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Abstract— This article presents an approach towards 
aggregating bandwidths of multiple physical layers i.e. 
transmitting and receiving data simultaneously through the 
multiple physical interfaces of a fixed computing system. 
The data over physical layers can communicate over both 
wired and wireless communication medium at the same 
time. This proposed bandwidth-aggregation-system (BWA) 
enhances the download and upload data transmission rates 
of the application and hence the QoS (quality of service). It 
resides in the application layer and does not deal with any 
interaction/modification in the physical and data link layer 
modules of the interfaces. Numerical results confirm that 
the enhancement of bandwidth is directly proportional to   
the summation of data transmission capacity of the physical 
interfaces and also proportional to the number of physical 
interfaces having same data transmission capacity. The 
same concept can be extended to achieve adaptive QoS 
based on a cross layer communication model. 

Keywords QoS; TCP; UDP; PPP; Ethernet; Bandwidth 

I. INTRODUCTION 
Bandwidth is a resource of communication and is 

measured as the amount of data that can be carried from 
one point to another in a given time period (usually a 
second), expressed as bits/sec.  

It is used as a parameter to determine the 
condition/capacity of channel/communication link. 

A communication link has its own bandwidth. 
Reduction in bandwidth decreases the data rate of the link; 
this can cause the loss of information. Information loss 
degrades the quality of service (QoS). Whereas increase in 
bandwidth enhances the data rates and improves the 
quality of service, reduces download and upload data 
transmission time. In most of the cases the system has 
more than one communication links connected to different 
physical interfaces. Simultaneous use of these physical 
interfaces for data transmission and reception reduces the 
total transmission and reception time and hence increases 
the overall bandwidth of the system. Therefore, there is a 
need for a procedure which can use the bandwidth of 
multiple physical interfaces concurrently. Particularly, 
aggregating bandwidths of multiple active physical layers 
associated with different physical interfaces, and 
performing of communication with different 
communication links of wired and wireless network 
through these interfaces, increase overall bandwidth of the 

system. To achieve bandwidth aggregation multiple active 
physical interfaces are essential. 

Transferring data through multiple physical interfaces 
is broadly studied in cases like: 

1) Socket implementations using parallel 
communication streams known as multiple network 
interface socket (MuniSocket), the common practice is to 
use it only for UDP (user data gram protocol) with the 
provision for counterpart in the destination [1],  

2) Using one of the physical interfaces at a time 
specially in the case when one is not working [2], 

3) Using service level agreement and a proxy sitting in 
the middle of the network which schedules the packets for 
transmitting through multiple interfaces [3],  

4) Using a network layer architecture consisting of an 
infrastructure proxy [4], a multilink proxy [5] for 
simultaneous use of multiple interfaces and aggregation of 
the throughput of heterogeneous downlink streams. The 
approach suggested in [6] uses dynamic packet reordering 
mechanism of TCP streams over multiple links, also 
demands a network proxy.  

Other research efforts are based on striping mechanism, 
for instance, architecture for session-layer striping is 
proposed in [7] based on single virtual layer socket, while 
architecture of network striping based on networking 
middleware for providing capabilities to applications with 
high demands on uplink throughput is presented in [8]. All 
these approaches demand modifications in both ends (i.e. 
server and client) to allow the full potential of bandwidth 
aggregation. The simultaneous employment of multiple 
active physical interfaces has not been applied to that 
extent particularly without modifying any 
features/configuration parameters of data link and 
physical layers for any transport protocol and without 
having any counter component in the destination system 
and without using any proxy in between the source and 
the destination. 

