






























































[t should be menfioned that, not too many routing algorithms of those proposed in
t.he literature for multidimensional meshes are pure algorithms. The algorithms that use
sorting of subnetworks as a subroutine [3, 4, 6, 8, 16, 12] certainly do not belong in this
class. The same holds for algorithms that treat corner packets differently (2, 8,12, 13]. For
2-dimensional meshes, as pure algorithms can be considered the greedy routing algorithm
that routes the packets first to the correct column and then tho the correct row, and the
algorithm proposed by Symvonis and Makedon in [9] {15, Chapter 2].

The following theorem demonstrates that different lower bounds can be obtained for
pure routing algorithms. This is done by proving an (n + 1}k/4 lower bound for the
~ bisection limited permutation problem on a ring of n processors. Recall that the general

lower bound for this problem is kn/4.

Theorem 4 There is a bisection limited permutation routing problem on a ring of n

processors that requires for its solution by any pure routing algorithm at least (n + 1)k/4

routing steps.

Proof Consider the situation where %, the number of packets per processor, is odd, the
ring consists of an even number of processors , and the packets at F; are destined for
By 2ymodn, 0 = i < n. Let k= 2u+ 1. Since we assume a pure routing algorithm, all
processors must send the same number of packets along the clockwise direction {and thus,
aloﬁg the counter-clockwise direction). There are & different decisions that the algorithm
can make. In decision d, 1 < d < k, d packets are routed along the clockwise direction
and k — d are routed along the counter-clockwise direction. If decision d was taken, the
routing will be completed after at least (n/2) max{d, k — d) steps. Then, the lower bound
is the minimum number of routing %teps needed to complete the routing if any of the d

decisions was taken. Thus, any pure algorithm needs in the worst case at least

noo. n k 7 . n n o
§1§§é1k(max(d> k—dj) = 5(51 = 5(# tl)=getg = (2p+1)



G Conclusions - Further work

In this paper, we have examined multipacket routing problems on rings. We divided these
problems mnto two categories, distance limited and bisection limited routing problems. We
presented a new lower bound for the case of distance limited problems and we gave an
algorithm that tightens the lower bound. For the case of bisection limited problems,
we presented an algorithm that solves any problem within kn/4 + 2.5n routing steps.
Thus, we have succeed to present an algorithm that approximates within an additive
factor the number of routing steps required in the worst case. The class of the pure
routing algorithms was defined, and it was demonstrated that better lower bounds can
be obtained for this class of routing algorithms.

The results presented in this paper for the case of bisection limited permutation prob-
lems were at most 2.5n routing steps away from the lower bound. An interesting problem
1s to design an algorithm that matches the lower bound. We anticipate that this algorithm
will not fall into the class of pure routing algorithms. Another problem that deserves at-
tention is to derive lower bounds for pure routing algorithms for multidimensional meshes
and tori. In this case it would be very interested if we had a lower bound that is a func-

tion of the maximum number of packets that can be accomodated at the queue of any

Processor.
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