array([[ 1., 1., 1.],
12 [-1., 1., 1.],
13 [ 1.,-1., 1.],
14 [-1.,-1., 1.],
15 [-1.,-1.,-1.],
16 [ 1.,-1.,-1.],
17 [-1., 1.,-1.],
18 [ 1., 1.,-1.],
19 ])
20
21 planes111rot_ND = np.dot(self.Q.T, planes111.T)
22 planes111rot_RD = np.dot(self.Q.T, planes111.T)
23 planes111rot_TD = np.dot(self.Q.T, planes111.T)
24
25 proj_nr_111 = 8
26
27 # projection of axis vector to the circle plane to get stereographic

projection
28 proj111_ND = np.zeros((2,proj_nr_111))
29 proj111_RD = np.zeros((2,proj_nr_111))
30 proj111_TD = np.zeros((2,proj_nr_111))
31
32 # for ND as normal in PF
33 for i in range(proj_nr_111):
34 # flip direction if pointing south (negative z)
35 planes111rot_ND[:,i] = np.sign(planes111rot_ND[2,i])*

planes111rot_ND[:,i]
36 proj111_ND[0,i] = planes111rot_ND[1,i]/(planes111rot_ND[2,i]+1)
37 proj111_ND[1,i] = -planes111rot_ND[0,i]/(planes111rot_ND[2,i]+1)
38 x_ND = proj111_ND[0,:]
39 y_ND = proj111_ND[1,:]
40
41
42 # for RD as normal in PF
43 for i in range(proj_nr_111):
44 # flip direction if pointing south (negative y)
45 planes111rot_RD[:,i] = np.sign(planes111rot_RD[0,i])*

planes111rot_RD[:,i]
46 proj111_RD[0,i] = planes111rot_RD[1,i]/(planes111rot_RD[0,i]+1)
47 proj111_RD[1,i] = planes111rot_RD[2,i]/(planes111rot_RD[0,i]+1)
48 x_RD = proj111_RD[0,:]
49 y_RD = proj111_RD[1,:]
50
51 # for TD as normal in PF
52 for i in range(proj_nr_111):
53 # flip direction if pointing south (negative x)
54 planes111rot_TD[:,i] = np.sign(planes111rot_TD[1,i])*

planes111rot_TD[:,i]
55 proj111_TD[0,i] = -planes111rot_TD[2,i]/(planes111rot_TD[1,i]+1)
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56 proj111_TD[1,i] = -planes111rot_TD[0,i]/(planes111rot_TD[1,i]+1)
57 x_TD = proj111_TD[0,:]
58 y_TD = proj111_TD[1,:]
59
60 return x_ND, x_RD, x_TD, y_ND, y_RD, y_TD
61
62 elif crystal_structure == ’FCC_110’:
63
64 planes110 = 1./np.sqrt(2.)*np.array([[ 1., -1., 0.],
65 [ 1., 1., 0.],
66 [ -1., 0., 1.],
67 [ 1., 0., 1.],
68 [ 0., 1., -1.],
69 [ 0., 1., 1.],
70 [ -1., 1., 0.],
71 [ -1.,-1., 0.],
72 [ 1., 0., -1.],
73 [ -1., 0., -1.],
74 [ 0., -1., 1.],
75 [ 0., -1., -1.],
76 ])
77
78 planes110rot_ND = np.dot(self.Q.T, planes110.T)
79 planes110rot_RD = np.dot(self.Q.T, planes110.T)
80 planes110rot_TD = np.dot(self.Q.T, planes110.T)
81
82 proj_nr_110 = 12
83
84 # projection of axis vector to the circle plane to get stereographic

projection
85 proj110_ND = np.zeros((2,proj_nr_110))
86 proj110_RD = np.zeros((2,proj_nr_110))
87 proj110_TD = np.zeros((2,proj_nr_110))
88
89 # for ND as normal in PF
90
91 for i in range(proj_nr_110):
92 # flip direction if pointing south (negative z)
93 if np.sign(planes110rot_ND[2,i]) != 0:
94 planes110rot_ND[:,i] = np.sign(planes110rot_ND[2,i])*

planes110rot_ND[:,i]
95 proj110_ND[0,i] = planes110rot_ND[1,i]/(planes110rot_ND[2,i]+1)
96 proj110_ND[1,i] = -planes110rot_ND[0,i]/(planes110rot_ND[2,i]+1)
97 x_ND = proj110_ND[0,:]
98 y_ND = proj110_ND[1,:]
99

