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ABSTRACT 

 
This paper addresses web object size which is one of important performance measures and affects to 

service time in multiple access environment. Since packets arrive according to Poission distribution and 

web service time has arbitrary distribution, M/G/1 model can be used to describe the behavior of the web 

server system. In the time division multiplexing (TDM), we can use M/D/1 with vacations model, because 

service time is constant and server may have a vacation. We derive the mean web object size satisfying the 

constraint such that mean waiting time by round-robin scheduling in multiple access environment is equal 

to the mean queueing delay of M/D/1 with vacations model in TDM and M/H2/1 model, respectively. 

Performance evaluation shows that the mean web object size increases as the link utilization increases at 

the given maximum segment size (MSS), but converges on the lower bound when the number of embedded 

objects included in a web page is beyond the threshold. Our results can be applied to the economic design 

and maintenance of web service. 
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1. INTRODUCTION 
 

Simultaneous access of multiple users to a server in the web environment increases the mean 

waiting delay of an end-user. Therefore, the quality of service (QoS) degradation problem of the 

end-user arises. In order to develop a technology for solving this problem, we first should find the 

mean waiting delay of the end-user accurately. 

 

Generally, the user's request to the web server per unit time follows the Poisson distribution and 

the web service time follows the general distribution instead of the Exponential distribution. 

M/G/1 model [1] is known to be suitable to describe a web service. In particular, because web 

services are influenced by the size of the web objects, Shi et al [2] presented the result that as a 

statistical distribution to describe the web service, Weibull distribution and Exponential 

distribution are suitable. Meanwhile, Khayari et. al [3] and Riska et. al [4] have presented an 

algorithm to fit the empirical distribution to the Hyper-exponential distribution. When the web 

service is given by the Hyper-exponential distribution in the steady state, the research [5] to 

obtain the number of concurrent users satisfying the average queueing delay was conducted. 

However, more empirical researches for web services distribution related to the Internet are still 

needed. Additionally, M/G/1 with vacations model [6, 7, 8, 9] as a modification of M/G/1 model 

has proposed. 

 

In the time division multiplexing (TDM), time quantum assigned to each user is slotted so that the 

data transmission takes place just only at the starting point of the slot. Therefore, if the system is 

empty at the beginning of the slot, the server goes to the vacation state during that time slot. To 
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apply the TDM scheme to the queueing system can be described as an M/D/1 with vacations 

model in which the service distribution is given by the constant. 

On the other hand, when several users simultaneously request a web object of the packets in the 

web server, and the round-robin scheduling for the web service is used, we can determine the 

mean waiting time. When the system is in the steady state, we can infer that the mean waiting 

time is equal to the mean queueing delay by the M/D/1 with vacations model in the TDM 

approximately. 

 

The objective of this study is to find the web object size satisfying that the mean waiting time for 

multiple web access environments is equal to the mean queueing delay for M/D/1 with vacations 

model in TDM and the mean queueing delay for M/H2/1 model, respectively. We first find the 

number of simultaneous users satisfying that M/H2/1 queueing delay is equal to the queueing 

delay in TDM. And then we obtain the web object size. The reason to obtain the web object size 

satisfying delay constraint of end-user is why the controlling of that is the most economic way in 

the design and operation of the web service.  

 

The rest of this paper is structured as follows. In the next section, we discuss the M/D/1 with 

vacations model based on Modiano [8] and Bose [6] in TDM and the M/H2/1 queueing model. In 

section 3, we first describe the model to find the mean waiting time by round-robin scheduling in 

the multiple web access environment. We then determine the web object size satisfying the 

constraint that the mean waiting time equal to the mean queueing delay for M/D/1 with vacations 

model in TDM and M/H2/1 model, respectively. In section 4, we present and analyze the 

performance evaluation results. Finally, in section 5, we discuss the conclusions and future 

research. 

 

2. QUEUEING DELAY FOR M/D/1 WITH VACATIONS MODEL AND M/H2/1 

MODEL 

 
2.1. Queueing Delay for M/D/1 with vacation Model 

 
We consider a single-server queueing system where object requests arrive according to a Poission 

process with rate λ, but service times have a general distribution (M/G/1). By Pollaczek-Khinchin 

formula, the expected mean queueing delay is given by (1) [1, 10]. 
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where ρ=λ/µ= λE(S). S is the random variable representing the service time and identically 

distributed, mutually independent, and independent of the inter-arrival times. 

