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Abstract

The Turbo code interleaver design problem is considered for large block sizes, where the e�ect of

trellis termination is less marked. The performance of various interleavers with a similar block size

are compared, including an implementation of the uniform interleaver. An optimised interleaver design

technique based on simulated annealing is proposed { the results obtained show that the error performance

may be signi�cantly improved without increasing the delay. Finally, interleaver design for small Turbo

codes is considered. In this case it is shown that while correct termination improves the performance for

an average interleaver, its e�ect on Turbo codes with optimised interleavers is negligible.

Using our simulated annealing design technique it is easier to include restrictions which make the

interleaver correctly-terminating or odd-even. While the S -random algorithm serves well for specifying

interleaver spread, we believe that our algorithm is better suited for more sophisticated design criteria.
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I. Introduction

A. Classical Use of Interleavers

Interleavers have been used in communication systems for a long time; the classical

use is to randomise the location of errors, enabling the use of random error-correcting

codes on channels with burst error patterns. Typically, bursty channels would include

fading channels often found in wireless transmission. Another use of interleaving is in

concatenated coding, where the output of the inner-stage decoder exhibits burst error

patterns (as happens with a Viterbi decoder). Hence, the most important parameter of

the interleaver in this case is its ability to spread error bursts such that they appear

as isolated errors to the outer-stage decoder. Naturally, the optimum interleaver would

achieve this with the minimummemory [1]. It should be clear that the required parameters

of the interleaver in this case depend uniquely on the inner and outer codes and decoders

used.

B. Interleavers in Turbo Codes

Turbo coding, however, also introduced a further dimension to what is required from the

interleaver { this involves the e�ects of the iterative algorithm and the passing of extrinsic

information between successive decoder stages. In this context, the interleaver has often
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been explained as reducing the correlation between the parity bits corresponding to the

original and interleaved data frames. However, for reasons which will be explained later,

this terminology isn't quite accurate.

In the original paper introducing Turbo codes, Berrou et al. [2] already showed an excep-

tional understanding of some of the most important parameters making a good interleaver.

In particular:

� Increasing the block size (and hence the size of the interleaver) results in improved

performance.

� The interleaver should randomise the input sequence in order to avoid particular low-

weight patterns mapping onto themselves, reducing the e�ective free distance of the re-

sulting Turbo Code.

C. Paper Overview

The rest of this paper is divided as follows: the next section gives a brief literature review

of interleaver design for Turbo codes. This is followed by a description of our proposed

interleaver design technique based on simulated annealing. Next, we compare our design

technique with others in the literature. This is done �rst for large block sizes, where the

e�ect of termination can be ignored. Then we consider the e�ect of termination in small

Turbo codes with optimised and standard interleavers. Finally, we give our conclusions.

II. Brief Literature Review

While the e�ect of the interleaver on Turbo code performance was recognised early [3],

the sheer size of the problem of choosing an optimum interleaver meant that a compre-

hensize solution remained elusive. It was already shown, however, that randomly chosen

interleavers perform better than structured interleavers. The actual importance of ran-

domisation was shown by Divsalar and Pollara [4] and Perez et al.[5], by considering the

e�ect of the interleaver on critical low weight input patterns. Divsalar and Pollara [4] also

proposed the S -random interleaver, which is a randomly created interleaver with some

restrictions, designed to break low-weight input patterns. Other semi-random interleaver

designs include the original one used by Berrou and Glavieux [6].

Other early attempts at interleaver design include those by Jung and Na�han [7]. In

September 13, 2001 DRAFT



PROCEEDINGS OF THE IEE (REVISED SUBMISSION) 4

this paper, interleavers are chosen from a large set of random interleavers based on the

low-weight-input distance properties of the resulting Turbo code. It was stated that a

regular block interleaver performs better than the chosen random interleaver for the given

block size. This contrasts with the opinion given elsewhere in the literature1 that regular

interleavers should be avoided because of their poor distance properties.

Recently, a mathematical model of interleavers has been proposed by Andrews et al.[8],

who also used this to guide the generation of new interleavers for Turbo codes by modifying

the S -random algorithm [9]. It is interesting to note that most papers on interleaver design

are based on the S -random algorithm, which was designed to counter the e�ects of weight-2

input sequences only.

A more recent interleaver design technique has been presented by Hokfelt et al.[10].

