EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY

Eindhoven University of Technology

MASTER

Syndrome-decoding of binary R=1/2 convolutional codes and a Fortran program for graphical
display of the Trellis-decoding procedure

Harkink, H.

Award date:
1976

Link to publication

Disclaimer

This document contains a student thesis (bachelor's or master's), as authored by a student at Eindhoven University of Technology. Student
theses are made available in the TU/e repository upon obtaining the required degree. The grade received is not published on the document
as presented in the repository. The required complexity or quality of research of student theses may vary by program, and the required
minimum study period may vary in duration.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 17. Jul. 2025


https://research.tue.nl/en/studentTheses/93c2fc48-5810-444c-bc17-07e82161a5f3

2133 bse

Syndrome-decoding of binary R=4 convolu-
tional codes and a Fortran program for
graphical display of the Trellis-decoding

procedure.

Graduate report by
H. Harkink

Group Telecommunication E.C.A.

Prof.dr.ir. J.P.M. Schalkwijk

coached by ir. A.J. Vinck

period: april 1975- nov. 1976




Contents.

10.

11.

12.

Summary

Introduction,

State-table.

State-diagram,

Metricequations and decoding algorithm.
Codes of constraintlength v=3 and v=4.
Reduction in pathregisters.

The steady state metriccombination and the total

number of metriccombinations.
Calculation of first fixed bits in the pathregister.
Codes of constraintlength v=6,

Fortran program for calculation of the essential features

and syndrome-decoding procedure of R=} convolutional codes.

Fortran program for graphical display of the Trellis-decoding

procedure.

Conclusion.

References.

Appendix.

I. Analogy between Fortran notation and theory.
2. MAINPR + OUTPUT

3. Flowdiagram MAINPR,

4, Subroutinefile SUBI.

5. Flowdiagrams of SUB! and examples.

6. Display program DISPLY.

7. Subroutinefile SUB2.

page

10

16

18

22

25

29

33

36

41

46

47

Databook with essential features of all codes of constraint-
length y=2-4 and the 24 codes of constraintlength y=6 with

free distanc d =9 or 10.
free

(1-102)




SUMMARY.

Syndrome-decoding of convolutional codes has proved to be superior
to Viterbi-decoding with respect to the amount of hardware [4]. In this
report the binary R=} convolutional codes in the class ‘r:,l are consi-
dered. Tge codes.in the class —[:,l have connectionpolynomials

Cn(a)= 1=0 cn, n,0=cn,\>=
The structure of these codes and the syndrome-decoding procedure can

ial, n=1,2 with ¢ .
at best be described in terms of states and transitions between states.

An attractive and instructive way to demonstrate the decoding procedure

is by means of the so~called "Trellis" of the code.

In section | the principle of syndrome-decoding is explained., The
next sections deal with the structure of these codes in terms of the
state-table, the state-diagram and the metricequations. In the decoding-
algorithm one needs to determine all metriccombinations and the transi-
tions between them. On the basis of a code of constraintlength v=4, the
methods for determination of the characteristics mentioned above, are dis-
cussed (sections 2-5,7).

A reduction in metricequations and thus pathregisters, can be achie-
ved [3]. Knowledge of the relationship between the connectionpattern in

the polynomials Cn(a), n=1,2 , the free distance d the reduction in

free’
pathregisters and the total number of metriccombinatizns is decisive in
the choice of a particular code to be implemented as decoder (section 6).

In section 5 all codes of constraintlength v=3 and v=4 are analysed
in terms of their free distance, the state-table, the state—~diagram, the
metricequations and the total number of metriccombinations. A comparison
of these codes is made and some provisional conclusions are given.

For some codes a maximum of v—] bits in the pathregister can be taken
as fixed; this leads to an extra saving in hardware (section 8).

In section 9 a begin is made with the analysis of the 24 codes of
constraintlength v=6 which have free distance dfree=9 or 10,

For demonstration of the Trellis syndrome-decoding procedure a gra-
phical display program is constructed for calculation of the essential
features and the decodingparameters for R=} convolutional codes in the
class ‘[:,I (sections 10,11). The decoding procedure can be visualized
on the Terminal Display Unit Tektronix T-4014-1 by means of the Trellis

of the code. At each time k, for each state Si’ the new metricvalue,



the survivor, the associated transition and the pathregisterbit are cal-
culated and displayed in the Trellis.

The whole program (mainprogram + subroutines) is supplied with ex-—
planatory text and extensive comment with references to the theory in the
report., Flowdiagrams are made and the subroutines are worked out for an
example.

An example of the program is added in the form of a series of so-
called "hard copies'" of the screen picture.

A "Databook" is enclosed in which the essential features of all co-
des of constraintlength v=2-4 and the 24 codes of constraintlength v=6

are summarized.




1. INTRODUCTION.

In general the connectionpolynomials of a R=} convolutional code

can be expressed as

v
C (a) = 2:: c . at , n=1,2 .
n - n,1i
i=0
N .
Here we use the expression b(a) = E:: bi a'  for any binary se-
-

quence ...,b_],bo,b],....., where the parameter a serves as a place-
holder. We will consider the class’r: | of R=} convolutional codes of
b}
constraintlength v with Cn,O = cn’v =1, n=1,2 .
As an example we take a code of constraintlength v=4 with connec-

tionpolynomials ¢

Cl(a) = a4 + a2 + al + o

|
o]
+
Q
+
[*3

C,(@) =

The circuit which forms the so-called "syndrome"

z(a) = Cz(a)n](a) + C](a)nz(a) is depicted in Fig. 1.

z(acJ

r, (=)

Fig. |. Syndromeformer.