Bandwidth-aggregation-system (BWA) as presented 
here can enhance the bandwidth of a system significantly 
by adding up the fixed available bandwidths of the 
existing active communication interfaces (wired and 
wireless) without performing any modifications in the 
physical and data link layer. This does not need any 
counterpart in any node including the final destination or 
end system of the communication link. It can be used for 
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sandra
高亮
摘要：本文提出了一種態度，即通過一個固定的計算系統的多個物理接口同時發送和接收數據的多個物理層帶寬聚合。可以在物理層上的數據通信的有線和無線通信介質在同一時間。此建議的帶寬聚合系統（BWA）提高了下載和上傳數據傳輸速率的應用和因此的QoS（服務質量）。它位於應用層和不處理任何交互/修改接口的物理層和數據鏈路層模塊。數值結果證實了增強的帶寬數據的物理接口，並具有相同的數據傳輸容量的物理接口的數量也正比於傳輸容量的總和成正比。同樣的概念可以擴展，以實現基於交叉層的通信模型的自適應QoS。
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帶寬是一個通信資源，並在給定時間內（通常為一秒鐘），可以進行從一個點到另一個的數據的量，表示為比特/秒的測量。它被用作一個參數，以確定條件/信道/通信鏈路的容量。通信鏈路有自己的帶寬。帶寬減少導致的降低的鏈路的數據速率，這可能會導致信息的丟失。信息損耗降低了服務質量（QoS）的。而增加帶寬提高了數據傳輸速率，提高了服務質量，降低上傳和下載的數據傳輸時間。在大多數的情況下，該系統具有一個以上的通信鏈路連接到不同的物理接口。這些物理接口用於數據傳輸和接收的同時使用降低了總的傳輸和接收時間，從而增加了整體的系統帶寬。因此，有必要為一種程序，可以使用的帶寬多個物理接口兼營。特別地，多個活動的物理層與不同的物理接口的帶寬聚合，通過這些接口的有線和無線網絡的不同的通信鏈路進行通信，增加整體系統帶寬。為了實現帶寬匯聚多個活躍的物理接口是必不可少的。
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通過多個物理接口傳輸數據被廣泛研究的情況下，如：1）使用多個網絡接口插座（MuniSocket）被稱為並行通信流套接字實現，通常的做法是只使用UDP（用戶數據協議克）提供對口的目的[1]，2）使用的物理接口的一個專門的時間的情況下，當一個人不工作[2]3）使用的服務級別協議的代理坐在調度[3]通過多個接口，用於發送報文的網絡中，4）使用一個網絡層結構組成的基礎設施代理[4]，多代理[5]同時使用多個接口，並且通過異構下行流聚集。建議的方法[6]在多條鏈路使用動態TCP數據流的數據包重新排序機制，也要求網絡代理。
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此研究工作是根據條帶化的機制，例如，會話層條帶化的體系結構，提出在文獻[7]基於單一的虛擬層的插座，而條帶化的基於網絡中間件的網絡體系結構，用於提供應用程序的能力與在上行鏈路上的高要求[8]中，提出通過。所有這些方法需要修改兩端（即服務器和客戶端）允許的全部潛力，帶寬匯聚。同時就業的多個活動的物理接口沒有被應用到這種程度，特別是不修改任何任何傳輸協議的數據鏈路層和物理層的功能/配置參數和計數器組件在目標系統中，而無需任何不使用任何代理之間的源和目標。
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帶寬聚合系統（BWA）這裡提出通過添加現有的活動的通信接口（有線和無線）固定可用帶寬不進行任何修改的物理層和數據鏈路層中，可以顯著地提高系統的帶寬。這並不需要任何對應的任一節點，包括在通信鏈路的最終目的地或結束系統。它可以用於任何傳輸層TCP（傳輸控制協議）和UDP等協議。重要的是，它不要求任何的服務級別協議和代理的支持。
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Figure 1.  Functional block of bandwidth aggregation system 

any transport layer protocol like TCP (transmission 
control protocol) and UDP. Importantly, it does not 
require any service level agreement and a proxy support.  

The remainder of this article is organized as follows. 
First an overview of the proposed system is introduced 
followed by the presentation of the architecture of the 
system along with technical achievements. The details of 
experimental study and analysis are then described. The 
final section concludes this article with the future scope of 
the current proposed model. 

II. SYSTEM OVERVIEW 
The bandwidth aggregation system as proposed here, 

determines the active physical interfaces capable of data 
transmission and reception viz ppp0, eth0 etc. It 
determines the IP (Internet Protocol) addresses of the 
interfaces, and the IP address of the gateway of those 
interfaces. The proposed system divides the total data to 
be handled among the concerned interfaces, keeping the 
ratio of data division identical to the ratio of default data 
rates of the interfaces.  

