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An information delivery network provides its users with timely access to an informa
tion database. Due to the wide range of applications, it is expected that future 
information delivery networks will have large databases and will serve large user 
populations. The two popular architectures, teletext and videotex, may not be suit
able for large scale information delivery networks. A hybrid teletext-videotex archi
tecture is proposed, and analytic results for the mean response time are derived. 
Numerical examples show that our hybrid architecture has good performance 
characteristics over a wide range of traffic conditions. 

1. INTRODUCTION 

An information delivery network provides its users with timely access to an information data
base. Popular applications of such a network include providing access to directory information, 
business information and news, and software distribution. Due to the wide range of applications, 
it is expected that future information delivery networks will have large databases and will serve 
large user populations. This paper is concerned with the architecture and performance of large 
scale information delivery networks. 

The basic configuration of an information delivery network is depicted in Figure 1. Information 
is organized into discrete units called pages. A service computer retrieves information pages 
from disk and transmits them to the users via a communication network. The users submit 
their requests, and receive the requested information, through the user terminals. 

User 
Terminals 

Service 
Computer 

Figure 1 
Information Delivery Network. 

Disk 

There are two popular architectures for information delivery networks: teletext and videotex. In 
teletext, . the available information pages are broadcast to all users in a continuous manner [1]. 
When a page oC inCormation is requested by a user, the terminal examines the broadcast data 
until "the desired page is transmitted. This page is then captured and displayed. The teletext 
approach is based on a one-way broadcast transmission medium. 
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Performance results for teletext are reported in [2,3]. For the case of a Poisson arrival process, 
a constant page transmission time, and fixed page request probabilities, it has been shown that 
transmitting pages according to a broadcast cycle is optimal with respect t.o minimizing the 
mean response time [2]. In general, a broadcast cycle may contain several appearances of each 
page, and it is very difficult to determine the particular cycle that yields the optimal mean 
response time. In [3], the design of a good broadcast cycle is presented. A formula for the mean 
response time of a given cycle is derived, and a lower bound for the mean response time over all 
cycles is obtained. 

The response time for teletext is affected by the order in which pages are transmitted, and not 
by the rate at which requests are generated. For teletext networks using a broadcast cycle, the 
response time tends to increase with the number of pages N. This is due to the fact that for a 
larger N, more pages will likely be transmitted before the required page. In a large scale 
information delivery network, this may lead to an unacceptable level of service as far as 
response time is concerned. 

In videotex, all user requests are transmitted to the service computer [1]. Upon processing a 
request, a response is generated and returned to the user. Note that a two-way communication 
network between the user terminals and the service computer is required. The typical design 
strategy is to transmit each response to its requesting user only. It has been shown, however, 
that the mean response time can be improved if the service computer broadcasts each response 
to all users [4]. 

The performance of videotex under broadcast delivery has been investigated in [4,5]. For case of 
Poisson arrivals and exponentially distributed processing times, an analytic expression for the 
mean response time under first-come first-served scheduling is available in [5]. These results 
have been extended to a system that uses a combination of individual response and broadcast 
delivery (individual response is required for transaction-oriented services and for the retrieval of 

\ confidential information) [4]. 

To support a large volume of requests, a videotex network will require a high capacity request 
channel and substantial processing at the service computer. We thus conclude that the videotex 
architecture may also be unsuitable for large scale information delivery networks. 

In this paper, we propose a hybrid architecture which combines the basic elements of a broad
cast cycle in teletext and the processing of individual requests in videotex. Specifically, the 
information pages are classified as either frequently requested or infrequently requested. 
Requests for frequently requested pages (f-requests) are serviced using a broadcast cycle, while 
those for infrequently requested pages (i-requests) are serviced in a videotex-like manner. User 
terminals have the capability to identify i-reGuests and forward them to the service computer. 
The hybrid architecture requires a two-way communication network that provides broadcast 
delivery. 