Their design technique is based on the statistical properties of the extrinsic information

passed between decoders rather than on the Turbo code's distance properties. Another

recent proposal by Yuan et al.[11], [12] is a modi�cation of the S -random interleaver design

which also takes into account the �rst few terms of the distance spectrum of the component

codes.

III. Optimised Interleaver Design

A. Interleaver Input-Output Separation Spectrum

An interleaver is said to have a spread S if any bit-pairs that are S or fewer places

apart at the input will be at least S places apart at the output of the interleaver. In order

to visualise this spread and how it is achieved in any particular interleaver, we plot the

Input-Output Separation Spectrum (IOSS). This graph is a two-dimensional histogram,

with the axes being the separation for all possible bit-pairs at the input and output of

the interleaver; the darker the region the more instances (multiplicity) with the given

parameters. For comparison, we plot the IOSS (limiting ourselves to a maximum separa-

tion of 100) for a Square and Berrou-Glavieux interleaver of equal size in Figs. 2 and 3

respectively. These interleavers are used in Section IV, and are detailed in Table I.

Note how the Square interleaver concentrates bit-pairs in very small regions, while the
1See, for example, [4].
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Berrou-Glavieux interleaver (through the pseudo-random perturbations) spreads out the

regions. For this reason, the peak multiplicity for the Square interleaver is almost four

times that of the Berrou-Glavieux interleaver. Note that the concentration of points for

the Square interleaver is indicative of its lack of randomness, which is the major cause for

its poor performance.

B. S-random Interleaver

The S -random interleaver design is a randomly chosen interleaver with a restriction on

the spread S. The searching time for this algorithm increases with S and the algorithm

is not guaranteed to �nish successfully. Divsalar and Pollara [4] have observed, however,

that for an interleaver of size � , choosing S <
q

�

2
usually produces a result in a reasonable

time.

The main problems with this technique are that it is not guaranteed to produce the

required interleaver and that it only aims at achieving a spread S. Seen in IOSS space, this

means that a square of side S starting at the origin must be kept empty. The distribution

of points outside this square is not considered. Usually, with a large interleaver that

is randomly chosen, the distribution outside the spread boundary is approximately at.

This can be seen in Fig. 4, which shows the IOSS for an S -random interleaver of size

� = 1024. Compared with interleavers having higher regularity, such as the Berrou-

Glavieux interleaver of Fig. 3, the attening of the IOSS reduces the peak multiplicity.

For example, the peak multiplicity of the Berrou-Glavieux interleaver is about eight times

that of the S -random interleaver.

C. Simulated Annealing Interleaver

The Simulated Annealing (SA) algorithm for global minimisation is now a well-proven

and accepted technique, and has been used successfully in various applications for min-

imisation of a combinatorial (rather than a continuous) function [13]. The method is

analogous to the way that slowly cooled crystals achieve a state of minimum energy in

thermodynamics.

In order to simultaneously optimise the various requirements for our interleaver we de�ne

an energy function based on these requirements, such that a lower energy corresponds
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to a better-performing interleaver. We then use the simulated annealing algorithm to

minimise the energy function. Although this is not guaranteed to converge to a globally

optimal solution2, in our experience simulated annealing will converge to a good sub-

optimal solution in various optimisation problems with large dimensionality (as in this

case). There is also the advantage that the resulting interleaver appears similar to a

random one.

C.1 Simulated Annealing Algorithm

In the physical counterpart, a solid is �rst heated up to a temperature at which all

its particles randomly arrange themselves in the liquid state. Next the temperature is

slowly lowered until the particles arrange themselves in a low-energy ground state. It

is essential that the initial temperature is suÆciently high and that the temperature is

reduced suÆciently slowly, to ensure that defects are not frozen into the solid. At each

temperature T , the solid is allowed to reach thermal equilibrium, such that the energy

distribution is given by the Boltzmann distribution:

Pr [Energy = E] =
1

Z(T )
: exp

�
�

E

kBT

�
(1)

where Z(T ) is a normalisation factor and kB is the Boltzmann constant. This process

is simulated by the Metropolis Algorithm [13], where at any particular temperature T a

perturbation resulting in a decrease in energy is always accepted, while an increase is only

accepted with a probability exp
�
�E
T

�
, where �E is the increase in energy. Temperature

in the simulation is a virtual value which also absorbs the e�ect of the Boltzmann constant

in the physical counterpart. A large number of random perturbations are allowed until

equilibrium is reached; for successive iterations the temperature is decreased exponentially,

until the �nal low energy state is reached. It can be shown that in the limit, as T ! 0,

the global minimum is reached. The basic algorithm is outlined in Fig. 1. We will now

consider the parameters that can be varied in the algorithm:

� The energy function { since this is the function that is minimised by the algorithm,

it needs to reect the performance of the interleaver. We start by adapting the `high
2The algorithm does converge asymptotically to the global optimum { however, implementation constraints will

necessarily inhibit this.
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spreading factor' criterion used by Divsalar and Pollara in their S -random interleaver.

