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On the Complexity of Optimal Scheduling Multi-Rate Nested Periodic Traffic
in an Input-Queued Switch

WU Jun LI Bin

(School of Information Engineering ,» Yangzhou University . Yangzhou, Jiangsu 225009)

Abstract  Many applications need that the switching nodes in a network can guarantee the packet
deadlines. Multi-rate periodic traffic scheduling is an important method for providing such guar-
antee. Under overloading traffics, making an optimal scheduling is a key issue. In this paper,
two optimal scheduling problems, respectively in terms of switch throughput and call congestion
ration, are proposed. In order to analysis the complexity, the authors introduce a restricted
Max2Sat problem, and show that the restricted Max2Sat problem is NP complete. Then, a poly-
nomial-time reduction from the Max2Sat problem to the optimal scheduling problem is given for
proving that the optimal scheduling problems with only one and two periods are strongly NPC.
And this result is generalized to show that any nested periodic traffic optimal scheduling problems

are also NP-hard.
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Background

In modern networks, Input-queued switching fabrics or
Broadcast-and-Select optical switching structures are widely
used. Both the switching systems have a common property:
any two packets to be switched in same timeslot should have
different input ports and different output ports, otherwise a
conflict occurs. On the other hand, voice and video traffics
are widespread in Internet, which appeal switches to provide
QoS guaranteed service. Hard real-time packet scheduling in
input-queued switches is proposed under the aforementioned
background.

In this area, there have some results for deadline guar-
anteed packet schedulable problem, deadline guaranteed opti-
mal packet scheduling problem and periodic traffic schedula-
ble problem. The deadline guaranteed packet schedulable
problem is NPC when deadline classes is more than 2, and
EDD algorithm can make a schedule only when the traffic

load is under 0.5. The deadline guaranteed optimal packet

scheduling problem is NPC even with two deadline classes. A
heuristic algorithm, named FIP, was proposed. The periodic
traffic schedulable problem with nested period is polynomially
resolvable.  While the complexity of the periodic traffic
schedulable problem is not clear. And an realistic problem.
the periodic traffic optimal scheduling problem, is still
empty.

This work proposes two optimal objects for periodic
traffic scheduling in 1Q switches. And it shows that these
two problems are NPC even only with two period classes one
and two. This result is interesting because the problems with
one and two period seem quite simple. To the best of our
knowledge, this result is given firstly. This work is partially
supported by Natural Science Foundation of Jiangsu Province

under grant No. BK2009698 and BK2007074, and the Natu-
ral Science Foundation of No. 60873219 and No. 60903161.



