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Abstract
In this paper, we analyze the delay performance of a multi-hop 
wireless network in which the routes between source-destination 
pairs are fixed. We develop a new queue grouping technique and 
Automatic Shortest Path Analyzer method ASPA to handle the 
complex correlations of the service process resulting from the 
multi-hop nature of the flows and their mutual sharing of the 
wireless medium dynamically. A general set based interference 
model is assumed that imposes constraints on links that can be 
served simultaneously at any given time. These interference 
constraints are used to obtain a fundamental lower bound on the 
delay performance of any scheduling policy for the system. We 
introduce shortest Path finder from source to destination. We 
present a systematic methodology to derive such lower bounds. 
For a special wireless system, namely the clique, we design a 
policy that is sample path delay optimal. For the tandem queue 
network, where the delay optimal policy is known, the expected 
delay of the optimal policy numerically coincides with the lower 
bound. The lower bound analysis provides useful insights into the 
design and analysis of optimal or  nearly  optimal   scheduling  
policies. We conduct extensive numerical studies to demonstrate 
that one can design policies whose average delay performance is 
close to the lower bound computed by the techniques presented 
in this paper.
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I. Introduction
A large number of studies on multi-hop wireless networks have 
been devoted to system stability while maximizing metrics like 
throughput or utility. These metrics measure the performance of 
a system over a long time-scale. For a large class of applications 
such as video or voice over IP, embedded network control and for 
system design; metrics like delay are of prime importance. The 
delay performance of wireless networks, however, has largely been 
an open problem. This problem is notoriously difficult even in the 
context of wireline networks, primarily because of the complex 
interactions in the network (e.g., superposition, routing, departure, 
etc.) that make its analysis amenable only in very special cases like 
the product form networks. The problem is further exacerbated 
by the mutual interference inherent in wireless networks which, 
complicates both the scheduling mechanisms and their analysis. 
Some novel analytical techniques to compute useful lower bound 
and delay estimates for wireless networks with single hop traffic 
were developed in [12]. However, the analysis is not directly 
applicable to multi-hop wireless network with multihop flows, 
due to the difficulty in characterizing the departure process at 
intermediate links. The metric of interest in this paper is the system-
wide average delay of a packet from the source to its corresponding 
destination. We present a new, systematic methodology to obtain 
a fundamental lower bound on the average packet delay in the 
system under any scheduling policy. Furthermore, we re-engineer 

well known scheduling policies to achieve good delay performance 
viz-a-viz the lower bound. 
In this paper, We introducing shortest path finder that finds the 
reduced hop count from source to destination nodes .we implement 
rightmetric measure which observes the real traffic in the wireless 
sensor network at the basestation.the base station sets the set of 
hops by best neighbors node flowate and we  follow Previous 
method  process each hop. we analyze a multi-hop wireless network 
with multiple source-destination pairs, given routing and traffic 
information. Each source injects packets in the network, which 
traverses through the network until it reaches the destination. For 
example, a multi-hop wireless network with three flows is shown in 
Fig. 1. The delay performance of any scheduling policy is primarily 
limited by the interference, which causes many bottlenecks to be 
formed in the network. We demonstrated the use of exclusive sets 
for the purpose of deriving lower bounds on delay for a wireless 
network with single hop traffic in [12]. In this paper, we further 
generalize the typical notion of a bottleneck. In our terminology.
Furthermore, our analysis needs only the exogenous inputs to 
the system and thereby avoids the need to characterize departure 
processes on intermediate links in the network. For a large class of 
input traffic, the lower bound on the expected delay can be computed 
using only the statistics of the exogenous arrival processes and 
not their sample paths. To obtain a lower bound on the system 
wide average queueing delay, we analyze queueing in multiple 
bottlenecks by relaxing the interference constraints in the system. 
Our relaxation approach is novel and leads to nontrivial lower 
bounds. It is also possible to derive stochastic upper bounds on the 
average delay of the network using the techniques of Lyapunov 
drifts [8]. We were able to obtain sharper upper bounds in [12] by 
using a different Lyapunov function, but we do not pursue them 
here because they focus on a specific scheduling scheme.
Our focus on the other hand, is to derive a fundamental bound 
on the performance of any policy. Moreover, our lower bound 
techniques captures the effect of statistical multiplexing of packets 
due to several flows passing through a common (K,X)-bottleneck, 
which cannot be analyzed using the method of Lyapunov drifts. 
As a result, the upper bounds computed using these techniques [8] 
tend to be quite loose in most practical scenarios [12]. We consider 
the lower bound analysis as an important first step towards a 
complete delay analysis of multi-hop wireless systems. For a 
network with node exclusive interference, our lower bound is 
tight in the sense that it goes to infinity whenever the delay of any 
throughput optimal policy is unbounded. For a tandem queueing 
network, the average delay of a delay optimal policy proposed 
by [31], numerically coincides with the lower bound provided in 
this paper. A clique network is a special graph where at most one 
link can be scheduled at any given time. Using existing results 
on work conserving queues, we design a delay optimal policy 
for a clique network and compare it to the lower bound. We will 
see that although delay optimal policies can be derived for some 
simple networks like the clique and the tandem, deriving such 
policies in general, is extremely complex.
Instead, we re-engineer a well known throughput optimal 
Scheduling policy known as the back-pressure policy and 
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demonstrate that for certain representative topologies, its delay 
performance is close to the fundamental lower bound. Finally, 
we also present a case where neither back-pressure policy nor 
the shadow queue approach (proposed in [2]) are close to the 
lower bound. For this case, we design a new handcrafted policy 
whose delay performance is actually close to the lower bound, 
thus demonstrating that the lower bound analysis provides useful 
insights into the design and analysis of optimal  or nearly optimal 
scheduling policies.