While we aim for a high spreading factor (at least 5�, where � is the component code's

memory order3), we also want the worst-case spreads to have low multiplicity. We do this

by minimising the number of points close to the origin in the interleaver's IOSS. With

this in mind, we choose an energy function which sums over all points in the IOSS, with

increased weight on points close to the origin. This attempts to `push' bit-pair points away

from the origin, thereby increasing the spread of the interleaver. One particular energy

function that can be used is:

E =
X
i;j

5:�q
(i� j)2 + [�(i)� �(j)]2

(2)

where i; j 2 [0; � � 1], i > j, � is the interleaver's size, � is the encoder memory, and �()

is the interleaving function. Note that the denominator
q
(i� j)2 + [�(i)� �(j)]2 is the

radial distance from the origin of the point described by the bit pair i; j.

� The perturbation scheme { it is generally preferred to have a perturbation scheme chosen

such that the variation of energy with every perturbation be as smooth as possible. Also,

the perturbation scheme must be chosen so as not to exclude any part of the search

space. We meet these conditions in our case by restricting perturbations to a swap of

two random interleaver entries. It is not diÆcult to constrain the interleaver in order

to make it correctly-terminating, by choosing an appropriate perturbation scheme (and

initial assignment) [14].

� The initial code assignment X0 { this should not make any di�erence in the result

if the other parameters are chosen correctly. This is because at the initial (suÆciently

high) temperature, the system's energy will rise considerably as most perturbations will

be accepted. Thus, a random interleaver should be as good as any other. This has been

veri�ed experimentally.

� The initial and �nal temperatures { to allow the system to migrate towards a high-

energy state in the initial phase, the starting temperature should be chosen to be much

greater than the average change in energy due to a single perturbation. This ensures that

perturbations which increase the energy have a high probability of acceptance at initial
3The limit of 5� is reached after analysing the con�dence at the output of a MAP decoder for an elementary

half-rate code when the input had a single hard error.
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temperatures. Note that the choice of a good perturbation scheme is necessary such that

�E has a suÆciently restricted variance.

The algorithm stops when the state con�guration becomes stable. This can be imple-

mented by stopping the algorithm after, say, �ve reductions in temperature occur without

any new state being accepted. In the general case, this is enough, but a minimum tem-

perature condition is usually also applied. This minimum temperature should be chosen

such that it is suÆciently lower than the temperatures at which the con�guration becomes

stable in the normal case, to ensure that we do not stop prematurely.

� The annealing schedule { since the probability of acceptance of an uphill move decreases

exponentially with temperature, the annealing schedule is generally a geometric decrease

of temperature Ti+1 = �Ti, where � lies in the range 0:90 ! 0:99. Values of � closer to

1:0 make the temperature decrease more slowly, and generally results in better annealing,

with a penalty to be paid as an increased computation time.

� The number of iterations allowed at every temperature { this should be large enough

to allow the con�guration to reach an energy state typical of that temperature. In prac-

tice, the number of iterations should be such that a signi�cant proportion of the possible

perturbations are tried. The only adverse e�ect of choosing too high a value is a pro-

portional increase in computation time. It may be noted that this value is particularly

important at low temperatures, where very few state changes are in fact accepted. At

high temperatures, most proposed changes will be accepted, so the neccessary number of

iterations is lower at high temperatures. This is achieved by adding another limit to the

number of iterations { the maximum number of accepted state changes, which should be

lower then the maximum number of iterations, typically by an order of magnitude. Thus,

at high temperatures, the number of iterations performed is limited by the number of ac-

cepted state changes, while at lower temperatures, it is limited by the maximum number

of iterations.

C.2 Comparison of Simulated Annealing with S -random Interleavers

In contrast with the S -random technique, our algorithm does not guarantee a particular

spread. On the other hand, it pushes points away from the origin even beyond the spread

boundary. The IOSS for an interleaver designed using Simulated Annealing is shown in
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Fig. 5. For comparison, see also the IOSS for an S -random interleaver in Fig. 4. The IOSS

peak multiplicity of the Simulated Annealing interleaver is similar to that of the S -random

interleaver. Note how the peak multiplicity for the Simulated Annealing interleaver has a

radial shape. This is expected since the algorithm attempts to `push' bit-pairs away from

the origin.

