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Teletext is a one-way picture information system where
pages of information are broadcast to all users in a continuous
manner. System response time is an important consideration in
designing teletext systems. Factors contributing to system re-
sponse time include transmission speeds, amount of processing
required at user terminals, and efficiency of picture encoding
procedures. As important is the design of the teletext broadcast
cycle, i.e.. the order of pages to be broadcast in a cyclic
manner. In this paper, we first derive a formula for the mean
response time of a given cycle and a lower bound for the mean
response time for any cycle. Next we present a design proce-
dure that yields a cycle with mean response time close to the
theoretical lower bound. The use of the results of this paper is
demonstrated through a numerical example.
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1. Introduction

Teletext is a one-way picture information sys-
tem where pages of information are broadcast to
all users in a continuous manner [1,2,3]. The con-
figuration of a typical teletext system is shown in
Fig. 1. In this system, a service computer is con-
nected to the user terminals by a broadcast net-
work. An example of such a network is one-way
broadcast using cable television technology [4].

When a page of information is requested by a
user, the user terminal examines the incoming
stream of data until the desired information page
is detected. This page is then captured, stored and
displayed. In this system, a request does not prop-
agate beyond the user terminal. Hence, teletext
systems are sometimes described as pseudo-inter-
active. Specifics of existing systems may differ,
however, they all share the pseudo-interactive and
information-broadcasting features.

In a typical teletext system, the service com-
puter maintains a database, and information pages
in the database are updated regularly by service
providers. These updates are issued locally or re-
motely by service-provider terminals.

The quality of service provided to a teletext
subscriber depends on various aspects of the sys-
tem. These include: picture quality, information
availability, and reliability of transmission. In this
paper we focus on yet another aspect of a teletext
system that contributes to the perceived quality of
service, namely, the system response time.
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Fig. 1. A typical teletext system.

Several factors of system design can affect the
system response time. Among them are: transmis-
sion medium speed, amount of processing required
at the user terminal, and efficiency of picture
encoding procedures. However, these factors are of
a “static” nature, since they depend, to a large
extent, on decisions made early in the design pro-
cess.

A more dynamic component of a teletext sys-
tem which has an impact on response time is the
design of the broadcast cycle, i.e., the order of
pages to be broadcast in a cyclic manner. Gecsei
[4] has investigated the response time of a teletext
system where the same probability distribution is
used for page selection at each broadcast instance.
Conditions under which minimum mean response
time is achieved were derived. These results are
summarized in Section 2.

It is difficult to talk about a broadcast cycle
when a probability distribution is used for page
selection at each broadcast instance. One can only
achieve the objective that the frequencies of broad-
casting the various pages are in agreement with
some pre-specified distribution.

In this paper, we consider the case where the
order of pages in a broadcast cycle is specified,
and the cycle length is finite. We investigate this
case by first providing a formula for the mean
response time of a given broadcast cycle in Section
3, and then deriving a lower bound for the mean
response time in Section 4. These results are then

used in Section 5 to develop a heuristic desigr
procedure for determining a cycle with near-opti-
mal mean response time. Finally, some numerica
examples are presented in Section 6.

In a related work, Itai and Rosberg [5] have
investigated the problem of channel bandwidth
allocation to users in a multiple access environ-
ment. Time on the channel is slotted, and the
design of cycles (i.e., the order in which slots are
allocated to the various users) to achieve maxi-
mum throughput is considered. In addition, it is
shown in [5] that cyclic assignment of slots is
optimal from the point of view of maximizing
throughput. In [6], a similar result regarding the
response time optimality of cyclic transmission in
teletext systems is derived.

2. Probabilistic page broadcasting

Let N be the total number of pages, and as-
sume that each user has probability ¢; of request-
ing page i, i=1,..., N. We thus have ¥V 4, = 1.
We assume that user requests are generated
according to a Poisson process, and that all pages
require the same transmission time. This latter
assumption is true in certain teletext implementa-
tions, e.g., Prestel [3]. We will use the page trans-
mission time as our time unit.

At each broadcast instance, let p, be the prob-
ability that page i is selected for transmission to
all users. Also let S; be the mean response time of
a request for page i, i.e., the time from when a
request for page / is made to when the next
broadcast of page i is complete. S; is given by

1 1

S":})—.+5' (1)

Equation (1) is based on the fact that a random
request will on average wait for half the transmis-
sion in progress plus the mean number of page
transmissions until the end of a page i transmis-
sion.

If S is the mean response time over all requests
then we have

S=£i+ . )

i=1Fti

M| =

S is minimized when p,/p; = \/?,-/ g, forall i, j
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[4]. Since IV | p, = 1, we have

>+ L 3)

i=1

min S =

As Gecseil remarked, one drawback to gener-
ating a random sequence of pages for broadcast,
as described above, is that the response time may
become unbounded. This can be avoided by utiliz-
ing a fixed broadcast cycle. The balance of this
paper is devoted to the issue of designing a broad-
cast cycle with good response time characteristics.

