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摘  要
A new efficient Ant Colony Optimization with Stages algorithm (ACOS) is presented for constructing minimum-cost multicast trees. We propose a heuristic method based on ant colony optimization (ACO) scheme to solve multimedia multicast routing problem for the communication network in this paper.  We introduce a stage mechanism in ant colony optimization to search solutions space for solving the multimedia multicast routing problem.  In the proposed ACOS algorithm, ants are put on destination nodes at first and then set out to resource node and using stages to aid searching optimal solution. This way is before the ants reach source node, if met the nodes that other ants have already passed by, store the food in these nodes temporarily, and the ants will return to the starting node and continue to carry food at once. Therefore, it can find out the best route. We ran our algorithm against results from ACO with superior results.  In this work, it is observed that ACOS can provide an improvement for obtaining a global optimum solution or a near global optimum solution in multimedia multicast routing problem. 
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一、目的
本人的一篇論文被著名的計算機學術會議所接受，此學術會議為2005數位環境國際學術會議(Conference on Digital Environments 2005; CoDE2005)，本屆假中國大陸上海市召開，自2005年7月29日至31日，共計三日。此會議每年在全球尋覓一著名景點召開一次，明年將在韓國首都漢城召開。本次會議共分成tutorial與technical track兩大部分進行。本人遂前往中國大陸上海市出席此學術會議並發表論文--以新的螞蟻驛站方法解決網路群播路由問題。
二、過程

2005數位環境國際學術會議(Conference on Digital Environments 2005; CoDE2005)為由IEEE所支持的國際高水準會議，本屆假中國大陸上海市召開，自2005年7月29日至31日，共計三日。此會議明年將在韓國首都漢城召開。本次會議共分成tutorial與technical track兩大部分進行。Tutorial 共分成三個場次，每場次各有數個議題發表。其內容包括:/Information Systems Management、Revisiting Success and Failure in Information Systems、Extraction of Knowledge from Data Using Computational Intelligence Methods、Neural and Mental Development、Neural Networks for Diagnostics, Prediction and Control: Capabilities and Myths、Practical Introduction to Support Vector Machines、Computational Intelligence in Financial Forecasting、Stored Programmable Cellular Neural Networks 、Towards Understanding Images of the Mind、Evolving Connectionist Systems: Methods, Tools, Applications、An Overview of VC Learning Theory and its Applications、Unification of Neural and Wavelet Networks and Fuzzy Systems及Independent Component Analysis等多項熱門議題。而technical track則分成十餘場，發表論文甚多。其主題涵蓋: Data Mining and Knowledge Discovery、Network Optimization、Communications、Mobile Business、Economics and Finance、Image Processing、Data Classification、Vision、Medical Applications、Pattern Recognition、Face Recognition、e Government、Rule Extraction、Speech Processing、Manufacturing、fuzzy Neural Systems、Applications to Optimization 、Image and Video processing 、Speech and Handwriting Recognition 、Optical Network、Neural Network on Pattern Recognition and Control、Mobile Agent等。

而筆者之論文被安排於7月30日regular session 中發表。其中主要探討如何改善多媒體網路中群播路由之問題。本論文提出一個改良自螞蟻群聚最佳化演算(Ant Colony Optimization；ACO)的搜尋技術，稱為驛站式螞蟻群聚最佳化演算法(Ant Colony Optimization with Stage；ACOS)，用來解決多媒體網路通訊中，網路封包群播路由(Multicast Routing)之最小路由路徑成本與網路路由路徑服務品質保證(Quality of Service；QoS)之議題。本演算法是以螞蟻搜尋演算法為基礎，並在搜尋的過程中加入驛站的策略，以提昇搜尋效果與效率。本論文以實驗來加以證明ACOS在搜尋的效果與效率上都比傳統ACO搜尋方法較能求得更好的結果。會議中，在眾多的議題內，筆者特別注意的是與Communication、data Mining、Rule Extraction及Economics and Finance 有關的議題：其中有Network Flow and Congestion Control 、 Computational Intelligence in Adaptive Educational Hypermedia、Chaos Generators for CDMA Communication Using Neural Networks、Multi-User Detector with an Ability of Channel Estimation Using RBF Network in an MC-CDMA System及DBNN, FDNN, Discriminative Learning, and Back-Propagation Neural Networks in DS/CDMA Systems、等，給予筆者許多寶貴的經驗與啟發。特別是Data Mining and Knowledge Discovery 受到了廣泛的討論，有許多公司與研究單位提出不同的解決方案，預期將對知識探勘與知識管理的技術產生重大的變革。