The additions are mod~2. According to Euclid's algorithm [1] there exist

M .
polynomials Dn(a) = 2::0 dn,i al, n=1,2 , of degree u §§ (v-1) such
l=

that Dl(a)C](a) + Dz(a)Cz(a) = ] . For our code these polynomials are



Dl(a) = a3 + a2 + a]

Dz(a) = a3 + az + aO

These polynomials are required for the reconstruction of the original

datasequence x{(a) out of the received sequences

y (@) = C (0)x(a) + n, (o) and (n

yyla) = Cy(a)x(a) + n,(a) (2)
Multiplication of (1) and (2) by Dl(a) and Dz(a) respectively yields

yl(a)Dl(a) + yz(a)DZ(a) = C](a)D](a)x(a) + nl(a)D](a) + Cz(a)Dz(a)x(a)

+ nz(a)Dz(a) = x(a) + n](a)D](a) + nz(a)Dz(a)

Il

Hence x(a) yl(a)Dl(a) + yz(a)Dz(a) + w(a) (3)

where w(a) nl(a)D](a) + nz(a)Dz(a) (4)

The sequence w(a) can be thought of as generated by the circuit
of Fig. 2.

(<)

w(x)

nl(k)

Fig. 2. The w(a)-former.

With a recursive algorithm like Viterbi's [2] we can determine out
of the syndrome z(a) the noisesequence—pair [ﬁl(a),ﬁz(a)] of mini~

mum Hammingweight that can be a possible cause of this syndrome. With



the estimate [ﬁl(a),ﬁz(a)] we obtain an estimate (a) by way of

the w(a)-former:
(@) = & (@)D () + ,(a)D, (a) (5)

The estimate X(a) of the original datasequence x(a) will

then be:
(o) = yl(a)Dl(a) + yz(a)Dz(a) + w(a) (6)

The complete decoding scheme is represented in Fig. 2a.

2. STATE-TABLE.

The operation of convolutional codes can at best be described in
terms of states and transitions between states. For instructive purposes

we draw the syndromeformer in a different way.

V=4
-4

Fig. 3. Syndromeformer.

In general the state of a R=} convolutional encoder of constraint-
length v 1s determined by the memorycontents of the v stages of the
shiftregister. The new state is determined by the old stae and the in-
coming bit. There are 2% so-called "physical™ states of the encoder.
The corresponding syndromeformer has two shiftregisters and hence

22v physical states. The new physical state S(k+1) of the syndrome-



SYNDROME-FORMER

CZ(ai/[;A . .
z(a)ﬁ . n "

CI(Q)

DECODING-ALGORITHM

Estimation of the
noisesequencepair:

(7, (2),n,(a)]
and construction of:

ﬁ(a)=ﬁl(a)Dl(a)+ﬁ2(a)D2(a)

! CHANNEL ' ENCODER
' I
: |
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: yy () :
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| | v
| n (d) 1
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! ~+ —
|
| ! ! : Cz(a)x(a)
! |

¥y (@)

yl(a)

‘r v
D] (O.) . °
W(a) y, (@)D, (@) +y,(a)D, ()
A 1 1 2 2 /[
(- + + + +
Dz(“)
£(a) w{(a)-FORMER

Fig. 2a. Decoding-scheme.




former at time k+1 is determined by the old state S(k) at time k and the
bitpair [n](a),nz(a)]k at time k., The physical state at time k is de-
fined as the contents

S(k) = [sj (a)’si(a)]k s

-v -(v-1), -2 -1

where s (a) = o + sve +
NC) Sn,-v Sh, - (v=1)° s

----- n(a)

n’_\) Sn’_(\)_l) ¢ e v e e sn,_z Sn,_l | I

In {3] is proved that the 22v physical states can be divided in 2V

S

equivalence classes K1(1), i=0,1,...,(2v—1). Any physical state in the
same equivalence class causes the same outputsequence [z(a)]t? in response
to an inputsequence [nl(a),nz(a)]tf. Here [b(a)]tf indicates that part
of the powerseries b(a) for which kI exponent k2 .

As a representative of each equivalence class K1(i) we take the so-
called "abstract" state s; which is the unique member for which the top-

register is all zero.

S, = [0, 8] i=0,1,...,(2=1).

The index i is the decimal representation of the binary contents of

the bottom register:

-1 -1

, k . =(k+1

si(a) =Z s, &, = i-= 2 s; k2 ( ) .
k:-\) ’ k:‘\) ’

A "zero-equivalent" state is a physical state with the property that

if the syndromeformer is in such a state at time k, an all zero input

&Q oQ
[n](a),nz(a)]:3= [0,0]:) gives rise to an all zero output [z(a)]k = [O]k'

A "base' state S, = [a—l,sb(a)] is a zero-equivalent state with a

"1V in the rightmost position of the topregister of the syndrome-

single
former. The base state always exists and is unique [3].

In Fig. 5 we have again drawn the syndromeformer of our example. (this
code will be used as a reference throughout the paper).

The hase state of this code can be determined as follows:



f———— . —

0 0 0 ] ' ‘ nl(a)

z(a) + +

b,~1 ' ‘ n,(a)

Fig. 5. Base state,

Suppose that the syndromeformer is in the base state Sb(k) =
- [ o9
[a l,sb(a)]k at time k. An all zero input [n (a),nz(a)]k = [0,0]k must

o
give rise to an all zero output [z(a)]k = [0]k . Hence
[z(a)]o =1+ Sp-4 ¥ Sp,-1 T 0 —» Sy, -4 = 1+ Sp,-1 = 0
[z(a)]l =1 + sb’_3 =0 —» Sb,-3 =]
[z(a)]2 = Sp,-2 = 0 — Sy.-2 = 0
[z(a)]3 =1 + sb’_] =0 —» Sb,-l =]

a3 w7 = [ o001, 0101 .

and consequently the base state is Sb = [a
+ 1.22 + 0.21 + 1.20] = [5] , the index b in S

Since [0101]00[0.23 b is

b L]
b=5
With each state~transition of the syndromeformer at time k, we also

equal to 5. Thus we have the base state

want to determine the corresponding state-transition of the w(a)-former.