The BWA system increases the overall data 
transmission and reception rate, and thereby reduces the 
overall operation time of an application for fetching or 
transmitting data keeping the functionality of various 
layers of OSI (open systems interconnection ) or TCP/IP 
stack like physical, data link, medium access, network, 
transport, etc. unchanged.   

The bandwidth aggregation system requires multiple 
active physical interfaces and more than one network 
connectivity. It adds these interfaces to the routing table as 
new routes. Following pre-requisites are required as user 
defined inputs in order to realize the system: 

 
User Inputs 

• The total number of interfaces to be aggregated; 

• The interface identifier like eth0/eth1(Ethernet), 
ppp0/ppp1 (PPP )  etc.; 

• The data rates of the interfaces in kbps (killo bits 
per second); 

• The ‘url’ (uniform resource locator) of the data 
operation; example- url of video for streaming or 
url for a file to download or upload. 

The proposed system uses web scripts (like PHP scripts 
[9]) to operate at the remote end system as per the user 
requirement. Example: Merging the components of an 
uploaded file at the remote system. 

III. ARCHITECTURE OF PROPOSED SYSTEM 
The proposed architecture of the system for enhancing 

the bandwidth usage of a computing system comprising 
multiple physical interfaces, and multiple network 
connectivity is portrayed in the current section. The 
overview of the proposed architecture is depicted in Fig. 
1. 

Bandwidths of the respective interfaces are getting 
aggregated, and the operation time of fetching and 
transmitting data is getting reduced keeping the 
radio/physical layer, MAC (medium access control) layer 
functionalities unchanged. 

The BWA system reduces the data transmission and 
reception time of a computing system by distributing the 
data to be processed (transmission/reception) amongst 
various physical interfaces connected to different/same 
access network present in that computing system. 

A computing environment having TCP/IP 
communication stack and multiple physical interfaces 
connected to the multiple access networks is used. The 
active interfaces are identified and added as default route 
in the routing table as next-hops. All the interfaces hold 
equal priority for handling data traffic.   

The bandwidth aggregation (BWA) system is used to 
maintain multiple operating threads in parallel. Numbers 
of operating threads are identical with the numbers of 
interfaces the bandwidth of which is to be aggregated.  

 

Operating threads can perform data fetch as well as data 
transfer activity. 

  Referring to the accompanying drawing, Fig. 1 shows 
the architecture of bandwidth aggregation (BWA) system 
that uses multiple physical interfaces connected to 
different/same access network. 

 
The system comprises the following: 
• User Inputs/Interface; 