By servicing i-requests on demand, the hybrid architecture reduces the number of pages that are 
serviced according to the broadcast cycle. This leads to good response time performance for 
f-requests. When the volume of i-requests is low, the demand placed on the request channel and 
service computer is not significant, leading to good response time behavior for i-requests also. 
Our hybrid architecture is therefore suitable for large scale information delivery networks. 

This paper is organized as follows. A performance model of our hybrid architecture is described 
in Section 2. In Section 3 we provide an outline of the mean response time analysis. Numerical 
results showing the performance characteristics of the hybrid architecture are presented in Sec
tion 4 and our findings are summarized in Section 5. 

2. MODEL DESCRIPTION 

The performance model of our hybrid architecture is shown in Figure 2. We consider a system 
with N information pages; the probability that a request is for page j is assumed to be 

N 
qj (j = 1, 2, ... , N) where E qj = 1. Without loss ,of generality, we . assume that the pages are 

j-I 
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ordered such that ql > q" > ... > qN' The first F pages (0 < F < N) are classified as fre
quently requested, and the remaining N - F pages as infrequently requested. The hybrid archi
tecture is equivalent to videotex when F = 0 and teletext when F = N. The arrival process is 
assumed to be Poisson with rate A. It follows that the arrival rates of f-requests and i-requests 

F N 
are AF = A E qj and A] = A E qj respectively. 

j-I j-F+I 

Figure 2 
Performance Model of the Hybrid Architecture. 

For simplicity, we do not model the request channel for i-requests. An i-request is first pro
cessed by the disk server, and the retrieved page is then placed on the i-request queue (see Fig
ure 2). The disk scheduling algorithm may be designed to reduce the retrieval time by schedul
ing retrievals based on the location of the requested pages on disk [6]. We thus model the disk 
by an exponential server with service rate Iln , which is dependent on the number of pages n, to 
be retrieved. 

The scheduling algorithm for page transmissions is as follows. The service computer makes K 
consecutive transmissions of frequently requested pages (according to a broadcast cycle), fol
lowed by the transmission of the first page in the i-request queue (if at least one such page is 
waiting). The above step is repeated indefinitely. In our hybrid network model, time is slotted, 
and we use the slot length as our time unit. The time to transmit a page of information is 
assumed to be constant and equal to one slot. 

3. MEAN RESPONSE TIME ANALYSIS 

In this section we provide an outline of the mean response time analysis. The detailed deriva
tion can be found in [7] . The performance measure of interest is the mean response time over all 
requests. 

3.1. Mean Response Time of i-requests 

Let SI be the mean response time over all i-requests. SI has two components. The first com
ponent (denoted by S],I) corresponds to the mean response time at the disk server. This can be 
obtained from standard results for an M/M/1 model with state dependent service rates [8]' and 
is given by: 

(1) 

where 

The second component (denoted by S[ 2) corresponds to the delay awaiting transmission in the , 
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i-request queue. Using a slotted time analysis similar to that oC Chu and Konheim [9],. we obtain 
the Collowing expression Cor SI,2 [7}: 

2 - 2~ 1 - (K2 - 1)~ i 
SI,2 = 2~1(1 - (K + 1)~I) 

Cor ~1(K + 1) < 1. 

2 - 2~1 + ~i 
2~1(1 - ~l) 

The overall mean response time oC i-requests is thereCore given by 

3.2. Mean Response Time of f-requests 

K -(K + 1)~1 
2 

(2) 

(3) 

The C-requests are serviced according to a broadcast cycle. In general, Cor a given cycle, one can 
identify the number of appearances oC each page and the number of slots between successive 
appearances oC the same page. The mean response time is a Cunction oC these parameters. Let 
SiB) be the mean response time oC requests Cor page j when broadcast cycle B is used. An 
analytic expression for SiB) is available in [3]. To determine the mean response time of 
f-requests, we use the results in [3], with the broadcast cycle modified to account Cor the 
transmissions oC the infrequently requested pages. 

