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Interactions between the entities:
« Graphs: model pairwise interactions

« Hypergraphs: model arbitrary interactions
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Interactions between the entities:

« Graphs: model pairwise interactions

« Hypergraphs: model arbitrary interactions

Applications:

Computational biology, circuit design, database systemes, ...
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Directed Hypergraphs
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h(e) = {v2} h(e1) = {v2}
t(e2) = {v1, v}
h(e2) = {v3}

Notation: m = |E|,n = |V|, and
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Example from [ST11]

Spectral Sparsifier: hypergraph H st. for every x € R",
(1-¢6)Qz(x) < Qu(x) < (1+¢)Qz(x).
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Undirected Graphs: For vector x € R",
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Undirected Graphs: For vector x € R",
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Electrical Network: electric power!
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Directed Hypergraphs: For vector x € R",
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Directed Hypergraphs: For vector x € R"™,
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where

(Zy — Xp)+ = max{z, — x,,0}.
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Spectral Sparsification 1V

Undirected Directed
Graphs: [ST11,5508] --- .-+ [JSSTZ25]
Hypergraphs:  [NR13] --- [JLS23, Lee23] | [SY19] --- [OST23]

There is a lot more!
« Different settings: parallel, distributed, dynamic, ...
« Approximation: additive or multiplicative

- Different graph classes.
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The Dynamic Setting

Dynamic Algorithm

Dynamic Hypergraph H Spectral Sparsifier H
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Our Results

Our Main Result: For 0 < € < 1, with high probability, we maintain a
(1 & €)-spectral sparsifier H of H with:

. Amortized update time O(r? log® m), and
. Size O(n?/e?log” m), and

+ Initialization time O(mr? log® m).
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Our Main Result: For 0 < € < 1, with high probability, we maintain a
(1 & €)-spectral sparsifier H of H with:

. Amortized update time O(r? log® m), and
. Size O(n?/e?log” m), and

+ Initialization time O(mr? log® m).

Nearly tight guarantees:
« Update time is £(r), and
. Size is Q(n?/e) [OST23].

Parallel Batch-Dynamic Result: Batches of k insertions and deletions:
. Amortized work O(kr? log® m), and
. Depth O(log? m), and

« Same size and Initialization time.
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Sparsifier Construction |
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A critical edges

A-coreset C' = { critical edges of uv | u,v € V'}

|C] = O(An?)
A = O(log® m/e?)
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Sparsifier Construction Il

The algorithm of [OST23]:
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The algorithm of [OST23]:
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Sparsifier Construction Il

The algorithm of [OST23]:
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Dynamic Algorithm

Main ldea:

1. Design a decremental algorithm
2. Generalize to the fully dynamic setting
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Dynamic Algorithm

Main Idea:
1. Design a decremental algorithm - adapt the static algorithm

2. Generalize to the fully dynamic setting
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Dynamic Algorithm

Main Idea:
1. Design a decremental algorithm - adapt the static algorithm
2. Generalize to the fully dynamic setting - batching]

Fully Dynamic Spectral Sparsification for Directed Hypergraphs 12/15



Decremental Algorithm

The algorithm of [OST23]:
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Decremental Algorithm

The algorithm of [OST23]:
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Decremental Algorithm

The algorithm of [OST23]:
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Decremental Algorithm

Our modification: similar to [ADKKP16] for graphs
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Decremental Algorithm

Our modification: similar to [ADKKP16] for graphs
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Decremental Algorithm

Our modification: similar to [ADKKP16] for graphs
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