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ABSTRACT †‡ 
Current IP-based telemetry systems such as iNET perform capacity allocation among multiple 

radios under the assumption of uniform link rates. This assumption breaks down when adaptive 
modulation is deployed to vary link rates in response to channel degradation. In particular, many 
modern radios can increase their transmission rate through adaptive coding. To take advantage 
of these increased rates, we designed several iNET Link Manager (LM) bandwidth allocation 
algorithms for the future iNET that implements adaptive coding techniques. These new LM 
algorithms include both weight-based schemes in which link bandwidth is allocated based on the 
priority assigned to the links and queues, as well as a greedy algorithm in which link bandwidth 
is allocated strictly based on link rates. We evaluated the effectiveness of these algorithms using 
both analytical analysis and test-bed experimentation. Through a rich set of test-cases, we 
conclude that a weight-based algorithm in which link priority is assigned using the product of link 
weight and link data rate has the best performance, and hence can be considered for the future 
iNET LM. 

 

I. INTRODUCTION 
In a multiple-access telemetry network such as the iNET [1] Radio Access Network (RAN), 

where an RF-link is shared across geographically dispersed nodes, allocating capacity to achieve 
QoS guarantee for multiple mission priority levels is a challenging task. The iNET network-based 
architecture provides this functionality through the Link Manager (LM) [2][3]. In the LM 
configuration, every QoS class is assigned a “class weight” based on DSCP, and every link is 
assigned “link priority weight” based on Mission Service Level Profile (MSLP) Weight/Priority. 
The LM instance at a ground node obtains the current per-mission/per-QoS class traffic demands 
and queue depths from airborne Test Articles (TAs) and ground network nodes. Using these inputs, 
LM acts as a TDMA controller to allocate slots by assigning RF channel capacity. It does so 
through generation of Transmission Opportunities (TxOps) messages that establish uplinks and 
downlinks and allocate transmission resources based on packet and mission priority. Figure 1 
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Technology (T&E/S&T) Program through the U.S. Army Program Executive Office for Simulation, Training and 
Instrumentation (PEO STRI) under Contract No. W900KK-13-C-0027. 
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depicts a simplified view of capacity allocation through TxOps for three links, each configured 
with three Traffic Engineering (TE) queues. A conceptual depiction of LM system architecture is 
shown in Figure 2. 

 
Figure 1: Capacity allocation through TxOps 

Previously, the iNET 
Management and Operations with 
Policy Controls (iMANPOL) program 
developed several techniques to 
provide end-to-end QoS [4] for 
advanced telemetry networks. In 
particular, the iMANPOL capacity 
allocation algorithms were designed 
to help LM deal with difficult 
scenarios of severe congestion and ill-
behaving users and traffic flows. The 
underlying premise is that protecting 
“well-behaved” links (i.e., the ones 
that do not overload the system at the 
expense of other links) and penalizing 
“ill-behaved” ones (i.e., the 
overloading links) is aligned with 

demonstration/anticipated CONOPS for the test range networked telemetry system. In the course 
of the iMANPOL project, these algorithms have been adapted for the LM architecture, 
implemented, and validated. The modeling and evaluation effort has confirmed the feasibility and 
value of the approach. 

Up to this point, the link transmission rate in the iNET RAN is assumed to be constant. Many 
modern radios implement adaptive coding techniques that can increase the link transmission rate 
upon favorable link quality conditions. Hence, there are on-going discussions to bring adaptive 
coding techniques into iNET to further increase its capacity. These techniques introduce a new 
interesting dimension into the LM capacity allocation algorithms. For example, one can allocate 
as much TxOps as possible to the link with the highest data rate to maximize the total aggregated 
throughput. However, the links with lower transmission rates that might carry important traffic can 
in the meanwhile get “starved”. Conversely, allocating as much TxOps to links with high priority 
traffic but lower data rates will decrease the total throughput. 

In this paper, we present several candidate LM allocation algorithms for future iNET with 
adaptive coding. We produced detailed analysis and test-bed experimentation of the algorithms 
and studied their behavior over several performance metrics. Based on the analysis and 
experimentation results, we identified the best algorithm. 

The rest of the paper is organized as follows. Section II describes and compares different 
capacity allocation algorithms. Performance evaluation study is presented in Section III. Section 
IV concludes the paper. 

 
Figure 2: Conceptual LM system architecture  
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II.  CAPACITY ALLOCATION 
The goal of our capacity allocation algorithm design is to keep maximizing the total aggregated 

system throughput and high-priority traffic throughput in balance. As such, two families of 
algorithms are devised. 

