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ABSTRACT 

The transmission of voice over IP networks can generate network congestion due to weak supervision of 

the traffic incoming packet, queuing and scheduling. This congestion negatively affects the Quality of 

Service (QoS) such as delay, packet drop and packet loss. Packet delay effects will affect the other QoS 

such as: unstable voice packet delivery, packet jitter, packet loss and echo. Priority Queuing (PQ) 

algorithm is a more popular technique used in the VoIP network to reduce delays. In operation, the PQ is 

to use the method of sorting algorithms, search and route planning to classify packets on the router. Thus, 

this packet classifying method can result in repetition of the process. And this recursive loop leads to the 

next queue starved. In this paper, to solving problems, there are three phases namely queuing phase, 

classifying phase and scheduling phase. The PQ algorithm technique is based on the priority. It will be 

applied to the fuzzy inference system to classify the queuing incoming packet (voice, video and text); that 

can reduce recursive loop and starvation. After the incoming packet is classified, the packet will be sent 

to the packet buffering. In addition, to justify the research objective of the PQ improved algorithm will be 

compared against the algorithm existing PQ, which is found in the literature using metrics such as delay, 

packets drop and packet losses. This paper described about different execution long process in Priority 

(PQ) and our algorithm. Our Algorithm is to simplify process execution Algorithm that can cause 

starvation occurs in PQ algorithm. 
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1. INTRODUCTION 

Currently, VoIP technology has been applied to a Wireless Local Area Network (WLAN) 
technology sector [16]. However, many problems and issues such as delay, jitter, limited 
bandwidth, and packet loss (packet drop) occur when communicating, which in turn will affect 
Quality of Service (QoS) performance. In connection with these problems, the delay is one of 
the problems that affect the voice quality [12] is will be the main focus of paper.  

Some Quality of Service (QoS) technology has been used such as Best Effort Service (BeServ), 
Differentiated Services (DiffServ), Integrated Service (IntServ), and Multi-Protocol Label 
Switch (MPLS) [2]. DiffServ and MPLS are two examples of many new models in the network 
architecture. Even though, the two architectures are almost the same, but DiffServ is more 
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popular and more knowledgeable [19]and [3]. Furthermore, [5]stated that Diffserv can provide 
QoS from end to end by establishing guarantee in every routing and switching nodes to perform 
various types of functions related to QoS metrics (bandwidth, delay or packet loss). DiffServ 
networks can also achieve its goal by separating the edge (which do complex tasks such as 
traffic classification, traffic marking and traffic monitoring) and the DiffServ core network. This 
will further be the focus of the paper. Differentiated service model is designed to achieve the 
QoS requirements of voice. Some queue scheduling algorithm is also introduced in the 
differentiated service such as First In First Out / First Come First Serve (FIFO / FCFS), Priority 
Queuing (PQ), Fair Queuing (FQ), and Round Robin (RR) [14]and Error! Reference source not 

found. 

2. RELATED WORK 

This paper is to continue the previous paper with entitled “Classifying Incoming Packet Using 
Fuzzy logic for VoIP)” that will be published in Telkomnika journal in August 2010. In this 
paper focused on analyzed long execution in PQ algorithm then will be compared with our 
algorithm.    

In several publications [20]; [9]; and [17], reveals that PQ algorithm has better performance 
than the other queue scheduling algorithm. However, generally PQ algorithm also has some 
problems that cause inefficiencies in the operation. The PQ algorithm is used sorting, searching 
[15]and route planning in classifying packets. In classifying packets, some issues such as 
selection of priority packets still occur recursively (repetition) when the operation, that can 
cause next queue starvation [18]; [10], [20] and [7]. This is due to incoming packet (in the form 
of voice, video, and data) are sorted (classified) based on priority. Sorting and searching 
methods will affect the speed in classifying the packets, while the high speed in the 
classification may also help to send the packet to the destination node more quickly. 

