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Abstract— In this paper, we present a solution to the problem 
of scaling MANETs beyond 100 nodes, while providing service 
levels comparable to cellular networks. Flat MANETs are limited 
to about 100 nodes due to the high overhead of control traffic and 
the high inefficiency of multi-hop forwarding (Gupta-Kumar 
bound). Hierarchical (such as cellular) networks scale 
indefinitely, but do not provide uniform geographic coverage, 
and require pervasive infrastructure. Assuming a minimal 
infrastructure consisting of a fixed long-range radio, we have 
developed a networking system called MIANET that efficiently 
exploits the limited resources of this infrastructure. Specifically, 
MIANET drastically limits the control traffic overhead by (1) 
identifying “operating regimes” within the MANET that share 
common network and application requirements; and (2) tailoring 
data forwarding protocols based on the operating regime. 
Moreover, MIANET maximizes the benefits of fixed wireless 
radio by selecting to forward over this radio the data and control 
traffic requiring the most MANET resources (such as longest 
MANET paths). We have shown in emulation experiments that 
MIANET increases the maximum MANET size providing 
acceptable goodput from 100 to at least 500 nodes, compared to 
standard MANET forwarding using link-state routing or 
flooding. 

Keywords – MANET, Scaling, Fixed Wireless, network operating 
regime, protocol tailoring, hybrid networks, MIANET. 

I. INTRODUCTION 

Tactical networks rely on mobile ad-hoc networks (MANETs) 
where fixed infrastructure is unavailable. The proliferation of 
specialized MANET protocols adapted to particular operating 
conditions (with none of them scaling significantly beyond 
O(100) nodes for all conditions) suggests that no single 
MANET protocol can support a large-scale deployment 
without significant tailoring. There are three main obstacles to 
MANET scaling. First, large non-hierarchical networks require 
long average paths between nodes ( √  for 2D mesh 
networks with N nodes), and thus the average goodput in a 
MANET with uniformly distributed flows decreases as 1 √⁄  (Gupta-Kumar bound). 

Second, MANETs are unable to support the accumulated 
control signaling overhead that occurs in large dynamic 
networks (link state traffic grows as  per node, where 
M is the average number of neighbors per node, and F is the 
frequency of link state updates). When control signaling is 
intentionally scoped, imprecise data forwarding caused by the 
reduced signaling counters any achieved gains. A third 
problem is that network performance is highly dependent on 
user, topology, and operational conditions. No single or 
hybridized solution can accommodate the range of situations. 
Therefore, stable solutions are required that can efficiently 

incorporate multiple MANET algorithms and manage their use 
in appropriate operational regimes. 

Cellular networks achieve unlimited scaling by using fixed 
wireless connected by wired infrastructure, and by limiting the 
wireless portion of end-to-end paths to only one or two hops. 
However, this solution is designed for serving concentrated 
populations, while tactical MANETs are required to cover 
large geographical areas. Adding a fixed wireless infrastructure 
with long range radios to MANETs can provide such coverage. 
But the limited capacity and limited geographic placement of 
such radios (unlike the ubiquitous cellular towers) eliminate 
the simple (cellular) solution of all traffic being serviced 
through the infrastructure. An efficient solution would combine 
MANET forwarding with selective use of the fixed wireless 
infrastructure, and with specific adaptation to network 
conditions and traffic characteristics. 

In this paper, we present the principles, design and 
performance of the “Mobile Infrastructure-assisted Ad-hoc 
Network” (MIANET) system we developed to address the 
above challenges and provide MANET scaling to 500-5000 
nodes. The MIANET architecture combines multiple data-
sharing protocols, aligns their signaling to match local 
conditions, efficiently exploits fixed wireless infrastructure, 
and supports unicast and multicast on standard and legacy IP-
based applications. Based on team research [M11], our central 
innovations (1) identify “operating regimes” within the 
MANET that share common network and application 
requirements; and (2) tailor protocol control signaling and data 
dissemination algorithms based on the operating regime. 

We have demonstrated regime identification and quantified the 
initial performance gains obtained through protocol tailoring.  
Specifically, we developed local and global regime 
classification algorithms that efficiently distinguish between 
quasi-stable and dynamic network regions. Based on the 
classification, each node selects in real time the most efficient 
strategy for data forwarding that is effective in those network 
conditions. This approach significantly increases scalability 
over a “one size fits all” solution. Specifically, we 
demonstrated substantial gains with only a limited set of data 
forwarding strategies: stateful routing and stateless flooding.  
Using a 500-node EMANE-based wireless emulator, MIANET 
tailoring of forwarding strategies demonstrated 3x gains over 
any single homogenous forwarding strategy.  Moreover, 
adding fixed infrastructure demonstrated 2x additional 
performance gain by reducing control-signaling overhead for 
the MANET radios. An additional 2x to 4x throughput gain 
was observed when long-range selective data forwarding over 
a fixed wireless radio is introduced. 

(*) This work was funded by DARPA under contract FA8750-12-C-0229. 
This document does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government. 
Distribution statement A: Approved for Public Release, Distribution
Unlimited.  Cleared for open publication on May 3, 2013. 
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