• Routing table updater;  
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這裡提出的帶寬聚合系統，確定活動的物理接口數據傳輸和接收即ppp0的能力，為eth0等確定的IP（互聯網協議）地址的接口，這些接口的網關的IP地址。所提出的系統將總的有關接口之間的數據可以被處理，保持數據分割的比率相同的比率的默認的數據傳輸速率的接口。BWA系統增加了整體的數據傳輸和接收的速率，從而減少用於取入或傳輸數據等的OSI（開放系統互連）或TCP / IP協議棧的不同層的物理層，數據鏈路保持的功能的應用程序的整體操作時間，介質訪問，網絡，運輸等不變。帶寬匯聚系統需要多個活躍的物理接口和一個以上的網絡連接。新航線到路由表中增加了這些接口。作為用戶定義輸入，以實現系統需要以下先決條件：
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用戶輸入•總人數被聚合的接口;•像eth0/eth1（以太網）接口標識符，ppp0/ppp1（PPP）等;•數據傳輸速率的單位是kbps（killo比特每秒）的接口;•“網址”（統一資源定位器）的數據操作，例如視頻流或URL的文件下載或上傳的網址。
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所提出的系統使用網頁腳本（如PHP腳本[9]）在遠端系統按用戶要求。例如：合併在遠程系統上載文件的組成部分。
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描繪在當前部分建議的系統架構提高計算系統包括多個物理接口，以及多個網絡連接的帶寬使用。所提出的架構的概述，如圖所示。1。聚合各自的接口的帶寬，並提取和發送數據的操作時，被還原了電台/物理層，MAC（介質訪問控制）層的功能保持不變。BWA系統時間的計算系統的數據傳輸和接收時，通過分發的要處理的數據（發送/接收）連接到相同/不同的接入網絡，在該計算系統之間的各種物理接口。使用具有TCP / IP通信協議棧和多個物理接口連接到多個接入網絡的一個計算環境。該確定活動接口，並添加默認路由的路由表中作為下一跳。所有的接口保持相同的優先級處理的數據流量。帶寬匯聚（BWA）系統是用來維持多個操作系統線程並行。操作線程的編號是相同的，並與數字接口的帶寬，這是要被聚合。
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工作線程可以執行取數據以及數據傳輸活動。  參照附圖，圖。圖1示出了帶寬聚合（BWA）系統，它使用多個物理接口連接到相同/不同的接入網絡的體系結構。
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該系統包括以下各項：•用戶輸入/接口;•路由表的更新;•路由表;•核心控制模塊或BW-應用模塊多線程帶寬聚合應用層控制模塊;•應用程序（HTTP（超文本傳輸協議），FTP（文件傳輸協議）），交通運輸（TCP / UDP），網絡（IP），MAC，物理不同的協議層在TCP / IP協議棧;•物理接口。
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本文的其餘部分安排如下：首先，概述了所提出的系統介紹系統的體系結構以及技術成果的介紹。實驗研究和分析的細節描述。最後一節總結了本文的範圍，目前提出的模型與未來。



• Routing table;  

• Core control module or BW-Application module- 
Multithreaded bandwidth aggregation control 
module in application layer; 

• Application (HTTP (hyper text transfer protocol), 
FTP (file transfer protocol)), Transport 
(TCP/UDP), Network (IP ), MAC, Physical are 
the various protocol layers in a TCP/IP stack; and  

• Physical interfaces. 

The user interface receives the user defined inputs like 
interface identifier, default bandwidth of the interfaces, url 
/destination addresses, mode of operation (upload, 
download, streaming etc.), filename to be processed in 
case of a file download or upload operation by the BWA 
system. The routing table updater determines the active 
interfaces present in the concerned computing system. 

In addition, the routing table updater determines the IP 
address of the interfaces and the IP address of the gateway 
of these interfaces. In case of default interface already 
existing as default route, it searches with keyword 
‘default’ in the route table to determine the IP address of 
the gateway of that interface. For other interfaces it 
searches for that interface identifier in route table and 
reckons the first IP address as gateway IP address. 

The routing table updater creates the routing table for 
the interfaces that are chosen for bandwidth aggregation. 
It adds these interfaces as default route along with their 
gateway addresses as next-hops to the existing routing 
table of the system.  It assigns the equal priority for data 
transmission and reception to these interfaces. 

The core control module (BW- application) resides in 
application layer of TCP/IP protocol stack. It can interact 
with the multiple application layer protocols like FTP (file 
transfer protocol), HTTP (hyper text transfer protocol). It 
takes user inputs. Depending on the default data rates of 
the interfaces it determines the amount of data to be 
distributed for either transmission or reception by the 
interfaces. If the data rates/bandwidth of the n interfaces 
are n1, n2, … nn  the ratio of the data to be handled by the 
n interfaces is n1:n2:..nn.  i.e. it  keeps the ratio of the 
amount of data to be handled by the interfaces identical 
with the ratio of the default data rates of the interfaces.   

The core control module creates operational threads for 
each interface and remains as the main master thread. 
Operational threads independently perform data 
transmission or reception of the data allocated to them by 
the control module, through different physical interfaces. 
It merges the data received by the interfaces in the local 
system. It also merges the data transmitted to the same 
remote system.  The rates of data transmission and 
reception/bandwidth of the system happen to be the 
summation of the data rates of the physical interfaces. 