Different priorities of data traffic queues in the network as shown in Figure 1. where the voice is 
the highest priority, video is a medium priority and high priority data is the lowest priority. As 
the VoIP network, voice must be serviced first before the video and data. 

 

Figure 1. Generic PQ Scheduling algorithms (Source: Kampong J. Mabe, (2005) 

In queuing scheduling algorithm that is proposed, the PQ algorithm approach to the incoming 
packet has been investigated. Some weaknesses in the PQ have been identified as a recursive 
(repetition) which can lead to lack (starvation) of bandwidth for the next queue, greedy packet 
buffering is not optimal (inefficient) be used, because of the high priority are always serviced 
first so that it can cause packet delay. In addition, in this paper a new queue scheduling 
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algorithm based on PQ algorithm will be improved and applied to a new QoS architecture. 
Based on the problems and weaknesses that have been identified in the PQ algorithm, then the 
solution will be proposed in this queue scheduling algorithm. This algorithm is divided into 
three phases namely queuing classifying, buffering, and scheduling.  
To classify an incoming packets, the existing techniques in PQ algorithm will be reduced to 
three priorities include the High, Medium, and Low. The voice is classified into High, videos 
are classified into the medium, and the text is classified into Low. New algorithm will be 
improved by combining existing techniques in PQ algorithms using a fuzzy logic classification 
system for the packet. The fuzzy logic is simpler and flexible, is able to simplify complex 
problems and algorithms have been investigated. Fuzzy logic has been used by many inter-
disciplinary science and applications [22]. In these applications that fuzzy theory can be used to 
improve the performance of neural networks. For example, fuzzy logic has been used in the 
simulation of the Microscopic Traffic Network (FLOMITS) model [4] for the car following 
model. He has compared the traditional model and fuzzy logic models, and revealed that fuzzy 
logic is more effective and efficient, and it has been used in the proposed model as well. [12] in 
his paper have also been combined fuzzy logic and genetic algorithms (GA) to solve the access 
network selection (ANS) problem in heterogeneous wireless networks (HWN). Fuzzy logic has 
been used by [6] in the queue the packets in the router, where Fuzzy logic is used to classify 
packets into different priorities based on the packet.  
 
As a justification in this paper, PQ algorithm using sorting methods, search [8]and [15] and 
planning a route [1] to classify the incoming packet. This algorithm (sorting, and searching) is 
based on complex mathematical formulas such as bubble sort, insertion sort, heap sort, quick 
sort, merge sort and Dijkstra's algorithm. Combined techniques in PQ algorithm applied to 
Fuzzy Logic can classify the incoming packet with intelligent methods. Fuzzy gives priority to 
each queue based on queue congestion (priority, arrival time and demand). For this paper using 
the technique in the PQ algorithm and applied to Fuzzy Logic to solve the problem will be 
proposed.  

3. RESEARCH METHOD 

The research methodology begins with the collection of the literature review that began 
with the formulation of the problem. In the second step of the experiment test bed was setup to 
perform real-world scenarios to investigate the QoS parameters and signals that cause latency 
(delay) in VoIP networks as a process of real-time traffic. After obtaining the results of 
experiments on a simulation model will be developed in order to reduce the latency (delay) 
during the conversation so that traffic can be real-time communication continuity without 
distortion. The main contribution of this paper is to develop an efficient queue scheduling 
algorithm by using existing techniques in the algorithm PQ. In the last step of performance 
comparisons will be made to justify the operation and efficiency of queue algorithms developed 
with QoS the model known currently. 

The decision to conduct an experiment test bed comes after an extensive paper of 
research papers and methods used by other researchers. The idea is to experiment to include 
VoIP systems, wireless devices and IP phone (soft phone) to obtain real-world results to justify 
and distinguish the models developed in this paper. 