A. Weight-Based Algorithm 
The pictorial 

description of the 
Weight-based 
algorithms is 
shown in Figure 3. 
In these 
algorithms, the 
weight-factor is an 
indicator of the 
priority given to a 
particular class of 
traffic. The 
algorithms are 
based on the concept of “guaranteed bandwidth” or the “quota”, which is computed as the total 
bandwidth (or number of slots available for allocation) times the weight-factor of the traffic class 
divided by the total weight-factor. 

As shown in Figure 4, we consider the 
following three weight factors: link weight times 
the queue weight, link weight times the queue 
weight times the link rate, and link rate. 
Therefore, the algorithm allocates on-demand 
capacity in proportion to the weight factor. After 
the guaranteed capacity (i.e. quota) is allocated to 
each traffic class (to guarantee basic fairness), the 
remaining on-demand capacity is allocated in the 
following manner: for those traffic classes with a 
traffic demand smaller than the quota, they will 
be allocated with their demand. For traffic classes 

with a demand larger than the quota, the remaining bandwidth is allocated proportional to their 
weight factors. In short, this set of algorithms for variable link rates extended the original 
iMANPOL LM algorithm by generalizing the “weight factor” concept. In the original algorithms, 
priority/preference is given to a queue according to its queue weight. The new algorithms also 
incorporate link rates, i.e., the higher the rate of a link, the higher its preference. 

B. Greedy Algorithm 
The goal of the Greedy algorithm (Figure 5) is to maximize the total throughput of the system, 

regardless of other factors like queue weight and traffic priority. 

 
Figure 3: Weight-based capacity allocation 

 
Figure 4: Capacity weight factors 

Assign queues with the pre-
configured minimum number of 

slots
Y

Compute the guaranteed slot 
allocation i.e. quota for every 
link’s QoS classes, i.e., each TE 
queue across multiple links (see 
box below) For every queue,

if demand < quota
allocation = demand
else allocation = quotaFor every queue,

allocation = demand

Total demand > 
Total capacity

Distribute the remaining 
slots to queues 
proportional to their 
weight factors

N

Distribute the remaining 
capacity to queues that 
have shortage 
proportional to the 
weight factors

Compute the demand (in terms of 
number of slots needed), taking 
into account the link transmission 
rate

The guaranteed num. of slots of 
queue_ij (i.e. i-link and j-th queue)=

total_num_slots*weight_factor_ij/

Σ_ij weight_fact_ij

Weight factors being considered:

• Link_weight_i * queue_weight_j

• Link_weight_i*queue_weight_j*

link_rate_i

• Link_rate_i
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Hence, the algorithm first 
allocates bandwidth to the link 
with the highest data rate. The 
remaining bandwidth is then 
allocated to a link with the second 
highest link rate, and so on, until no 
bandwidth left. In this manner, the 
Greedy algorithm maximizes the 
total aggregated throughput. 

 

III.  PERFORMANCE EVALUATION STUDY 
To study of the behavior of the Weight-based algorithm and the Greedy algorithm, we 

conducted a combined test-bed and analytical study. The setup and results of our study are 
described in this Section. 

A. Evaluation Setup and Metrics 
The following four weight factors are considered in our evaluation for the weight-based 

algorithms. 
• Weight factor = W (queue weight) 
• Weight factor = R (the link-rate) 
• Weight factor = W*R (queue weight multiplied by link-rate) 
Therefore, these algorithms are referred to in the remainder of the paper as W, R and W*R, 

respectively. 
We consider a system 

with three links, as shown 
Figure 6. The priority of 
the links is represented by 
the link weights, i.e. we 
assume link 1 is more 
important than link 2 and 
3. In turn, the priority of 
the queues of a link is 
represented by the queue 

weights. By multiplying the link weights with the queue weights, the combined weights of the 
queues, a global parameter, are also shown in the figure. 

To study the algorithm behavior, we designed 12 test-cases (TCs) whose descriptions are 
shown in the figures below. In each of the test-cases, a different level of traffic loading and link 
rates are assumed. Our intention is to have a broad coverage over all the possible conditions.  

First, we observe that if there are enough slots to assign to the offered traffic, i.e. no congestion, 
all the traffic demands are satisfied and all algorithms would behave more or less the same, except 
that the remaining slots after assignments to the demands are assigned according to the weight 
factors. Therefore, in order to study the distinctive behavior of the algorithms, TCs need to have 
sufficient level of congestions. 