In order to determine the state~transitions of the w(a)-former one has to
determine the base-state of the w(a)-former. We will now prove that the
base-state of the w(o)-former is the same as the base-state of the syndrome-

former.



Consider the syndrome-former and the w(oQ-former of a certain code of
constraintlength v in the class !v . The code's base-state is defined as
b

5, = [a ', s, (@)]

) T T [k (<)

hz /(X)

I

A

Suppose that both the syndromeformer and the wfo)-former are in
the zero-state SO. As input, both for the syndromeformer as the w(a)-
former we take the sequence [n](a),nz(a)]gﬂl= av[aul,sb(a)]. The res-—

ponses to this inputsequence are:

z(a) Cz(a)nl(a) + C‘(a)nz(a) = Pl(a) xDl(a)

w(a) = Dl(cvt)n1 (a) + Dz(a)nz(a) = Pz(a) % C, (a)

+

n,(){C, (@)D, (@) + C (@)D, (@)} = P, (@)D (a) + P,(a)C,(x)

T e — '
degree = 1 degree degree
= v-1l é\)-l =V

From this it follows that degree Pz(a) <: degree Pl(a). From the
moment that the base-state fits precisely in the syndromeformer, the
output will be zero in response to a zero-input., Since degree Pz(a)<<
degree P](a) , the output of the w(a)-former will also be zero from the
moment mentioned above. As only a zero—equivalent state of the w(a)-

former can produce a zero-output in response to a zero-input, we con-



clude that we may take the base-state of the syndromeformer as the
base~state of the w(y)-former.
Note that the w(y)-former produces a zero—output one unit of time

earlier than the syndromeformer does in the case mentioned above,

We are now ready to construct the state-table of our code. In the

table of Fig. 6 in each row is indicated:

- the decimal index j of the state Sj(k).

-~ the binary representation of the decimal statenumber j, i.e. the bi-
nary contents of the bottomregister of the syndromeformer.

- the indices i of the new states Si(k+1) with transitions [nl(a),nz(a)]k=
(0,0}, [0,1], [1,!] and [1,0] respectively.

- the outputvalues [z(tX)]k and [w(o'()]k corresponding to the state-

transitions.

In general the transitions of a particular state in response to the
inputpairs [nl(a),nz(a)]k = [o,0], [0,1], [1,!1] and [1,0] take place as
indicated in the table of Fig. 7.

We distinguish between states Sj and S; , where St = Sj except'for
the rightmost bit in the topregister which is a "1" for the state Sj'

This table also contains the outputvalues [z(a)]k for the transitions
concerned. Assuming that the output for the tramsition [0,0] is [z(«)]k,

the other outputs can easily be determined.

Suppose that the syndromeformer is in the state Sj(k)=[0,sj(a)]=

[oo. .0, sj,-vsj,-v+l . sj,rl]' The transitions [1,1] and [1,0]
brlng‘us in the physical states Szj+]=[0 0. .1, sj’_\)ﬂsj’_\H_2 . 'Sj,—l
and Szj=[0 0. .1, sj,—v+l sj’_\)+2 . sJ.’_1 0] respectively. To find

the representative of these physical states within the same equivalence-
class (i.e. the abstract states), we must add the base-state, mod-2. This
addition is always permitted since the base-state is a zero-equivalent
state., The response of a physical state © a zero-equivalent state (i.e. the
abstract state) to a certain inputsequence, is the same as the response

of the physical state alone to that inputsequence.



state state new state Si(k+1) value (Z(a)]k value [W(@)]k
Sj(k) contents [n](a),nz(a)]g [n](a),n (a)]k [n](a),n (OL)]k
3 [;j(a)] 00 01 11 10 00 01 11 10 00 01 11 10
0 0000 o 1 4 (5 0 1 0 I P
1 0001 2 3 6 7 10 10 1o
2 0010 4 5 0 1 0 1 o0 I 10 0 1
3 0011 6 7 2 3 10 1 0 1 0 0 1
4 0100 8 9 12 13 0 1 0 ] ] 0 0 1
© 0101 10 11 14 15 1 0 1 0 1 0 0 |
6 0110 12 13 8 9 0 I 0 1 0] ! )] 0
7 0111 14 15 10 11 10 1 0 O t 1 0
8 1000 0 1 4 5 i 0 1 0 0 1 1 0
9 1001 2 3 6 7 0O 1 0 1 0O t 1 ©
10 1010 4 5 0 1 10 1 0 1 0 0 1
11 1011 6 7 2 3 o 1 0 1 1 0 0 1
12 1100 8 9 12 13 ] 0 1 0 ] 0 0 1
13 1101 10 11 14 15 0 1 0 1 0 0 1
14 1110 12 13 8 9 I 0 ] 0 0 I 1
15 1111 14 15 10 11 o 1 0 1 S )
Fig.6., State-table.
As an example we take the transitions of the state S_. With the

base-state Sb=5

we have :

§,=[0000,001 1
S3= "
S3= "
S.= '

][U»OI

[0, 1]

[ 5 i)

(1,1)

=T

[1,0]

===

[0000,0110]= S

[0000,0111]= S

6

7
[0001,0111]8[0001,0101]=[0000,0010}= S, = S_ &S

[0001,0110]®[0001,0101)

-{0000,0011]= S, = S, @S

3°

2 7 75

3 6 75
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We have already proved that the base-state of the w(a)-former is the

same as the base-state of the syndromrformer. Hence the state-transitions

of the w(a)-former are the same as those of the syndromeformer.

In brief we can express the responses of a particular state Sj(k) as

denoted in the transition-table of Fig. 8.

