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The cover of this thesis features abstract sunflowers, each of which is
constructed as the Voronoi tesselation of a spiral of points that is subse-
quently projected onto the surface of revolution of a hyperbolic spiral. The
image was created in the Python API of Blender (v3.5.1) using the SciPy
library (v1.10.1). It is produced by the following code, which is optimized
for compactness.

import bpy, bmesh, numpy as np; from scipy.spatial import Voronoi
nm,a2,col=np.linalg.norm,np.arctan2,bpy.data.collections.new(’c’)
def make_cell(vs,fs,cs,s):

r,i=[a if a >= 0 else len(cs) for a in s],len(vs)
l=[cs[a] for a in s if a>=0]; c=sum(l)/len(l); cs+=[c*3/nm(c)]
x=sorted([(nm(cs[a]),cs[a]) for a in r]); d=(x[0][1]+x[−1][1])/2
t=min(nm(d)*.2,.15); t=0 if t<.03 else t
l=[(1−t)*cs[a]+t*c for a in r]; vs+=[list(d)+[0]]
for c,d in zip(l,l[1:]+[l[0]]):

for t in np.linspace(0,1,max(2,int(10*nm(c−d))))[1:]:
vs+=[list(t*d+(1−t)*c)+[0]]; fs+=[[i,len(vs)−1,len(vs)]]

fs[−1][−1]=i+1; return (vs,fs,cs)
def make_object(name,mesh,colors,location,cuts):

l,m=bpy.data.meshes.new(name),bpy.data.materials.new(name)
m.use_nodes=True; n=m.node_tree.nodes
x=[n.get(’Material Output’)]+list(map(lambda s:n.new(’ShaderNode’
+s),2*[’BsdfDiffuse’]+[’MixShader’,’NewGeometry’]))

for i,a,j,b in [(0,0,3,0),(3,1,1,0),(3,2,2,0),(3,0,4,6)]:
m.node_tree.links.new(x[i].inputs[a],x[j].outputs[b])

for i in [0,1]: x[i+1].inputs[0].default_value=colors[i]
l.from_pydata(mesh[0],[],mesh[1]); l.update()
o=bpy.data.objects.new(name,l); o.data.materials.append(m)
col.objects.link(o); o.location,m=(location,0,0),bmesh.new()
m.from_mesh(o.data); bmesh.ops.subdivide_edges(m,edges=m.edges,
use_grid_fill=1, cuts=cuts); m.to_mesh(o.data); o.data.update()

for v in o.data.vertices:
t=nm(v.co); p=(v.co/t)*(1.−np.sin(4*t)/4/t)
v.co=[p[0],p[1],−np.cos(4*t)/4/t]

def mkflower(offset,rad=.65,exp=.6,cell=350):
p=2*np.pi; ct=lambda a,r:r*np.array([np.cos(p*a),np.sin(p*a)])
points=[ct(.6180339*c,rad*(c/cell)**exp) for c in range(cell)]
v=Voronoi(points); m=[[[],[],list(v.vertices)] for i in [0,1]]
for j in filter(lambda j:j+3>2<len(v.regions[j]),v.point_region):

s=v.regions[j]; l=[m[1][2][a] for a in s if a>=0]; c=sum(l)/len(l)
f=lambda:[a2(*(m[1][2][i]−c if i>=0 else c)[:2]) for i in s]
k=np.argmin(f()); s=[s[(i+k)%len(s)] for i in range(len(s))]
if all(x<=y for (x,y) in zip(f(),f()[1:])): s.reverse()
b=all(i>=0 for i in s) and nm(c)<=.75; m[b]=make_cell(*m[b],s)

make_object(’p’,m[0],((1,.72,0,1),(1,.45,0,1)),offset,25)
make_object(’s’,m[1],((.7,.16,0,1),(.11,.45,0,1)),offset,7)

c,d=bpy.context.scene.collection,bpy.data.cameras.new(’v’)
d.lens=55; v=bpy.data.objects.new(’v’,d); c.children.link(col)
v.location,v.rotation_euler=(3.1,1.6,5.6),(.55,−.55,2.65)
c.objects.link(v); mkflower(0); mkflower(−3.1); mkflower(−6.2)
mkflower(−9.3); mkflower(−12.4); mkflower(−15.5);
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‖f‖e, 63
A[G], 98( Z 0
Z Z
)
, 104

a : b, 127
[M ]R, 129
〈〈X〉〉, 132

α(R), 77, 93
adjoint, 17, 19
algebraic integer, 39
almost free group, 24
arrow category, 104
autopotent, 93

boundary walk, 4
bridge, 3

chain, 129
clR(X), 132
connected, xv, xvi, 3
connected component, xvi
conserving flow, 2

convex set, 32
coprime, 101

-basis, 132
covering radius, 31, 52
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