三、心得
通訊網路技術之進步可謂瞬息萬變，一日千里可。它是現代科技的整合，也是一種計算系統，包括軟體與硬體。通訊網路系統是最近非常熱門的研究領域，許多學者投入了此方面的鑽研，所以最近與此方面相關的國內或國際學術會議層出不窮，與網路及資料庫相關所涵蓋的範圍極廣且複雜。由於硬體不斷的革新，也引發了需多在整體設計架構上的變革需求。是以如何獲取最新的資訊科技並加以實作應用，同時調整產業的方向與步調，將是日後國內在網路及資料庫科技能否成功，並躋身世界科技強國的重要關鍵所在。國內在網路相關產業中，所生產的產品多屬硬體方面的晶片及週邊卡，今後如欲取得更佳的全球競爭優勢，應注重軟體與硬體的平行發展，特別是系統整合的問題更應予以重視。此外，資料庫資料探勘在歐美先進國家利用此一技術以提升整體企業的競爭力已有數年之久，而國內對此技術之研究及應用似乎仍屬起步階段。學術界在此二方面似乎累積了不少的寶貴經驗，故至盼政府應建立更暢通的產業合作管道及合作模式，以彼此互利的方式將學術界的研發成果導入真正的工業或企業應用，藉以提昇資訊科技的產值。由此次會議中，我們也見到許多產學合作成功的案例，值得學習效法。此外，本次會議在中國大陸上海市近郊之復旦大學舉行，我們也見到上海市擁有珍貴豐富的文化藝術遺產以及進步繁榮的景象。他們對於新的科技不斷積極研發、創新;同時對於保護文化藝術資產卻也不遺餘力，如此也為他們帶來了大筆的觀光財產。上海市的進步極其快速，是以在發展科技、經濟的同時，也要做好環境美化及保護珍惜可貴的文化藝術及土地資源，將是我國應加以深思的課題。此外筆者亦對復旦大學之校園規劃良好、學術研發氣息濃厚，留下深刻之印象。透過此次會議的論文發表,筆者有幸認識許多國際上從事網路通訊及資料探勘方面研究的專家學者，不但介紹自己給大家認識之外，也簡略告訴與會國際學者台灣目前在此方面的發展與應用。筆者透過此次的論文發表，深切體會到專業知識與技能及英文溝通的重要性，可謂受益菲淺。日後唯有不斷地汲取新知，並不斷在研究領域上研發創新，加強英文的溝通能力，始能在國際學術領域內受到重視。筆者在此次會議中亦被邀請擔任網路通訊子會議之會議主席 (Session Chair)，深感榮幸。
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Abstract
A new efficient Ant Colony Optimization with Stages algorithm (ACOS) is presented for constructing minimum-cost multicast trees. We propose a heuristic method based on ant colony optimization (ACO) scheme to solve multimedia multicast routing problem for the communication network in this paper.  We introduce a stage mechanism in ant colony optimization to search solutions space for solving the multimedia multicast routing problem.  In the proposed ACOS algorithm, ants are put on destination nodes at first and then set out to resource node and using stages to aid searching optimal solution. This way is before the ants reach source node, if met the nodes that other ants have already passed by, store the food in these nodes temporarily, and the ants will return to the starting node and continue to carry food at once. Therefore, it can find out the best route. We ran our algorithm against results from ACO with superior results.  In this work, it is observed that ACOS can provide an improvement for obtaining a global optimum solution or a near global optimum solution in multimedia multicast routing problem.   

