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Layered Graph Traversal [Papadimitriou and Yannakakis, 1989]

Definition

• Edge-weighted graph with vertices in layers L0, L1, . . . , Ln,
edges only between consecutive layers

• Searcher starts at s ∈ L0. Target t ∈ Ln
• In step i:

–Li and edges between Li−1, Li revealed

– Searcher goes to vertex in Li

• Cost = distance traveled until reaching target

• Only parameter: k = maxi |Li|

State of the art

• deterministic: O(k · 2k) ∩ Ω(2k)-competitive
[Burley, 1996, Fiat et al., 1991]

• randomized: O(k13) ∩ Ω(k2/ log1+ε k)-competitive
[Ramesh, 1993]

New result

• randomized O(k2)-competitive

• implies same bound for equivalent problem of chasing
sets of size ≤ k in a metric space
(aka metrical service systems)

Model as Evolving Tree Game
Evolving tree game: Minimize movement while staying at leaf of binary tree that evolves in following ways:

Fork Growth Deletion

Algorithm

Fork

Do (essentially) nothing

• new leaves at distance 0, so movement is free

Growth

This is mirror descent with

• regularizer Φt(x) =
∑
u w̃u(xu + δu) log(xu + δu)

• cost function w̃′ scaled by 2x`
x`+δ`

, where ` is growing leaf

Deletion

• Simulate growth w̃`→∞ so that x`→ 0.

• Then remove `

• Merge edges at parent(`)

• Update δ and w̃

Analysis
Use potential P := 4kD − 2Ψ where

D :=
∑
u

w̃u

(
2yu log

1 + δu
xu + δu

+ xu

)
for y = offline

Ψ :=
∑
u

depth(u)w̃uxu

and show ∑
u

wux
′
u +

∑
u

w′uxu + P ′ ≤ O(k2) ·
∑
u

w′uyu

Why O(k2)?

Similar to O(depth · log 1
δmin

) for MTS. Here:

• depth ≤ #leaves ≤ k

• Due to topology changes, need δmin = 1
2depth ≥

1
2k

!
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