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요 약

본 논문에서는 실시간 네트워크에서 사용될 개선된 분산 QoS 알고리듬을 제안한다. 이 알고리듬은 

DCUR(delay-constrained unicast routing) 알고리듬과 같이 LC(least-cost) 패스나 LD(least-delay) 패스를 사

용하고 있지만, 루 를 처리할 때에 DCUR 알고리듬보다도 더 효율 으로 처리한다. 본 알고리듬은 모든 패

스를 더욱 더 효율 으로 찾을 수 있다.

ABSTRACT

In this paper, an improved algorithm of distributed QoS is proposed for real-time networks. This algorithm like a 

delay-constrained unicast routing(DCUR) algorithm uses either least-cost(LC) path or least-delay(LD) path of an active node, but 

when there is a loop, this algorithm is quite different from DCUR in choosing the link between the active node and the previous 

node to replace the original loop path. And this algorithm makes the construction of the paths more efficiently.
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Ⅰ. Introduction

The growing popularity of real-time and 

multimedia applications over the Internet has sti-

mulated strong interest in extending QoS(quality of 

service) support to existing routing protocols(e.g. 

OSPF, BGP)[1,2]. The QoS requirements of these 

applications raise new challenges for the deve-

lopment of integrated-service network systems. One 

of the key issues is QoS routing. The goal of 

routing solutions is twofold: (a) selecting network 

routes that have sufficient resources to meet the 

QoS requirements of every admitted connection and 

(b)achieving global efficiency in resource utilization.

Routing consists of two basic tasks. The first 

task is to collect the state information and keep it 

up-to-date. the second task is to find a satisfactory

path for a new connection based on the collected 

information. Most published routing algorithms 

[3,4,5,6] require every node to maintain a global 

network state either by a distance-vector protocol 

or by a link-state protocol[7]. However, such a 
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global state is consequentially imprecise in a 

dynamic network where the traffic load changes 

constantly. The imprecision is especially noticeable 

in large wide area networks due to the following 

reasons. First, it takes some propagation delay for 

a local state change to be broadcasted to other 

nodes. Second, a distance-vector(or link-state) 

protocol updates the state information periodically 

or upon triggering when significant state change is 

detected. There exists a tradeoff between the 

update frequency and the involved overhead. For 

large scale networks, the excessive communication 

overhead often makes it impractical for the update 

frequency to be high enough to cope with the 

dynamics of network parameters such as bandwidth 

and delay. Third, the hierarchical approach is likely 

to be used to solve the scalability problem of 

routing in large network[8]. And the state 

aggregation in hierarchical routing increases the 

level of imprecision[9].

There are two phases involved in handling a 

real-time channel: channel establishment[10] and 

run-time scheduling of packet[10,11]. The channel 

establishment phase involves the selection of a 

qualified route for the channel satisfying traffic 

characteristic and QoS requirements of the call 

request, without compromising the guarantees of 

the existing channels. Although several channel 

establishment schemes have been proposed, very 

few of them have explicitly addressed the issue of 

route selection, despite its importance in the 

channel establishment phase.

Unicast routing protocols can be classified into 

two categories: distance-vector protocols, e.g. the 

routing information protocol(RIP)[12], and link-state 

protocols, e.g. the open shortest path first 

protocol(OSPF)[13]. Distance-vector protocols are 

based on a distributed version of Bellman- Ford’s 

shortest path(SP) algorithm[14]. Considering the 

message complexity, distance-vector routing 

protocols scale well to large networks, because 

each node send periodically topology update 

messages only to its direct neighbors. Each node 

maintains only limited information about the 

shortest paths to all other nodes in the network. 

Due to their distributed nature, distance-vector 

protocols may suffer from looping problems when 

the network is not in steady state. In link-state 

protocols, on the other hand, each node maintains 

complete information about the network topology, 

and uses this information to compute the shortest 

path to a given destination centrally using 

Dijkstra's algorithm[15]. Link-state protocols have 

limited scalability, because flooding is used to 

update the nodes’ topology information. They do 

not suffer from looping problems, however, because 

of their centralized nature. In 1995, Garcia Luna 

Aceves and Behrens proposed a distributed protocol, 

based on link vectors, that avoids looping problems 

and scales well to large networks[16,17,18,19].