3. Cyclic page broadcasting

In this section we discuss various aspects of the
teletext broadcast cycle. We use the same assump-
tions as those made in the previous section about
user request probabilities and page transmission
time.

3.1. The broadcast cycle

As mentioned previously, a broadcast cycle is
the order of pages to be broadcast in a cyclic and
continuous manner. A simple example of a broad-
cast cycle is {1, 2,..., N}. In this example each
page appears once and the mean response time is
N/2+1, for any page i,"i=1,..., N. In general,
the broadcast cycle under consideration has the
following two properties:

(1) The cycle length, L, is finite.

(i) Each page appears at least once in the
cycle; this implies that L > N.

For a given broadcast cycle, the following use-
ful parameters are identified:

(i) Page frequencies, k, (i=1,...., N)—the
number of appearances of page i/ in the broadcast
cycle (Y k,=L).

(ii) Inter-appearance gaps, 7 (r=1,....k,

and /i=1,..., N)—the number of pages between
) T — T,
| I | |
| ! | | I
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Fig. 2. A teletext broadcast cycle.

the beginning of the rth and the (r+ 1)st ap-
pearances of page i in the cycle, r=1,...,k,—1
(see Fig. 2). T/ is the number of pages between
the beginning of the k,th appearance of page i in
the cycle and the beginning of its 1st appearance
in the next cycle. Note that ¥4: | T/ = L.

3.2. Analysis of mean response time

Here we analyze the performance of a given
broadcast cycle. Since the parameters 7, are known
for r=1,...,k;, and i=1,..., N, the following
observations can be made:

(i) The probability that a request for page i
(made at a random point in time) will fall into the
gap represented by 7,' is T,' / L (see Fig. 2).

(ii) Given that a request falls into the above
mentioned gap, the expected time until the start of
the next full page i broadcast is T, /2.

The above observations imply that the mean
response time for page / is given by:

i T;i 7‘;1
S,=F§IT( 5 +1)
or
1 k. 2
S,—ﬁr:l(n) + 1. (4)

Note that S; depends only on the inter-appearance
gaps of page i in the cycle. Finally, the mean
response time over all requests is given by:

S=YaS=37 La X (1) +1, (5)

4. A lower bound for the mean response time

In this section, we study properties of an ideal
cycle and obtain a lower bound for the mean
response time. We first consider the case where the
cycle length L and the page frequencies k., i=
1,..., N are given. The minimization of S, can be
achieved by solving the following problem (see

(4):
kl

min Y, (T,")2 (6)
r=1

subject to

K
> T/=L, T'>0and T, integer.
r=1
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To solve the above problem, we first relax the
integer restriction. The function in (6) is mini-
mized when all the 7,'’s are equal, i.e.

=T r=lik. 7)

{
Since the function in (6) is convex, re-introducing
the integer restriction would result in choosing the
nearest integer point to (7) above. The optimal
solution then becomes:

({ L L
% "k_’]’ r_l’ ’L k’ k_’," (8)
TN L L

[F’J _L_k'[;, +1,.... kl,

where [ X| represents the smallest integer > X,
and | X| denotes the largest integer < X.

From the above discussion, we can see that for
a given L and k,, the minimum response time for
page i is given by

k
M 1 ; 1% 2
mmS,—ZZ_:l(T, ) + 1. (9)

We now derive a lower bound for the mean
response time. This bound will be independent of
k, (i=1,...,N) and L. We note from the devel-
opment leading to (9) that

2;+1. (10)

Il
—_

The right-hand side of (10) is smallest when we
choose the k,’s such that [4]:

== (11)

Substituting (11) into (10) and noting that ¥~ ,
=L, we get

N 2
52%(2@ +1. (12)

i=1

The lower bound in (12) is useful for evaluating
the relative performance of any particular cycle.

5. Cycle design procedure

Our discussion of cycle design is based on the
following considerations:

(1) The cycle length L must not exceed a pre-
specified value L*. The maximum cycle length is
determined by the amount of memory used to
store the broadcast cycle.

(ii) The response time of any given request must
not exceed 7* + 1. This implies that the inter-
appearance gaps 7,' must not exceed T* for all r
and i.

(iii) The mean response time over all requests is
te be minimized.

Note that L* and 7% must not be smaller than N,
the total number of pages.

