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1. Historical Context

Below, Historical Context values for all results are given. Note that P(¢, o) is fully defined by means of S¢(), Sy (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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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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1-43 2.3 0.5 100 300 0.85 04 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 O, . ..,04 scalar constants.
01 02 03 04
0.3-(180/m) 50 0.5 0.5
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2. Per-City Parameter Values and Timings
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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

3. Notation

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

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),0.

2. Values that are supplied or generated for each city are in lower case bold, for example #(¢) 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,0, 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).

Growth per simulation step, expressed in number of nodes j € J that will spawn new streets.
Sequence of minor road pattern definitions.
Major road construction parameters; an umbrella function, see below for a complete list.
Turn angle penalty function, expressed using Sc(t), Sw(t), Sp(t).
Center of the step function.
Width of the step function.
Height of the step function.
Recommended major road capacity.
Major road edge cost coefficient for G'.
Minor road edge cost coefficient for g’
Unbuilt harbor edge cost coefficient for G’
Built harbor edge cost coefficient for G’
(Unbuilt) bridge cost coefficient for G’.
Extendable road edge cost coefficient for G'.
Edge slope coefficient.
Segment traffic capacity per unit WIDTH.
Trade route length coefficient.
Trade route cost coefficient.

Per-City Input (lower-case bold).

St 8

Traffic for any city pair at time ¢.

Terrain elevation map.

List of neighboring cities.

List of all possible neighboring city pairs.

An ordered list that is a subset of y.

Reuse coefficient for paths/roads during initial road network construction.
Number of neighboring cities, ¢ = |nc]|.

Coefficient that relates traffic #(¢) and growth G(¢) by ¢(t) = b - G(r)
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Non-input symbols.
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Time, in steps (iterations) of the algorithm.

Traffic over a segment or a trade route.

Available traffic capacity for a segment or a trade route.

Planar graph representing the road network, G = (J,S).

Node, an individual vertex of G.

Set of all nodes, that is the vertices of G.

Segment, an individual edge of G.

Set of all segments, that is the edges of G.

Pathfinding graph, G = (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.

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

Edge in G.

Spacing of the regular lattice £, in metres.

Temporary copy of G that allows for pathfinding over both the road network and terrain.

Path (sequence of edges) found in G or g

“Square” radius up to which the vertices in £ are connected by edges.

Pair of (distinct) cities in nc.

Neighbouring city C € nc.

Trade route, represented as a sequence of segments s, that is edges in G.

Set of all trade routes that connect the cities of the neighbouring city pair p;.

The j-th trade route that connect the cities of the neighbouring city pair p;.

Trade route over existing roads proposal, running exclusively over segments, that is edges, in G.
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'.

The better of Py, Pg.

Angle between two consecutive segments, ranging from O (turn back) to 7 (no turn).

City shell, the outer face of the planar graph G.

Built-up area of the city.

Built-up block.

Terrain block.

Fill operator that returns the set of points on the inside of a block or the city shell.
Neighborhood operator that returns the set of points in the neighbourhood of a block or the city shell.
Length of and edge e € £.

Cost of a trade route.

Weight of an edge e € &£, that is the difficulty of getting from one vertex of the edge to another.
Width of a road/segment s € S, in metres.

Euclidean distance between the positions of two objects a and b.

Ranking function of nodes z that can grow new minor roads.

Smooth step function 32— 2%,

Set of nodes from which new minor roads may be grown.

List of nodes in Z ordered by RANK(z).

Nodes in either Z or Z'.

Nucleus of city growth.

Nuclei nearest to a given node z.

Nuclei on the initial road network that is the closest to geometrical center of the map X.

Set of city growth nuclei.

Strength of nucleus, STRENGTH(q) € (0, 1), with O for no influence at all and 1 for maximum influence.
Expected value of the number of cities c.

Global angular offset of neighbouring cities. ¢ € (0,27).

Per-ray perturbation of the i-th neighbouring city. 8; € (— %7 %)

Maximum edge slope for an edge e € €.

Maximum allowed edge slope for any edge e € £.

Geometrical center of the map.

submitted to COMPUTER GRAPHICS Forum (1/2014).



