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Abstract
In these days interaction between different network applications are 
becoming more popular and to improve the speed and data transfer 
rate delay difference between the multynetworks should minimize. 
In this paper we propose a Latency Equalization (LEQ) service, 
which equalizes the perceived latency for all clients participating 
in an interactive network application. The few routers used in 
LEQ called as hubs to redirect packets of interactive applications 
along paths with similar end-to-end delay. The Lossy Difference 
Aggregator (LDA), a low-overhead mechanism for fine-grain 
latency and loss measurement that can be cheaply incorporated 
within routers to achieve the same effect.To formulate this problem 
we use NP hard technique and to sole it we have used greedy 
method, through simulations we show that our prosed method 
significantly reduces the delay and increase the data transfer rate 
comparatively
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I. Introduction
Today, consumers use the network as an interactive medium for 
multimedia communications and entertainment. This growing 
consumer space has led to several new network applications in 
the business and entertainment sectors. In the entertainment arena, 
new applications involve multiple users participating in a single 
interactive session , for example, online gaming and online music 
(orchestra) [2]. The commercial sector has defined interactive 
services such as bidding in e-commerce [3] and telepresence [4]. 
Depending on the number of participants involved , interactive 
applications are sensitive to both end-to-end delay and delay 
difference among participants. Minimizing the delay difference 
among participants will enable more real-time interactivity. End-to-
end delay requirements can be achieved by traffic engineering and 
other QoS techniques. However, these approaches are insufficient 
to address the needs of multiparty interactive network applications 
that require bounded delay difference across multiple clients to 
improve interactivity y [5]. 
In online gaming, the delay difference experienced by gamers 
significantly impacts game quality [6-8]. To improve the 
interactive experience, game servers have even implemented 
mechanisms by which participating players can vote to exclude 
players with higher lag times. In distributed live m music concerts 
[2], individual musicians located at different geographic locations 
experience perceptible sound impairments introduced by latency 
differences among the musicians, thus severely degrading the 
quality of the music. In e-commerce, latency differences between 
pairs of shopping agents and pricing agents can result in price 
oscillations leading to an unfair advantage to those pairs of agents 
who have lower latency [3]. Previous work on improving online 
interactive application experiences considered application-based 
solutions either at the client or server side to achieve equalized 
delay [11]. Client side solutions are hard to implement because 
they require that all clients exchange latency information to all 

other clients. They are also vulnerable to cheating[7]. Server-side 
techniques rely on the server to estimate net work delay, which is 
not sufficiently accurate [12] in some scenarios. Moreover, this 
delay estimation places computational and memory overhead on 
the application servers [13], which limits the number of clients 
the server can support [1]. Previous studies [16] have investigated 
different interactive applications, and they show the need for 
network support to reduce delay difference since the prime source 
of the delay difference is from the network. The importance of 
reducing latency im balances is further emphasized when scaling 
to wide geographical areas as witnessed by a press release from 
AT& T [17].
In this paper, we design and implement network-based Latency 
Equalization ( LEQ ), which is a service that Internet service 
providers (ISPs) can provide for various interactive network 
applications. Compared to application-based latency equalization 
solutions, ISPs have more detailed knowledge of current network 
traffic and congestion, and greater access to network resources 
and routing control. Therefore, ISPs can better support latency 
equalization routing for a large number of players with varying 
delays to the application servers . This support can significantly 
improve game experience, leading to longer play time and thus 
larger revenue streams.
Our network-based LEQ service provides equalized -latency 
paths between the clients and servers by redirecting interactive 
application traffic from different clients along paths that minimize 
their delay difference. We achieve equalized-latency paths by using 
a few routers in the network as hubs, and interactive application 
packets from different clients a redirected. Hubs can also be used 
to steer packets a way from congested links. Since the redirection 
through the hubs is implemented through IP encapsulation, our hub 
routing mechanism can be deployed in today’s existing routing 
infrastructure.
Our LEQ architecture provides a flexible routing frame work 
that enables the network provider to implement different delay 
and delay difference optimization policies in order to meet the 
requirements of different types of interactive applications. In one 
policy scenario, latency equalization among different interactive 
clients can be achieved without compromising the end-to-end 
delay of individual clients. This is because in some networks where 
OSPF weights are typically used to optimize traffic engineering 
objectives and not just delay [18], the default network path may not 
correspond to the lowest end-to-end latency due to path inflation 
[19] or due to transient network congestion. A kamai’s Sure Route 
service [20] and other research [21- 22] show that overlay paths can 
be used to reduce end -to-end latency by getting around congestion 
and network failures. Similar to these works, our LEQ routing can 
minimize delay difference without compromising the end-to-end 
delay. In the other policy scenario, if the application can tolerate 
some moderate increase in the end-to-end delay, it is possible to 
achieve even better latency equalization among clients.