Let G be the broadcast cycle used to transmit the Crequently requested pages and L be its 
length (in number of slots). During the transmission of the complete cycle, there will be L/K 
instances at which a slot may be inserted Cor the transmission of a page Crom the i-request 
queue. Let m = (mv m2, ... , mLA<) be a vector characterizing whether a slot is inserted at 
each oC these instances (mk = 1 if the i-request queue is non-empty at the k-th instance and 
hence a slot is inserted, and 0 otherwise). There are 2L /K possible values Cor the vector m, 
representing all possible combinations of slot insertions. Let Cm be the broadcast cycle modified 
to account for the slots inserted according to the vector m. The analytic results in [3] are used 
directly to obtain Sj(Cm) for j = 1, 2, ... , F, and for all m. The mean response time of 
requests for page j is therefore given by: 

Sj = ~ P(m) SiCm) (4) 
a.ll m 

where P( m) is the probability that the cycle C is modified by the vector m. In [7], P( m) is 
derived using a Markov chain analysis. In that analysis, the length of the i-request queue is 
assumed to be less than M. The amount of computation to obtain Sj is O(ML/K). 

Note that the above analysis is based on the assumption that L/K is an integer. If this is not 
true, we can construct a functionally equivalent broadcast cycle oC length Lv by concatenating 
cycles of length L until LI!K is an integer. 

Finally, the mean response time oC f-requests is given by: 

(5) 

3.3. Mean Response Time over all Requests 

We can now use (3) and (5) to obtain the following expression for the mean response times over 
all requests: 

(6) 

Note that our analysis is for the case of individual response to i-r~quests. Since a broadcast 
medium ~ available, the mean response time can- be improved by broadcast delivery. The 
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matOhematical analysis Cor broadcast delivery is very difficult. Previous studies have indicated 
that the perCormance difference between individual response and broadcast delivery is not signi
ficant when the traffic intensity is less than 1.0 [5]. Hence, when the effective service rates at 
the disk and transmission servers are higher than ~ J, our results are accurate for the case oC 
broadcast delivery also. 

4. NUMERICAL RESULTS 

We now present some numerical results to show the the performance characteristics of our 
hybrid architecture. Our results are based on an inCormation delivery network with 10,000 
pages. Two sets oC page request probabilities are considered; they are given by D 1 and D2 in 
Table 1 (D2 is less skewed than D 1). 

Range Dl D2 

ql - ql0 0.033 0.03 
qll - q25 0.022 0.02 
q26 - qso 0.0132 0.012 
qSl - Ql0000 1.005025 X 10-6 1.005025Xl0-5 

Table 1 
Page Request Probabilities. 

The disk server schedules page retrievals according to the SCAN algorithm [6]. Under SCAN, 
the disk head scans and retrieves pages from the inner-most to the outer-most cylinder (and 
back). Using the model in [6], the disk service rate when there are n pages to be retrieved 
(denoted by Iln) is estimated by 1/lln = 0.95 + 0.65/ (n+1). This estimate is based on a disk 
with minimum and maximum seek times of 0.65 and 1.3 (time units) respectively, a maximum 
rotational delay of 0.4, and a page transfer time of 0.1. 

In our first example, the page request probabilities are given by D1, and the number of fre
quently requested pages F, is selected to be 45. The cycle design procedure in [3] is used to pro
duce C, the broadcast cycle for the frequently requested pages. C has length L = 60 slots, and 
is given by: (1,2, ... ,30,1,2, ... ,15,31,32, ... ,45). Three different values for the parameter K 
are used; they are 10, 15, and 20. 