IV. Interleaver Design for Large Frames

In this section we consider the interleaver design problem for large block sizes, where

the e�ect of trellis termination is less marked. This is done by comparing the performance

of various interleavers with a similar block size. Finally, the performance of an optimised

interleaver design technique based on simulated annealing is considered.

A. Performance Reference

We restrict ourselves to unpunctured rate-1
3
symmetric Turbo codes with encoder mem-

ory � = 2 and generator (1; 5=7). In order to avoid the e�ects of trellis termination, we

also choose a relatively large block size � = 1024. The e�ect of interleaver choice for Turbo

codes with this component code and block size are indicative of what can be expected with

other good component codes and larger block sizes; this has been veri�ed experimentally.

The design problem of choosing the best component codes has been tackled by the JPL

team [15].

As a reference for performance, we implement a uniform interleaver by using a di�erent

random (equiprobable) interleaver for every block simulated. To con�rm the validity of

the statement that trellis termination does not have a signi�cant e�ect at the chosen block

size, we simulate the uniform interleaver with and without termination. To terminate the

uniform interleaver we use the scheme proposed by the JPL team [3]. The Bit Error

Rate (BER) results for these two Turbo codes (E and F in Table I) are shown in Fig. 6;

all simulations were performed using 10 iterations, with a target tolerance of �10% at

a con�dence of 95%. As expected, trellis termination does not signi�cantly a�ect the

performance of Turbo codes with encoder memory � = 2 at this block size. The Frame

Error Rate (FER) performance is comparable to the BER performance.
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B. Regular Interleavers

It has mostly been argued that interleavers with a high regularity perform poorly in

Turbo codes. This is con�rmed when we simulate Turbo codes with Square, Rectangular,

and Helical interleavers (codes A, B, and C in Table I), and compare with the performance

of a uniform interleaver (code E), as shown in Fig. 6. Note that the Rectangular and Helical

interleavers satisfy all the restrictions detailed in [1] and [16] respectively:

Rectangular: for the interleaver with R = 21 rows and C = 49 columns,

� R + 1 and C are relatively prime and R + 1 < C. These are conditions from [1] which

give the interleaver a spread of (R;C). Note that a Square interleaver cannot obey the

latter condition.

� The interleaver spread is greater than 5�.

� Additionally, R and C are both odd, so that the interleaver is odd-even. This allows the

same interleaver to be fairly compared with other such interleavers in a study of punctured

Turbo codes.

Helical: for the interleaver with R = 29 rows and C = 36 columns,

� R and C are relatively prime.

� C is a multiple of � + 1 and the Recursive Systematic Convolutional (RSC) code's

feedback polynomial is full, making the interleaver simile. This allows the same tail to

be used with both the interleaved and non-interleaved sequences. In our implementation,

we use the Tail Not Interleaved scheme proposed in [17], which was shown to give better

results.

� Additionally, C is even, so that the interleaver is odd-even.

It is interesting to note that the BER performance improvement of the Helical interleaver

over the Square and Rectangular interleavers is minimal. Its FER performance, however,

is somewhat better, though still far from the uniform interleaver.

C. Randomised Interleavers

The interleaver originally used by Berrou et al., described in [6], is essentially a Square

interleaver with some pseudo-random perturbations. However, its performance is signi�-

cantly better than a regular Square interleaver with the same dimensions. This is seen by
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comparing the Berrou-Glavieux interleaver (code D) and the Square interleaver (code A)

in Fig. 6.

D. Optimised Interleaver Design

The performance of a Turbo code using the Simulated Annealing interleaver (code G)

is shown in Fig. 7. For comparison, codes using the uniform interleaver (code E), the

Berrou-Glavieux interleaver (code D), and an S -random interleaver (code H) are also

shown. As can be seen from the graphs, optimising the interleaver improves performance

when compared with partly-randomised designs. Code G can achieve a BER of 10�5 at

Eb
N0

= 1:35 dB. It can also be seen that the performance of the Simulated Annealing

interleaver is very similar to that of the S -random interleaver. This is expected because

the interleaver for code G was designed with much the same speci�cations as the basic

S -random interleaver; the advantage of the Simulated Annealing technique, however, is

that it is more exible for the inclusion of additional design criteria, such as making an

interleaver self-terminating, odd-even, and also facilitates the combined design of multiple

interleavers for Turbo codes with more than two component codes.