100 # for RD as normal in PF
101 for i in range(proj_nr_110):
102 # flip direction if pointing south (negative y)
103 if np.sign(planes110rot_RD[0,i]) != 0:
104 planes110rot_RD[:,i] = np.sign(planes110rot_RD[0,i])*

planes110rot_RD[:,i]
105 proj110_RD[0,i] = planes110rot_RD[1,i]/(planes110rot_RD[0,i]+1)
106 proj110_RD[1,i] = planes110rot_RD[2,i]/(planes110rot_RD[0,i]+1)
107 x_RD = proj110_RD[0,:]
108 y_RD = proj110_RD[1,:]
109
110 # for TD as normal in PF
111 for i in range(proj_nr_110):
112 # flip direction if pointing south (negative x)



Chapter B: Code listings 127

113 if np.sign(planes110rot_TD[1,i]) != 0:
114 planes110rot_TD[:,i] = np.sign(planes110rot_TD[1,i])*

planes110rot_TD[:,i]
115 proj110_TD[0,i] = -planes110rot_TD[2,i]/(planes110rot_TD[1,i]+1)
116 proj110_TD[1,i] = -planes110rot_TD[0,i]/(planes110rot_TD[1,i]+1)
117
118 x_TD = proj110_TD[0,:]
119 y_TD = proj110_TD[1,:]
120
121 return x_ND, x_RD, x_TD, y_ND, y_RD, y_TD
122
123 elif crystal_structure == ’FCC_100’:
124
125 planes100 = 1./np.sqrt(1.)*np.array([[ 1., 0., 0.],
126 [ 0., 1., 0.],
127 [ 0., 0., 1.],
128 [-1., 0., 0.],
129 [ 0.,-1., 0.],
130 [ 0., 0.,-1.],
131 ])
132
133 planes100rot_ND = np.dot(self.Q.T, planes100.T)
134 planes100rot_RD = np.dot(self.Q.T, planes100.T)
135 planes100rot_TD = np.dot(self.Q.T, planes100.T)
136
137 proj_nr_100 = 6
138
139 # projection of axis vector to the circle plane to get stereographic

projection
140 proj100_ND = np.zeros((2,proj_nr_100))
141 proj100_RD = np.zeros((2,proj_nr_100))
142 proj100_TD = np.zeros((2,proj_nr_100))
143
144 # for ND as normal in PF
145 for i in range(proj_nr_100):
146 # flip direction if pointing south (negative z)
147 if np.sign(planes100rot_ND[2,i]) != 0:
148 planes100rot_ND[:,i] = np.sign(planes100rot_ND[2,i])*

planes100rot_ND[:,i]
149 proj100_ND[0,i] = planes100rot_ND[1,i]/(planes100rot_ND[2,i]+1)
150 proj100_ND[1,i] = -planes100rot_ND[0,i]/(planes100rot_ND[2,i]+1)
151 x_ND = proj100_ND[0,:]
152 y_ND = proj100_ND[1,:]
153
154 # for RD as normal in PF
155 for i in range(proj_nr_100):
156 # flip direction if pointing south (negative y)
157 if np.sign(planes100rot_RD[0,i]) != 0:
158 planes100rot_RD[:,i] = np.sign(planes100rot_RD[0,i])*