Following section summarizes the steps which are 
invoked sequentially to aggregate the bandwidth of active 
physical interfaces enhancing the overall bandwidth of a 
system: 

1. Determining the active interfaces in the system 
by executing ‘ifconfig’ command. 

2. Determining the IP address of the interfaces and 
the IP address of their gateway by searching the 

routing table. Search ‘keys’ to be used are 
‘default’ and the identification of interfaces (like 
eth0, ppp0 etc.).  

3. Creating routing table for each active interface. 

4. Updating routing table which is maintained by 
operating system by adding the active interfaces 
along with their gateways. The gateways and 
interfaces are added as default routes and as 
next-hops with equal priority for traffic handling. 

5. Determining the ratio of data distribution for 
transmission and reception among the interfaces 
based on the given data rates of the interfaces. It 
keeps ratio of data distribution same as the ratio 
of the given data rates of the interfaces. 

6. Creating multiple operational threads, where the 
numbers of threads are same as the numbers of 
concerned interfaces. 

7. Distributing the data to the concerned interfaces 
for transmission or reception. 

The physical interfaces through which data 
transmission and reception are occurring are bound by the 
respective operational thread of the control module (BW-
application). The physical interfaces are bound by their 
specific IP addresses/interface identifiers. Therefore the 
data distributions and coupling with the physical 
interfaces are happening in the application layer only.  

 
The technical achievements are depicted below: 
• Providing a system which enhances the data rates 

of a system for its communication to the external 
network (applicable for both wired and wireless ) 
by n times of the data rates using a single physical 
interface, where ‘n’ is the number of  physical 
interfaces consisting of identical data 
rates/bandwidth and communicating with similar 
network; 

• Providing a system which can aggregate the data 
rates/bandwidth of multiple physical interfaces of 
a computing system, i.e. if there are n interfaces 
comprising data rates b1, b2…. bn then the data 
rates of that computing system becomes 
b1+b2+… bn i.e. �bi where i = 0 to n;  

• Providing a system where the data can be 
transferred or received through multiple physical 
interfaces simultaneously;  

• Providing a bandwidth aggregation system which 
can reduce the total operational time of data 
handling by transferring and receiving the data 
through multiple physical interfaces 
simultaneously; 