Step-by-step research methodology discussed below and shown in Figure 2: Research 
Methodology Flowchart. 
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Figure 2. Flowchart of the Research Metodology 
 
There are three phases of the incoming packets data traffic among them is the queuing phase, 
classification phase, and scheduling phase. First, Phase Queuing is the arrival of incoming 
packets at random. Incoming packet in the form of voice, video, and data (text) will come 
randomly and continuously. Voice packets are marked as H (High), the video packets are 
marked as M (Medium), and data (text) is marked as L (Low). Second, Classifying phase is 
where the incoming packets will be selected and classified by priority, arrival and demand. 
Here, there are three parameters that must be determined to classify traffic based on the data 
type queue (priority), time of arrival and request packet, while the PQ algorithm is only based 
on the priority without considering the packet arrival time which can cause a recursive (loop) 
and starvation. Scheduling phase is where the packets that have been selected (classified) will 
be scheduled in sequence that started from High, followed by medium and low. In this paper 
just would be a study about classifying phase. Figure 3 is fuzzy rules based PQ algorithm.  
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Figure 3. Fuzzy process data traffic classifying algorithm 

4. RESULT AND DISCUSSION 

Based on summary of overall information and after PQ algorithm comparison conducted 
between of them, then a solution queuing scheduling algorithms will be proposed. This solution 
is consisted of three phases among of are queuing phase, classifying phase and scheduling 

phase as depicted in Figure 4. Figure 5 and 6 in elaborate detail. 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Solution queuing scheduling algorithm 
 
Based on Figure 4. that using existing techniques in PQ algorithms (by priority) and combined 
with fuzzy logic is a solution that will be offered in a new queue scheduling algorithm. Figure 5. 
illustrates in detail and drafts a new queue scheduling algorithm. Multimedia data consisting of 
voice, video, and text (data) are prioritized, depending on the needs. So, the packet classification 
by PQ algorithm, consisting of four priorities, in this case the priority may be reduced to three 
priorities, which the voice is the highest priority, video is the medium priority, and data (text) is 
the lowest priority. After the incoming packet arrives, this packet will be classified into three 
classes is high for voice, video and Medium to Low to the data (text). Each packet which has 
been classified by the classifier is shown in Figure 5.      
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Figure 5. Detail new queuing scheduling algorithm 
In VoIP network, voice is serviced first, followed by video and data before it is transmitted to 
other networks. In this paper would combine the existing techniques in the PQ algorithm and 
Fuzzy logic. Both of these techniques will be applied to the new queuing scheduling algorithm. 
After the packet is classified, packets transmitted and regulated in the queue buffer to High 
(voice) placed in the High buffer, to Medium (Video) is placed in the buffer Medium, and Low 
(data) is placed in a low buffer. In this case, three samples of the queue will be used to make the 
rules. It aims to facilitate the implementation of the fuzzy logic. New queue scheduling 
algorithm is expected to be able to manage incoming packet based on priorities. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Flowchart new queuing scheduling algorithm 
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In this new algorithm (see Figure 6) incoming packet is formed use fuzzy rule namely if then 

rules. Fuzzy rules consist of input and output. In these case input is qi1, qi2, qi3,…,qin and 

output is qo. For example is if qi1 is High and qi2 is High and ··· and qin is High then qo is 
qi1, etc. And these fuzzy rules are also valid for back queuing continuously as shown in Figure 
7.    

 
As shown in Figure 7, there are three phases of the incoming packet data traffic among them is 
the queuing phase, classifying phase, and scheduling phase. First, Phase Queuing is the arrival 
of incoming packets at random. Incoming packet in the form of voice, video, and data (text) will 
come randomly and continuously. Voice packets are marked as H, the video packets are marked 
as M, and data (text) are marked as L. Second, Classifying phase is where the incoming packets 
will be selected and classified by priority, arrival and demand. Here, there are three parameters 
that must be determined to classify traffic based on the data type queue (priority), time of arrival 
and request packet, while the PQ algorithm is only based on the priority without considering the 
packet arrival time which can cause a recursive (loop) and starvation. After classifying, the 
packet will be forwarded to the packet buffering. As in PQ buffer consists of four packets, and 
also this problem has been described in the introduction, PQ algorithm is using a greedy 
algorithm. Therefore, in this case simplified into three packets will be proposed that packet 
buffering should be adjusted to three types of queues High, Medium and Low according to 
incoming packets as well. Packet buffering algorithm based on PQ and SPBA algorithm. Third, 

