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1. Historical Context

Below, Historical Context values for all results are given. Note that P(t,α) is fully defined by means of Sc(t), Sw(t), Sp(t), as
mentioned in the caption of Figure 7, and only these coefficients are given in the table below. We use a step of our algorithm as
the basic unit of time. All results were generated over the course of 300 steps.

Historical Context parameters for Figures 11a, 11b, 11d, 11e, 11f, 12.
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t Sc(t) Sw(t) Sp(t) A(t) C1(t) C2(t) C3(t) C4(t) C5(t) C6(t) K
1–8 2.3 0.5 100 300 0.85 0.4 50000 16666 50000 0.3 Medieval
9-34 2.3 0.5 100 800 0.25 6.3 5000 1666 50000 0.3 Grid
35-95 2.3 0.5 100 1100 0.25 6.3 5000 1666 50000 0.3 Grid

96-300 2.3 0.5 100 1100 0.25 6.3 5000 1666 50000 0.3 Erratic Grid

Historical Context parameters for Figure 11c.
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t Sc(t) Sw(t) Sp(t) A(t) C1(t) C2(t) C3(t) C4(t) C5(t) C6(t) K
1–43 2.3 0.5 100 300 0.85 0.4 50000 16666 50000 0.3 Medieval

44–60 1.9 1.5 40 300 0.125 0.1 5000 1666 50000 0.3 Medieval
61–300 2.3 0.5 100 1100 0.25 6.3 5000 1666 50000 0.3 Grid

Values of the time independent O1, . . . ,O4 scalar constants.
O1 O2 O3 O4

0.3 · (180/π) 50 0.5 0.5
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2. Per-City Parameter Values and Timings

Per-City Parameter Values.
Name b u
Figure 11a 0.084 0.55
Figure 11b 0.111 0.55
Figure 11c 0.14 0.7
Figure 11d 0.09 0.45
Figure 11e 0.12 0.55
Figure 11f 0.2 0.35
Figure 12 0.108 0.55

Average running time over 5 runs in seconds.
Figure 11a Figure 11b Figure 11c Figure 11d Figure 11e Figure 11f Figure 12

272.01s 150.53s 166.58s 157.256s 209.505s 149.753s 237.68s

3. Notation

The symbols are split into three groups:

1. All functions and coefficients related to the historical context, that is those reused for a set of generated cities, are in upper-case
bold, for example G(t),K(t),O1.

2. Values that are supplied or generated for each city are in lower case bold, for example t(t) and m.
3. Other, non-input symbols, mostly used in the description of the algorithm itself, are in a normal, non-bold font, for example

t,G,α, and COST(P).

In many cases, e.g. s and S, a lower-case letter will denote members of set denoted by the same upper-case letter. All of the
pathfinding related symbols are in calligraphic letters. Functions used in pseudo-code are in in small-caps. Where possible, the
first letter of the described term is used as a symbol, for example B for the built-up area.

Historical Context (upper-case bold).
G(t) Growth per simulation step, expressed in number of nodes j ∈ J that will spawn new streets.
K(t) Sequence of minor road pattern definitions.
R(t) Major road construction parameters; an umbrella function, see below for a complete list.

R(t)=



P(t,α) Turn angle penalty function, expressed using Sc(t), Sw(t), Sp(t).
Sc(t) Center of the step function.
Sw(t) Width of the step function.
Sp(t) Height of the step function.
A(t) Recommended major road capacity.

C1(t) Major road edge cost coefficient for G′.
C2(t) Minor road edge cost coefficient for G′.
C3(t) Unbuilt harbor edge cost coefficient for G′.
C4(t) Built harbor edge cost coefficient for G′.
C5(t) (Unbuilt) bridge cost coefficient for G′.
C6(t) Extendable road edge cost coefficient for G′.

O1 Edge slope coefficient.
O2 Segment traffic capacity per unit WIDTH.
O3 Trade route length coefficient.
O4 Trade route cost coefficient.

