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Jakarin Chawachat 2013: Algorithms for Range Queries and Content Delivery Planning for
Peer-to-Peer Streaming. Doctor of Engineering (Computer Engineering), Major Field:
Computer Engineering, Department of Computer Engineering. Thesis Advisor:

Assistant Professor Jittat Fakcharoenphol, Ph.D. 96 pages.

This thesis considers two important problems in Peer-to-Peer streaming. The first part of this
thesis considers content delivery planning where peers in the network have diverse uplink bandwidths.
The objective of this problem is to find a streaming scheme that minimizes the maximum delivery time
from the source to any peers. We consider the special case of this problem where all bandwidths are
multiples of the required bandwidth and prove that there exists an optimal solution which is a tree.
Using this fact, the problem in this case naturally reduces to the Bounded Degree Minimum Diameter
Spanning Tree problem with Non-Uniform Degree Bounds. We propose an algorithm for this problem
which is an extension of Kénemann et al.'s algorithm that works only uniform degree bounds. The
solution obtained from our algorithm is a streaming scheme whose delays are at most O(+/logn) times

the optimal delay where n is the number of nodes in the network.

In the second part, we consider range queries. Peer-to-Peer networks usually employ distributed
hash tables to handle data queries. However, hashing destroys the locality property of object keys, the
critical properties to range queries. Ganesan et al. avoid the hashing approach and introduce a load-
balancing algorithm that works with a system that searches directly on the key space. Their algorithm
guarantees an imbalance ratio of 4.237 where the imbalance ratio is the ratio between the maximum and
minimum load in the network, while using only a constant amortized cost per operation. However, the
proposed algorithm is recursive, which is undesirable in practical settings. We present a simpler and
non-recursive load-balancing algorithm which guarantees an imbalance ratio of 7.464 with constant

amortized costs per operation.
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Procedure ADJUSTLOAD(u) FOR INSERTION

1:
2:
3:

10:
11:
12:
13:
14:
15:
16:
17:

4
5
6
7
8
9

Let L(N;) =z € (T, Trnt1]-
Let N; be the lighter loaded neighbor of N;.
if L(Nj) < Tm—l then
{Do NBRADJUST}
Move tuples from N; to N; to equalize load.
ADJUSTLOAD(N;).
ADJUSTLOAD(N;).

: else

Find the least-loaded node Nj.

if L(Ny) <T,,_o then
{Do REORDER}
Transfer all data from Ni to N = Ny41.
Transfer data from N; to Ng, s.t., L(N;) = [z/2] and L(Ny) = |z/2]
ADJUSTLOAD(N).
{Rename nodes appropriately.}

end if

end if
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Procedure BDST with non-uniform degree bound

1: Let V7 be the set of nodes v € V with B, = 1.

2: Let V5 be the set of nodes v € V' with B, = 2.

3: Let V3 be the set of nodes v € V with B, > 2.

4: //base construction

5: For each node v € V3, create a set of nodes c(v) = {v!,v?, ... vB =2}

6: Let V' = Uyevye(v).

7: Define a mapping function f: V' — V to be such that f(u) = v iff u € ¢(v).
8: Define the metric d’:for any u,v € V', let d'(u,v) = d(f(u), f(v)).

9: Assign degree bound of every node v € V' to 3.
10: Using the K LS algorithm to construct a tree H' from V' using metric d'.
11: Convert a tree H' to H which uses a node set V by Lemma 3
12: //tails construction
13: Let K be the total amount of unused degree in the base.
14: Using the FFH K algorithm to partition V into K tours.
15: For each tour, traverse the tour starting at the root node r, and skipping over nodes in V3—{r}

and V7. Then remove r from the path. We got a set of paths, L1, Lo, ..., Lk.
16: //combine
17: Attach each path L; to nodes in H which has unused degree for 1 < < K.
18: Attach each node in V; to the end of each tail.

9 (%

' v
MNA 10 VUADUITE 115U BDST with non-uniform degree bound
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Procedure MINBALANCE (u)

1: Let v be the minimum-loaded node in the system.
2: if L(u) > o - L(v) then
3:  //MINBALANCE steps
Let z be the lightly-loaded neighbor of v.
Transfer all keys of v to z.

4
5
6:  Transfer a half-load of u to v, s.t., L(u) = {L(“)—‘ and L(v) = LMJ
7
8

2 2
Rename nodes appropriately.
: end if
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Procedure SPLIT (u)
1: Let w be the maximum-loaded node in the system.
2: if L(u) < L) then
3:  Let z be the lightly-loaded neighbor of u.

4 if L(z)<2- % then

5: //SPLITMAX steps

6: Transfer all keys of u to z.

7: Transfer a half-load of w to u, s.t., L(w) = [@-‘ and L(u) = {@J

8  else

9: //SPLITNBR steps

10: Move keys from z to u to equalize load, s.t., L(u) = [M—‘ and L(z) = LL;L(Z))J .
11:  end if

12:  {Rename nodes appropriately. }

13: end if

M 13 MIANUUMNS SPLIT
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