 
Figure 5: Greedy capacity allocation 

Figure 6: Telemetry system with three links (only d ownlinks considered) 
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Figure 7 shows 
descriptions of TC1-4, 
in which the highest 
loading link is marked 
in red. In TC1-2, there 
are two high-rate links, 
whereas in TC3-4, 
there is only one high-
rate link. Additionally: 

• In TC1, high 
loading occurs in the hi-weight/hi-rate link 

• In TC2, high loading occurs in the hi-weight/lo-rate link 
• In TC3, high loading occurs in the lo-weight/lo-rate link 
• In TC4, high loading occurs in the lo-weight/hi-rate link 
Figure 8 shows 

descriptions of TC5-6, 
which are similar to 
TC1-4, except the low 
rate link’s rate is 
2Mbps, namely, the 
traffic loading in TC5-
8 causes exceedingly 
high congestion. 
Again, the highest 
loading link is marked 
in red. Additionally: 

• In TC5: high loading occurs in the hi-weight/hi-rate link 
• In TC6: high loading occurs in the hi-weight/lo-rate link 
• In TC7: high loading occurs in the lo-weight/lo-rate link 
• In TC8: high loading occurs in the lo-weight/hi-rate link 
Figure 9 shows 

descriptions of TC9-
12, where all links 
have the same traffic 
loading, but with two 
high rate links. 
Additionally: 

• In TC9 and 
11: low rate 
link: 4Mbps 

• In TC10 and 
12: low rate link: 2Mbps 

Our analysis used a combined analysis and test-bed methodology. We first implemented the 
four algorithms under consideration in Excel spreadsheets, and computed the per queue throughput 
based on the assignments (assuming fine-grained per queue rate control [5]). This set of the results 
are referred to as “theoretical results”. Next, we ran the test-cases using the ACS Linux test-bed 

 
Figure 7: Test cases 1 –4 

 
Figure 8: Test cases 5–8 

 
Figure 9: Test cases 9 –12 

TC1 4000 1560 2000 1200 560 200 1200 240 560 Traffic 
Loading

8Mbps 4Mbps 8Mbps Link Rate

TC2 4000 1560 2000 1200 560 200 1200 240 560 Traffic 
Loading

4Mbps 8Mbps 4Mbps Link Rate

TC3 1200 560 200 4000 1560 2000 1200 240 560 Traffic 
Loading

8Mbps 4Mbps 8Mbps Link Rate

TC4 1200 560 200 4000 1560 2000 1200 240 560 Traffic 
Loading

4Mbps 8Mbps 4Mbps Link Rate

TC5 4000 1560 2000 1200 560 200 1200 240 560 Traffic 
Loading

8Mbps 2Mbps 8Mbps Link Rate

TC6 4000 1560 2000 1200 560 200 1200 240 560 Traffic 
Loading

2Mbps 8Mbps 2Mbps Link Rate

TC7 1200 560 200 4000 1560 2000 1200 240 560 Traffic 
Loading

8Mbps 2Mbps 8Mbps Link Rate

TC8 1200 560 200 4000 1560 2000 1200 240 560 Traffic 
Loading

2Mbps 8Mbps 2Mbps Link Rate

TC9 4000 1560 2000 4000 1560 2000 4000 1560 2000 Traffic 
Loading

4Mbps 8Mbps 8Mbps Link Rate

TC10 4000 1560 2000 4000 1560 2000 4000 1560 2000 Traffic 
Loading

2Mbps 8Mbps 8Mbps Link Rate

TC11 4000 1560 2000 4000 1560 2000 4000 1560 2000 Traffic 
Loading

8Mbps 4Mbps 8Mbps Link Rate

TC12 4000 1560 2000 4000 1560 2000 4000 1560 2000 Traffic 
Loading

8Mbps 2Mbps 8Mbps Link Rate
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and the collected data are referred to as “experiment results”. The theoretical results were 
compared against the experiment results to validate the Excel implementation. 

To investigate the behavior of the algorithms under consideration, we use the following two 
metrics: 

• The total throughput: the sum of the throughput of all links and queues 
• The throughput of high priority link, i.e. link-1 
To identify the best algorithm, the total throughput and link-1 throughput are compared. The 

best algorithm should yield good throughput for both total throughput as well as high-priority 
throughput. 

