ASSIGNMENT 2 - DISTRIBUTED ALGORITHMS

DuE DATE - 13/12/06

(1) (Upcast with unordered items): Given a rooted tree (7', rt) and m items
Py, .., P,, which are initially stored at some of the vertices of the tree T" in
an arbitrary manner. Items can be replicated, namely, each item is stored
in one or more vertices (and each vertex may store zero or more items).
The goal is to end up with all the items stored at the root of the tree, rt.
The items are entirely incomparable (namely, for any two items stored at
some vertex, that vertex only knows that these items are distinct, but does
not know their indices and cannot determine whether the index of one item
is greater then the index of the other item).

(a) Describe a distributed algorithm for solving the problem in the syn-
chronous model. Analyze the time and message complexities of your
algorithm

(b) Same as (a) but in the asynchronous model.

(2) Given a rooted tree (T, rt) and a set of 2k vertices W = {w1, ..., wai }, W C
V(T') which is initially marked in the tree.

Definition 0.1. Let f be a bijection from W to W. For a vertex w € W,
denote the unique path between w and f(w) in the tree T by Py, (f).

(a) Prove that there exists a bijection f: W — W | such that f(x) # =
for every x € W, such that for all pair of distinct vertices w,w’ € W,
such that w’ # f(w), the paths P, (f) and P, (f) are edge-disjoint.

(b) Describe a distributed algorithm that finds the mapping of f in the
synchronous model. At the end of the execution of the algorithm, each
vertex w in W should know the identifier of the vertex with which it is
paired, namely the value of f(w), and which of its incident edges is in
P, (f). Analyze the time and message complexities of your algorithm.

(3) Describe two synchronous algorithms for the Maximum Weight Spanning
Tree problem (similar to the classic problem taught in class but with max-
imum instead of minimum).

(4) Give an O(n) distributed algorithm for MST construction on an n-vertex
weighted ring with a single initiator.

(5) Consider a network G = (V, E,w), s.t. every two vertices are connected
with an edge, and hence, in each phase each vertex can send a (short) mes-
sage to each of the other vertices in the network. Describe a synchronous
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algorithm for MST construction on G. Analyze its message and time com-
plexities. Hint: The time complexity of an efficient algorithm should be
o(|V]) (significantly less than |V|).