planes100rot_RD[:,i]
159 proj100_RD[0,i] = planes100rot_RD[1,i]/(planes100rot_RD[0,i]+1)
160 proj100_RD[1,i] = planes100rot_RD[2,i]/(planes100rot_RD[0,i]+1)
161 x_RD = proj100_RD[0,:]
162 y_RD = proj100_RD[1,:]
163
164 # for TD as normal in PF
165 for i in range(proj_nr_100):
166 # flip direction if pointing south (negative x)
167 if np.sign(planes100rot_TD[1,i]) != 0:
168 planes100rot_TD[:,i] = np.sign(planes100rot_TD[1,i])*
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planes100rot_TD[:,i]
169 proj100_TD[0,i] = -planes100rot_TD[2,i]/(planes100rot_TD[1,i]+1)
170 proj100_TD[1,i] = -planes100rot_TD[0,i]/(planes100rot_TD[1,i]+1)
171
172 x_TD = proj100_TD[0,:]
173 y_TD = proj100_TD[1,:]
174
175 return x_ND, x_RD, x_TD, y_ND, y_RD, y_TD
176
177 elif crystal_structure == ’FCC_112’:
178
179 planes112 = 1./np.sqrt(6.)*np.array([[ 1., 1., 2.],
180 [ 1.,-1., 2.],
181 [-1.,-1., 2.],
182 [-1., 1., 2.],
183 [-2.,-1., 1.],
184 [-2., 1., 1.],
185 [-1.,-2., 1.],
186 [-1., 2., 1.],
187 [ 1., 2., 1.],
188 [ 2., 1., 1.],
189 [ 2.,-1., 1.],
190 [ 1.,-2., 1.],
191 [-1.,-1.,-2.],
192 [-1., 1.,-2.],
193 [ 1., 1.,-2.],
194 [ 1.,-1.,-2.],
195 [ 2., 1.,-1.],
196 [ 2.,-1.,-1.],
197 [ 1., 2.,-1.],
198 [ 1.,-2.,-1.],
199 [-1.,-2.,-1.],
200 [-2.,-1.,-1.],
201 [-2., 1.,-1.],
202 [-1., 2.,-1.],
203 ])
204
205 planes112rot_ND = np.dot(self.Q.T, planes112.T)
206 planes112rot_RD = np.dot(self.Q.T, planes112.T)
207 planes112rot_TD = np.dot(self.Q.T, planes112.T)
208
209 proj_nr_112 = 24
210
211 # projection of axis vector to the circle plane to get stereographic

projection
212 proj112_ND = np.zeros((2,proj_nr_112))
213 proj112_RD = np.zeros((2,proj_nr_112))
214 proj112_TD = np.zeros((2,proj_nr_112))
215
216 # for ND as normal in PF
217 for i in range(proj_nr_112):
218 # flip direction if pointing south (negative z)
219 if np.sign(planes112rot_ND[2,i]) != 0:
220 planes112rot_ND[:,i] = np.sign(planes112rot_ND[2,i])*

planes112rot_ND[:,i]
221 proj112_ND[0,i] = planes112rot_ND[1,i]/(planes112rot_ND[2,i]+1)
222 proj112_ND[1,i] = -planes112rot_ND[0,i]/(planes112rot_ND[2,i]+1)
223 x_ND = proj112_ND[0,:]
224 y_ND = proj112_ND[1,:]
225
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226 # for RD as normal in PF
227 for i in range(proj_nr_112):
228 # flip direction if pointing south (negative y)
229 if np.sign(planes112rot_RD[0,i]) != 0:
230 planes112rot_RD[:,i] = np.sign(planes112rot_RD[0,i])*

planes112rot_RD[:,i]
231 proj112_RD[0,i] = planes112rot_RD[1,i]/(planes112rot_RD[0,i]+1)
232 proj112_RD[1,i] = planes112rot_RD[2,i]/(planes112rot_RD[0,i]+1)
233 x_RD = proj112_RD[0,:]
234 y_RD = proj112_RD[1,:]
235
236 # for TD as normal in PF
237 for i in range(proj_nr_112):
238 # flip direction if pointing south (negative x)
239 if np.sign(planes112rot_TD[1,i]) != 0:
240 planes112rot_TD[:,i] = np.sign(planes112rot_TD[1,i])*

