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What is a Route?
A conventional router plans a journey from a source to a destination that minimises a cost
function, usually a weighted sum of distance, time, fuel, tolls etc. We represent two-way
roads as two independent links, one for each direction. It is then impossible for the minimum
cost route to include a link L more than once. That is, a Route cannot include a loop.
This is because the integral of any sane cost function around a loop has to be positive,
otherwise the loop could be repeated an arbitrary number of times at the same or lower
overall route cost, and the driver would not appreciate this! Happily, this also makes the
algorithms and data structures (e.g. a Routing Tree) for finding the minimum cost route a lot
simpler than if multiple visits to a link were expected.

What is a Tour?
A tour is any sequence of roads that a driver could use. Tour Generators are used, for
example, when trying to reconstruct the sequence of road links that a tracked object has used,
in the presence of certain sorts of error, and possibly involving loops.
We know from experience that the optimum search strategy for parking can sometimes
involve returning to the same sequence of roads to see if a space has become free, perhaps
even looping around a few roads close to the destination. For that reason, the data structures
and algorithms for generating and comparing tours become very different from those used for
routing, as do the optimisation criteria.
In particular, a tour cannot be reconstructed from a Routing Tree, because links may be
visited more than once. The optimum Tour could be any arbitrary sequence of driveable links.
Our Tour Generator minimises the Expected Value (EV) of a cost function. For each link n in
a tour, the cost Cn is a similar weighted sum of driving time, walking distance, parking cost
etc., but they are combined with the probability Pn of parking on each link n of the tour, and
the probability of reaching each link on the tour, so that EV = P 0C0 + (1-P0)P1C1 + (1-P0)(1P1)P2C2 + ...
Our service rapidly finds Tours that minimise the EV using a combination of powerful
optimisation techniques. It is driven by definitions of the cost function Cn and the estimated
probabilities Pn.

Testing a Tour Generator
A conventional router can be tested by checking that it has indeed found the shortest, fastest,
cheapest routes, as these properties can be readily computed from the mapping data. The real
challenge is then to define a cost function that accurately reflects the routes that a
knowledgeable driver would prefer, using all available information, and a model of the
tradeoffs that an average driver (or a timid driver, or an aggressive driver) would make.
For a Tour Generator, the probabilities move us one step further away from the mapping data,
which changes both the algorithms and the means of verification of the expected outcomes.
However, we do know some strategies that knowledgeable drivers use when looking for a
place to park, and we expect to see these emerge as the tours with the smallest EV.

Images of Parking Tours
The images below are computed using data © OpenStreetMap contributors. The map is drawn
with the links offset to the driving side (left for the UK in this case), so a bi-directional road is
represented by two lines, each displaced towards the driving side from the road centreline.
The destination LatLon is shown as a red teardrop with the letter "E".
The Parking tour is overlaid as a dark red line for the part of the tour where the driver is not
advised to park, or where no parking is available; and in black for the parts of the tour where
the driver is advised to park if they find a space.
The links in the tour that are within the maximum walking time of the destination (default
setting ten minutes) are numbered from 1 upwards, which helps to see the order in which the
tour visits them. In a deployed system, the driver would be guided around them in the same
manner as they are guided along conventional routes, and would additionally be informed
about when to take available parking, and also when NOT to take available parking.
The tour is generated from any point in the map using conventional routing technology to
reach the vicinity of the destination. This is the "routing phase". Once the route has reached
links that are within the maximum walking time, the Tour Generator runs for a given
maximum driving time (the "tour phase"), which is entirely configurable (default setting five
minutes). In a deployed system, a tour phase of seven driving minutes might be generated, but
recomputed every five minutes if the driver has not parked, to take account of any new
information. If the driver moves off the tour, then a new tour would be immediately requested
from the new position, rather like a "recalculating the route" event. This should take less than
1 second to compute.

Expected Emergent Behaviours
An important consequence of our EV-minimisation approach is that the service does not need
to be programmed with the sort of behaviours that we expect optimal tours to have. Rather,
these behaviours emerge as a consequence of the definition of Cn and Pn. Using Cn and Pn
that reflect the costs and probabilities of parking on a given link in a tour, our Tour Generator
becomes a Parking Tour Generator (PTG).

Drive to destination first
When parking is plentiful, a good tour will drive straight to the destination before attempting
to park. For this reason, the driver will be advised against parking as they drive in, even if
they see a space available, because there are closer ones to come. It is a poor PTG that advises
a driver to park, and then has them walk to their destination past many other available (closer)
spaces, so links 1 to 11 (all within walking distance) are coloured red for no parking, and the
driver is only advised to park from link 12 onwards (coloured black):

These examples are using a uniform parking probability of 0.1 per 100m travelled, but no
parking on higher class roads (shown on the map in orange), or on links of length less than
20m. With such a simple model, it is easier to check that the Tours generated are sensible.
It is encouraging that even without any imported parking data, the tours may already be useful
to the driver that is unfamiliar with the area, avoiding long detours away from the destination
and not revisiting links more than is necessary.
With the addition of synthetic non-uniform parking data, the tours tend to favour the roads
with a higher likelihood of parking, exploring them in clusters progressively away from the
destination. We can provide access to our development tools which can define such hotspots
and explore the resulting tour behaviours.

If parking is rare, then the driver will be advised to park at a much earlier stage (but greater
walking time), because this will cut down on their expected driving time. Here is the same
example with a uniform probability of 0.03 per 100m, and the driver is advised to take spaces
much earlier (from link 6):

Parking "Churn Rate"
By "churn rate" we mean the frequency with which spaces become free on a given link at a
given time. Once we have driven along a link (and not found a space to park), it is not worth
trying that road again until the chance of finding a space has recovered. The time taken for
this to happen is inversely proportional to the churn rate.
The following illustrations have an increased driving time of 600s to allow for more loops.
On roads where the churn rate is high, then we would expect to see the tour concentrate on a
few small circuits around the destination as it worth re-visiting them frequently:

If the churn rate is low, then it is best to drive a larger circuit before returning to roads that
have been driven before. In this case, some roads are revisited after five minutes (17 and 44,
12 and 46):

Dislike for walking
If we increase the cost of walking, perhaps because we have luggage or it is raining, we
expect to see more time spent driving, but more closely around the destination:

Unexpected Emergent Behaviours
As we experiment with the extremes of Cn and Pn that we might encounter, sometimes we
see a behaviour that make perfect sense, but was not expected in advance.

Parking Lot
The tour generator is equally applicable to parking structures, and we were keen to see what
the tours looked like in such a symmetrical environment.
A simple example that is covered in our mapping is an open-air car park such as found in
many shopping centres:
The tour explores all the aisles sensibly, exploring the end ones first as they are closest to the
walking paths (except for 57, 58 as that is one-way):

One minor cost component that we use is a small penalty for turns across opposing traffic
(left turns in the USA, right turns in the UK). This is included so that when the tour includes a
loop, there is an incentive to make if easier to drive, clockwise in the USA and anti-clockwise
in the UK.
As usual, our testing involved comparing tours with a low, medium and high weighting
applied to the turn penalty. The surprising behaviour when we applied an artificially high
weighting was a tour that visited all the aisles while never turning right after link 24 (in the
UK):

Can we expect to see drivers doing this without guidance? Probably not, as it requires careful
counting at each end, and a slightly longer drive, but it does show that the Parking Tour
Generator is capable of optimising unusual conditions if necessary.