J. Benes & A. Wilkie & J. Krivanek / Procedural Modeling of Urban Road NetworksSupplementary Material

‘eyep o[dwexa ur yojew speol uroginosuon [21SA]
-09s19ul 1s9q Surpuy Joj ansedw e asodoid ON Sumyojewr uraned Sumyojew uraned | SOA onewony ‘Te 19 ng
‘Suroen aurjuwreans Jo seyedwd) soyyre Sursn
synoKe[ sjonnsuod A[resryorerdry ‘Suruuerd ueqin Suroen Suroen popre-19s) [EIMAMA]
10J 9[qelns synoke| ueqin pazrundo sojerousan ouou | ourweans Jojpue saje[dwa], | Suljweans Jo/pue sojeidway, ON onewony ‘[e 10 Suex.
“uonE[nWIs dsn-puey d[qeInIyuod A[ysiy wnrqry [60DMIAM]
‘QUIN} JOAO MOIS Jey) SN deroudd o) Isi | -mboesip orueulq uorsuedxo uroped | uorsuedxo uroped paseq oy | Sox onewony T2 19 1999
*SNIo
PaIISAp QJeIdUT 0) SUI[[OpPOW ISISAUT PUB SPO
-ypour urffopowt [eInpadold premIoy Sunsixa Jo [21 «VADA]
Surpdnos ‘s10jeo1pur Ja31e) Jursn [opowt 03 AN[IqQY pauyap-1as) | uorsuedxa ursped paseq ony | uorsuedxs uraped paseq ony ON popre-19s() | ‘[e1° seSouep
‘9ATORIUI A[YSTH "9sn pue| 0} sydepe
uoneIouas peol ‘Sur[opow SLIOWO09s YIIM UoT) Surpe uorsued uorsuedxo [60MIVA]
-ISoJUl ‘SUI[[OPOW [BIOIABYAQ Ppaseq Jualy | -powr [erolaeyag | -xo A[qissod 1osn £q payojays | urened paseq o[ni paouryuyg ON popre-19s) | °Te10 sesouep
'SpeoI1 Jou
-1 Sunerouas 10y uorsuedxe ureyed paseq oni [1ond]
PaoNPONUI ‘SYI0MIQU PEOT UBQIN JLIdUAT 03 ISIL] QUON juarpeis uone[ndod mofjo | uorsuedxs ureped paseq oy ON onewony “Te 19 I[N
's1oored sojerouad asn
pue[ yoea 10§ JueSe 10do[oAdp JO PULY SUO ‘SPeox [commT
JouTw 91eIoUT $JUSSE J0JO9UU0D PUE JOPUIXH paseq Juady QUON poseqg 1uady | Sox onewony | Te10 Juydd]
‘wyLode Sur
-[nPaYOS B SASN ‘SJUSAD UOTOILIISIP/UONONISUOD uone| Sowrel)-£ay uoam} sowrel)-£ay uaam} [zrSIA]
Aq ,sowrery-£ay,, dew [eowioisiy jo uonejodmojuy | -odrejur dewr jnduy | -oq speor Sutkonsop/ulp[ing | -oq speol Sutkonsop/3uipiing | Sox papre-19s() | ‘T8 19 NeYoaIy]
‘uonjeIauad peor paseq Surunid ydeid papre-1as) [1190d0]
‘s)I0M)aU peol Jolewr 9[eds-031e] 91eIouds 0] ISIL] QUON suo0jafays ydein QUON ON onewony ‘[e 19 uIen
*son1o Sur
-Inoqysiau 0) Juroauuod speol ‘Juruonisod Juowr [21.d94d]
-9[139s [enIul [NJSUIUBIW ‘SJUSWIIIS PAId)eds QUON QUON yied 1sauoys | Sox onewony | ‘Teld uaruyg
UONBIAUT JIOMIOU POl 9[qeIda)s AISed ‘uon [80.MAD]
-e10U03 peol Jofewpue JOUNW USALIP P[OY JOSUI], QUON Suroen poy Josua], Suroen proy Josua], ON papre-19s) ‘Te R uay)
*SISYIUAS
YI0MIOU PEOI Y[eM WOPURI SOONPONUT ‘S)UST papre-19s) [809AV]
-eyy ojdwrexs WoIj SYI0MIOU PROI SIZISIYIUAS QUON SUONOISIIUI JO JIS JOAO N[em Wopuey ON onewony ‘Te10 edery
‘uonjerrodsue) 10jem JO SIOQIQ ‘O [PIM
surayed peor Jourw SurSueyds ‘adedospue] ueqin
JO uoneulo} ‘santo FuLmoqusIau Jo aouanyuy QUON uone[nwis oyjen A-1uy | uorsuedxs uroped paseq oy | Sox onewIoINy poieuwr mQ
Surropow I0M}oU PLOI 0} SUONQIIUO)) as() pue] speoy Iofe]A Speoy 10Uy | g SNO0,{ POUIOIN
€3
2
m.

Table 1: Basic comparison of methods that support road network synthesis.
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