Both Bellman-Ford's and Dijkstra’s SP 

algorithms are exact and run in polynomial time. 

As the name indicates, an SP algorithm minimizes 

the sum of the lengths of the individual links on 

the path from source to destination. If the length of 

a link is the measure of the delay on that link, 

then an SP algorithm computes the least-delay(LD) 

path, and if the link length is set equal to the link 

cost, then an SP algorithm computes the 

least-cost(LC) path.

Reeves and Salama study the problem of unicast 

routing of real-time traffic subject to an 

end-to-end delay constraint in connection-oriented 

networks[5]. They formulate the problem as a 

delay-constrained LC(DCLC) path problem. This 

problem is NP-hard. Therefore, they propose a 

distributed heuristic solution, which is the 

delay-constrained unicast routing(DCUR) algorithm.

In this paper, we first discuss DCUR algorithm, 

and then we propose a improved algorithm about 

DCUR algorithm. In DCUR algorithm, the active 

node chooses either LC path or LD path, when a 
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loop is detected, the active node sends a 

message(remove_loop) traversing the loop 

backwards to delete all links between the active 

node and the node whose routing table entry's flag 

is set to LC path(LCPATH), and find another path 

at this node towards the destination. But the 

proposed algorithm is quite different from DCUR, 

because the node will firstly consider to choose the 

link between the active node and the previous node 

to replace the original loop path when a node 

detect a loop.

This paper is organised as follows. In Section II, 

the DCUR algorithm is discussed. In Section III, an 

improved algorithm is proposed based on DCUR 

algorithm. Section IV concludes the paper.

Ⅱ. Description of DCUR algorithm

1. Problem formulation

A point-to-point communication network is 

represented as a directed, simple, and connected 

network   , where   is a set of nodes 

and   is a set of directed links. A directed link 

  ∈  has a cost   and a delay   
associated with it.   and   may take any 

non-negative real values. The link delay   is a 

measure of the link’s utilization. For a given source 

node ∈  and destination node ∈, there is a 
set of possible paths , , ...,   from   to , 

e.g.   …  , the cost of a path   is 
defined as:

cos  
∈
 (1)

similarly, the end-to-end delay along the path    is 

defined as:

  
∈
 (2)

The DCLC problem finds the LC path from a 

source node   to a destination node   such that 

the delay along that path does not exceed a delay 

constraint σ. It is a constrained minimization 
problem that can be formulated as follows.

Delay-constrained least-cost(DCLC) path problem:

Given a directed network   , a non- 

negative cost   for each ∈, a source node 
∈, a destination node ∈, and a positive 
delay constraint σ, the constrained minimization 
problem is:

∈′ 
min

  (3)

where ′   is the set of paths from   to   for 
which the end-to-end delay is bounded by σ. 
Therefore ′  ⊆  . If  ⊆   then 
 ⊆ ′   iff
  ≤ σ (4)

2. Routing Information

When executing DCUR, we need some routing 

information which is kept at any node. Every node 

∈  must have the following information available 
during the computation of the delay-constrained 

path: the costs of all outgoing links, the delays of 

all outgoing links, a cost vector, a delay vector, 

and a routing table. The cost vector and delay 

vector structure are presented below, and the 

routing table structure will be described in the next 

section.

The cost vector at node   consists of   

entries, one entry for each node   in the network. 

Each entry in the cost vector holds following 

information:

1) the destination node ID,  ,

2) the cost of the LC path from   to  , denoted 



3) the ID of the next hop node on the LC path 

from   to  , 
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Similarly, the delay vector at node   has one 

entry for each node   in the network. Each entry 

in the delay vector holds:

1) the destination node ID,  ,

2) the total end-to-end delay of the LD path 

from   to  ,  , and 

3) the ID of the next hop node on the LD path 

from   to  ,  .