) routput output w(a)
old state|input new state z(a) d] 0 =0 d]’o = |
s, 120 s, e a1, | @], | @], |
sio0 s e 7], | 1 | e,
5. (1) L‘zg s'2j+](k+1) ® s, [2(a)], [#(a)], [@(e)],
5, (1) 0.9 s;_j<k+1) ®s, (7)), | 1w(], [@(a)],

The pattern in the output-values [w(a)]

Fig. 8. Transition-table.

k

can be determined when we

know the polynomials Dn(a), n=1,2., In order to satisfy the equation

Cl(a)D](a) + Cz(a)Dz(u) = 1

, the polynomials Dn(a) must have complemen-

tary coefficients dn 0’ n=1,2. When we assume that the input [0,0]k
9

causes an output [w(a) then the output—pattern can be expressed as in
P K put-p P

Fig. 8. The consequence of say D, (o) having d

=0 is that both inputs

(0,0] and [1,0] cause an output [w(a)] and both inputs [1,1] and [0,1]

an output [w(a)].

Filling up the statco-

tables

The states Sj

and Sj+2V-

I, j=0,1,...,2

v—1

leftmost bit in the bottomregister, i.e,

[851-(v-1) = B542

0

0
v—l]_(v_.)

(the additions are mod-2"),

, are equal except for the

Hence their state-transitions in response to an input [n](a),nz(a)] will

be the same, The consequence is that the contents of the lower half of

the third column of the state-table are cqual to the contents of the up-

per half:



- 10 -~

s, (K) [ny @m0y (000 n, .

Si.3 85,22 55,1 n,l . (2]
- [n,(a),n,(a)] -
Sj+2v 1 (k) > 2 -k [000 s S5 385 _p S5 n2]k+] [Z(G)]k
Since CI,O = CZ,O = |, complementary inputs [nl(a),nz(a)]k ' and

[ﬁl(u),ﬁz(a)]k give rise to the same output [z(a)]k (look at the third
column of the state-table). .

With cl,v = c2,v =1 and [Sjlg(v_l) = [éj+2v_i]9(v—l)’ j=0,l,..,2V‘1'
we conclude that the contents of the lower half of the fourth column of the
state~table is the complement of the contents of the upper half.

As the base state of the w(a)—former is the same as the base state of
the syndromeformer, the contents of the fifth column of the state-table can
easily be determined. We notice that the lower half of the fifth column
equals the upper half since degree Dn(a) <fdegree Cn(a), n=1,2 and
[sj]Q(v_]) = [Sj+2v—1]9(\)__l) L 3=0,1,...,2"71,

The row-pattern in the outputvalues w(a) is:

°"°}d10=o 0011}d]0=]
1001 ’ 1100 ’

Now that we have constructed the state-table, we can draw the state=-
diagram. The state-diagram is a more surveyable version of the state-
table. All the essential information of a particular code in our class

can easily be obtained from its state-diagram.

3. STATE-DIACRAM.,

In the state-diagram cach state is represented as a node and the
branches correspond to the transitions betwcen the ststes. Each particu-
lar state has four incoming branches and four outgoiing branches. From
the four incoming respectively outgoiing branches, one pair corresponds
to an output z(a)=0 and the other pair to an output z{(a)=1. In order to

maintain sufficient visual insight we split the complete state-diagram up
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into two diagrams; one for transitions z(a)=0 and one for transitions
2(a)=1, The two state-diagrams of our example are drawn in the figures 9a
and 9L.The structure of the state-diagrams for z(a)=0 and z(a)=1 is the
same for all codes of a fixed constraintlength v. A solid branch corres-
ponds to a transition. w(x)=0 and a dashed branch to a transition w(a) =1
The state-diagrams of two different codes only differ in the numbering of
the nodes (the indices j of Sj) and the transitions [n](a),nz(a)] which
are placed along the branches. _

The state-diagram for z(a)=0 can be constructed with the help of the

state-table of Fig. 6 as follows:

- First find the two states that convert into themséives for z(a)=0.
These are the states S0 and Sy with transitioms [0,0] and [1,0], and
with outputs w(a)=0 and w(a)=] respectively. Hence the lower node will

be the "zero-state" S, and the upper node S

0 3°

- The lower left node will then be S4 with transition [1,]1] and the upper
right node S7 with transition [0,1].

- Find the state which converts into S_. and 84’ and the state which con-

0

verts into 83 and S7. These two states are 82 and Sl respectively. Hence

the upper left node is S] and the lower right SZ'
- With the help of the w(a)-column of the state—table all other nodes can

easily be found.

The construction of the state~diagram for z(a)=! is carried out in a
similar way. Now we have to find the two states which convert into them-

selves for z(a)=1. These are 812 and S15 with w(e)=1 and w(a)=0 respectively,

In order to derive some general properties of the state-diagram we de-
termine the four states which all lead to a particular state Si' These
states are called the "parent-states" S  , S ., S . and S_, of the state S.,

pl p2’ "p3 p4 1

We distinguish between even states Si and odd states Si+l where
. v-1
i=2k , k=0,1,...,2" ~I.

In general the transitions of these parent-states take place as indi-

cated in the transition-scheme of Fig. 10.




- - - w(a)=l

Fig. 9a. State-diagram z(a)=0,




/

I

- e = em on P - - — -

— - w(a)=0

H

- - - w(a)=1

Fig. 9b. State-~diagram z(a)=l.
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The outputvalue [z(a)] =z corresponds to the basic transition
$l(k) (o, 0] Si(k+l). W1th the knowledge of this value all output-

values [z(a)] for the transitions [0,0] and [0,1] can be calculated.
For the transitions (1,1] and [1,0] we must add the base-state to
get the new abstract state. In order to determine the syndromeoutputva-

lues for these transitions we need to know the specific outputvalue

. . . [1,1]
[z(a)]k z corresponding to the transition Si(b-l) k SO.
Example i = 14 , b = 5.
- f1,1] . -
S%(b—l) 52 SO with zo = 0.
z(a)|w(a)
0,0
=s, =[0000,0111] 19:9) to000,1110)= 5, 1] o
- = . [O)O] =
Jeg =Syg=[0000,1311) 12270 [0000,1110]= S, . o] o
: 1,1
=S, 85,=5, ={0000,0101] £=é=i [0001,1011]+[0001,0101]=[0000,1110]=8,, 1 | 0
_ y [1,1 -
=S, 5®5,=5, ,=[0000,1101] ! 7_2 (0001,1011]+[0001,0101]=[0000,1110]= S, , 0 | O