5.1. Optimization problem

For a given frequency vector k= (k;,..., ky)
where Xk, = L, the number of possible broad-
cast cycles is

L!
Let S(k,j) and T'(k. j) (r=1,....k;i=
1,....,N) be the mean response time and the
inter-appearance gaps respectively, when the jth
possible cycle is used, j=1,..., J(k). The optimal
broadcast cycle is the solution to the following
problem:

min S(k, j)

k.j
subject to
k;=1, i=1,...,N,

N

Y k,=L<L*

i=1

max T,(k, j)< T*.

r

The above problem is extremely complex and

an exact solution is not possible in general. In

what follows we present a heuristic technique that
can be used to obtain a near-optimal solution.

5.2. Heuristic solution procedure
We note from the development leading to the

lower bound in (12) that the mean response time is
minimized if (11) and (7) are satisfied. For our
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heuristic, we first develop a method to obtain the
page frequencies, k,, i=1,..., N, such that the
ratio k,/k; is as close to v[q_,./\/q—j as possible and
N k,=L for any given L.
Without loss of generality, we assume that the
page indices are such that ¢, >¢,> - - >gqy.
Since LY 1k, = L, a good initial guess for k, is

o =L | (13)
>:1:1\/%

We then choose

Va:
k;=max|1,| k;,—+0.5

Jar

The maximum function is used to insure that
k;>1 for all i.

The above steps may lead to £  k,# L. To
obtain a cycle of length L, the following method is
used:

(i) If Yk, <L, increase the values of k,,
i=1....,L =X |k, by 1, so that the cycle length
is equal to L.

(i) If ¥k, > L, repeatedly decrement k, by 1
and re-evaluate k, (i=2,..., N) using (14) until

N 1k, < L; apply (i) above if the resulting k,’s are
such that ¥k, < L.

After determining the frequency vector k, we
next consider the problem of selecting a cycle from
among the J(k) possibilities, such that the mean
response time is minimized. Our approach is to
construct one such cycle by assigning pages to
cycle positions such that the inter-appearance gaps
are as close as possible to those characterized by
(7). It would be ideal if a cycle can be constructed
such that the integer solution for the inter-ap-
pearance gaps in (8) is satisfied for all i. However,
this is not always possible, because the same posi-
tion in the cycle may be needed by more than one
page. The task of constructing a good cycle for
given k,’s can be accomplished by using the fol-
lowing procedure, where the cycle positions are
numbered starting from zero.

, i=2,...,N. (14)

Step 1. Use (8) to obtain T,’* for r=1,..., k,, and
i=1,...,N.

Step 2. Assign page 1 to positions: 0, T}*, T'* +
T, kT

r=1

Step 3. For pages i=2to N —1

Step 3a. For j=0to L—1
Obtain d;, the number of already assigned posi-
tions from the list:

{(j)mod L, (j+T{*) mod L,...,

(j+ %05, T*) mod L}

Step 3b. Choose j* such that d,. = min, {d,}.

Step 3c. For each of the positions:

(j*)mod L.(j*+ T{*) mod L,...,
(J*+ £ 7%) mod L.

if the position is free then assign page / to it,
else assign page i to the closest free position.

Step 4. Assign page N to the remaining free
positions in the cycle.

By assigning the popular pages first, the above
cycle construction procedure attempts to reduce
the major contributions to the overall mean re-
sponse time. The less popular pages receive less
favourable treatment, and ultimately the least pop-
ular page gets assigned to the remaining slots,
which may not be a good assignment for that
page.

Since the cycle length L can range from N to
L*, a complete cycle design process consists of the
application of the above procedure, i.e., deter-
mination of the k,’s and cycle construction, for
each L in that range. For each cycle constructed,
the mean response time is evaluated. Note that
Step 3¢ above may lead to a cycle with T > T* for
some i and r. We must, therefore, select the cycle
where the mean response time is lowest and
max, {7} < T*. Observe that we are guaranteed
to find at least one cycle satisfying this condition
(e.g., when L = T*),

5.3. Computational requirement

To analyze the complexity of the cycle design
procedure outlined in Section 5.2, we first observe
that in constructing a near-optimal cycle for a
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given cycle length L, most of the time is spent in
the execution of Step 3. Furthermore, we note
that, for a given L, cycle construction is the most
time consuming phase of the design procedure.
For a given i, Step 3a requires kL operations.
Since j* can be determined while the d,’s are
obtained in Step 3a, we do not consider the com-
putational requirements for Step 3b. The oper-
ation count for Step 3c is not known in general.
However, each placement of page i requires at
most L operations. Hence, for a total of k, place-
ments, at most k,L operations are needed.
Let C(L) be the operation count for Step 3
when the cycle length is L; then we have
N-1
C(L)< Y 2k,L<2L%
i=2

For a complete cycle design L will range from N
to L*. Thus, a measure of the computational re-
quirement for the cycle design heuristic will be
given by:

L* L*
c= Y c(L)< Y 2L%
L=N L=N
If M=L*— N, we have

_[o(M?)
| O(N2M)

it M>N (or L*>2N)
if M <N (or L*<2N).