II. Latency Equalization
To achieve equalized delay for interactive applications, previous 
approaches are implemented either at the client or server side 
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without any network support. We use online gaming as an example 
to discuss the limitations of these approaches.
Client-side latency compensation techniques are based on 
hardware and software enhancements to speed up the processing 
of event updates and application rendering. These techniques 
cannot compensate for network-based delay differences among 
a group of clients. Buffering event update packets at the client 
side is hard to implement because this requires the coordination 
of all the clients regarding which packets to buffer and for how 
long. This leads to additional measurement and communication 
overhead and increased application delay [23].
Some gaming clients implement dead reckoning, a scheme that 
uses previously received event updates to estimate the new 
positions of the players. Dead reckoning has the drawback that 
the prediction error increases significantly with increasing network 
delays. In one racing game, where estimating the position of the 
players is critical , it was shown that the average prediction error 
using dead-reckoning was 17cm for a delay of 100 ms and 60 cm 
for a delay of 200ms, a factor of 3.5[24]. Client-side solutions 
are also prone to cheating. Players can hack the compensation 
mechanisms or tamper with the buffering strategies to gain unfair 
advantage in the game [7 ].
Due to the problems of client-side solutions, several delay 
compensation schemes are implemented at the server side. 
However, while introducing CPU and memory overhead on the 
server, they still do not completely meet the requirements of fairness 
and interactivity. For example, with the bucket synchronization 
mechanism [9], the received packets are buffered in a bucket, and 
the server calculations are delayed until the end of each bucket 
cycle. The performance of this method is highly sensitive to the 
bucket (time window) size used, and there is a tradeoff between 
interactivity versus the memory and computation overhead on 
the server. In the time warp synchronization scheme [10], snap 
shots of the game state are taken before the execution of each 
event. When there are late events, the game state is rolled back 
to one of the previous snap shots, and the game is re executed 
with the new events. This scheme does not scale well for fast-
paced, high-action games because taking snapshots on every 
event requires both fast computation and large amounts of fast 
memory, which is expensive [23]. In [11], a game-independent 
application was placed at the server to equalize delay differences 
by constantly measuring network delays and adjusting players’ 
total delays by adding artificial lag. However, experiments in [ 12] 
suggest that using server-based round-trip-time measurements to 
design latency compensation across players fails in the presence 
o f asymmetric latencies.
Based on the above limitations of the end-system based techniques, 
we conclude that it is difficult for end -hosts and servers to 
compensate for delay differences without network support. In 
a survey of online gamers [ 16], 85% of the users requested 
additional network state information to improve game quality, 
clearly demonstrating the inefficiency of existing techniques. Thus, 
there is a pressing need to provide a network support for latency 
equalization as a general service to improve user experience for 
all interactive network applications. With network support for 
LEQ, the network delay measurement can be off loaded from the 
application server and performed more accurately. The network-
based solutions can achieve LEQ and also react faster to network 
congestion or failure. By providing LEQ service, ISP can gain 
larger revenue through significantly improving the user experience 
of interactive applications.

