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Voronoi Diagram

B Voronoi diagram is a tessellation based on distance to points in a specific
subset of the plane.

B Geometric structure with useful geometric properties



Easily Solved Problems Using VD(P)
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2-Approximation Algorithm (1/9)
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2-Approximation Algorithm (3/9)
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2-Approximation Algorithm (4/9)
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2-Approximation Algorithm (5/9)
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2-Approximation Algorithm (6/9)

Euler Circuit

o Data

—» Euler Circuit
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2-Approximation Algorithm (8/9)
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1.5-Approximation Algorithm (1/5)
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1.5-Approximation Algorithm (2/5)
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1.5-Approximation Algorithm (3/5)
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1.5-Approximation Algorithm (4/5)
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1.5-Approximation Algorithm (5/5)
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Time Complexity

2-Approximation Algorithm 1.5-Approximation Algorithm
(Christofides Algorithm)

Construct Voronoi Diagram : 0(N?)

v

Construct Delaunay Triangulation : o(N)

v

Minimum Spanning Tree : O(E)
Minimum Perfect Matching : o(v?)

Euler Circuit : 0O(E)

v

Hamiltonian Circuit : O(E)

Time Complexity is always worst case



Solution Quality (Approximation Ratio)
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Approximation Algorithm

2-Approximation Algorithm 1.5-Approximation Algorithm
(Christofides Algorithm)
d(H) =d(H —e) =d(T) d(H) =d(H —e) =d(T)
\ \
d(C) = 2d(T) d(C) =d(T)+d())
\ \
d(H) < d(C) d(J) +d(J) <d(H )
\ \
d(H) < 2d(T) d()) < min{d(J;),d(J;)} < 0.5d(H")
oo oo
d(H) <2d(H ) d(H) <1.5d(H )

d(F)= Sum of the distances of the Edges
H = Approximation Algorithm Circuit

H *=Optimal Circuit

T = Minimum Spanning Tree
J=Minimum Perfect Matching



1.5-Approximation Algorithm

Voronoi Delaunay Minimum Minimum Euler & Total Fithess Optimal
Diagram Triangulation Spanning Perfect Hamiltonian Time Value Solution
Tree Matching
prid4 0.002 s 0.0004 s 0.0002 s 0.0007 s 0.0008 s 0.004 s 68078.7 58537 1.16x
a280 0.004 s 0.0008 s 0.0004 s 0.003 s 0.001 s 0.009s 2904.12 2579 1.12x
pcb442 0.006 s 0.001 s 0.0008 s 0.009 s 0.002 s 0.018 s 55373.3 150778 1.09x
d493 0.007 s 0.002 s 0.001 s 0.01s 0.002 s 0.022 s 38060.5 35002 1.08x
vm1084 0.014 s 0.004 s 0.002 s 0.03 s 0.005 s 0.012s 274864 239297 1.14x
d1291 0.02 s 0.005 s 0.002 s 0.01s 0.005 s 0.087s 57732.6 50801 1.13x
pri002 0.02 s 0.006 s 0.003 s 0.03 s 0.005 s 0.064s 289057 259045 1.11x
pcb3038 0.06s 0.014 s 0.007 s 0.25s 0.01s 0.341s 153866 137694 1.11x
ri5934 0.09 s 0.024 s 0.016 s 0.16 s 0.02 s 0.35s 607409 556045 1.09x
usal3509 0.3s 0.07 s 0.05s 13.1s 0.07 s 13.6 s 22361000 19982859 | 1.12X
d15112 0.24 s 0.07 s 0.06 s 20.8 s 0.07 s 21.2 s 1773420 1573084 @ 1.13X
pla33810 0.78s 0.16 s 0.12s 22.5s 0.17 s 23.7 s 74709400 66048945 | 1.13X
Eat : 1.12x

Source : TSPLIB
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2-Approximation Algorithm

Delaunay
Triangulation

0.0008 s
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Tree

0.0004 s
0.0004 s

0.001 s
0.001 s
0.002 s
0.002 s
0.003 s
0.007 s
0.018 s
0.05s

0.05s

0.11 s

Euler &
Hamiltonian

0.001 s
0.002 s
0.003 s
0.003 s
0.005 s
0.007 s
0.007 s
0.02 s
0.04 s
0.1s
0.1s
0.2s

Total

Time
0.004 s
0.006 s
0.012 s
0.012 s
0.025 s
0.023 s
0.037 s
0.098 s
0.172 s
0.48 s
0.41s
1.26 s

Fitness
Value

77494.2
3591.94
71157.9
45808.1
353968
73682
353794
195772
844207
27639800
2216250
104029000

Optimal
Solution

58537
2579
50778
35002
239297
50801
259045
137694
556045

19982859

1573084

66048945
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