Other energy functions based on the radial distance from the origin of IOSS points have

also been tried, with very similar results. It seems that the combinatorial restrictions

imposed on the interleaver structure do not allow signi�cantly better interleavers (in the

sense of increased distance of IOSS points from the origin) to be constructed. If there is

anything further to be gained in interleaver design for Turbo codes, other factors need to

be considered (such as puncturing, or higher-order distance statistics).

V. Interleaver Design for Small Frames

In this section we consider the interleaver design problem for small block sizes. The

e�ect of various trellis termination schemes is analysed by comparing the performance of

the uniform interleaver with and without termination. We also analyse the performance

of di�erent termination schemes when used with an optimised interleaver.
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A. Performance Reference

As in the previous section we restrict ourselves to unpunctured rate-1
3
symmetric Turbo

codes with encoder memory � = 2 and generator (1; 5=7). In contrast, though, we choose

a very small block size � = 64 to analyse the e�ect of termination where it should be most

pronounced. The e�ect of interleaver choice for Turbo codes with this component code

and block size are indicative of what can be expected with other good component codes

and similarly small block sizes; this has been veri�ed experimentally.

We simulate the uniform interleaver with and without termination. To terminate the

uniform interleaver we use the scheme proposed by the JPL team. The Bit Error Rate

(BER) and Frame Error Rate (FER) results for these two Turbo codes (A and B in

Table II) are shown in Fig. 8; all simulations were performed using 10 iterations, with a

target tolerance of �10% at a con�dence of 95%. While at low SNR the performance of the

two codes is almost identical, at high SNR trellis termination improves the performance

of Turbo codes with encoder memory � = 2 at this block size. In particular, the FER

performance is markedly better and the BER performance is marginally improved.

B. Deterministic Interleavers

The performance of Turbo codes with Square, Berrou-Glavieux, and Helical interleaver

types (codes C, D, and E in Table II) are shown in Fig. 9 { FER performance is comparable

to BER performance. For comparison, the performance of the terminated uniform inter-

leaver (code B) is also shown in the graph. The Helical interleaver satis�es all necessary

restrictions, as described in Section IV-B.

As for Turbo codes with large interleavers, the Square interleaver performs worst and

the Berrou-Glavieux interleaver performs better than the uniform interleaver. In this case,

however, the Helical interleaver performs better than the uniform interleaver both in terms

of BER and FER.

C. Optimised Interleaver Design

The performance of Turbo codes with interleavers designed using Simulated Annealing

(codes F, G, and H) are shown in Fig. 10 { FER performance is comparable to BER

performance. For comparison, codes using the terminated uniform interleaver (code B)
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and the Berrou-Glavieux interleaver (code D) are also shown. As can be seen from the

graph, optimising the interleaver improves performance. However, with an optimised

interleaver design, the e�ect of termination becomes negligible, both when the JPL ter-

mination scheme is used with a non-terminating interleaver (code G) and also when a

self-terminating interleaver is designed (code H). Consider both cases separately:

� When the JPL termination scheme is used in code G, the same interleaver is used as

the one for code F. The only di�erence is that a further two tail bits are appended to

the input and interleaved sequences. Since the BCJR algorithm is used, an unterminated

sequence (as in code F) is equivalent to a terminated sequence where no tail information

is available. Thus, the information advantage of code G over code F is the (complete)

tail information for the input sequence and the tail parity information for the interleaved

sequence. However, this extra information comes at a cost of code rate reduction by a

factor of 66
64
. It would seem from the simulation results that the information advantage

is o�set by the code rate reduction for this particular interleaver. It can be seen from

the uniform interleaver simulations, however, that on the average, the JPL termination

scheme does provide a performance improvement. This advantage seems to depend on the

particular interleaver used.

� In desigining an interleaver which self-terminates, we restrict the search space, e�ectively

reducing the algorithm's ability at increasing the interleaver spread. For this reason, while

code H has the advantage of being correctly-terminating (with complete tail information

for both decoders), it not only su�ers the penalty of code rate reduction (as for code G),

but also a small reduction in spread.

In conclusion, while termination is bene�cial for the average interleaver, its e�ect on

optimised interleavers is negligible and not always bene�cial. Considering that designing

an interleaver without termination is simpler and that there is also a minor gain in code

rate, the design of non-terminating interleavers should be preferred for all block sizes.