Per-City Input (lower-case bold).
t(t) Traffic for any city pair at time t.

m Terrain elevation map.
nc List of neighboring cities.

y List of all possible neighboring city pairs.
y’ An ordered list that is a subset of y.
u Reuse coefficient for paths/roads during initial road network construction.
c Number of neighboring cities, c = |nc|.
b Coefficient that relates traffic t(t) and growth G(t) by t(t) = b ·G(t)
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Non-input symbols.
t Time, in steps (iterations) of the algorithm.

T (. . .) Traffic over a segment or a trade route.
TA(. . .) Available traffic capacity for a segment or a trade route.

G Planar graph representing the road network, G = (J,S).
j Node, an individual vertex of G.
J Set of all nodes, that is the vertices of G.
s Segment, an individual edge of G.
S Set of all segments, that is the edges of G.
G Pathfinding graph, G = (L,E).
L Regular lattice, i.e. the set of vertices of G. Spaced at ` units (metres). Subscripts L, W , F denote lattice

vertices over land, water, and forbidden areas respectively.
E Set of edges of G. Subscripts L, W , H, B denote edges over land, water, harbor edges, and bridge edges

respectively.
e Edge in G.
` Spacing of the regular lattice L, in metres.
G′ Temporary copy of G that allows for pathfinding over both the road network and terrain.
P Path (sequence of edges) found in G or G′.
r “Square” radius up to which the vertices in L are connected by edges.

pi Pair of (distinct) cities in nc.
C Neighbouring city C ∈ nc.
P Trade route, represented as a sequence of segments s, that is edges in G.
Pi Set of all trade routes that connect the cities of the neighbouring city pair pi.

Pi, j The j-th trade route that connect the cities of the neighbouring city pair pi.
PA Trade route over existing roads proposal, running exclusively over segments, that is edges, in G.
PB Trade route over both existing roads and free terrain, that is segments in G and edges in the pathfinding

graph G, after they are copied to G′.
PW The better of PA, PB.

α Angle between two consecutive segments, ranging from 0 (turn back) to π (no turn).
S City shell, the outer face of the planar graph G.
B Built-up area of the city.

BB,i Built-up block.
BT,i Terrain block.

FILL Fill operator that returns the set of points on the inside of a block or the city shell.
NB Neighborhood operator that returns the set of points in the neighbourhood of a block or the city shell.

LENGTH(e) Length of and edge e ∈ E .
COST(P) Cost of a trade route.

WEIGHT(e) Weight of an edge e ∈ E , that is the difficulty of getting from one vertex of the edge to another.
WIDTH(s) Width of a road/segment s ∈ S, in metres.

EUCLIDEANDIST(a,b) Euclidean distance between the positions of two objects a and b.
RANK(z) Ranking function of nodes z that can grow new minor roads.

SMOOTHSTEP(x) Smooth step function 3x2−2x3.
Z Set of nodes from which new minor roads may be grown.

Z′ List of nodes in Z ordered by RANK(z).
z Nodes in either Z or Z′.
q Nucleus of city growth.

qN Nuclei nearest to a given node z.
qC Nuclei on the initial road network that is the closest to geometrical center of the map X .
Q Set of city growth nuclei.

STRENGTH(q) Strength of nucleus, STRENGTH(q)∈ 〈0,1〉, with 0 for no influence at all and 1 for maximum influence.
µ Expected value of the number of cities c.
φ Global angular offset of neighbouring cities. φ ∈ 〈0,2π).

θi Per-ray perturbation of the i-th neighbouring city. θi ∈ 〈− π

2c ,
π

2c 〉.
EL,max Maximum edge slope for an edge e ∈ E .

EL,cut Maximum allowed edge slope for any edge e ∈ E .
X Geometrical center of the map.
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Table 1: Basic comparison of methods that support road network synthesis.
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