














After defining what is meant by balance, the algorithm can be
shown to meet requirements 1-3. Termination can be guaranteed
when a particular rule is used for selecting the pair of sites to
be optimized. Note that no assumption is made on which resource
units to move in a pair wise optimization. The results outlined
below support this claim.

Definition: Two sites are balanced when no single rescurce
unit can be moved from the site with larger site cost
to the site with lower site cost and not inecrease the
pair's Delta.

Intuitively, the definition of pair wise balance says that two
sites are balanced when the re-ailocation of any resocurce unit
from the larger site to the smaller site would worsen the site
pair balance. Pair wise balance can be tested with relatively
little communication:

Theorem: Two sites, a and b where Cost_a > Cost_b, are
unbalanced 1ff Cost a > Cost b + m¢n S _a, where min s a
is the size of the smallest Sized resource unit allocated
to site a.

This theorem implies that pair wise balance can be tested by
broadcasting for each site, a, its over all cost, Cost_a, and the
size of the smallest resource unit on site a, min_s_a.

Therefore, the amount of control communication needed to perform
the (distributed) while test of the algorithm is 2¥3. 1In
addition, stopping the optimization of a pair of sites can be
done with no extra control communication. The larger cost site
must know the site cost of the smaller site from the while test.
As optimization proceeds, the larger cost site can update its
copy of the smaller site's cost.

It can be shown that the resulting allocation can not be
infinitely unbalanced:

Theorem: The allocation produced by the algorithm must have its

maximum system wide Delta < max s, where max_s is the
largest resource unit size.



To establish the termination result it is necessary to require
that the unbalanced pair optimized be the one with the largest
pair wise delta. With the assumption the following result can be
established:

Theorem: When the largest delta unbalanced pair is next
optimized, the algorithm terminates in time o(S¥*R).

4) Simulations Studies

The algorithm given in the previous section i3 not completely
specified, The rule used in dcoing & pair wise optimization that
governs which resource is next moved is needed. Two pair wise
optimization techniques are being investigated by simulation
{Theoretically, they must behave as outlined in the preceding
section.) We wish to determine how the convergence rate of the
algorithm for both pair wise optimization rules is effected as a
function of:

the number of sites in the system,

the number of resource units,

the initial allocation of resgurce units and

the statistical distribution of resource unit sizes,
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5) Conclusions

We have identified a class of resource allocation algorithms that
can be implemented efficiently on a distributed system and that
can be shown to terminate in a reasconable amount of time and that
produce allocations whese maximum unbalance is bounded.
Simulation studies will attempt tTo measure the performance of two
particular algorithms in this class to determine how the realized
performance is effected by variations of certain key parameters.
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