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Introduction

Urban traffic planning is based on two broad assignment principles, user equilibrium
(UE) and system optimum (SO) [12]. In the former, in the resulting system state, no user
benefits from changing their path and in the latter, the whole system yields a theoretical
optimum performance at the expense of some users who are not taking their available
shortest paths. The two types of assignments (UE and SO) are used to replicate the route
choice behaviour of travellers, rather than providing routing guidance. Hence, they are
mostly adopted as the lower level models for planning, not navigation.
Both models require a lot of information. The UE solution is likely to be achieved in
the situation where traffic information is perfect (shortest path is the true one) and users
choose the shortest path. In particular, one needs to know where the users originate
their trips, where they want to go, compute user equilibrium and convey back to the
users; in real time for a navigation system, and statically, for future urban planning.
Such navigation systems would help with the first condition of suggesting a shortest
path but have no control over what the users do in reality. The SO solution may only
be achieved with specific tolling implemented in order to alter the cost some users pay
for their shortest paths for the good of the system. Together, these approaches provide
a basis for centralized planning and routing schemes.
Even if we assume to have all the necessary information a priori, unpredictable
user behaviour or events like rain, accidents, or any other disturbance, could disrupt the
equilibrium or optimum conditions [4]. Istantaneous duress coupled with the use of GPS
based apps, have given rise to cut-through traffic [2]. Long-term trend in rising demand
has also added a lot of stress on transportation networks. As a result, new congestion
patterns are emerging [10]. Despite claims from companies that promote Mobility as a
Service [7], they do not provide solutions to traffic congestion. As proved in economic
theory, these algorithms do not converge to solutions that promote system optimality
[9]. The degree of real-time communication and the infrastructural resources required
for relaying all the computed information to all users in the system and incentivising
them to change their paths, are both huge overheads.
We hypothesise that the situation wherein all the users choose a path that deviates
exponentially from the shortest path in an equilibrium setting with their degree of altruism, diverts the selfish user equilibrium towards altruistic system optimum without imposing infrastructural costs. In this work, we study the favouring (and counter-intuitive)
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Fig. 1. (a) k-shortest paths: We model the system with the city of Zurich and run our algorithm for k = 5 as shown in the figure. (b) pert-BETA Distribution: The distribution shows the
variation of the cumulative probability density function for different values of λ (shape). As λ
increases, the distribution becomes less uniform and peaks toward the most likely path choice of
1 in this case. The vertical line is the mean E(Ξ ).

effect of uncertainty of supply, demand and user behaviour on system efficiency and
elucidate how the system can push towards global optimum behaviour with minimal
information.
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Results

Let us consider a real road network and two points, origin A and destination B as show
in Fig. 1(a). Under user equilibrium, there is one (or multiple paths with the same cost)
shortest path(s) on which all users are assigned such that no user gains from switching
to another path. We compute the k-shortest paths (k paths in decreasing order of their
free-flow time) with limited overlap [3] between A and B and assign every user on an
alternative among the k-shortest paths using a beta-PERT distributed variable Ξ which
is a continuous distribution function defined by the minimum, most likely and maximum values and transformed on a standard beta distribution [5]. We use it to model the
riders’ degree of altruism,
P(Ξ < ξ ) ≈ f (λ , ξmode ),

(1)

where λ defines the shape of the distribution and ξmode is the most likely choice of
path assigned in the distribution. The selection of paths is devoid of any centralised
optimisation (such as in the standard Frank Wolfe formulation [6] used for solving the
Nash Equilibrium of flow [8] and System Optimal [11]). Our method solves traffic flow
based on this path assignment and plot the total travel time against ξ (for fixed k).
We quantify the efficiency of decentralized uncertainty in the road networks using
the level of altruism as a means of social behaviour,
η=

< tξ > − < tue >
,
< tso > − < tue >

(2)

where tξ ,ue,so are system-wide measures for travel time, average commuting time, degree of congestion, etc. for our decentralized altruism scheme (ξ ), user equilibrium (ue)
and system optimum (so) formulations, respectively.
The different variations of user altruism are modelled by the pert-BETA distribution
and illustrated in Fig. 1(b). Lower values of λ associate with a uniformly distributed
user set on the k-shortest paths, while a larger value spreads the users unequally over
the paths and closer to the mode of the distribution (a likely path that most users would
go for as opposed to the shortest path from A to B). Notice in Fig. 2(a), how lower
values of λ account for randomness in the system where users are taking random paths
and there is no effective savings in cumulative time for the system as a whole. However,
as the shape of the distribution increases, the system time of travel becomes lesser and
the savings in time are greater, especially for larger systems (more possibilities for
congestion).
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Fig. 2. (a) System-time vs Altruism for different shapes: The cumulative system time savings
are more prominent with an increase in the shape parameter (λ ) and the maximum savings occur
at ξ ≈ 2 (longer than the shortest path available). The inset of the figure shows similar behaviour
in savings and a completely random scenario at λ = 0 (uniformly distributed on all paths). (b)
System-time vs Altruism for different trip sizes: Larger systems exhibit larger time savings
and the inset shows a linear increase in system time for smaller sizes.

Interestingly, Fig. 2(b) shows that as the system size increases and more users go
from A to B, the savings in cumulative travel time becomes prominent after a certain
number of users enter the system and more so for larger system sizes, especially for
the most likely choice of path much larger than the shortest path (ξ = 2). In fact, for a
smaller system size, there is negative savings in time which can be taken for a lack of
congestion in the system, and hence longer paths means longer times of travel.
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Dataset

We use real city street drivable networks extracted from Open Street Maps using the
OSMnx package in python [1]. The set forms the basis for solving standard methods
used in traffic research (ue and so) on a set of randomly selected node pairs A and B.
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