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Reducing the variation in the area distribution

We aim to minimise the variation in the area distribution without
changing the coordinates of the boundary vertices. We define the
loss function and apply the gradient descent approach.
The loss function takes as input the x and y coordinates of the
triangles and gives us the variation in the distribution of the area
of the triangular elements.

def l o s s ( x t r i , y t r i ) :
x02 = x t r i [ 0 : : 3 ] − x t r i [ 2 : : 3 ]
x12 = x t r i [ 1 : : 3 ] − x t r i [ 2 : : 3 ]

y02 = y t r i [ 0 : : 3 ] − y t r i [ 2 : : 3 ]
y12 = y t r i [ 1 : : 3 ] − y t r i [ 2 : : 3 ]

a r ea = x02∗y12 − x12∗y02
mean area = t f . reduce mean ( a r ea )
r e t u r n t f . reduce mean ( t f . s qua r e ( a r ea − mean area ) )
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While applying the gradients we make sure that elements
corresponding to the same vertex do not have different values.
This is ensured by operating a sparse tensor on the gradients to
modify them for this requirement.

f o r i t e r i d i n range ( i t e r max ) :
w i th t f . Grad ientTape ( ) as tape :

v a r a r e a = l o s s ( x t r i t f , y t r i t f )
g r a d i e n t s = tape . g r a d i e n t ( v a r a r e a , [ x t r i t f , y t r i t f ] )

l o s s n p = v a r a r e a . numpy ( )
l o s s e s . append ( l o s s n p )

# Operate on g r a d i e n t s to e q u a l i s e e n t r i e s f o r same v e r t
g r a d x a pp l y = t f . s p a r s e . spa r s e den se matmu l ( e q o p s p t f , g r a d i e n t s [ 0 ] )
g r a d y a pp l y = t f . s p a r s e . spa r s e den se matmu l ( e q o p s p t f , g r a d i e n t s [ 1 ] )

x t r i t f . a s s i g n s u b ( l e a r n i n g r a t e ∗ g r a d x a pp l y )
y t r i t f . a s s i g n s u b ( l e a r n i n g r a t e ∗ g r a d y a pp l y )
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The sparse tensor is defined before the gradient descent process
begins.

i n d i c e s = [ ]
v a l u e s = [ ]
f o r v e r t i n i n t e r i o r v e r t i c e s :

i n s t a n c e s = np . where ( i n d t r i f l a t == v e r t )
v a l = 1 .0/ i n s t a n c e s [ 0 ] . shape [ 0 ]
f o r i nd1 i n i n s t a n c e s [ 0 ] :

f o r i nd2 i n i n s t a n c e s [ 0 ] :
v a l u e s . append ( v a l )
i n d i c e s . append ( [ ind1 , i nd2 ] )

e q o p s p t f = t f . s p a r s e . Spar seTenso r ( i n d i c e s , v a l u e s , [ n t r i 3 , n t r i 3 ] )
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