Scheduling phase is where the packets that have been selected (classified) will be scheduled in 
sequence that started from High, followed by medium and low. As known in the VoIP network, 
the voice has the highest priority to be serviced first, before video and data.  
In this algorithm, each packet will be sent based on priority, arrival time, and demand. Based on 
priority, that means high-priority packets are always transmitted (serviced) first. Based on 
arrival time is if there are three packets or more of the same after a high priority is to continue 
next. And on request is that if many high-priority queues after the next will be forwarded.  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Phase data traffic classifying 
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In Figure 8 below has shown an example execution algorithm in PQ algorithm that happening 
recursively. This algorithm needs many steps that must be executed to sorting priority 
completed. This algorithm is based on insertion sort method, which has been used in PQ in long 
time (previous time). In traffic incoming packet on TCP, the long execution will be spent time 
to decide incoming packet priority.    
    

 

Figure 8. An example execution algorithm in PQ algorithm 
 
As steps execution that has been shown in Figure 8, can be simplified into flowchart as 
depicted in Figure 9.a while Figure 9.b is showing algorithm in PQ which using an 
insertion-sort. In Figure 9.a there are four decisions and five process of steps execution 
while in Figure 9.b there are 14 decisions and five process of steps execution. So, based 
on Figure 8, and 9.b our summarized that can cause incoming packet in TCP is 
starvation.        
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Figure 9 (a) and (b) An execution new queuing algorithm vs PQ algorithm 

Starvation is happening on the PQ algorithm is caused by many recursively (repetitions) as 
shown in Figure 9 (b) and the algorithm flow chart in Figure 9 (b) when operating and PQ 
algorithm is always service the highest priority so that by simplifying the algorithm as shown in 
Figure 9(a) will be able to reduce recursively. 

Comparison between PQ algorithm and our algorithm is where PQ classifies packets according 
to certain criteria in the IP network is also described part of introduction section. PQ classifies 
packets to up to four classes; each associated with one of four priority queues, and gives each 
class an appropriate packet queue. Fourth priority queue is high, medium, normal, and low 
queues in order of priority. This algorithm is greedy, because the incoming packet is always 
serviced first while second and other priority is never serviced that can cause others incoming 
packet is starvation. In our algorithm, fourth priority is simplified just into three priorities 
namely High, Medium, and Low. Incoming packet is arranged in buffering packet namely High, 
Medium and Low as well. Our algorithm also considering priority, arrival time and demand, 
while in PQ algorithm is just based on priority. The other rules in this algorithm are limited a 
number until three queuing incoming packets as described.  
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Figure 10. Fuzzy surface classifying view 

 
Figure 10 is a Fuzzy surface view which is based on rules incoming packet. As shown in Figure 
10, that incoming packet with lower priority (as indicated by the arrow) is still serviced after 
next three queuing, so that all of the queuing incoming packets with lower priority in buffering 
packet, it can be serviced as well. So this is a purpose to reduce delay, and so that starvation is 
not occured for lower priority as well.   

6. CONCLUSION 

PQ algorithm is one of many queuing scheduling algorithm that can be used in VoIP network, 
which has investigated in this paper. A new queuing scheduling algorithm is based on PQ 
algorithm has been proposed to reduce delay in VoIP network. This algorithm created is based 
existing technique in PQ algorithm based on priorities and combined with fuzzy logic. This 
algorithm can classify a different packet from incoming packets and also can reduce recursive 
loop and starving as occurs in PQ algorithm. As shown in Figure 8., 9(a) and 9(b) that long 
execution in PQ algorithm can cause lower priority is starvation. This long execution algorithm 
affects to delay of incoming packets in TCP protocol. Further work, this paper continues on 
buffering and scheduling phase that would be extended to next paper.   
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