3. The Delay-constrained Unicast Routing 

(DCUR) Algorithm

DCUR is a source-initiated algorithm that 

constructs a delay-constrained path connecting 

source node   to destination node . The path is 

constructed from the source to the destination. The 

procedure constructing path is as follows:

1) the source node   initiates path construction 

by looking up the   from its 

delay vector, and check whether

  σ  or  ≤ σ (5)

if the former is satisfied, then delay-constrained 

path do not exist between   and , and DCUR 

fails and stops. if, however, delay-constrained path 

do exist, i.e.,

 ≤ σ (6)

the algorithm proceeds. Then source   becomes 

the current active node, denoted  . At 

all times there exist only one active node at the 

end of partially constructed path. At source  , the 

variable   is set to , and the variable 

  is set to null.

2) The   reads the ID of the next 

hop node on the LC path towards , , 

from its cost vector. Then   sends 

a query message to , requesting the 

LD value from   to .   

looks up the requested value 

(, ), from its delay vector, and sends 

a response message back to   with 

this information. After   receives 

the response message, it checks if



 ≤ σ
(7)

if the inequality is satisfied, then there exist 

delay-constrained paths from   to   

along the link( ,),and   

selects the direction of the LC path towards . If 

the inequality is not satisfied, then   

selects the direction of the LD path towards .

3) after deciding which direction to follow, 

  creates a routing table entry 

with the following information;

� the ID of  ,

� the ID of ,

� =ID of the 

 ,

�

  if     if    

4)   adds delay( , 

) to the variable . Then the 

  sends a   message 

to   that contains: the ID of the 

source  , the ID of the destination , the 

value of the delay constraint σ, and the 
updated value of   which repr-

esents the delay along the already constructed 

path from   to  . After sending out 

  message,   beco-

mes inactive.

5) when a node ≠  receives a   

message, it becomes the new  . The 
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new   sets   to 

be the ID of the node which sent it a 

  message. Then the new 

  executes the same procedure just 

described. When the destination node   receives a 

  message, it records the ID of the 

node which sent the message.   creates a routing 

table entry, with the following values: ID of the 

source  , ID of the destination ,   

= , =null, and 

=. Then the 

destination sends an acknowledgement back to the 

source. When the source receives the acknowl-

edgement message, it signals to the application that 

the path construction has been successfully 

completed, and traffic can be transmitted along the 

path.

Ⅲ. Improved DCUR Algorithm(I-DCUR)

From above description of DCUR algorithm, we 

can see that, in DCUR, each node involved in the 

path construction operation selects either the LC 

path direction or the LD path direction. This means 

that some nodes choose the LC path direction while 

others choose the LD path direction. In this 

condition, loops occur. We will give an example to 

show how a loop occurs, and how DCUR detects 

the loop, and then we propose an improvement 

algorithm. Figure 1 shows a scenario that results 

in a loop. The source node   initiates the 

construction of a path towards the destination node 

  with an imposed delay constraint value of 8. 

Figure 1(a), 1(b),and 1(c) show successive stages 

of path construction until a loop is created. The 

source   looks up its LD vector and LC vector, 

apparently the LC path is →→, but the total 

delay on the path is equal to 11, which is greater 

than the constraint value 8. Then the source   

follows the LD path direction towards the 

destination d(→→), and link( , ) becomes the 

first link in the path.

