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Algorithm for the

Space-filling Curve
Traveling Salesman

‘likely” to be close on the curve,

and others as "topological monsters”
¢ tend Lo preserve ‘nearness’ among points:
- 1f 2 points are close on the curve,
close in the square
- 1f 2 points are close in the square

onto a unit hypercube (for example
¢ first introduced by Peano (1891), Hilbert (1891),

® 5 continuous mapping of the unit interval [0, 1]

Spacefiiling Curve
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Lxamples...

A * w~ ETC.

Fach curve 15 the limil 0f a seguence
of PECUrSIVE Consiriclions

Elenniz Bricker, . of lowa, 1997

Lxamples...

«~ ETC.

Fach curve 15 the limil 0f a seguenoe
of FECUrSIVE Constrictions

@0ennis Bricker, U. of lowa, 1997



TSP.curve 11/4/97 page 3

Lxamples...

o= ETC.

i
L

Fach curve 15 the limil 0f a seguence
of PECUrSIVE Consiriclions

Elenniz Bricker, . of lowa, 1997

“Generie”
Spaeefiiling Curve Heuristie:

1. Transform the problem (routing, location, etc.)
in the plane, via a spacefilling curve, to a problem
on the unit interwval,

2. Solve the (easier) problem on the unit interval.

3. Map the solution back to the problem in the
plane.

@0ennis Bricker, U. of lowa, 1997
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Ereudo-code to compule position on the
space-filling curve {4/ o0fa point (x, ¥/
111 Lhe uni sguare:

[11
[2]
[31]
[4]
[51]
[61]
71
[581]

[2]

[10]
[111
[12]
[13]
[141]
[151]

VZePOSITION =Zw;x;v;&;T;1]

Eeturn position of (x,¥) on a
space-filling curve
(cf. Bartholdl & Platzman?
(Recursivel v-defined function?
cCompute IF eps=l/lxEv-1 1 & =005 « =End

Jonzaooo

Computesxexyil] ¢ FEVLZ]
IjscitLl2=xr,c1ll2=

A & 1z guadrant in which (x,¥» lles
Ge"1+00d 2p0 00 1 11 1 0xa.=1jo0l
T«POSITION (2= |xy-0.52

=+L1 IF 1#212 < T«1-T
Ll:z«(7=80+(@+Trsd & z+z-lz=
End:

Exam p e Random Symmetric TSP
(seerd= 133398

100 ol
b= - 12
o< o
=] N —
,:,4
70 - o
60 - o5
50 —
40 ot
0
of -
20 511 o
,:,9
10 T
o LA S p S S E——
10 z0 50 To Q0 110
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100 o]
90 -
g0 —
7O -
E0 -
S0 —
40 -
30
20

Fhe souare 75
imanned inia he
interial f 77
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D D1 02 03 04 ElS e 0F 08 09 1.0

A

Coordinate on Space-filling Curve

1 1 ki Position

1 41 100 9.,18236921
2 51 84 0.45818231
3 43 YO 0.13481542
4 a4 7HOO0.5211921
5 a8 B9 0.5REE0Q30
B a8 41 0.30539339
7 21 21 0.77961296
g 72 25 0.71350459
9 40 14 0O.9/073832
10 41 R 0.93535/41
11 3 18 0.02027783
12 a5 87 0.51850270

A
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apace-filling-curve tolur:

100 —

a0 —
o -
a0 —
20 —
40 —
A0 —

1 1 ¥ Position

1 41 100 0.18238%21
2 51 g4 0.45818231
3 473 J0 0.,13481542
4 g4 7hOOo0.h2R11921
] ga 9 0.55589039
] ga 41 0.80589939
7 g1 21 0.77981296
g 72 25 0.71850459
a 40 14 0.96073832
10 41 5 0.93535841
11 3 18 0.02027783
12 a5 gy  0.51850270
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Sort the points:

1

Position

'_‘l.

'_‘l.

'_‘l.
WO Ty T ] 00 T e O e D

This determines the
order in which cities

T T T T T T D T

LO2027783
.13481542
15236921
45518231
L2185 0270
L0ER11921
.0hbBER050
. 71850450
A7PRLE96
LA050030
93535641
LPHOTIE3E

are visited...

A

1 21245 8 7 6 10 % 11 31

with length 366

20

10 4
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The space-filling curve has been suggested

as a low-technology " algorithm...

1} Find location on map and read (x,v)
coordinates

2) Find (x,v) in table giving position

3) Prepare card with (x,v) and position,
and insert into card file according to
the position

4) The sorted cards give a tour.

"A Minimal Technology Routing Svystem for Meals on Wheels",
Interfaces, June 1983 (Volume 13, no. 2), by | Bartholdi et al.
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