Fig. 1: A Typical Multi-Hop Wireless Network With Multiple 
Flows, Each Having Exogenous Arrivals at the Source. Some of 
the Important Bottlenecks Have been Highlighted

We now summarize our main contributions in this paper:
• Using ASPA method for reducing hop count depending on the 
delay analysis metrics
• Development of a new queue grouping technique to handle the 
complex correlations of the service process resulting from the 
multi-hop nature of the flows. We also introduce a novel concept 
of (K, X)-bottlenecks in the network.
• Development of a new technique to reduce the analysis of 
queueing upstream of a bottleneck to studying simple single queue 
systems. We derive sample path bounds on a group of queues 
upstream of a bottleneck.
• Derivation of a fundamental lower bound on the systemwide 
average queuing delay of a packet in multi-hop wireless network, 
regardless of the scheduling policy used, by analyzing the single 
queue systems obtained above.
• Extensive numerical studies and discussion on useful insights 
into the design of optimal or nearly optimal scheduling policies 
gained by the lower bound analysis

II. Related Work
Much of the analysis [3,8,20] for multi-hop wireless networks has 
been limited to establishing the stability of the system. Whenever 
there exists a scheme that can stabilize the system for a given 
load, the back-pressure policy is also guaranteed to keep the 
system stable. Hence, it is referred to as a throughput-optimal 
policy. It also has the advantage of being a myopic policy in 
that it does not require knowledge of the arrival process. In this 
paper, we have taken an important step towards the expected 
delay analysis of these systems. The general research on the delay 
analysis of scheduling policies has progressed in the following 
main directions:

A. Heavy Traffic Regime using Fluid Models
Fluid models have typically been used to either establish the 
stability of the system or to study the workload process in the 
heavy traffic regime. It has been shown in [5] that the maximum-
pressure policy (similar to the back-pressure policy) minimizes 
the workload process for a stochastic processing network in the 
heavy traffic regime when processor splitting is allowed.

B. Stochastic Bounds using Lyapunov Drifts
This method is developed in [8,19,23-24] and is used to derive 
upper bounds on the average queue length for these systems. 
However, these results are order results and provide only a limited 
characterization of the delay of the system. For example, it has 
been shown in [24] that the maximal matching policies achieve 
O(1) delay for networks with single-hop traffic when the input load 
is in the reduced capacity region. This analysis however, has not 
been extended to the multi-hop traffic case, because of the lack of 
an analogous Lyapunov function for the back-pressure policy.