6. Numerical examples and discussion

Consider a teletext system with a 100 pages.
The broadcast cycle length is restricted to be not
more than 1000, and the maximum acceptable
response time is 301. The request probabilities for
the pages are assumed to follow Zipf’s law [7].
That is, if the pages are ordered such that g, > ¢,
> --- > qy then g,= c¢/i where c is a normalizing
constant. This particular distribution has been
shown to closely approximate real user behaviour
in teletext systems [4].

We first note that if the probabilistic scheme of
Section 2 were used, the optimal mean response
time in (3) would be S = 67.1. Using a cycle of the
form {1, 2,...,100} the overall mean response time
would be S =51.0. On the other hand, the lower
bound of the overall mean response time in (12) is
S > 34.3. Note that this lower bound is approxi-
mately half the optimal mean response time for

the probabilistic scheme. One can achieve signifi-
cant improvement over the probabilistic scheme if
a cycle with mean response time close to the lower
bound can be designed.

In Fig. 3, we plot the overall mean response
time of the cycles constructed for 100 < L < 1000.
The fact that the mean response time is non-
monotonic in L can be explained by considering a
simpler case where ¢, =1/N for all /. Clearly, the
cycle {1, 2,..., N} is optimal in this instance with
a mean response time equal to the lower bound in
(12). This lower bound is also reached for L =jN,
j=1,2,.... Other values of L will yield sub-opti-
mal cycles. The mean response time will therefore
be a non-monotonic function of L.

In Fig. 4, we show how the maximum inter-ap-
pearance gap varies as a function of cycle length.
Note that only a fraction of cycles satisfy the
condition that the maximum inter-appearance gap
is not longer that 300. It is from this set of cycles
that we make our choice.

In the range 100 <L <1000 the best cycle
according to our criteria is the one with cycle
length L =743. The overall mean response time
for that cycle is S =34.4, which is only 0.29%
higher than the lower bound. The maximum inter-
appearance gap is 223.

From the view point of computational complex-
ity, it is desirable to consider as small a range for
L as possible. The results in Fig. 3 indicate that a
cycle length L’ can be selected such that L’ < L*,
and the mean response time of the best cycle in the
range N < L < L’ is close to the lower bound. This
leads us to consider the following stopping rule:

554
50
45

40

MEAN RESPONSE TIME ,S

35 “ Mo Aot eachmailond pr

Z LOWER BOUND

30
00 200 300 400 500 600 700 800 900 1000
CYCLE LENGTH, L

Fig. 3. Overall mean response time VS cycle length.
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Fig. 4. Maximum inter-appearance gap VS cycle length.

“For some pre-specified a <1 (e.g., a=0.98)
apply the procedure in Section 5.2 starting with
L = N until a cycle is obtained where the ratio of
the lower bound in (12) to the mean response time
of that cycle is greater than or equal to a.”

If this stopping rule were used in the above
example with « = 0.98, we would obtain a cycle
with length L = 291, overall mean response time
S = 34.8, and maximum inter-appearance gap of
168. Such a cycle is perfectly acceptable since its
mean response time is only 1.16% higher than that
for L =743.

Finally, we consider the cycle obtained for L =
743. In Table 1 we show, for selected pages, the

Table 1
Page frequencies and inter-appearance gaps of selected cycle
i k; T, r=1,...,k;
1 41 191919191918181818 18
1818181818181818 1818
181818181818 18 18 18 18
18181818181818 181818
18
10 13 57 5757 57 57 57 58 58 57 57
575757
20 9 828282 828383838383
30 7 107 106 107 105 106 106 106
40 6 123125124124 124123
50 6 122 124124 123 124 126
60 5 149 148 146 151 149
70 S 149 140 161 145 148
80 4 185 186 190 182
90 4 169 203 178 193
100 4 168 213 195 167

100 s
90 MINIMUM S;
80
70

60

504

MEAN RESPONSE TIME, S

404

304

204

0 20 40 &0 8 100
PAGE INDEX

Fig. 5. Mean response time VS page index for selected cycle.

values obtained for k; and for 7,'. Note that the
deviation of the inter-appearance gaps from the
optimal values in (8) increases as the page index
increases.

Figure 5 contains a graphical representation of
the mean response times S, as well as the mini-
mum S; for a given k; (see (9)), for L =743.
Notice that the cycle construction procedure has
the effect of reducing the response time for the
most popular pages at the expense of the response
time for the less popular ones, thus reducing the
overall mean response time. The “staircase” pat-
tern of this graph is due to the fact that the
procedure tends to group pages with close request
probabilities.
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