• Providing a system which assembles the data 
transfer and reception path of physical interfaces 
keeping the physical layer, MAC and  other upper 
layer functional blocks / functionality unchanged, 
excepting making addition to routing table of the 
network layer; and 
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用戶界面接收用戶定義的接口標識符，默認的接口帶寬，URL地址/目的地址，操作模式（上傳，下載，流媒體等），文件名的文件要處理的情況下下載或上傳操作等輸入BWA系統。路由表的更新決定在有關計算系統的活動接口。此外，路由表更新程序確定的接口，這些接口的網關的IP地址的IP地址。默認界面作為默認路由已經存在的情況下，確定該接口的網關的IP地址查找路由表中的關鍵字'默認'。對於其他接口，它搜索路由表，接口標識符，估計第一個IP地址作為網關的IP地址。
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路由表的更新創建的接口的選擇對帶寬匯聚的路由表。它增加了這些接口配置為默認路由，隨著它們的網關地址作為下一跳現有系統的路由表。它分配了相同優先級的數據傳輸和接收到這些接口的。的核心控制模塊（BW-應用程序）駐留在TCP/ IP協議棧的應用層。它可以與多個應用層協議，如FTP（文件傳輸協議），HTTP（超文本傳輸協議）。它需要用戶輸入。根據接口對缺省數據率，它確定由要被分發用於傳輸或接收的數據量接口。如果n個接口的數據傳輸速率/帶寬分別為n1，n2的，要處理的n個接口的數據的比例為n1：n2的。即，它使要處理的配合比相同的接口的缺省的數據速率接口的數據量之比。
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核心控制模塊創建工作線程，為每個接口和仍然作為主主線程。獨立運行的線程進行數據發送或接收的數據分配給他們的控制模塊，通過不同的物理接口。它融合了本地系統中的接口接收到的數據。它也合併到同一遠程系統傳輸的數據。數據傳輸和接收/系統帶寬的速率發生的物理接口的數據傳輸速率的總和。以下部分總結的步驟順序調用活動的物理接口，提高系統的總帶寬總的帶寬：
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1。確定活動接口系統中，通過執行“使用ifconfig命令。2。確定的IP地址的接口和它們的網關的IP地址查找路由表。搜索'鍵'要使用的是“默認”和標識接口（如為eth0，ppp0的等）。
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3。創建路由表為每個活動接口。4。更新加入活躍連同其網關接口，這是由操作系統維護的路由表。網關和接口添加默認路由，下一跳具有相同優先級的流量處理。5。確定給定的數據速率接口的基礎上產生的接口，用於發送和接收數據的分佈的比例。保持數據分佈的比率相同的比率給定的數據速率接口。6。創建多個運行線程，有關的接口的數目相同數目的線程。7。分發的有關接口，用於發送或接收的數據。
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高亮
數據傳輸和接收的物理接口，通過它正在發生由各自的業務控制模塊線程（BW-應用程序）的約束。其特定的IP地址/接口標識符的物理接口被綁定。因此，數據的物理接口的分佈和耦合只發生在應用層。
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技術成果描繪如下：提供了一個系統，該系統提高到外部網絡（適用於有線和無線通信系統的數據傳輸速率）通過使用一個單一的物理接口，其中“n”是物理接口的數目相同的數據傳輸速率/帶寬組成的，與類似的網絡通信的數據傳輸速率的n倍;•提供了一個可聚合的計算系統的多個物理接口的數據傳輸速率/帶寬，即如果有n個接口，包括數據傳輸速率B1，B2，......十億，然後計算系統的數據傳輸速率，成為B1 + B2+...億，即雙向I =0到n;•提供一個系統，其中的數據可以通過多個物理接口同時傳送或接收的;•提供的帶寬聚合系統通過多個物理接口同時傳輸和接收數據的數據處理可以降低總的運行時間;提供組裝的系統的物理接口的數據傳輸和接收路徑保持在物理層，MAC和其他上層功能塊/功能不變，除了除了網絡層的路由表;



• Providing a system which interfaces with 
application layer of the TCP/IP stack only, as well 
as aggregates the data transmission and reception 
rates and thus increases the total bandwidth of the 
computing system under operation. 

IV. EXPERIMENTAL ANALYSIS 
The complete system was implemented using a Linux 

based PC where the bandwidth aggregation was 
performed by using two USB (Universal Serial Bus) 
CDMA 1xRTT wireless modems (and extended up to 4 
interfaces). As part of the experiment, two files of sizes 
30.94 MB and 141.04 MB were downloaded - first using a 
single modem and then using the proposed aggregation 
system using two modems. Comparison between the data 
rates/bandwidth of single interface and the aggregated 
bandwidths of the multiple interfaces are shown in the 
TABLE 1.  

In the first case the average observed speed is noticed 

as 60 kbps (kilobits per second), and aggregated speed is 
noticed as 101.340kbps. In the second case the average 
observed speed is noticed as 57.031 kbps (kilobits per 
second), and aggregated speed is noticed as 110.43 kbps. 
Significant performance improvement i.e. enhancement of 
bandwidth is achieved by using the proposed system. 
Aggregated speed becomes almost twice (same as number 
of interfaces) of the speed of a single interface. It should 
be noted here that since the aggregation logic is 
implemented in Application layer, it is relatively simple to 
implement use cases other than file download. 

 

V. CONCLUSION 
In this paper a bandwidth aggregation system which 

uses multiple active physical interfaces simultaneously is 
proposed. Depending on the user specified data rates of 
the interfaces this system distributes the amount of data to 
be transferred or received by the respective interfaces. The 
proposed system is based on the application layer of the 
TCP/IP stack where both TCP and UDP can be used as 
transport layer protocol. It does not require any 
corresponding module at the receiver side of the remote 
end system of the communication link or does not need 

any proxy node situated at the middle of the network for 
scheduling any packet to the multiple interfaces for 
simultaneous data transmission. It has components which 
take the user specified inputs and update the routing 
tables.  