Fig. 1 Example of a loop scenario.   is the source 
and   the destination. link costs and link delay are 
shown next to each link as (cost, delay), σ. 
Node   follows the LC path direction towards d

(→→) and adds link( , ) to the path. Node 

  follows the LD path direction and adds link( , 

) to the path. This creates a the loop

{→→→}, as shown in Figure 1(c). When 

node   receives a   message, it 

searches its routing table. Because a 

  message includes the ID of the 

source, and the ID of the destination, node   can 

detect the loop if a routing table entry already 

exists for the source-destination pair specified in 

the   message. It reacts by sending 

a   message that traverses the loop 

backwards. Node   receives the   

message from node  , but node   is already 

following the LD path direction towards the 

destination, so all it does is to send the 

  message further backwards to  , and 

to delete its routing table entry, thereby removing 

link( , ) from the path(Figure 1(d)). Node   

receives the   message. It is following 

the LC path direction towards the destination, so it 

decides to follow the LD path direction instead, and 
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modifies its routing table entry accordingly. Thus 

removing link( , ) from the path and adding link

( , ) instead. The final delay-constrained path 

from   to   is the one shown in Figure 1(e).

This improved algorithm is different from DCUR 

mainly in the case when a loop occurs, it is as 

follows: when a node   receives a   

message from node  , and becomes current 

 ,and node   becomes 

 . If no loop is detected at node  , it executes 

the same procedure described above. If, however, a 

loop is detected, node   firstly looks for its 

  vector to read the delay value between 

node   and   which sent the   

message. In DCUR procedure described above, the 

  follows the LD path 

direction to add link( ,) to the path. It is easy to 

certify that link( ,) must be the LD path between 

node   and node  , too. So node   must have 

kept the delay value between   and node  , D( ,

), in its LD path vector. Then node   sends back 

a   message that contains node 's 

  and D( ,). After receiving the 

  message, node   reads the ID of the 

next hop node on the LC path towards , , 

from its cost vector. Then   sends a query 

message to , requesting the LD value from 

  to d.   looks up the requested 

value, (, ), from its delay vector, 

and sends a response message back to node   

with this information. After node   receives the 

Response message, it checks if


 ≤ σ

(8)

If the inequality is satisfied, then there exist 

delay-constrained path from source   to destination 

  which use the path( , ),the link( , ), and the 

link( , ). Then   sends a   

message to   to remove the path 

from node   to   originally constructed by DCUR 

before a loop was detected, and lets

  (9)

and modifies the routing entry made while it 

was the active node with the following information:

� the ID of  ,

� the ID of ,

� =the ID of the node which sent 

the   message

� =

� =

� flag=LCPATH

Then   adds D( ,)to the variable 

, and sends a   mes-

sage to  , the procedure is the same as 

DCUR.

If inequality (8) is not satisfied, node   executes 

the same procedure when a loop is found in DCUR 

algorithm.

Ⅳ. Conclusion

An improved algorithm I-DCUR is proposed, 

which is based on DCUR algorithm. In DCUR 

algorithm, when a loop is detected, the   

directly sends a   message to the 

previous node on the loop, and the previous node 

will proceed sending the   message 

backwards, removing routing table entries until it 

finds a node whose routing table entry's flag is set 

to LCPATH, indicating that this node is following 

the LC path direction towards the destination. In 

this algorithm, when a loop is found, maybe there 

have been lots of links involved between the active 

node and the node whose routing table entry's flag 
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is set to LCPATH, and this will prolong the 

average path constructing time. But in the I-DCUR 

algorithm, when a loop is detected, the active node 

sends a   message to tell the previous 

node that a loop has been found, then the previous 

node will first consider whether it can choose the 

link( , ) to replace the 

another path between the same two nodes or not. 

So, the link( , ) will be 

added to the path, and the another path is deleted, 

then the procedure continues. If it cannot do that, it 

will do just like DCUR. Therefore I-DCUR can 

provide more chances in choosing a path, and make 

path construction more efficiently. From Figure 

1(c), 1(d) and 1(e), according to DCUR, when node 

  finds a loop, the   message will 

traverse the loop backwards to node   to remove 

link( , ), link( , ) from the path, and adds link

( , ) to the path. The final path constructed is 

→→, and the total cost is 8. With the I-DCUR, 

the previous node   will first check whether link

( , ) can replace the another path(→→). In 

the example, the link( , ) is added to the path, 

and the path (→→) is deleted, and the final 

path from source node   to destination node   is 

(→→) whose total cost is 6.
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