 

If the service times are identical for all requests (M/D/1), that is E(S2) = 1/µ2, equation (1) 

becomes (2). 
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Now, we consider M/G/1 queueing model with vacations [9]. In this model, when the queue is 

empty, the server's vacation time is represented as IID random variable, and independent with 

service times and arrival times. When the system is empty after the vacation, the server can take 

another vacation. In this model, the arrival distribution at any time t, should be the same as the 

length of the queue [7], R is given by (3) 
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Where, E(V) and E(V
2
) are the primary and secondary moment of vacation time, respectively. 

From (1), the mean queuing delay of M/G/1 with vacations model is derived as (4). 
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Now, consider the time division multiplexing (TDM) system such as Figure 1.  

 

 

Figure 1. TDM system 

 

Figure 1 shows that the m fixed-length packets with each λ/m arrival rate are multiplexed and 

arrive into the system according to the Poisson distribution. Total traffic is λ, the service rate (µ) 

is equal to 1/m, and the load on the entire system is ρ = λ. Thus, equation (2) with µ=1/m and ρ = λ 

gives the mean queuing delay per packet as (5). This delay represents time in the frequency 

division multiplexing (FDM) [10]. Equation (5) can be also obtained by setting E(S) = E(S2) = 1/µ 

= m, and E(V) = m, E(V
2
) = 1/µ

2 
=m

2
 in (4). 
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In the TDM, where m traffic streams are time division multiplexed in a scheme, whereby the time 

axis is divided in m-slot frames with one slot dedicated to each traffic stream (Figure 1). Thus the 

mean queueing delay in TDM is given by (6) [10]. 
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2.2. Queueing Delay for M/H2/1 Model 

 
Generally, web objects are composed of two types: static and dynamic. A static object is one 

home page first requested. Dynamic objects (N) are embedded in a home page, and requested 

after parsing the homepage. We set the static object request rate as λ1 and the dynamic object 

request rate as λ2 respectively. Figure 2 visualizes this case. 

 

Figure 2 represents the Hyper-exponential distribution [11], which chooses the i
th negative 

exponential distribution with the rate λi  and mean 1/λi. That is, the density function is given by  
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The j th moment is given by 
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Figure 2. Graphical representation of web object requests 

 

E(S) and E(S
2
) are the first and the second moment of the web object service time, respectively. 

They are obtained by (9). 
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By substituting E(S) and E(S
2
) in (1), we obtain the mean queueuing delay for M/H2/1 model in 

(10). 
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3. MEAN WAITING TIME FOR MULTIPLE USERS 

 
We first find out the number of simultaneous users satisfying that M/H2/1 queueing delay(WH) is 

equal to the queueing delay in TDM(WTDM). From (6) and (10), 
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Now, we consider the mean waiting time when m concurrent users require access to a web object 

on a web server.  

 

Web object is divided into multiple packets with a maximum segment size (MSS) by TCP in a 

transport layer. Let the web object size to be θ, and MSS to be mss, the relation between the 

number of packets (n) and the web object size is given by (12). 

 

        






=

mss
n

θ                                                                                (12) 

When multiple clients (m) request the same object, each user's expected service time (E(S)) is the 

same. However, exact finish time can vary due to the queueing delay; Clients must wait for the 

completion of the service.  
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We assume the asynchronous time division multiplexing based on packets for web service. When 

a client requests an object from the server, n packets are included in the object. E(S) means total 

response time that each client expects. Now, we assume that a packet based round robin 

scheduling policy is used in the multiple web access. This situation can be depicted in Figure 3. 

 
 

Figure 3. Scheduling for multiple web service 

 

In Figure 3, τij represents jth packet service time of the ith user. In order to simplify the modeling, 

we let τij = τ(∀ i, j), and then we can derive the mean waiting time as (13) [12]. 
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 Now, by assuming that the service time for single packet (τ) is equal to one time slot in the steady 

state of the system, we can infer that Figure 1 and Figure 3 will be approximated.  

 

Therefore, we can obtain the number of packets (n) satisfying that mean waiting time by (13) is 

equal to the mean queueing delay for M/D/1 with vacations model in the TDM by (6) as (14). 

Here,  m represents the number of users (m) obtained by (11). 
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In M/H2/1 model, τ= E(S)/n= 2/[n(N+1)λ] when every τ is same. Thus, the number of packets (n) 

satisfying that mean waiting time by (13) is equal to the mean queueing delay for M/H2/1 by (10) 

is given by (15). 
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From (12), (14) and (15), we can obtain the web object size (θ) satisfying that mean waiting time 

for multiple web access environment is equal to the mean queueing delay for M/D/1 with 

vacations model and M/H2/1 model, respectively. 
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In (16), for WR = WTDM, m ≥ 2 and λ ≤ 1. For WR = WH ,  m >1+(N+1)
2
/ 2N(N-1).  