Keywords: multicast routing, heuristic method, ant colony optimization

1. Introduction
    Generally, multicast is a very important and selective one-to-many broadcast mechanism utilized by growing number of real-life applications involving multimedia teleconference, video/audio broadcasting, file distribution, and video on demand. Nowadays, multicast-based applications have pervasive presence and influence in our wide area network.  The problem of optimal multicast routing assignment has been of great interest in many areas. Usually, the role of routing is to allocate the available resources to best fulfill certain requirements. In this work we are interested in the problem of optimal routing in data networks. In general, multicast routing in a communication network concerns the search of optimal routing trees in the distributed network, where messages or information are sent from the source node to all destination nodes.  Over the past decades, numerous simple constrained or unconstrained multicast routing approaches have been proposed.  Their analyses are usually classified as the multiple destination routing (MDR) problems [8].  In the past, most multicast routing algorithms have been presented with the goal to minimize the cost of the constructed multicast tree.  The multicast tree with minimum cost is named a Steiner tree [9], which is NP-hard.  Hence, various adaptive heuristic multicast routing algorithms such as genetic algorithm and ant systems have been developed over the past years [8]-[14]. 
Ant system is a well-known efficient algorithm for traveling salesman problem (TSP).  Dorigo presented the Ant System (AS) and later continued to develop this system [1]-[7].  AS has been successfully apply to the job-shop scheduling problem, classical traveling salesman problem (TSP), and quadratic assignment problem (QAP). Recently, the ant colony optimization (ACO) meta-heuristic has been presented, showing a unifying framework to support most applications of ant algorithms to combinatorial optimization problems. This investigation states a very simple, yet empirically powerful method, called the Ant Colony Optimization with Stages algorithm (ACOS), which has been found more effective than the ant colony optimization (ACO) approach for the multimedia multicast routing on several test problems.  Besides, a stage mechanism is utilized to establish a shorter path via ants’ mutual help to find food for solving the multimedia multicast routing problem.    

In order to validate our proposed approaches, numerous simulations were performed to compare our ACOS and Dorigo’s ACO using different test problems.  For example, the simulation for comparison of our ACOS with Dorigo’s ACO and utilizing two different network architectures with 11 nodes and 50 ants has been conducted. It is observed that multimedia multicast routing utilizing ACOS provides an improvement for obtaining a global optimum solution or a near global optimum solution. 

2. Ant Colony Optimization (ACO)

Dorigo has verified that ACO has the capability to get the shortest path between its nest and food source [2].  A moving ant will lay some pheromone (in varying quantities) on the ground, thus making the path by a trail of this substance.  While an isolated ant moves essentially at random, an ant encountering a previously laid trail can detect it and decide with high probability to follow it, thus reinforcing the trail with its own pheromone.  We examine Ant Colony System (ACS) as a representative ACO technique.  The ant colony optimization algorithm can be briefly illustrated as Fig. 1.  
                     

Procedure ACS algorithm

  Set parameters, initialize pheromone trails

  Loop

    Each ant is positioned on a starting node

   Loop

     Construct Solutions

     Apply Local Search

     Local_Pheromone_Update 

   Until all ants have built a complete solution 

    Global_Pheromone_Update 

  Until End_condition
End ACS algorithm

     Fig. 1.  The ACS algorithm
A network model can be implemented by creating ant population based on the principle of ACO.  Accordingly, we associate communication networks with the ACO method, and then we replace the routing tables in the network nodes by tables of probabilities, named pheromone table as revealed in Fig. 2. 
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Fig. 2.  The pheromone table (
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 In Fig. 2, the pheromone strength is depicted by probabilities, where there are n nodes in the network.  Notably, the pheromone table records the pheromone strength 
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 for all of the nodes (
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), where u represents the destination node and v denotes the neighboring node. Hence, pheromone table gives the probabilities of alternative choices between neighboring links. They can be updated based on the rules defined.  The probability with which ant k in node u chooses to move to the node v is shown in Equation (1) as follows [9]:
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 denotes the spare bandwidth in the link (u, v), and 
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 are parameters which determine the relative importance of pheromone strength, the inverse of the cost and bandwidth available, respectively.  In Equation (1), we favor the choice of outgoing links, which have greater amount of pheromone, less cost, and greater spare bandwidth.  Moreover, two kind of pheromone updating rules called the local updating and the global updating are defined as follows: 

A. Local updating rule: while creating a tour (namely, a solution) of the multicast routing, ants will visit edges and change their pheromone level by applying the local updating rule as follows [3], 

                    
[image: image20.wmf])

,

(

)

,

(

)

1

(

)

,

(

v

u

v

u

v

u

t

t

r

t

D

+

×

-

=

                      (2)

Moreover, let 
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represent the intensity of pheromone trail on connection (u, v), where
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 is a coefficient (pheromone decay parameter) such that 1-
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[image: image24.wmf]r