The experimental results have shown a significant 
performance improvement/bandwidth enhancement of the 
proposed system. 

The limitation of the proposed system is runtime 
determination of bandwidth of physical interfaces 
depending on dynamical network condition; it needs a-
priori knowledge of bandwidth of physical interfaces as 
input to perform optimally and fails to take full advantage 
of the available bandwidth pipe when the actual 
bandwidth varies significantly from the a-priori one.  

The proposed system can be enhanced further based on 
cross layer communication model in automating the 
bandwidth estimation of each available link using 
dynamic bandwidth estimation. 

There is also scope of further work in making the 
complete system application-agnostic so that the 
commonly used web applications like Browser based file 
download, upload or video streaming can take advantage 
of the aggregation by just installing a browser plug-in. 
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TABLE I.   
IMPROVEMENT OF PERFORMANCE USING BWA 

The Performance Enhancement 
 

Download 
file size 

Interfaces  
Used 

Observed 
speed in kbps 
per interface 

Enhanced data  
rates  in kbps with 

aggregation 

30.94 MB 

Interface 1 &  
2( Epivalley  

modem  
using 

CDMA 
)  

Interface1 = 
61.436  

Interface2 
=59.9  

Aggregated rates = 
101.340  

 
41.44 / 70%  

increased data rate  
( best case out of 4 

attempts ) 

141.04MB Same as 
above 

Interface1 = 
57.031 

Interface2 
=57.031  

Aggregated rates = 
110.43 

 
53.40 / 93.63% 

increased data rate  
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提供了一個系統，該系統與應用程序層的TCP / IP堆棧，以及集合的數據發送和接收率，從而增加了總的帶寬下操作的計算系統。
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本文提出了一種同時使用多個活動的物理接口的帶寬聚合系統的建議。根據指定的用戶接口的數據傳輸速率上，此系統可以分配要通過各自的接口傳送或接收的數據的量。所提出的系統的基礎上可以用作傳輸層的協議，TCP和UDP的TCP / IP協議棧的應用層。它不需要任何相應的模塊在通信鏈路的遠程終端系統在接收機側，或不需任何代理節點位於網絡中的中間的任何數據包的調度用於同步數據傳輸的多個接口。它具有組件，採取用戶指定的輸入和更新路由表。
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實驗結果顯示出顯著的性能改進建議系統/帶寬提升。建議系統運行時確定的限制帶寬動態網絡條件下的物理接口，這取決於它的物理接口的帶寬需要先驗知識作為輸入最佳性能，並未能充分利用可用帶寬管的實際帶寬變化時，顯著從先驗。該系統能進一步提高基於跨層通信模型，採用動態帶寬估計每個可用的鏈路帶寬估計自動化。也有完整的系統與應用無關的，使常用的Web應用程序，如瀏覽器為基礎的文件下載，上傳或只安裝一個瀏覽器插件，可以利用視頻流的聚集進一步的工作範圍。
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完整的系統使用基於Linux的PC使用兩個USB（通用串行總線）CDMA1xRTT無線調製解調器（延長到4個接口）進行帶寬匯聚。作為實驗的一部分，兩個文件的大小30.94 MB和141.04 MB下載 - 第一次使用一個單一的調製解調器，然後利用所提出的聚合系統，使用兩個調製解調器。單一的接口的多個接口的聚合帶寬的數據傳輸速率/帶寬之間的比較示於表1。
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注意到在第一種情況下，平均觀察速度為60 kbps的（千比特每秒），和聚合速度作為101.340kbps注意到的。在第二種情況下觀察到的速度平均為57.031 kbps的（千比特每秒）注意到，聚合速度為110.43 kbps注意到。取得了顯著的性能改進，即提高帶寬使用建議的制度。聚集速度，成為一個單一的接口的速度幾乎兩倍（和接口的數量相同）。這裡應當指出，由於集合的邏輯被實現應用層，它是實現相對簡單用例以外的文件下載。
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預估
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