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Introduction Results

“* Navigation through urban road networks is important for the
transportation of people and goods.

The success of greedy routing varies by city. Performance 1s best in organized grid-like places such

% Greedy Routing is a form of navigation from a source to as Manhattan and Buenos Aires. Success depends on an array of factors such as a network’s 2D-ness,

target, where at each iteration, the route proceeds to the . i . o

neighbor of the current node that is “closest” to the target. road density, and the existence of one way and dead end roads. By simplifying networks and
“* We investigated two methods of determining the “closest” e e . . . . L . .

neighbor as shown below. modifying the algorithm, performance improves 1n all cities investigated. Furthermore, random

Figure 1. Illustration of Greedy Routing rewiring decreases performance suggesting the existing network structure allows for greedy routing
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that is closest to a straight line between the start and end points. E Guers Aires. thCJ o Sudnos Aire:
¢ Greedy Routing is not guaranteed to successfully reach the 2304 ° i 30 :
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target. If at any step, the “closest” neighbor has already been S .. o S | gtam -

visited, a loop 1s created and the path fails. " o 7 o N
¢ A path may also be successful, but much longer than the 10 @migead o d 07 aropieba geote i 5

shortest path | ks _* | | | * | | | | , , J , GR navigates almost to the GR fails to bridge the gap in the  GR fails in 5c using the angle method
“* We also studied a modified algorithm where the “closest” ver e 0 Streso'slo o o cP IlDlensitl; (1/I<1?n) for " target, but fails at a dead end. network when it reaches a one way road. Using

neighbor was Chosen Only ﬁ'om nodes that had not been ¢ Stress is a measure of how well a network embeds. the distance method in 5d, 1t

. . . . . ¢ In this case, the network is embedded in the 2-dimensional Euclidean plane. The lower the stress, the more maneuvers around.

. visited bef01je. T.hls falleq 1f there.W§re no such nelghbors D" 5 netowork is.
* Greedy routing 1s useful in establishing the connection < We see some correlation between lower stress and higher success rate.

between network structure and space since 1t 18 expected to % We hypothesized that greedy routing would be more successful in denser networks.

+» There 1s some correlation, but cities like Rome, Boston, and London demonstrate that cities can be dense and
hard to navigate with greedy routing.

Figure 3. Greedy Routing Success Rate Vs. Euclidean Distance

perform well exactly when the notion of “closest” in space
aligns well with network proximity.
“* Understanding the structure of urban transportation networks
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¢ or each city we randomly sampled source nodes rom the Figure 4. Success Rate by Method ¢ The nodes for which greedy routing was successful are shown in green, the nodes for which it failed are shown
network. in red.
%  For each source in the sample. we tried oreedv routing to . ¢ Obstacles, such as the river and park can be seen to cause failures often, but not in all cases.
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» A high GR score shows that GR 1s not only successful but

- 2 Fi I hes.
efficient Figure 4 shows the success rates for the various approaches

* Under the original approach GR was only successful in the very grid-like cities of Manhattan and Buenos
Aires.
¢ Converting one way roads to two way led to large increases for the success rate in the already succeeding

cities, but less so in others.
e ere I l C e S ¢ Similar results were seen with the alternate algorithm and, with the removal of dead end roads.
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% Interestingly, combining the three methods led to significant increases in the success rates for all cities. “* Recall Greedy routing fails when the “closest” neighbor has already been visited.
' ' : ¢ Perhaps this supports the claim that greedy routing success depends on an array of factors. Additionally, the ¢ In Figure 7a, nodes are colored corresponding to the number of times the node was a spot of failure across the
Ruehrup, Stefan (2009). Liu; Chu; Leung (eds.). Theory and Practice of Geographic angle method(see figure 1) tended to preform the same or slightly better than the distance method. entire sample.
Routing % In a different experiment we looked at the effect of randomly rewiring edges % Edges are colored corresponding to the average of the two nodes it connects.
Seguin C, van den Heuvel MP, Zalesky A (2018) Navigation of brain networks. Proc % After rewiring 10% of edges success rate fell from 80% to 22% for Manhattan and 54% to 43% for Buenos % Failures often occur along obstacles such as the river.
Natl Acad.Sc1 o _ _ . _ Aires % In Figure 7b nodes are colored corresponding to the number of times the node was the target of a failed path.
Muscoloni A, Thomas JM, Ciucci S, Bianconi G, Cannistraci CV (.201_7) % After 100% rewiring success rate fell to less than .1% for both cities. % You can observe that routing was far more successful to the southeast portion of the city.
Machine learning meets complex networks via coalescent embedding in the ¢ This suggest that network structure contributes to the success of greedy routing. < We hypothesized this may be due to density, grid structure, and lack of obstacles.

hyperbolic space. Nat Commun