< 1 denotes a parameter.). 
[image: image25.wmf])

,

(

v

u

t

D

 represents the updated pheromone strength of every path.  In addition, it also denotes the inverse of the delay ant traveling through the link (u, v) that can be given by the following formula [3]:  
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B. Global updating rule: while reaching destination, ant k will create a path 
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, then ant k return to its staring point along 
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 to finish its once journey.  A moving ant lays some pheromone (in varying quantities) during a return trip, thus updating the entire path 
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.  We deem it as global updating.  The global updating rule can be illustrated as follows [3], 
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where:                         
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In Equations (4) and (5), m represents the number of ants, 
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3.1.  Problem Definition for Multicast Routing 

The problem of finding an optimal multicast tree with minimum cost for a directed network graph is formally outlined as follows:

GIVEN: An undirected network 
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.  Additionally, a non-empty set N = {v0, u1, u2, u3,…, uk} of terminals in G is provided  where 
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, v0 is the source node, and D = {u1, u2, u3,…, uk} is the set of destination nodes, 
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.  The cost of multicast routing (Cij ) is the delay between edge i and j.  B denotes the bandwidth of every edge. 
FIND: A subnetwork TG(N) = (VT, ET, wT, CT, BT ) of G such that:
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; there is a path from the source node to each destination node; the cost of TG(N), 
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, is minimized.  Thus, the fitness function can represent as follows: F(a) = Min {
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3. The Proposed Approach
This paper presents a very powerful approach, called ant colony optimization with stages algorithm (ACOS) for multimedia multicast routing.  It is desirable to design a modified ant colony optimization algorithm that is not required to solve any hard subproblem but can give nearly optimal solutions for multicast routing. 

2.3 The Proposed Algorithm Ant Colony Optimization using Stages

Ant Colony optimization (ACO) is an effective and efficient optimization algorithm, and it has been demonstrated that ACO can be applied to many real-world applications.  However, ACO suffers from the limitation of stagnation.  In this investigation, the performance of ACO is improved and the improved ACO (named ACOS) is combined with stages mechanism to solve the multicast routing problem. Simulation reveals that the results of the proposed algorithm for multicast routing are better than the ACO and several existing algorithms.

2.3.1 Methodology
Dorigo designed the ant colony optimization (ACO) [2]-[4], and later Lu continued to develop this system for solving multicast routing problem [9], [10].  This paper describes a new ant colony optimization with stages (ACOS) algorithm for solving the multicast routing problem.  The algorithm is designed to not need to solve any hard subproblems, but to be able to obtain a near optimal solution to the multicast routing problem.  The proposed method can obtain optimal solutions via stages mechanism based on ACO.  In Lu's ACO algorithm (for multicast routing problem), Ants are put on source node at first and then search the shortest path from source to destination nodes sequentially. However, in ACOS algorithm, ants are put on destination nodes at first and then set out to resource node and using stages to aid searching optimal solution. This way is before the ants reach source node, if met the nodes that other ants have already passed by, store the food in these nodes temporarily, and the ants will return to the starting node and continue to carry food at once.  Therefore, it can find out the best route. 
Fig. 3 shows ants setting out from a nest, while Fig. 4 illustrates an example using ants’ stage.  Notably, the numbers (i.e. 6, 4, 4, 3) on the Fig.3 and Fig. 4 represent the distance of the route 
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                        Fig. 3.  Ants set out from a nest.  
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                   Fig. 4.  An example using ants’ stage in ACOS.  

　

2.3.2 Algorithm

　In our proposed new approach, the stage mechanism is utilized to establish a shorter path via ants’ mutual help to find food.  To describe the proposed ACOS method, several parameters must be illustrated at first. Let m represents the number of ants, n denotes the number of destination nodes, s is the source node and 
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 denotes a traveling route of ant k (Notably, 
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 is a tabu list and it cannot have repeat path), 
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 represents the stage set of ant k, F denotes the ants set which had completed their traveling, and MAXGEN is the maximum generations of ant clan to search path.  The algorithm can be illustrated as several steps as follows:

Step 1: initialization

Allocate k ants sequentially on destination nodes
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Step 3: to choose path

For every ant k, if 
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.  If no path can choose then ant dies; otherwise, perform equation (2) (local update) to choose next path 
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 and continue taking two statuses into account as follows:

Case 1: If 
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 (ant k reaches destination) then send ant k back to original starting node, thus 
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Case 2: If 
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Repeat this step until all of the ants complete their traveling, namely, 
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Step 4: global update

Perform equation (4) to globally update the path (
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) for the entire ants.  Repeat Steps (2-4) until MAXGEN.

