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2 The expected weight of the θ-graph

In this section, we will describe an algorithm for computing the expected weight of the θ-graph35

(EWTG) of n points in Rd under uncertainty. The algorithm is similar to the algorithm of building
the (deterministic) θ-graph.

Let (S,Π) denote the uncertain points in d-dimensional space. For computing EWTG, we must
calculate portability of existing each edge and multiply it to its length. In other words,

EWTG(S) =
∑

si,sj∈S, i<j

|sisj |×πi,j , (1)

where πi,j , for all si, sj ∈ S, is the probability of having the edge (si, sj) in the θ-graph.
Consider two points si, sj ∈ S, i ̸= j in Rd. Let c be the cone with apex si that include sj . We

add a half plane to c, where this half plane determine by sj and orthogonal vector (−1) × lc, we40

denote this region by Ri,j (see Fig. 1(a)).
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Fig. 1. Illustration of Ri,j and Ri,j ∩Rj,i in the plane.

Observation 1 The edge between two points si and sj exists if and only if

1. si and sj exist.
2. There is no point in Ri,j or Rj,i (see Fig. 1(b)).

More formally,

πi,j = πi × πj ×

 ∏
sm∈Ri,j

πm +
∏

sm∈Rj,i

πm −
∏

sm∈Ri,j∩Rj.i

πm

 , (2)

where πm = (1 − πm). Note that the last sentence subtracted because the points in Ri,j ∩ Rj,i45

considered twice in the previous terms of the equation.
By Equations (1) and (2), we have

EWTG(S) =
∑

si,sj∈S, i<j

|sisj |×πi × πj ×

 ∏
sm∈Ri,j

πm +
∏

sm∈Rj,i

πm −
∏

sm∈Ri,j∩Rj.i

πm

 . (3)

First, we describe an algorithm for computing

∑
si,sj∈S, i<j

|sisj |×πi × πj ×

 ∏
sm∈Ri,j

πm +
∏

sm∈Rj,i

πm

 . (4)