C. Large Deviations
Large deviation results for cellular and multi-hop systems with 
single hop traffic have been obtained in [32], [35] to estimate the 
decay rate of the queue-overflow probability. Similar analysis is 
much more difficult for the multi-hop wireless network considered 
here, due to the complex interactions between the arrival, service, 
and backlog process.
Traditional heavy traffic results have focused on a single bottleneck 
in the system [18,22,25] and proving a statespace collapse. We 
have shown in [9], that it in general, it is impossible to avoid idling 
in these systems. Hence, it may not even be possible to prove a 
state-space collapse except for some special scenarios. We on the 
other hand, analyze queueing in multiple bottlenecks by relaxing 
the constraints in the system, which is crucial to obtain tight lower 
bounds. Although it may not be possible to achieve the lower 
bound, our relaxation approach is novel and leads to non-trivial 
lower bounds. Here, we have taken a different approach to reduce 
the wireless network to single queueing systems which are then 
analyzed to construct the lower bound. We had demonstrated the 
usefulness of the lower bound for a wireless network with single 
hop traffic in [12]. It was also observed that the upper bound 
obtained via the method of Lyapunov drifts was much loose in 
comparison to the lower bound. The case of multihop flows is 
technically very challenging and although several results in the 
literature are available for the delay analysis of networks with 
single-hop flows, it has been extremely difficult to generalize them 
for the case of multi-hop flows. In this paper, we develop techniques 
to characterize the behavior of the system in terms of the external 
arrivals by the use of our ”reduction technique” and overcome the 
complex interactions in the network. We show that our analysis 
captures the essential features of the wireless network and is useful 
since, in many cases, we can design a policy that performs close 
to the lower bound. Perhaps, the most important advantage of the 
lower bound is that it can be used for analyzing a large class of 
arrival processes using known results in the queueing literature 
[6].Our approach, however, depends on the efficient computation 
of the bottlenecks in the system. A complete characterization of 
the bottlenecks in a multi-hop wireless network is an extremely 
difficult problem. Exclusive sets characterized in [12,15], prove 
to be a good beginning for delay analysis. However, they are not 
enough to obtain tight lower bounds, as shown in the case of a 
cyclic network. The design of a delay optimal policy that achieves 
minimum possible average delay of packets in the network for a 
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given routing matrix has proved to be very challenging. Except 
for a delay optimal scheduling scheme for the tandem queueing 
network under the node exclusive interference model derived 
in [31] and small switches [16], no result is known for other 
topologies and interference models.
In [34], delay optimal schemes for wireless networks have been 
proposed, which typically minimize an expected delay metric 
assuming that the system behaves as M/M/1. Given the complexity 
involved in scheduling link transmissions in a multi-hop wireless 
system, the M/M/1 approximation is too coarse. In [14], the authors 
propose a policy that guarantees that the per-flow end-end packet 
delay is within a constant factor of the optimal, for a node-exclusive 
interference model, whenever the input load, _, is within 1/5 of 
the capacity region, C. The analysis is carried out for Poisson 
traffic using Kelly’s theorem for quasi-reversible networks. The 
“poissonation” scheme mentioned can however, cause the delay 
of the system to grow substantially. The lower bound analysis 
presented in this paper is applicable for an arbitrary  C, a more 
general class of arrival processes and more general interference 
constraints. The MWM-_ algorithm was studied for switches by 
[17] and their simulations suggest that the delay of the system 
reduces with the value of alpha. This algorithm was also analyzed 
in the heavy traffic regime using fluid models for the case of 
switched networks (that include single-hop wireless networks) by 
[27] and it was conjectured that the delay of the system reduces as 
_ goes to zero. However neither of these studies focused on multi-
hop wireless networks. It is also not clear that the multiplicative 
state-space collapse observed for the MWM-_ policy for switched 
networks will also be observed with the back-pressure policy 
for multi-hop wireless networks. Hence the intuition from the 
single-hop case does not automatically generalize to the multi-
hop case.

III. Proposed Model
Automatic Shortest Path Analyzer method ASPA to handle the 
complex correlations of the service process resulting from the 
multi-hop nature of the flows and their mutual sharing of the 
wireless medium dynamically. In this paper, We introducing 
shortest path finder that finds the reduced hop count from source 
to destination nodes .we implement right metric measure which 
observes the real traffic in the wireless sensor network at the 
basestation.the base station sets the set of hops by best neighbors 
node flowworkrate and we  follow Previous method  process 
each hop. we analyze a multi-hop wireless network with multiple 
source-destination pairs, given routing and traffic information. We 
follow the previous system model.

A. System Model
We consider a wireless network G = (V,L), where V is the set of 
nodes and L is the set of links. Each link has unit capacity. There 
are N flows, each distinguished by its source destination pair (si, 
di). There is a fixed route (set of links) between the source si and 
corresponding destination di. Each route is a simple path. Each 
flow has its own exogenous arrival stream.
 Each packet has a deterministic service time equal to one unit. The 
exogenous arrivals at each source are assumed to be independent. 
Let A(t) = (A1(t), . . . ,AN(t)) represent the vector of exogenous 
arrivals, where Ai(t) is the number of  packets injected into the 
system by the source si during time slot t (for i ∈ 1, . . . ,N). The 
path on which flow i is routed is specified.