-[0000,0111] %' ro000,11117= s

EE TN | 5
=[0000,1111] LB;JJ [0000,1111]= S ¢
1,0 )
~[0000,0101] 2% 0001,10107+[0001,01017=[0000,1111]= s,

=[0000,1101] (1,01 6001, 1010]4[0001,01017=[0000,1111]= S

In this example the outputvalues of the w(a)-former are also given.
We note that all four values of w(a) corresponding to the transitions of
the four parent-states to a particular state S or S. i+ 2re the same. As

is derived in the previous section the spec1f1c outputvalue [w(u)] =Wy

corresponding to the transition si(b-l) £l=llk Sb =S, is equal to
zero, This is because the base-state in the w(a)-former causes an output
w(a)=0 one unit of time earlier than the base-state in the syndromeformer.
Assuming that the outputvalue for the basic transition
i (k) [0 0] Si(k+l) is [w(a)]k = Wi the pattern in the output-

values corrosponding to the other transitions can easily be determined.
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If we replace the syndromeformer in the transition-table of Fig. 10

by the w(a)-former, we notice that there is no need to distinguish be-

tween the transitions [0,0] and [1,1] to the even atatea S aince

degree Dn(a)<:degree Cn(a) (hence the value of x doem not count) and since

the specific output Yo

[1,0] to the odd states Si+]'

=0, The same applies to the transitions |0,1} and

In brief these results have been summarized in the table of Fig. 11.

o L 1,1] output
Specific transition S [1, k S i . P
P (b-1) == o With output z, w(a) -former
new output d =0la =1
parent-state input state syndromeformer 1,0 1,0
< i} i [0,0]
pl/pZ(k) S%i+x.2v 1(k) k Si(k+1) ZiO + x in in
[1,1]
s = 5,. -
p3/p4(k) S%1+x.2v 1(kx) 8 S%(b-l) _===§k si(k+1) Z: + X + z, Y0 "iO
S (k)= 8, . w=1 (k) [O'l]k S, (k+1) z + x w, w
pl/p2 Li+x.2 s i+l i0 io i0
- - [110] hat w
Sp3/p4(k) Sl:i+x.2\) 1(k) & S‘}(b—l) —k Si+1(k+1) ziO + x + zO Wio in
base state S S = = i =
b Pllpz Sp1 and sp3/p4 Sp3 if x 0.
, v-1
i=2k, k=0,1,....,2 -1. S = = i =
' pl/p2 sz and Sp3/p4 Sp4 if x 1.

Fig. 11. Transition-table.

From the transition-tables of Fig.8 and Fig.l!l we can derive some

general properties of the state-diagram:




~ For fixed outputvalue [z(a)]k the two outgoiing branches of a
state have complementary inputpairs [nl(a),nz(a)]k

The same applies to the two Incoming branches.

- An even state can only be reached with the inputpairs [n](a),nz(a)]
=[(0,0] and [1,1].

- An odd state can only be reached with the inputpairs [n](a),n2(a)]
=[0,1] and [1,0].

- For fixed outputvalue [z(cx)]k the two outgoiing branches have

complementary outputvalues [w(a)]k associated,

—~ The four branches that lead to a particular state all have the same

outputvalue [w(a)]k assoclated.

If we compare the diagrams for z(a)=0 and z(a)=! we notice that they
are each others complement as far as the transitions [n](a),nz(q)] along
the branches is concerned. Only the numbering of the nodes is different.

It happens to be the case here, but this does not hold in general.
In the state-~diagram two paths can be found which give us informa-
tion about the free distance and the polynomials Dn(a), n=1,2 res-

pectively.

Free distance path: Since convolutional codes are group codes

the set of distances (Hamming) of the zero-codeword to all other code-
words is the same as the set of distances of any codeword to all others.
The path with minimum distance to the so-called "zero-path" is called
the free distance-path with distance dfree' The value of d can thus

free
be evaluated by finding that path which is leaving the zero-state S, and

leading back to it with minimum distance, irrespective the length of the
path; that is, differing from the zero-path in as less places as possible.

Hence the number of omes in that path equals dfree' For our example:

11 11 0] 00 11
SO—_-»SA—>SIZ_>S —_>Sz_pS0

9 =7

dfrée
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As will be explained in section 5 there are other codes of con-

straintlengthV =4 which have d =5 or d =6, Apparently d =7

free free
is the maximum of the minimum distances.

free

Path of the Dn(a)—polynomials: The polynomials Dl(a) and Dz(a) can
easily be derived from the state—diagram for z(a)=0, The equation
C (a)D (@) + C (a)D (¢) = 1 must be satisfied. Now consider the polyno-
m1als D (a) and D (a) as an inputpair [n () ,n (a)] to the syndrome-

kL of length &+!

former and the w(a) -former. The sequence [n (a) n (a)]k
1,0 o,...,O]k k+% 2nd an

output [w(a)] —[D (a)D () + D (G)D (a)] 1452'[0 a, 0]E+R'

In terms of the state—dlagram we must start im S (k) and generate the
k+4

must be found Whlch causes an output [z(a)]

sequence [z(a)] =[1,0 O,...,O]k in such a way that we return to

S (k+£) with outputs [w(a)] —[0 0,...,0]k+2
k

k+g ) k .
sequences [n](a)]k and [n (a)] are then representative for the

. The corresponding input-

polynomials Dz(a) and D](a) respectlvely.

