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Route-blind Load-balanced Switching
Network: An NP-free Fat-tree Topology
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Abstract

Complying with the suggestion from main network
equipment manufacturers such as Cisco and Juniper, routers
are connected in a tree topology in the present Internet. That
is, data flows are aggregated and routed by the routers located
in the tree nodes based on Internet address lookup. However,
as technology advances, link speeds increase more quickly
than processor speeds. The current connection of routers in
tree topology with address lookup by network processors will
eventually become infeasible as demands for network services
and more bandwidth continue.

In this document we propose an unprecedented idea, in
which we view the entire network as a large virtual switch.
In this virtual switch, the network topology becomes the
switching core. We propose load-balanced Birkhoff-von
Neumann switches as the core of the virtual switch as load-
balanced Birkhoff-von Neumann switches are highly scalable
and can guarantee 100% throughput. Buffers and switching
nodes are connected by a “fat” tree in this virtual switch. By a
fat tree, we mean a tree in which the link speeds increase as
one traverses from any leaf node to the root of the tree. The
symmetric time division multiplexing connection patterns of
the load-balanced Birkhoff-von Neumann switch eliminates
the need for Internet address lookups. We call this property

the route blind property.
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The main drawback is that the link speeds in the fat tree
increase exponentially. To solve this problem we propose bit
reversal design which dramatically decreases the link speeds in
the fat tree. In this design, the switch core is completely void
of virtual output queues. All virtual output queues are located
in the leaves of the fat tree. Thus, this design is particularly
suitable for an ultra speed network in which the maximum
link speed exceeds the memory access speed. In addition, this
design is suitable for a circuit switched network, in which there
is no virtual output queue in the core of the network.

We have built a prototyped route-blind load-balanced switch
with fat-tree topology in an AdvancedTCA chassis. We have
also designed a single eighteen-layered printed circuit board
(PCB) hardware platform, which could be programmed to
function as a line card or as a switching fabric to realize a
route-blind fat tree with 8 nodes. In addition, our PCB design
supports hot-swap capability which allows line cards to be
plugged into the AdvancedTCA chassis and program code
be automatically loaded from compact flash memory on the
board while the switch is operational.

For future work we propose to combine the bit reversal design
with the rate aggregation design. The result is a virtual switch

that is route blind and can support multiple access speeds.




