Contents

1

Introduction . . . . . ... ... e 3
1.1 The Allocation Problem . .. ... ... .. ... .. ........... 5
1.2 Criteria for the Evaluation of Allocation Algorithms . . . . . ... ... 7
1.3 Previous Results and Related Work . . . . . .. ... ... ....... 7
1.3.1 The sequential setting . . . ... ... .. ... .. ... ... . 8
1.3.2 Theparallelsetting . . . .. ... ... ... ... ....... 10
1.3.3 Lower bounds for the parallel setting . . . ... ... ... .. 11
1.34 Relatedwork . ....... ... ... ... .. . .. ... .. 14
1.4 The AimofthisThesis . . . . . .. .. ... ... .. . . ... ... 15
1.6 NewResults . . . . . . . .. . . e 16

1.5.1 Example: the greedy algorithm using general i-th copy distributions 17
1.5.2 Example: the c-priority algorithm and a realistic deletion scheme 18

1.5.3 Anoverviewontheresults . . . . ... ... ... ... ..., 20
1.6 Outlineof this Thesis . . . .« v v v v v v it e e e e e e e e 21
1.7 The Example Algorithms . . . . . ... .. ... ... ... .. ..... 21
1.7.1 The c-collision algorithm . . . . . .. ... ... .. ....... 21
1.7.2 The greedy algorithm in an infinite setting . . . . . .. .. ... 22
1.7.3 Comparing the c-collision and the greedy algorithm . . ... .. 23
Preliminary Section . . . . . ... ... ... ... ... ... .. ... 25
2.1 Hypergraphs. . . . . . . . . . e e 25
2.2 DeviationBounds . . . . . . . ... . e 26
The Witness Tree Analysis . . . . . . . ... ... ... ... ........ 29
3.1 Witness Forests for the Example Algorithms . . . . . ... ... .... 29
3.1.1 A witness forest for the c-collision algorithm . . . ... ... .. 29
3.1.2 A witness forest for the greedy algorithm . . . . .. .. ... .. 30
3.2 TheMain Lemma . . . . . . ¢« v v it it e e e et e et e 32
3.3 Consequences for the Example Algorithms . . . . ... ... ... ... 38
3.3.1 Consequences for the c-collision algorithm . ... ... ... .. 38
3.3.2 Consequences for the greedy algorithm . . ... ... ...... 39

3.4 The Proofofthe Main Lemma . . . . . . . . . i i v v v v 40



4 The Argument for Weighted Jobs . . . . . . . .. ... .. ......... o7

4.1 The load collision algorithm . . . . .. ... ... .. ... ....... 57
4.2 A Representation for the Load Collision Algorithm . .. ... ... .. 57
4.3 The Main Lemma for Weighted Jobs . . . . . ... ... ... .. ... 59
4.4 Consequences for the Load Collision Algorithm . ... ... ... ... 61
4.5 The Proof for the Weighted Case . . .. ... ... ... ... ..... 61
5 Applications of the MainLemma . . . ... ... ... ........... 67
5.1 The Sequential Setting . . . . . . ... ... .. ... . ... ... 67
5.1.1 The greedy algorithm . . . . .. .. .. ... ... . ..., 67
5.1.2 The greedy algorithm on weighted allocation problems . . . .. 74
5.1.3 The Always-go-Left version of the greedy algorithm . . . . . .. 76
5.2 The Parallel Setting . . . .. ... .. ... ... ... ... ..., 78
5.2.1 'The c-priority algorithm . . .. ... ... ... .. ....... 78
5.2.1.1 The representation for the c-priority algorithm . ... 80
5.2.1.2 The finite setting . . . . . . ... ... ... 81
5.2.1.3 Theinfinitesetting . . . . . . ... ... ... ... .. 85
5.2.2 The c-collision algorithm revisited . . . . . . .. .. .. .. ... 88
5.2.2.1 The asynchronous version of the c-collision algorithm . 88
5.2.2.2 The adaptive collision algorithm . .. .. ... .. .. 89

5.2.2.3 The c-collision algorithm and its variants on arbitrary
i-th copy distributions . . . . . .. .. ... ... ... 92
6 An Application of the Balls-Into-Bins Paradigm to Routing . . . . . . . . 95
6.1 Introduction . . . . . . . .. . . ... ... 95
6.1.1 Circuit routing algorithms and their performance . ... .. .. 95
6.1.2 Network and problem definitions . . . .. .. ... ....... 96
6.1.3 Previouswork . . . ... .. ... ... oo, 97
6.1.4 Ourresults . ... .. .. . . .. e 99
6.2 Routing in the Two-Fold Butterfly ... ... ... ... ..... ... 100
6.2.1 Routing in BBy in a finite parallel setting . . . . . . ... ... 100
6.2.2 Routing in BBy in an infinite sequential setting . . . . . . . . . 109
7 Conclusions . . . . . . . . . . e e e e 115

Bibliography . . . . . . . . . ... e 117