D,(a) = [1011]

Dl(a) =[0111]

In the table below the path is indicated which leaves So(k) with

. 2 k+2
[z(2)], =1 and [w(a)]k = 0 and returns to S, (k+1) with [z(a)]t:! [w(a )]kII

in a total of %+! steps.

time k+2 k k+1 k+2 k+3
— e
. 10 . 01 . 11 (2) 11 .
0 0
[Z(u)]k+£ 1 0
0 0
[wied )y 0 0




-

This path has a length 2+1 = 4 and it follows:

[nl(a)]t+3 =[1011] en (I + a0 4+ a3) = D, ()
[nz(a)]ll:+3 = [O 11 ]] N ( (xl + az + a3) = D] (G)

4. METRICEQUATIONS and DECODING-ALGORITHM,

As in the Viterbi algorithm, to find the path with minimum Hamming-
weight, we associate with each possible state Si(k) a value Mi(k)’ called
"metric", which equals the minimum of the weights of the four paths
[n](a),nz(a)]k_](p,i) leading from the parent states Sp(k-l), péipt,p2,
p3,p4}, to Si(k)' The metrics Mi(k+1), i=0,l,...,2v-], can be determined
recursively. From the transition-table of Fig.10 we know the four parent sta-
tes Sp(k), the associated inputs [nl(a),nz(a)]k(p,i) and the assoclated
outputs [z(a)]k(p,i) and [w(a)]k(p,i). The outputvalues [z(a)]k and the
pattern in these outputs depend on the specific code.

In general the so-called "metricequations'" have the following shape:

k+1) = z.mi i - -
Mi( +1) z mln[Mpx ,Mpy +2] + z.m1n[Mpx+2v 1 'Mpy+2v 1 +2]
M‘+1(k+1) = z.m1n[Mpx+2v*1 +1,Mpy+2v—1 +1] + z.min[MpX .+1'Mpy +1]
{(px,py) = (plipd) if z =0 pl = p2 & 2¥7!
z =20
0 -
(px,py) = (p2,p4) 1f z = 1 p3 = pa & 2V7!
= 1 i = =
. - {(px,py) (pl,p4) if 20 0 Spl Sl,i
4]
X = 2 3 i f = =
(px,py) = (p2.p3) 1f 2,4 =1 p2 7 Sui @ Sy
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With the knowledge of the index b of the code's base-state Sb’ the

specific outputvalue z, and the outputvalues Z:00 i=0,l,...,2v-1, all

metrics can be calculaged recursively with the equations above.

In practice we will not always calculate the metricequations with
the help of these rather complex formula's. The metricequations can be
directly derived from the state-table or the state-diagram. However in
computer-calculations, where the use of an algorithm is more convenient,

the general metricequations may be usefull.

In Fig. 12 the so-called metric-table of our example is shown.

The excessive information in the general formulas above has been omitted.

metric [z(a)]k =0 | [z(a)]k = ]
Mi(k+1) minimumvalue of minimumvalue of
MO MO s M2 + 2 : M8 M]O + 2
Ml M8 + 1, M10 + 1 MO + 1, M2 + 1
M, Mg M+ 2 M, ) My o+ 2
M, Myt L, My o+ Mg o+ 1, M+
M, M, s My o+ 2 Mg » Mg+ 2 M= M
M5 M]O + 1, M8 + 1 M2 + 1, MO + 1 M3 = M7
M6 Mll ’ M9 + 2 M3 s Ml + 2 M9 = M13
R AL T I TR T
Mg M4 » Mg+ 2 M) » My ¥ 2 My = M),
Mg My, 1, My, 4 M, o+, M+ M, = M
M0 M3 o Mgt 2 Mg » My o+ 2 Mg = My
Mll M5 + 1, M7 + ] M]3 + 1, M15 + 1
M, M v M, ¥ 2 M, M, o+ 2
M13 M“4 + 1, 112 + 1 Mb + 1, MA + 1
M, M, » Mg+ 2 M, » Mg+ 2
M]5 M7 + 1, MS + ] M]S + 1 M]3 + 1

Fig. 12. Metric-table.




Given the value of [z(a)]k , the new metric for each state can be
determined with the help of the metric-table. To the metrics Mp(k) of
the two parent states Sp(k), p€{p!,p2,p3,p4}, of a particular state
Si(k+l) the Hammingweight of their transitions [ﬁl(a),ﬁz(a)]k (p,1) 1is
added. The minimum thus obtained is the new metric Mi(k+])'

The transition associated with this minimumvalue is called the sur-
vivor and is specified by the index p of the parent state Sp(k). In case
of a tie, the survivor is choosen among the two candidates.

Goiing back from state S.(k), cach time choosing the survivor we
obtain the path I”I(a)’nZ(a)ll::;,(l)’i) of length L and of minimum
weight, leading to that state S.(k). The outputvalues [w(a)]::ldassocia-
ted with each path [nl(a),nz(a)]t:ifp,i) are stored in the pathregister
PR[i]E:i for state Si' Each time k the new metrics Mi(k+l), which arise
by the given outputvalue [z(a)]k of the syndromeformer, are stored in
the metricregisters MR[i]k.

In section 7 is explained how the new series of metrics Mi(k+l),
i=0,l,...,2v_l, called "metriccombination', can be calculated from the
metric—table for given outputvalues [z(a)]k= KA

For any code in our class the organisation of the metriccombinations
and the transitions between them, together with the indices p of the va-
rious survivors can be calculated. When we store these data in a read
only memory (ROM) the use of metricregisters can be eliminated. It is this
feature that makes syndrome-decoding so attractive. [4}.

The pathregisterlength I, is sometimes referred to as the coding
delay. It will be clear that the bit-error probability decreases with

increasing delay L,

CODES OF CONSTRAINTLENGTH v=3 AND v=4,

In order to obtain a better insight in the structure of convolu-
tional codes we have analysed all non-catastrophic codes of constraint-
length v=3 and v=4., In the tables of Fig, 13 and Fig. 14 all the relevant

data of codes with v=3 and v=4 respectively, are summarized.