Network support for LEQ is complementary to server-side delay 
compensation techniques. Since network-based LEQ service can 
reduce both delay and delay difference among participants of the 
inter active applications, the application servers can better fine-tune 
their performance. For example, in the case of gaming applications, 
the servers can use smaller bucket sizes in bucket synchronization, 
or use fewer snapshots in time warp synchronization. Therefore, 
for the same memory footprint, servers can increase the number 
of concurrent clients supported and improve the quality of the 
interactive experience.

Fig. 1: LEQ, Architecture

In this section, we first present the deployment scenario of LEQ 
routing in a single administrative domain. We achieve LEQ 
routing by selecting a few routers as hubs and directing interactive 
application traffic through these hubs. Next, we extend the basic 
LEQ architecture to support access network delay and multiple 
administrative domains (e.g., across a content distribution network 
and ISP s).

Fig. 2: LEQ Routing on Abilene Network

difference among players at the 11 different sites using ping packets. 
The average delay difference using the default shortest path routing 
was 58ms . We then evaluated the performance of LEQ routing 
using two hubs, one at Atlanta, GA , and the other at Houston , 
TX, and measured the average delay difference for packets from 
different sites to the server through these two hubs.

III. Problem Formulation
To reduce the deployment and management overhead, we set up 
at most hub s in t he network. For reliability, we require that each 
client edge router has at least hubs chosen from hubs. Thus, each 
client edge router has different paths to the servers. The notations 
are summarized in Table 1 .
Given , our goal is to find a set of hubs for each client edge router 
so that we can minimize the delay difference .Let de note the 
delay from a client edge router to a hub . Similarly let denote the 
delay from a hub to a server .We use the notation for .Let denote 
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router is a hub, 0 otherwise. denotes router is a hub for client 
edge router , 0 otherwise. We present the integer programming 
formulation f or the hub selection problem as follows: Minimize 
delay difference

The first equation in the formulation is the constraint that the 
total number of hubs cannot be more than. The second equation 
means that each client edge router can only select its hubs from 
the hubset. The third equation is the constraint that each client 
must have at least hubs. The fourth equation bounds the delay 
between an edge router and its associated server. is defined with 
different values to address different policy requirements. The fifth 
constraint specifies that pair wise delay differences between pairs 
and cannot exceed. It takes effect only when and , otherwise the 
constraint is trivially true. The last two equations indicate that 
and are binary variables.

IV. Implementation
Hub Selection  Suppose we can approximate the problem within 
a λ factor. Let the maximum delay difference of this algorithm 
be APX, and the optimal delay difference be OPT.Then APX ≤ 
λ OPT since we cannot pick links with delay qijD > Dmax(since it 
exceeds maximum delay), and the rest of the paths (from client 
edge routers through candidate hubs to servers) all have Ɛ = α 
delay. Thus, if a valid solution exists, must be zero. This means 
APX ≤ λ OPT= 0, so the algorithm gives a valid solution for the 
set cover. If there is no valid solution, the maximum delay must 
be at least D- Ɛ. Therefore, if we first provide a greedy algorithm 
for the basic hub selection problem and then show that when 
m=M, there exists a polynomial-time optimal solution To solve 
the hub selection problem, we design a simple greedy heuristic 
algorithm to pick the hubs.

Fig. 3:

Our algorithm first sorts in increasing order all the delays from 
each client edge router through each possible hub to its associated 
servers (Step 1). 

Fig. 4:

This sorted list is denoted by the array the delays from client 1 
through hubs R6, R7, and R8 are 10, 10, and 11. The delays from 
client 2 through hubs R6, R7, and R8 are 18, 10, and 10. 

VII. CONCLUSION
The LEQ routing architecture and algorithms presented in this 
paper clearly provide a pathway for networks to support scalable 
and robust multiparty interactive applications. Based on the 
evaluation of our LEQ architecture, we conclude that, with only 
minor enhancements to the edge routers, provider network scan 
easily support and enhance the quality of multiparty interactive 
applications. We show that t he L E Q scheme can support 
different optimization policies that can achieve overall application  
performance in terms of latency equalization both with and without 
compromising end-to-end application latencies.
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