Fast Network K-function-based Spatial Analysis
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Overview of Network K-function

» A fundamental GIS operation for checking whether the clusters/hotspots (discovered by the
clustering/hotspot detection algorithms) in the datasets are significant.

 Network K-function is defined as:
Shortest path distance

Kp (1) = 2 2 u('distg(pi,pj)' <7) 0(n(Tsp + n)) time @
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Dispersed Clustered where 1 denotes an indicator function.
Network * Domain experts need to:

K-function

1. Provide aroad network ¢ = (V, E), a location dataset P = {p, p,, ..., p,,}, and D thresholds,
which are 74, 75, ..., Tp.

2. Randomly generate L datasets, which are R, R, ..., R;, In the road network G.
3. For each threshold 7; (1 < d < D), compute the following three terms.

(1) Kp(74)
(2) L(tq) = min (Kg, (1), K, (1), -, K, (Ta))

- (3) U(zq) = max (K, (tq), Kz, (ta), .- Kr, (Ta))
A network K-function plot » Generating a network K-function plot takes O (LDn(Tgp + n)) time ®

Decompose the Network K-function Nelighbor-Sharing (NS) Method

* There are four possible routes with length 7 from
any data point p; In the edge € = (a, b) to the edge
e = (u,v). We have:
tau(pi) = 1 —distg(pi, a) — distg(a, u)
Ty, (Pi) = T —distg(pi, b) — distg(b, u)
Tao(Pi) = T —distg(pi, a) — distg(a,v)
Ty (pi) = T —distg(pi, b) — distg(b, v)
* Maintain four sets of data points in the edge e =

(u, v).

Let P(e) be the set of data points In an edge e
of a road network.
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where C[g'é'e)(f) — z z H(diStg(pi,pj) < T)

piEP(é) pjEP(e)

Cau(pi) = {pj € P(e) : distg(u,pj) < tqu(pi)}
Cpu(pi) = {pj € P(e) : distg(u, pj) < Tpy,(pi)}
Cav(pi) = {pj € P(e) : distg(v, pj) < Tav(pi)}
Cho(pi) = {pj € P(e) : distg(v, pj) < 1o, (pi)}
* These four sets of data points exhibit the
monotonicity property.

» Takes O(|P(é)| + |P(e)l])) time to compute
(1) ©

» Takes O(LD(|E|Tsp + n|E|) + Lnlogn) time to
generate the network K-function plot (Refer to the
paper) ©

Question: Can we reduce the time complexity for

computing the (&, e)-count function Cf(,é’e) (1)
(e.g., from O(|P(&)l|IP(e)) to O(|P(é)| + |P(e)]))?
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