A complete survey of the characteristics of these codes is given

in the "Databook" which is enclosed (see also section 10).



Fig. 13.

Codes of constraint-

CODE 1 2 3 _
deres 6 5 6
C, () 011 L 1001 1011
C, (@) 1111 1101 1101
D, (@) 100 011 010 ;
D, (e) 111 010 011 \
Sia 3 3 7
Z:0 0101 0000 0101
w;O 0110 0101 0101
pPy-PX 5,3 1,7 7,5,3,1
pathregisters 6 6 6
s.s.m.C. 032244 032243 043332
total comb. 75 90 33
CODE =X 2-X 3-X
C, (@) 1111 1101 1101
Cy(a) 1011 1001 1011
D, (a) 111 010 011
D,(a) 100 011 010
Sy - 7 7 3 B
2.0 0110 0011 0011
w¥0 001! 0101 0101
PyEDX 3,1,7,5 7,5,3,1 1,7
S.S.0.C. 034422 033422 042333
total comb. 75 90 33 length v=3,
CODE 1-Y 2-Y
¢, (o) 1101 1001
C,(a) |11l 1011
Dl(a) 111 101
Dz(a) 110 100
Sy . 5 5
z:4 0011 0000
P 0110 0011
py-=pPx 6,2 2,6
s.s.m.cC. 033424 033424 |
total comb. 74 99
CODE 1-X/Y 2-X/Y
¢, () 1111 1011
C(a) 1101 1001
2 _—
D, (o) 110 100
D, (a) 111 101
Sy 5 5
Zi0 0110 0101
Vio 0110 0011
PY-PX 6,2 2,6
S.S.M.C. 033424 033424
total comb. 74 99
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¢, (0) 10011 10001 1o R RVIT o) ;10111 . 10001 ¢ 10011 © 10101 ! ioo
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Fig. 14. Codes of constraintlength v=4.
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Let us consider some characteristics of boch tables,

In the connectionpolynomials Cn(a), n=1,2, we can interchange the
roles of n=! and n=2. We can also reflect both polynomials by first ta-
king a=a-‘ and then multiplicating the new polynomials Cn(a-l) by the
factor a . Hence each code has four different connectionpatterns as

given in Fig. 15. The axes of symmetry are the X-axis and the Y-axis.

Cl(a_!)av

C.(a)
code C { ! ¥
C, ()
code C-X {
v ( -1) 1 0
C](a) cl’va +C1,(v—l) e .....+c1,1a +c1’0a Cx
-1, v
C, (o Da v (v-1) 1 0
code C-Y { 1 L €208 *C) (ym1)® Feerngeeanatey qaire) qa
C2(a )a
) DRV
C2(a Ya
code C-X/Y {

Fig. 15. Axes of symmetry.

It is obvious that with a reflection of the polynomials Cn(a), n=1,2, in
the X-axis corresponds an identical reflection of the polynomials Dn(u), n=1,2,
The base states of the four members of code C need not to be the same

as can be verified for code 10.

The series of values Z., and Wi which correspond to the
transitions of the states Si(k), i=0,l,...,2(v_l)-l, for an input [0’0]k
are given in the rows represented by "zio" and "w10" respectively.

The different values of the expression (py-px) are representative
for the organisation in the metricequations (section 4).

The number of distinct metricequations is given in the row '"pathregisters'.
In section 6 a formula is given for the particular relationship between the
number of distinct metricequations and the connectionpattern of the polyno-
mials Cn(a), n=1,2.

In section 7 will be dealt with the determination of the so-called
"steady state metriccombination" (s.s.m.c.), and the total number of pos-

sible metriccombinations C+1.



,/,-/m/

Comparison and some provisional conclusions:

The codes C and C-X are equivalent in structure; cnly the roles of
nl(a) and nz(a) are interchanged. A reflection in the Y-axis results in
a fundamental difference in structure. Hence for constraintlength v=3
there are 5 distinct codes and for constraintlength v=4 there are 21 dis-

tinct codes.

Codes of constraintlength v=3 (dfree= 5,6).

At first we remark that only codes of even constraintlength are of
practical interest since codes with even free distance do not have error-
correcting properties (note that the unique code of constraintlength v=2
has dfree=5)'

The form of the various characteristics of codes of constraintlength
v=3 is analogous to the form of codes of constraintlength v=4; the only
difference is that they are smaller in dimension.

In this case we notice that the two state-diagrams for z(e)=0 and z(a)=l
are not each others complement as is the case for code ! of constraint-

length v=4.

The consequénce of (py-px) being e;énﬂls Ehat each state can only—be
reached either from four odd parent states or either from four even parent
states, as can be verified for code 1-Y. If (py-px) is odd then each
state can be reached from two odd parent states and two even parent states.

In the table given below the above mentioned properties are summa-

rized.
[ base state Sb codes (py-px) metrics
b =5 1-Y,1-X/Y / 2-Y,2=X/Y 6,2 / 2,6 1=5 , 3=7
b =3 1/ 2,3-X 5,3/ 1,7 1=3 , 5=7
b =7 2-X,3 / 1-X 7:5,3.1 /1 3,1,7,5 =7 , 3=5
|

Fig. 17. Characteristics of codes v=3.
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B. Codes of constraintlength v=4 (dfree= 5,6,7).

The distribution of the 21 codes concerning their free distances

is as follows:

freé codes
5 2,6
6 3,4,5,8,9,11,12,13 Fig. 18. Free distance.
7 1,7,10

From a practical point of view the codes 1,7 and 10 with free dis-
tance dfree=7 are the most important. Up till now no special relation-
ship between the structure of the polynomials Cn(a) and the code's free
distance has been found.