4. PERFORMANCE EVALUATION 

 
We first compute the number of users (m) varying N by using (11). Figure 4 represents the 

number of users when mss = 1460 B for various ρ and N.  

 

In Figure 4, when ρ and N are both small, the number of users is very large, but as N increases, 

converges to 1. That is, the imbedded number of objects included in a web page can affect the 

simultaneous access number of users. The reason is why the number of users and the number of 

embedded objects in a page should be balanced in order to satisfy the given mean queueing delay. 

Although it is not presented in the figure, as ρ increases, the number of simultaneous access users 

decreases to 1, so we cannot find out the web object size because a denominator has infinite value 

in (16). 

 

Figure 4. The number of users (m ) when mss=1460 varying N 

 

Now, we compute the mean web object size (θ) satisfying WR=WTDM and WR=WH respectively for 

varying N given ρ and mss. Table 1 shows the mean object size when ρ=0.01. Given mss=1460 B, 

mean object size is 1482 B for WR=WTDM and 742 B for WR=WH. When mss=536 B, mean object 

size is 544 B for WR=WTDM  and 273 B for WR=WH. Therefore, the mean object size when WR=WH 

is smaller than when WR=WTDM regardless of mss.   

 

Table 2 and Table 3 show the mean object size when ρ=0.05, ρ=0.1 and ρ=0.2, respectively. In 

Table 2 and Table 3, we find also that the mean object size when WR=WH is smaller than when 

WR=WTDM regardless of mss. That is, when the web service time has Hyper-exponential 

distribution, smaller object web size is required. 
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Table 1. Mean object size (θ) satisfying WR=WTDM and WR=WH for varying N when ρ=0.01 

 

 

N 

WR=WTDM WR=WH WR=WTDM WR=WH 

mss=1460 mss= 536 

2 

3 

4 

5 

6 

7 

8 

9 

1470 

1473 

1476 

1480 

1483 

1487 

1491 

1495 

736 

738 

739 

741 

743 

745 

747 

749 

540 

541 

542 

543 

545 

546 

547 

549 

270 

271 

271 

272 

273 

274 

274 

275 

mean 1482 742 544 273 

 

We define the ratio of the mean object size satisfying WR=WTDM over the mean object size 

satisfying WR=WH as (17). 
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Figure 5 depicts the ratio (r) by (17) for varying ρ. The size of mss can not affect the ratio, but ρ 

can affect it. The ratio is about 2 when ρ=0.01, however is decreased into 1 when ρ=0.2.  

 
Table 2. Mean object size (θ) satisfying WR=WTDM and WR=WH for varying N when ρ=0.05 

 

 

N 

WR=WTDM WR=WH WR=WTDM WR=WH 

mss=1460 mss=536 

2 

3 

4 

5 

6 

7 

8 

9 

1512 

1529 

1550 

1568 

1594 

1608 

1626 

1652 

761 

771 

784 

795 

813 

819 

830 

848 

555 

561 

569 

576 

585 

590 

597 

607 

279 

283 

288 

292 

298 

301 

305 

311 

mean 1580 803 580 295 

 

Table 3. Mean object size (θ) satisfying WR=WTDM and WR=WH for varying N when ρ=0.1 

 

 

N 

WR=WTDM WR=WH WR=WTDM WR=WH 

mss=1460  mss=536 

2 

3 

4 

5 

6 

7 

8 

9 

1572 

1615 

1657 

1703 

1744 

1811 

1947 

1947 

799 

831 

858 

890 

917 

979 

1143 

1118 

577 

593 

608 

625 

640 

665 

715 

715 

293 

305 

315 

327 

337 

359 

420 

411 

mean 1750 942 642 346 
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Figure 5. The ratio of mean object size satisfying WR=WTDM over the mean object size satisfying WR=WH 

for varying ρ 

 

5. CONCLUSIONS 

 
Mean object size in the multiple access environments is one of essential parameters to design and 

maintain the web service. To control the web object size is easy and very cheap maintenance 

method in order to satisfy the delay requirement of end-users. In this paper, we present an 

analytical model to estimate the web object size satisfying that the mean waiting time for multiple 

web service is equal to the mean queueing delay for the M/D/1 with vacations model in TDM 

system and the mean queueing delay for M/H2/1 model, respectively. We first find out the 

number of users access web server simultaneously, and then derive the web object size models. 

Performance evaluations show that mean object size satisfying the M/D/1 with vacations model in 

TDM system is larger than that satisfying M/H2/1 model, however the mean object size becomes 

the nearly same the utilization factor increases. Future works include more exact model applicable 

to the wire and wireless integrated network.  
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