planes112rot_TD[:,i]
241 proj112_TD[0,i] = -planes112rot_TD[2,i]/(planes112rot_TD[1,i]+1)
242 proj112_TD[1,i] = -planes112rot_TD[0,i]/(planes112rot_TD[1,i]+1)
243
244 x_TD = proj112_TD[0,:]
245 y_TD = proj112_TD[1,:]
246
247 return x_ND, x_RD, x_TD, y_ND, y_RD, y_TD
248
249 # For Inverse Pole Figures
250 elif plot_type == ’IPF’:
251
252 x3 = 1./np.sqrt(3.)/(1./np.sqrt(3.)+1.)
253 x2 = 1./np.sqrt(2.)/(1./np.sqrt(2.)+1.)
254
255 if plot_what == ’trajectory’:
256 try:
257 shp = self.results.euler_angles.shape
258 if shp[1] > 1:
259 noresults = False
260 plot_data = np.zeros((2,shp[1]))
261 for i in range(shp[1]):
262 Q = ang2matrix(self.results.euler_angles[:,i])
263 plot_data[:,i] = ori2IPF(Q, [0.,0.,1.], (x2, x3))
264 return plot_data
265 else:
266 noresults = True
267 except:
268 noresults = True
269
270 if noresults:
271 # plot at least start and end orientation
272 plot_data = np.zeros((2,1))
273 plot_data[:,0] = ori2IPF(self.Q0, [0.,0.,1.], (x2, x3))
274 return plot_data
275
276 elif plot_what == ’start’:
277 # plot at least start and end orientation
278 plot_data = np.zeros((2,1))
279 plot_data[:,0] = ori2IPF(self.Q0, [0.,0.,1.], (x2, x3))
280 return plot_data
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B.7 Added function in odflib.py

Code listing B.13: save_plotly function

1 def save_plotly(self,**kwargs):
2 """Write ODF plot to file. Keyword arguments are passed to odffig.
3 The figure instance is returned."""
4 o = np.zeros((19,19,19))
5 for i in range(19):
6 for j in range(19):
7 for k in range(19):
8 o[i,j,k] = self._data[k,j,i]
9 buf = io.BytesIO() # in-memory files

10 fig = odffig(o, **kwargs)
11 fig.savefig(buf, format = "png") # save to the above file object
12 plt.close()
13 data = base64.b64encode(buf.getbuffer()).decode("utf8") # encode to html

elements
14 return "data:image/png;base64,{}".format(data)

B.8 Updated function in TexTool_Driver.py

Code listing B.14: Plot_PF function

1 def Plot_PF(mode, proj_mode, pf_normal, pf_levels_list, EulersAll):
2 print (’Number␣of␣data␣points␣(Euler␣Angles):␣’, len(EulersAll))
3 PF_planes = [[1,0,0],[1,1,0],[1,1,1]]
4 fig=plt.figure(figsize=(18,6),dpi=200)
5 cmapx = copy.copy(matplotlib.cm.get_cmap(’rainbow’))
6 cmapx.set_under(’w’)
7 # Density Mesh
8 MS=20 # Number of Grids in each direction for Density mesh
9 MSxy= np.linspace(-1,1,MS+1)

10 MSx,MSy = np.meshgrid(MSxy,MSxy)
11
12 for i,PF_plane in enumerate(PF_planes):
13 ax=fig.add_axes([i*0.33,0,0.33, 1])
14 Points=Funcs.Projection(EulersAll,PF_plane,proj_mode, pf_normal)
15 if mode==’Point␣projection’:
16 ax.scatter(Points[0],Points[1],marker=’.’,s=5)
17 ax.axis(’off’)
18 ax.set_aspect(’equal’)
19 circle1 = plt.Circle((0, 0), 1, color=’black’, fill=0)
20 ax.add_artist(circle1)
21 ax.set_xlim([-1.3,1.3]) ; ax.set_ylim([-1.3,1.3])
22 Plane_txt=’(’ + str(PF_plane[0]) + str(PF_plane[1]) + str(PF_plane[2])

+ ’)’
23 ax.text(-0.1,1.2,Plane_txt,fontsize=14)
24 if pf_normal == ’ND’:
25 ax.text(-0.03,1.02,’RD’,fontsize=12) ; ax.text(1.02,-0.02,’TD’,

fontsize=12)
26 if pf_normal == ’TD’:
27 ax.text(-0.03,1.02,’ND’,fontsize=12) ; ax.text(1.02,-0.02,’RD’,

fontsize=12)
28 if pf_normal == ’RD’:
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29 ax.text(-0.03,1.02,’TD’,fontsize=12) ; ax.text(1.02,-0.02,’ND’,
fontsize=12)

30 if mode==’Contour’:
31 xm,ym,Density= Funcs.Points2Dens(Points,MS,MSx,MSy)
32 maxv= np.amax(Density) ; minv= np.amin(Density) ; avv= np.average(