B. Deriving Lower Bounds on Average Delay
In this section, we present our methodology to derive lower bounds 
on the system-wide average packet delay for a given multi-hop 
wireless network. At a high level, we partition the flows into 
several groups. Each group passes through a (K,X)-bottleneck 
and the queueing for each group is analyzed individually. The 
grouping is done so as to maximize the lower bound on the system 
wide expected delay. For flows passing through a given bottleneck 
(a group), we lower bound the sum of queues upstream and 
downstream of the bottleneck separately. We reduce the analysis 
of queueing upstream of a (K, X)-bottleneck to studying single 
queue systems fed by appropriate arrival processes. These arrival 
processes are simple functions of the exogenous arrival processes 
of the original network. For example, fig. 1, shows the reduction 
of two (1, X) bottlenecks in the network. A separate lower bound 
can be established for the queues downstream of the network. The 
lower bound on the system-wide average delay of a packet is then 
computed using the statistics of the exogenous arrival processes. 
We derive analytical expressions of the lower bounds for a large 
class of arrival processes. In this section, we first characterize the 
bottlenecks in the system. We then explain how to lower bound 
the average delay of the packets of the flows that pass through a 
given (K,X)-bottleneck. Our analysis justifies the reduction of a 
(K,X)-bottleneck to a single queue system fed by appropriate
arrival processes. Finally, we present a greedy algorithm which 
takes as input, a system with N flows and possibly multiple 
bottlenecks, and returns a lower bound on the system-wide average 
packet delay. Characterizing Bottlenecks in the system, The 
reduction technique, Bound on Expected Delay, Flow Partition.

C. Design of Delay Efficient Policies
We now address the important question of designing a delay-
efficient scheduler for general multi-hop wireless networks. We 
will see that although delay optimal policies can be derived for 
some simple networks like the clique and the tandem, deriving 
such policies in general is extremely complex. Intuitively, such 
a scheduler must satisfy the following properties. • Ensure high 
throughput: This is important because if the scheduling policy 
does not guarantee high throughput then the delay may become 
infinite under heavy loading.
• Allocate resources equitably: The network resources must be 
shared among the flows so as not to starve some of the flows. 
Also, non-interfering links in the network have to be scheduled 
such that certain links are not starved for service. Starvation leads 
to an increase in the average delay in the system.
The above properties are difficult to achieve; given the dynamics 
of the network and the lack of apriori information of the packet 
arrival process. In the light of the previous work [20,30]. The 
back-pressure policy has been widely used to develop solutions 
for a variety of problems in the context of wireless networks 
[8,20]; and the importance of studying the trade-offs in stability, 
delay, and complexity of these solutions is now being realized by 
the research community. This policy tries to maintain the queues 
corresponding to each flow in decreasing order of size from the 
source to the destination. This is achieved by using the value of 
differential backlog (difference of backlogs at the two ends of a 
link) as the weight for the link and scheduling the matching with 
the highest weight. As a result, the policy is throughput optimal. 
Henceforth, we shall refer to this policy as only the back-pressure 
policy.
We first study the delay optimal policy for a clique network. We 
then modify the back-pressure policy using the intuition gained 
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from the nature of the delay optimal scheduling for the clique and 
tandem networks. Clique, Back-Pressure Policy.

IV. Test Environment
We now demonstrate our methodology on a variety of examples 
shown in Fig. The bottleneck sets in each example have been 
highlighted in the corresponding figures. We are implementing 
the ASPA method to optimality of the scheduling policies. We also 
support the lower bound with results obtained from the simulations 
of the back-pressure policy to show that the lower bounds are 
indeed useful. Not only does the lower bound serve as a rough 
estimate, but can also be used to gain understanding on the back-
pressure policy itself. Further, we also compare the performance 
of the back-pressure policy with the maximal policy [3,33]. We 
are showing our simulation work considering the Tandem Queue 
and Clique.

Fig. 2: A Grid Network With Multiple Flows. Some of the 
Important Bottlenecks Have Been Highlighted

Fig. 3: Simulation Results for Tandem Queue

Fig. 4: Simulation Results for Clique

V. Conclusions and Futrue Work
The delay analysis of wireless networks is largely an open 
problem. In fact, even in the wireline setting, obtaining analytical 
results on the delay beyond the product form types of networks 
has posed great challenges. These are further exacerbated in the 
wireless setting due to complexity of scheduling needed to mitigate 
interference. Thus, new approaches are required to address the 
delay problem in multi-hop wireless systems. To this end, we 
develop a new approach to reduce the bottlenecks in a multi-
hop wireless to single queue systems to carry out lower bound 
analysis.For a special class of wireless systems (cliques), we are 
able to apply known techniques to obtain a sample path delay-
optimal scheduling policy. We also obtain policies that minimize 
a function of queue lengths at all times on a sample path basis. 
Further, for a tandem queueing system, we show numerically that 
the expected delay of a previously known delay-optimal policy 
coincides with the lower bound. The analysis is very general and 
admits a large class of arrival processes. Also, the analysis can be 
readily extended to handle channel variations. The main difficulty, 
however is in identifying the bottlenecks in the system. The lower 
bound not only helps us identify near-optimal policies, but may 
also help in the design of a delay-efficient policy as indicated by 
the numerical studies.
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