VI. Conclusions

We have proposed a new interleaver design technique, and shown that it performs better

than other regular and partly-randomised designs. For the case of small interleavers, it is

shown that while correct termination improves the performance for an average interleaver,
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its e�ect on Turbo codes with optimised interleavers is negligible for codes with � = 2.

Considering that designing an interleaver without termination is simpler and that there

is also a minor gain in code rate, the design of non-terminating interleavers should be

preferred for all block sizes.

Using our simulated annealing design technique it is easier to include restrictions which

make the interleaver correctly-terminating or odd-even. While the S -random algorithm

serves well for specifying interleaver spread, we believe that our algorithm is better suited

for more sophisticated design criteria.

Utilising some performance enhancement techniques, the complexity of the energy func-

tion grows only as O(�), making it suitable for use with large block sizes. However,

increasing the block size also requires the simulated annealing algorithm to perform more

perturbations at every temperature, so that the overall complexity of the design technique

actually grows larger than O(�).

VII. Future Work

A. Improving the Simulated Annealing Design

While we have shown that simulated annealing can be used to design optimised inter-

leavers, the energy functions used are based on the `high spreading factor' criterion used

by the JPL team in their S -random interleaver. Thus, the performance of codes with

our interleavers are not expected to be signi�cantly better than those using S -random

interleavers.

More sophisticated energy functions will need to be considered if any further improve-

ment is sought. Possible directions of research may include:

� Energy functions that take into consideration the fact that not all weight-two input

sequences produce a �nite-length parity sequence. Those sequences resulting in a parity

of in�nite weight should be given less importance since they will not adversely a�ect the

Turbo code's weight spectrum.

� Consideration of sequences of weight greater than two which produce �nite length parity

sequences should also improve performance, particularly at the lower SNR values. This

is, however, a problem of considerable complexity, and requires the energy function to be
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matched to the particular component codes used.

B. Interleaver Design for Punctured Codes

Our analysis has taken into consideration only unpunctured rate-1
3
symmetric Turbo

codes. The problem of interleaver design for punctured codes also necessitates an appro-

priate interleaver optimisation. Some work has already been done on punctured codes,

particularly indicating the usefulness of an odd-even interleaver structure. Modi�cation

of the simulated annealing algorithm to create odd-even interleavers is trivial, and should

provide a preliminary design strategy. The e�ect of trellis termination on punctured codes

needs to be investigated, particularly for small block sizes.
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procedure simulated annealing

begin

Initialise state X = X0

Initialise temperature T = T0
repeat

repeat

Choose X 0, a perturbation of X
Let �E = Energy(X 0)� Energy(X)

if �E < 0 or random[0; 1) < e�
�E

T

Change state X = X 0

end if

until several state changes or too many iterations
Decrease temperature according to annealing schedule

until �nal temperature reached or con�guration is stable
end

Fig. 1. Simulated Annealing { Basic algorithm
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Fig. 2. IOSS for Square Interleaver
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Fig. 3. IOSS for Berrou-Glavieux Interleaver
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Fig. 5. IOSS for Simulated Annealing Interleaver
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Fig. 6. Turbo code BER simulation (large block size) { Regular interleavers
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Label Type Parameters Spread Termination Code Size

A Square 32� 32 31 None (3072; 1024)
B Rectangular 21� 49 21 None (3087; 1029)
C Helical 29� 36 1 Simile (3138; 1044)
D Berrou-Glavieux 32� 32 14 None (3072; 1024)
E Uniform (n/a) (n/a) None (3072; 1024)
F Uniform (n/a) (n/a) JPL (3078; 1024)
G Simulated Annealing (see text) 19 None (3072; 1024)
H S -random Interleaver (see text) 18 None (3072; 1024)

TABLE I

Interleavers for a 1024-bit Frame

Label Type Parameters Termination Code Size

A Uniform (n/a) None (192; 64)
B Uniform (n/a) JPL (198; 64)
C Square 8� 8 None (192; 64)
D Berrou-Glavieux 8� 8 None (192; 64)
E Helical 11� 6 Simile (204; 66)
F Simulated Annealing (see text) None (192; 64)
G Simulated Annealing (see text) JPL (198; 64)
H Simulated Annealing (see text) Self (198; 64)

TABLE II

Interleavers for a 64-bit Frame
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