Density)
33 print(’Plane,␣max,min,av␣denisty:’,PF_plane, maxv,minv,avv*np.sqrt(2))
34 if pf_levels_list == None:
35 max_logspace = np.log(maxv)/np.log(2)
36 lvls = np.logspace(0,max_logspace,num=7,endpoint = True, base = 2)
37 lvls_rounded = np.round(lvls, decimals = 2)
38 print(’lvls:’, lvls)
39 print(’lvls␣rounded:’, lvls_rounded)
40 if pf_levels_list != None:
41 lvls_rounded = pf_levels_list
42 print(’lvls␣rounded:’, lvls_rounded)
43 cs=ax.contourf(xm,ym,Density, levels=lvls_rounded, vmin=0, cmap=cmapx,

extend=’both’)
44 cbar=plt.colorbar(cs, ax=ax, shrink=0.6)
45 cbar.ax.tick_params(labelsize=10)
46 line_colors = [’black’ for l in cs.levels]
47 cl = ax.contour(cs, levels=lvls_rounded, colors=line_colors) #or cmap=

cmapx
48 ax.patch.set_facecolor(’xkcd:mint␣green’)
49 ax.axis(’off’)
50 ax.set_aspect(’equal’)
51 circle1 = plt.Circle((0, 0), 1, color=’black’, fill=0)
52 ax.add_artist(circle1)
53 ax.set_xlim([-1.1,1.1]) ; ax.set_ylim([-1.1,1.1])
54 Plane_txt=’(’ + str(PF_plane[0]) + str(PF_plane[1]) + str(PF_plane[2])

+ ’)’
55 ax.set_title(Plane_txt, fontsize=14, y=1.03)
56 if pf_normal == ’ND’:
57 ax.text(-0.03,1.02,’RD’,fontsize=12) ; ax.text(1.02,-0.02,’TD’,

fontsize=12)
58 if pf_normal == ’TD’:
59 ax.text(-0.03,1.02,’ND’,fontsize=12) ; ax.text(1.02,-0.02,’RD’,

fontsize=12)
60 if pf_normal == ’RD’:
61 ax.text(-0.03,1.02,’TD’,fontsize=12) ; ax.text(1.02,-0.02,’ND’,

fontsize=12)
62 if mode==’Contour’:
63 circ = patches.Circle((0, 0), 1, transform=ax.transData)
64 for coll in cs.collections:
65 coll.set_clip_path(circ)
66 for coll in cl.collections:
67 coll.set_clip_path(circ)
68 buf = io.BytesIO() # in-memory files
69 fig.savefig(buf, format = "png") # save to the above file object
70 plt.close()
71 data = base64.b64encode(buf.getbuffer()).decode("utf8") # encode to html

elements
72 return "data:image/png;base64,{}".format(data)

B.9 Updated function in TexTool_Funcs.py
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Code listing B.15: Projection function

1 def Projection (Eulers,PF_plane,proj_mode, pf_normal):
2
3 Family= GetFamilyOfPlanes(PF_plane)
4 Prj=np.zeros(2)
5 Prjs= np.empty((0,2))
6
7 for Euleri in Eulers:
8 Qi=Euler2Rot(Euleri,’deg’)
9 for planei in Family:

10 # Rotating plane normal vector with Qi
11 planei=np.matmul(planei,Qi)
12 if pf_normal == ’ND’:
13 if planei[2]>=0:
14 # Conversion from Cartesian to Spherical coordinates
15 alpha = np.arctan2(planei[1],planei[0])
16 psi = np.arccos(planei[2])
17 Prj[0] , Prj[1] = Project(alpha, psi, proj_mode)
18 Prjs = np.append(Prjs, np.array([Prj]), axis=0)
19 elif pf_normal == ’TD’:
20 if planei[0]>=0:
21 # Conversion from Cartesian to Spherical coordinates
22 alpha = np.arctan2(planei[1],planei[2])
23 psi = np.arccos(planei[0])
24 Prj[0] , Prj[1] = Project(alpha, psi, proj_mode)
25 Prjs = np.append(Prjs, np.array([Prj]), axis=0)
26 elif pf_normal == ’RD’:
27 if planei[1]>=0:
28 # Conversion from Cartesian to Spherical coordinates
29 alpha = np.arctan2(planei[2],planei[0])
30 psi = np.arccos(planei[1])
31 Prj[0] , Prj[1] = Project(alpha, psi, proj_mode)
32 Prjs = np.append(Prjs, np.array([Prj]), axis=0)
33
34 return np.transpose(Prjs)
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