B. Performance Results 
As shown in Figure 10, we first compare the experiment results and theoretical results using 

TC1-4 (although not shown in the paper, similar behavior is also observed in TC5-12). We observe 
that experiment results and theoretical results are very close and follow the same trend across all 
the TCs. Experiment results are consistently ~5-10% worse than the theoretical results. This is 
caused by the fact that theoretical results do not consider overhead such as guard time. The set of 
results give us confidence in both our theoretical framework and the testbed configuration. In the 
rest of the paper we use experiment results as the basis of our evaluation. 

 
Figure 10: Theoretical vs. experimental throughput results for test cases 1 –4 

Comparison of weight-based algorithm (W*R, R and W) and Greedy algorithm is shown in 
Figure 11 for TC1-4. We observe that, as expected, the Greedy algorithm has the overall highest 
total throughput. The W algorithm, without considering link rate, has the lowest total throughput, 
in the worst case in TC4, about 25% less than the Greedy algorithm. Moreover, for TC2 and TC3, 
all algorithms exhibit similar total throughput and hi-priority throughput. 
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However, for high priority 
throughput, Greedy algorithm shows 
significant variations across test-
cases: 

• In the best case TC1, Greedy 
has highest high priority 
throughput. 

• In the worst case TC4, high 
priority traffic is completely 
starved under the Greedy 
algorithm. 

Therefore, due to this inconsistent 
behavior across different loading 
conditions, Greedy algorithm may 
not be a good candidate for iNET 
implementation. 

Comparison of weight-based 
algorithm (W*R, R and W) and 
Greedy algorithm is shown in Figure 
12 for TC5-8. Similar to TC1-4, 
inconsistent behavior across test-
cases and starvation for high priority 
traffic under the Greedy algorithm is 
also observed. Another observation is 
for TC6 and TC7, all algorithms 
exhibit similar total throughput and 
hi-priority throughput. 

Comparison of weight-based 
algorithms (W*R, R and W) and 
Greedy algorithm is shown in Figure 
13 for TC9-12. Inconsistent behavior 
across test-cases and starvation for 
high priority traffic under the Greedy 
algorithm is also observed. 
Therefore, we can conclude that the Greedy algorithm is not a good candidate for iNET with 
adaptive coding. 

 

  
Figure 13: Throughput comparison for test cases 9–1 2 
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Figure 11: Throughput comparison for test cases 1–4  

 
Figure 12: Throughput comparison for test cases 5–8  
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Next, assessment is made to select the best candidate algorithm among W*R, R and W. First, 
we note that in Figure 14 (which shows the total throughput and high priority throughput for all 
the algorithms except Greedy-R) all algorithms show almost identical performance in Test-cases 
2, 3, 6 and 7. Therefore, these test cases are not considered for selecting the best algorithm. Next, 
for the rest of the 8 TCs, two selection methods are considered for algorithms W, W*R, and R. 

 

 
Figure 14: Algorithm behavior comparison 

Selection Method 1: Out of the 8 test-cases under consideration, W*R algorithm shows the 
best performance for both total throughput and hi-priority throughput in the following four Test-
cases: 1, 5, 11, and 12. For W and R, they rank 1st in one metric, but rank last in the other. For 
example, in Test-case 4, algorithm R ranks 1st for total throughput, but last for hi-priority 
throughput. For the rest of the Test-cases, W*R ranks 2nd for both total throughput and hi-priority 
throughput. Therefore, by these considerations, we deem W*R to be the best algorithm. 

Selection Method 2: We note that: out of all the performance metrics, including total 
throughput and hi-priority throughput, for a total of 16 (8 test-cases x 2) measures, we count the 
number of measures a particular algorithm ranks 1st. W: 4, W*R: 8, R: 4. Therefore, under this 
method, W*R is also the best algorithm 

Therefore, we conclude that W*R is the best candidate to be implemented in the future iNET 
LM with adaptive coding. 

IV.  CONCLUSION 
In this paper, we designed several link bandwidth allocation algorithms used by the Link 

Manager (LM) for the future iNET implementing adaptive coding techniques. These new LM 
algorithms include both weight-based schemes, in which link bandwidth is allocated based on the 
priority assigned to the links and queues, as well as a greedy algorithm, in which link bandwidth 
is allocated strictly based on link rate. We evaluated the effectiveness of these algorithms using 
both analytical analysis and test-bed experimentation.  

Through a rich set of test-cases, we showed that, in order to strike a balance between total 
throughput and high priority throughput, Greedy algorithm exhibits too much variation and hence 
is not recommended. W, R, and W*R algorithms show overall good performance and are deemed 
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suitable algorithms for link adaptation. In particular, W*R seems to be best algorithm amongst the 
four algorithms under consideration based on several selection methods considered.i 
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