In Figure 3, the overall mean response time S is plotted against the request arrival rate A. We 
observe that when ~ is less than 0.5, S is insensitive to both K and~. This can be explained as 
follows. When ~ < 0.5, the volume of i-requests is low relative to the service rates of the disk 
and transmission servers for the values of ]( considered. Hence, S is dominated by the mean 
response time of the f-requests. Since the response time of f-requests is not significantly affected 
by A, S is insensitive to ~ also. As A increases, the response time of i-requests increases rapidly, 
resulting in a significant increase in S. We observe in Figure 3 that a system with a smaller ]( 
can support a heavier load. This is due to the fact that a smaller K corresponds to a higher 
effective service rate at transmission server for i-requests. However, further reduction in K may 
not result in a significant improvement in S because the disk server may become the bottleneck. 

One approach to reduce the volume of i-requests is to classify additional pages as frequently 
requested. In our second example, we study the effect of increasing F from 45 to 50 on the 
mean response time. For F = 50, the following broadcast cycle with 60 pages was used: 
(1,2, ... ,30,1,2, ... ,10,31,32, ... ,50). The results for K = 20 and page request probabilities 
Dl are shown in Figure 4. We observe that the system with F = 50 can handle a heavier load. 
This is a direct consequence of the reduction in the volume of i-requests. However, more pages 
are now added to the broadcast cycle, leading to an increase in the mean response time of 
f.:.requests. This is evidenced by the higher S when A is small. 
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Figure 3 
Overall Mean Response Time 
versus Arrival Rate (F = 45). 
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Figure 4 
Overall Mean Response Time 
versus Arrival Rate (K = 20). 
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The above observations suggest that an adaptive scheme could be used to classify pages in order 
to reduce the mean response time. At low arrival rates, all requests can be processed quickly, 
and therefore the videotex architecture is most suitable (i.e., F = 0). As A increases, F should 
be increased such that the volume of i-requests is low enough to achieve good response time. At 
very high arrival rates, all pages will be serviced according to a broadcast cycle. For the param
eters in our second example, the best broadcast cycle for all pages is found to have a mean 
response time of 143.6 [3]. When such an adaptive scheme is used, the mean response time will 
not exceed this value. 

In our final example, we study the effect of the skewness of the page request probabilities on the 
mean response time performance. The page request probabilities given by D 1 and D2 in Table 
1 are considered (recall that D2 is less skewed than Dl). We also select F = 50 and K = 20. 
The mean response time results are shown Figure 5. We observe that a system with Dl can 
handle a heavier load. This is due to the fact that for a given F, AI is smaller under D1. In 
general, when A is small, F can be reduced S0 that the hybrid scheme performs equally well for 
both sets of page request probabilities. However, as A increases, F must be increased faster for 
D2 to keep the volume of i-requests low. Hence, a system under D2 will have more distinct 
pages in the broadcast cycle, resulting in a higher mean response time than a system under D 1. 
We therefore conclude that our hybrid architecture has the property that the mean response 
time is lower when the page request probabilities are more skewed. 

5. SUMMARY 

In this paper we have presented a new architecture for large scale information delivery net
works. The proposed architecture is a hybrid of two existing architectures: teletext and 
videotex. In this architecture, f-requests (for frequently requested pages) are serviced according 
to a broadcast cyCle (like teletext), while i-requests (for infrequently requested pages) are ser
viced on demand (like videotex). A mean response time analysis of the hybrid architecture was 
presented and numerical examples led to the following observations: 

(i) When the request arrival rate is low, all requests should be serviced in a videotex-like 

(ii) 

manner. 
As the arrival rate increases, there is a performance advantage in classifying more pages as 
frequently requested. At very high arrival rates, all requests should be serviced using a 
broadcast cycle. 

4.48.4.6 



S 

100 

80 

60 

40 

20 

ITC 12 Torino, June 1988 

, 
I 
I 
I 
I 

D2: 
I 
I 
I , 
I 
) 

Dl 

o~----------~----------~ 
0.05 0 .50 5.00 

Figure 5 
Overall Mean Response Time 

versus Arrival Rate (F = 50; K = 20). 

(iii) The proposed hybrid architecture has the property that the mean response time is lower 
when the page request probabilities are more skewed. 
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