
table where the rows correspond to origin stations and the
columns correspond to destination stations. However, such
table is unlikely to be built efficiently and may contain many
redundant labels across the rows. This is because, to store the
labels for a row si, we must consider all accessible connec-
tions departing from stations si[n(si), resulting in repeated
labels computation and storage. To overcome this issue, we
propose the idea of neighbourhood stations which leverages
the clustering nature of public transport networks.
Definition 2. (Neighbourhood Station) Given a timetable
TB, a set of stations in S forms a neighbourhood station
NS, iff all station pairs in NS are connected by footpaths
in F (i.e., 9f(pi, pj , �⌧(pi!pj)) 2 F 8pi, pj 2 NS).
Lemma 1. Given a timetable TB, stations in S can be de-
composed into a set of independent neighbourhood stations
S = {NS0, NS1, . . . , NSn}, such that there exist no foot-
paths between neighbourhood stations (i.e., 8pi 2 NSi and
8pj 2 NSj , @f(pi, pj , �⌧(pi!pj)) 2 F ).

Proof. (Sketch) Given two neighbourhood stations NS1 =
{si, sj} and NS2 = {sk, sl}. Assume there exists a footpath
from a stop in p(si) to a stop in p(sk), then due to the transi-
tivity closure property, there must exist footpaths connecting
all stop pairs between NS1 and NS2, and eventually NS1

and NS2 must be merged to form a new neighbourhood sta-
tion. Thus, the lemma holds.

Following Lemma 1, we decompose the stations in S
into a set of neighbourhood stations NS . Subsequently,
we revise the FT table into a Neighbourhood-Station ta-
ble, where rows represent origin neighbourhood stations
and columns represent destination stations. Within each cell
FT [NSo][sd], we store a list of labels {l0, l1, . . . , ln}, where
each label li signifies the first transfer connection tci on
an optimal journey from one of the stations in NSo to
station sd. To ensure efficient query processing, labels in
FT [NSo][sd] are sorted based on the arrival time (at sd) of
their corresponding journey. Note that the size of our revised
FT table is |NS|⇥ |S|, where |NS| is the number of neigh-
bourhood stations. While it is possible, in the worst-case sce-
nario, for all stations to be grouped into a single neighbour-
hood station, this is typically not the case in practice, as can
be seen in the appendix.
Example 1. Figure ?? shows a toy network where stations
are decomposed into neighbourhood stations based on the
footpaths extending between their stops. Stations s1 and s2,
as well as stations s4 and s5 are grouped into neighbour-
hood stations NS1 and NS3, respectively. Meanwhile, s3
is isolated, forming its own neighbourhood station NS2.
The neighbourhood stations are independent having no foot-
paths between them. Simultaneously, all stop pairs within
each neighbourhood station are connected via footpaths.
Table 1 shows the FT table for this network, where rows
represent origin neighbourhood stations and columns rep-
resent destination stations. Each cell FT [NSo][sd] stores
the list of the first transfer connections for all optimal jour-
neys from NSo to sd. For instance, the label (c1, c2) in
FT [NS3][s2] is the first transfer connection of the journey
J = h(c1, c2), (c5, c5)i from NS3 to s2.

O\D s1 s2 s3 s4 s5

NS1

(c12, c12)
(c7, c7)
(c6, c6) (c4, c4)

(c6, c6)
(c4, c6)
(c7, c7)

(c7, c8)
(c4, c4)
(c6, c6)

(c7, c8)
(c4, c4)
(c6, c6)

NS2

(c5, c5)
(c10, c12)

(c5, c5)
(c10, c10) -

(c8, c8)
(c9, c9)

(c8, c8)
(c9, c11)

NS3

(c3, c5)
(c2, c2)
(c1, c2)

(c3, c5)
(c2, c2)
(c1, c2)

(c2, c2)
(c1, c2)
(c3, c3) (c1, c1)

(c3, c3)
(c2, c2)

(c11, c11)

Table 1: The FT table for the toy network

Table Construction In order to compute the FT table, we
adapt the CSA algorithm to compute the optimal journeys
from each neighbourhood station in NS , to each station in
S. The pseudo-code of our algorithm is presented in Algo-
rithm 1. To begin, the algorithm initialises FT as an empty
table with a size of |NS|⇥ |S|. Next, the algorithm iterates
through each neighbourhood station NSo 2 NS to compute
the row FT [NSo] in the FT table (line 1).

In each iteration, the algorithm examines each connection
ci departing from NSo and runs a modified CSA starting
from ci (lines 2- 3). The modified CSA functions similarly
to before with two modifications, (i) since the earliest arrival
time at every stop pj 2 P has to be computed, the scan prop-
agates through the connections in C and can not be pruned
before reaching a connection ck with ⌧dep � ⌧EAmax, where
⌧EAmax is the latest tentative arrival time at all stops in
P ; and (ii) it returns an array of tuples R, where each tu-
ple (carr, ⌧EA) corresponds to the arrival connection of the
first transfer connection and the earliest arrival time, respec-
tively, for each stop pj 2 P . To determine carr for a stop
pj , the trip of the connection ck that updates ⌧EA at pj is
checked with the initial trip t(ci). If they are the same (i.e.,
t(ck) = t(ci)), then carr is set to ck (no transfer required
to get to pj). Otherwise, it is set to carr of the departure
stop pdep(ck) (a transfer is required). The algorithm then
processes the returned array R to identify the first trans-


