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Abstract
Complex networks routing between source to destination is 
quite difficult. In multi-hop Adhoc network with multiple flows, 
each having exogenous arrivals at the source, Causes bottleneck 
problem that leads to delay , so we develop a new queue algorithms 
to schedule the packets to handle  bottle neck problem and to 
reduce the delay. The delay performance of any scheduling policy 
is primarily limited by the interference, which causes many 
bottlenecks to be formed in the network. We evaluate the use 
of exclusive sets for the purpose of deriving lower bounds on 
delay for a wireless network with single hop traffic. We further 
generalize the typical notion of a bottleneck. We define a (K, 
X)-bottleneck to be a set of links X such that no more than K of 
them can simultaneously transmit. In this paper, we develop new 
analytical techniques that focus on the queuing due to the (K, X)-
bottlenecks. One of the techniques, which we call the “reduction 
technique”. simplifies the analysis of the queuing upstream of a 
(K, X)-bottleneck to the study of a single queue system with K 
servers.
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I. Introduction
On several research on multi-hop 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 the main factor. The delay performance of multihop 
adhoc 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. Techniques 
to compute useful lower bound and delay estimates for wireless 
networks with singlehop traffic were developed in. 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 destination. We present a new methodology to obtain 
a fundamental lower bound on the average packet delay in the 
system under any scheduling policy. 

Fig. 1: A Typical Multi-Hop Ad-Hoc Network with Multiple 
Flows, Each Having Exogenous Arrivals at the Source. Some of 
the Important Bottlenecks have been Highlighted.

A. Characterizing Bottlenecks in the System
We also discuss type of bottleneck in the case of a cycle graph 
with 5 nodes, where no more than two links can be scheduled 
simultaneously. Some of the important exclusive sets for the 
wireless grid example under the 2-hop interference model are 
highlighted in fig. 1.
We use the indicator function 1{i  X} to indicate whether the 
flow i passes through the (K, X)-bottleneck, i.e.,

                            
The total flow rate ΛX crossing the bottleneck X is given by:

                                
Let the flow i enter the (K, X)-bottleneck at the node v and leave 
it at the node vli

i. Hence, (li−ki) equals the number of links in the 
(K, X)-bottleneck that are used by flow i. We define λX and AX(t) 
as follows:

C. The Reduction Technique
we describe our methodology to derive lower bounds on the average 
size of the queues corresponding to the flows that pass through 
a (K, X)-bottleneck. By definition, the number of links/packets 
scheduled in the bottleneck, IX(t) is no more than K, i.e.,

A flow i may pass through multiple links in X. Among all the flows 
that pass through X, let FX denote the maximum number of links 
in the (K, X)-bottleneck that are used by any single flow, i.e.,

Let Sk i (t) denote the sum of queue lengths of the first k queues 
of flow i at time t, i.e.,

Summing Eq. (II.2) from j = 0 to k, we have
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The sum of queues upstream of each link in X at time t is given 
by SX(t) and satisfies the following property.

Now we consider the evolution of the queues SX under an arbitrary 
scheduling policy which is given by the following equation.
SX (t+1) = s X(t) – IX (t) + A X (t).

D. Reduced System
Consider a system with a single server and AX(t) as the input. The 
server serves at most K packets from the queue. Let QX(t) be the 
queue length of this system at time t. The queue evolution of the 
reduced system is given by the following equation.

The reduction procedure is illustrated in fig. 2, where we have 
reduced one of the bottlenecks in the grid example shown in Fig. 9. 
Flows II, IV and VI pass through an exclusive set using two, three 
and two hops of the exclusive set respectively. The corresponding 
G/D/1 system is fed by the exogenous arrival streams 2AII (t), 
3AIV (t) and 2AV I (t). 
Without loss of generality we can assume that both systems are 
initially empty, i.e., QX(0) = SX(0) = 0. We now establish that at 
all times t ≥ 0, QX(t) is smaller than SX(t).

Fig. 2: Reducing a Bottle Neck in this fig. to a G/d/1 Queue, Note 
that Avi(t), Aiv(t), Aii(t) are External Arraivals to the Original 
System, so the Arriavals to the Reduced G/d/1 System are all 
External

E. Bound on Expected Delay
We now present a lower bound on the expected delay of the flows 
passing through the bottleneck as a simple function of the expected 
delay of the reduced system. In the analysis, we use above Theorem 
to bound the queueing upstream of the bottleneck and a simple 
bound on the queueing downstream of the bottleneck. Applying 
Little’s law on the complete system, we derive a lower bound on 
the expected delay of the flows passing through the bottleneck.
Design Of Delay Efficient Policies. A scheduler must satisfy the 
following properties:

1. 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.

2. 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 we choose to investigate 
the  back-pressure policy with fixed routing. The back-pressure 
policy has been widely used to develop solutions for a variety of 
problems in the context of wireless networks 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.               

F. Flow Scheduling
For each link e  L, find the flow with the maximum differential 
backlog
f*e(t)=argmaxi Qei Assign weights to every link
                   we = max(Qe

f*e, 0)                               
Schedule the maximum weighted matching
I(t)=argmax 
JєJ
where, for two vectors x and y, = Σl xl yldenotes the inner 
product

II. Related Work
For a (K,X)-bottleneck in the system, at any time T ≥ 0, the sum 
of the queue lengths SX in X, under any scheduling policy is no 
smaller than that of the reduced system, i.e., QX(T) ≤ SX(T). Proof: 
We prove the above theorem using the principle of mathematical 
induction. Base Case: The theorem holds true for T = 0, since the 
system is initially empty. Induction hypothesis: Assume that the 
theorem holds at a time T = t, i.e., QX(t) ≤ SX(t).
Induction Step: The following two cases arise.
Case 1: QX(t) ≥ K
       QX(t + 1) = QX(t) − K + AX(t)
                      ≤ SX(t) − K + AX(t)
                      ≤ SX(t) − IX(t) + AX(t)
                      = SX(t + 1).
Case 2: QX(t) < K.
Using Eq. (III.11), we have the following,
      QX(t + 1) = AX(t)
                    ≤ SX(t) − IX(t) + AX(t)
                    = SX(t + 1).
Hence, the theorem is holds for T = t + 1.
Thus by the principle of mathematical induction, the theorem 
holds for all T.

A. Simulation Results
Here we are used The Sun Java Wireless Toolkit (formerly known 
as J2ME Wireless Toolkit) is a set of tools for creating Java 
applications that run on devices, and implemented  by taking  9 
nodes  and in that nine c1 as source and c9 as destination and here 
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we are providing a flexilibility that we can add nodes and we can 
delete  and we can route the packets by choosing shortest path 
scheduling algorithm.

Fig. 3:

Fig. 4:

III. Conclusion
The delay analysis of wireless networks is largely an open problem. 
In fact, even in the wire line 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. 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.
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