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Research of a Load-Balanced Algorithm Based on Flow Mapping

DAI Yi SU Jin-Shu SUN Zhi-Gang
(School of Computer, National University of Defense Technology, Changsha 410073)

Abstract Network operators would like high capacity router architectures that can offer guaran-
teed throughput, scalability and maintain packet ordering. However, current centralized cross-
bar-based architectures cannot scale to higher performance and port counts. The load-balanced
switch architectures rely on two identical stages of fixed configuration meshes appear to be an ef-
fective way to scale Internet routers to very high capacities, they have the critical problem of
packet mis-sequence with reordering complexity of O(N?). In this paper, we propose a region
equalization architecture, in which every 2 consecutive intermediate inputs are organized as a re-
gion and each input port adopts a Uniform Fine-grain Frame Spreading (UFFS-%£, where & is the
aggregate factor) algorithm assigning %4 cells of the same flow to the fixed mapping region in a
fine-grain manner during # successive external time slots. We give theoretical proofs that 100 %
throughput and packet ordering can be achieved by using UFFS-£ algorithm at each input. To
avoid traffic concentration in regions, a dual-rotation mapping algorithm is used to construct a
mapping relationship between flows from different inputs and regions. Furthermore, in order to

distribute input traffic equally among the intermediate inputs, the UFFS-%£ algorithm dispatches
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each unit frame according to a global traffic distribution matrix maintained at each input. It is

proofed that for each output port j, the lengths of OQ; are equal for the same region and the

lengths OQ; differ by at most 1 for any two different regions, thus achieving 100% load balancing

degree. The UFFS-£ algorithm is distributed and can operate independently in each input. It

spreads each flow to intermediate inputs according to the mapping relationship between flows to

regions as well as traffic distribution state. As the simulation results demonstrate, when k=2,

UFFS-% offers improved delay performance among existing scheduling algorithms that guarantee

packet ordering.
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Background

Continuing growth in traffic, the size of Internet as well
as the Internet applications puts forward great challenge to
backbone router design. The load-balanced switch architec-
tures without dynamic switch configurations for cell forward-
ing appear to be an effective way to scale Internet routers to
very high capacities. However, the load-balanced router ar-
chitecture has the critical problem that packet departures can
be badly mis-sequenced. The approaches enforcing packet re-
ordering either rely on complex, centralized schedulers, or
require reordering buffers of size O (N?), and the corre-
sponding quadratic increase in packet delays, where N is the
switch size. In this paper, we introduce a novel Uniform
Fine-grain Frame Spreading (UFFS-£) algorithm for the
load-balanced router that can guarantees packet ordering by
spreading cells of the same flow to the fixed region in a fine-
grained way, thus eliminating cell reassembly overhead at
output. The UFFS-£ algorithm is distributed and can operate
independently in each input. To avoid traffic concentration in
regions, a dual-rotation mapping algorithm is used to construct
a mapping relationship between flows from different inputs and
regions. It is theoretically proofed that 100% throughput and
packet ordering can be achieved by using UFFS-£ algorithm at
each input. In addition, by maintaining a global traffic distri-
bution matrix at each input 100% load balancing degree can be
achieved. As the simulation results demonstrate, when k=2,

UFFS-k offers improved delay performance among existing

network architectures, information security.
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the capacity and port density of the switch can hardly keep up
with the growth of traffic resulting from increasing link speeds
and the number of hosts on the Internet. On the other hand,
IP-lookup performance in core routers can hardly keep up with
the growth of FIB size resulting from widely used multi-
homed technology and increased Internet size. A router logi-
cally consists of two consecutive stages namely forwarding
stage and switching stage. These two processing stages are
implemented in different hardware components and performed
in order, which hinders parallelism development inside rout-
ers. We originally propose a distinct packet processing mech-
anism FIS (Forwarding In Switch) and make comprehensive
research on the key technologies of FIS mechanism including
the router architecture, partition and logical mapping of rou-
ting table, IPv6 forwarding mechanism. as well as the self-
sufficient switch mechanism. This work focuses on distribu-
ted switch and load-balanced scheduling algorithm. By avoi-
ding packet reordering in load-balanced switches this zero-
communication scheduling algorithm is obviously feasible to

implement in high-speed routers.