Step 5: to establish multicast tree

In order to establish a multicast tree, every destination node (
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) must choose a path connecting to the source node (s) with the best pheromone strength from pheromone table, and then output the whole multicast tree.
3. Simulation Results

In order to demonstrate the performance of our proposed approach and compare the performance for ACO and our ACOS, we carried out some computer simulations on a PC Pentium Ⅲ.  There were two experiments using two different network architectures (test problems) for the multicast routing was examined.  In all the experiments of this section we set parameter values as follows: ρ=0.45, m=50,τ0= 0.97, MAXGEN=100, computer simulation runs=30, 
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and 
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 are listed in Table 1. 

                 Table 1: the parameter values in three different cases

	Parameter
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	Case 1
	1
	1
	0.5

	Case 2
	1
	1
	0.35


Case 1：In this paper, we used the network architecture for simulation from Lu’s ACO paper [10] as shown in Fig. 5(a).  Note that there are eleven nodes in Fig. 5(a), where s represents a source node and d1-d4 denote destination nodes, and the numbers are the distance cost of the route.  In addition, all of the bandwidths of routes equal 10 Mbps. 
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                   (a)                                     (b)

Fig. 5.  Network architecture for simulation [10].              

Case 2：We also designed a more complicated network for simulation as revealed in Fig. 5(b).  Note that there are eleven nodes in Fig. 5(b), where s represents a source node and d1-d3 denote destination nodes, and the numbers are the distance cost of the route.  Moreover, all of the bandwidths of routes equal 10 Mbps.
According to our simulation results as shown in Fig. 6(a) (ACO) and 6(b) (ACOS) in case 1, the total cost of multicast tree of ACO equals 7.  However, the total cost of multicast tree of ACOS equals 6.  In case 2, the searching path of destination nodes of d2 and d3 both will be affected by d1 in ACO method, and thus cause more total cost of multicast tree (11.6).  The multicast tree of ACO is shown in Fig. 7(a).  Notably, our ACOS can still search the optimal path, and the total cost of multicast tree equals 10.7.  The multicast tree of ACOS is depicted in Fig. 7(b).
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Fig. 6.  Simulation results (a) ACO and (b) ACOS in case 1, the total cost of multicast tree of ACO and ACOS are equal to 7 and 6, respectively.　
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Fig. 7.  Simulation results (a) ACO and (b) ACOS in case 2, the total cost of multicast tree of ACO and ACOS are equal to 11.6 and 10.7, respectively.

A number of benchmark problems and various random test problems that are used to compare the ACO with our ACOS for the multicast routing were examined.  Additionally, we also conducted several experiments for our ACOS and several existing well-known algorithms for fair comparisons in multicast routing problems.  Due to the limitation of paper length, we cannot show all of the comparisons.  In sum, it is observed that the proposed ACOS technique is, indeed, a very effective and potentially useful in solving multicast routing problem.    
4. Conclusion

This paper presents a new metaheuristic approach called ACOS algorithm for solving the multicast routing problem.  We introduce a stage mechanism in ant colony optimization to search solutions space for solving the multicast routing problem. The proposed method can obtain optimal solutions via stages mechanism based on ACO.  In Lu's ACO algorithm (for multicast routing problem), Ants are put on source node at first and then search the shortest path from source to destination nodes sequentially. However, in ACOS algorithm, ants are put on destination nodes at first and then set out to resource node and using stages to aid searching optimal solution. This way is before the ants reach source node, if met the nodes that other ants have already passed by, store the food in these nodes temporarily, and the ants will return to the starting node and continue to carry food at once.  Therefore, it can find out the best route.  ACO method only consider the path from source node to a destination node, but the ACOS approach with stages mechanism can consider the paths of the other destination nodes concurrently.  With the help from the other ants, ants can temporarily store the food in stages and return to the starting node during carrying food, and thus ant colony may build an optimal multicast tree and then it may decrease the transmission cost.  According to our simulation results, the ACOS algorithm outperforms the ant colony optimization (ACO) in multicast routing problem. 
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