The characteristics of codes with v=4 are given in the table of

Fig. 19.

base state Sb codes (py-px) metrics
b=>5 129Y / 1X2X9XY 214/106 1 =5,3=7,9 =13,11=15
b =9 4YAXYHYSEXY / 5YSXYTY7RY 612/124 1 =9,3 =11,5 =13,7 =15
b =13 1Y8Y3 / 1XY8XY3X 1410627621410 1-m13§3 =15,5 = 9,7 =11
b=3 11X/ 6138%]10X 97/115 I = 3,5=17,9 =11,13=15
b =7 5X) 2X] 0XY / 4%9 31513/11,975 1 =7,3 =5,9 =15,11=13
b =11 ‘ 49X / 5)10%12 531311/131153 1 =11,3 = 9,5 =15,7 =13
b =15 X110/ 8106X)3X [7531,1513,1,9/15131197531}1 =15,3 =13,5 =11,7 = 9

Fig. 19. Characteristics of codes with v=4.

. . v=2 . .
In the metricequations there are always 2 pairs of equal metric
equations.(see also section 6) It is striking that codes with the same

base state always have the same pairs of equal metricequations.

A dicussion on the remaining characteristics is made in the sections

7 and 8.
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6. REDUCTION IN PATHREGISTERS.

As we take a closer look at the metric-table of code ! in Fig.l2

we notice that M, =) M { =M and M11=M]5. This is because there is

=M _ - X
1 g My M=y g _
no need to distinguish between the transitions [0,1] and [1,0], each having
Hammingweight=1,

It is obvious from the statetransition-table of Fig.l)l that there are

two states S, and Sy which have the same parent states Spl’ Sp“’ Sp3 and
SP4° If S, and S; are odd states we have the following transitions:
- (0,1] _ -
P01 55 —_— 541 T S, %i0
[ _ (o,1] _
P2 ™55 407 7! —— Sy T S, %i0
L [1,0] B -
P35 ® Sy p-1) =— Siy1 = Sy A 2.9 *
L _ - [1,0] _
Ppa SyiepV71 8 Sy(b-1) === Siyq T Sy Zi0 ¥
! (0,0] S 2
L1 == Y i0 } [1,0] -
S .=5,. &8 ! . =
} {1,0] s , = 14 P! Li 0 — 5; %5 SB %10
O ==, b -
X [0,0] -
NEPRVES S, z
Li+2 —_— i0 (1,0]
S =S -1 ® S ! =
[1,0] z—1} P2 hiv2’ 0 — 51 %8 =5 %0
O ==, b
[011] s E
b1 = i+l i0 [o,1] -
S =S 8 ! =
[0,0] . } p3 ki © Sy(p-1) — 5; 5, =53] 7,5t
% (b-1) = b-1 0
[0,1]
b2’ D —— Sis1 Zi0 s =g vel @ S [(0,1] °
" [0,0] , pd hi+2 G(b-1) === S; ¥ S, =8z 2,57
{(b-1) = b-1 0
Sa = s8 ® Sb_1 and S, and %A have identical metricequations:
if zo=0 M, = MB = z.mln[Mpl + 1,Mp3 + 1] + z.mm[Mp2 + 1,Mp4 + 1]
if zo=1 M, = Mg = z.mln[Mpl + l,Mp4 + 1] + z.mln[Mp2 + 1,Mp3 + 1]
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If we select the identical survivor in case of a tie, the states Sa

and S. will have the same pathregistercontents. As far as metric- and

8
pathregistercontents are concerned the states Sa and S8 are not distinct.
In general for codes in the class’r: j One can eliminate the metric~ and
?
v-2

).

In the metric-table of Fig.20 we have eliminated the metrics MS, M7,

pathregisters of half the odd states(i.e. 2

M]3 and MIS' The numbers 5,7,13 and 15 are replaced by the numbers 1,3,9

J =N = = im3l N \“
and 11. Note that now M3 J]l’ MZ MIO and M6 M]Q. We eliminate All’ Mo

Ml& and riplace the numbers 11,10 and 14 by 3,2 and 6. Then we get the

and

reduced metric-table of Fig.2! with 9 distinct metricequations and hence
9 distinct pathregisters.

In general there 1s a certain relationship between the connectionpat-
tern of the polynomials Cn(a), n=1,2 , and the number of distinct metric-

equations [3]. Consider the class of R=] convolutional codes of con-
V)£ z

straintlength v with

C = C

]’k 2,k

} 0k {21 , 1k is a positive integer {v/2
c

1,v=k  ©2,u-k

— —1
Then.Tz’lﬂ)‘lv,2:) R | tv,v/Z (T:’] is our class of codes) and the

total number of redundant states (i.e. metricequations) is equal to:

2 I ) P
2t @-na et a2, 1< <o
J:O - .

In [3] 1s also stated that the complexity of the decoder for codes with even

constraintlength v=2L, L=1,2,....... , with C],—k = C2,—k’ Ok 2L, k¥L, is:
Y- (D O =),

This implies thdt an exponential saving in hardware can be obtained.
It has been investigated that this class of codes has distance properties
no worse than those of the systematic R=} codes.

For codes with v=2, v=4 and ve6 we have the following possibilities:
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v=2 =1 20(4 =3 )=l redundant 22-]1 3 pathregisters
{Q,=l 22(4 =3 )=l& " 24"4=]2 B "

v=4

2":2 20(42—32)‘_‘-7 " 24-7= 9 1)

4

g=1 | 2% -3 )=16 " 20-16=48 "
v=6 { 222 | 22(4%-3%)=28 . 20-28=3¢ "

=3 | 2%3-3%)=37 . 28-37227 "
For v=4 the codes 1,2 and 3 have the property Cl k™2 *

1 L)
0 kg4 and k#2, and hence 9 distinct pathregisters.

Note that the condition s =0 1s consistent for these three codes.

b,-2
Code | has the maximum free distance dfree= 7 and is thus the most in-

teresting one.

As will be discussed in section 9, it is not always possible for

even codes in the class ’[:=2L ;o have ¢ k#L and at the
’

L,k 2,k’
same time the maximum free distance.




_25_

. THE STEADY STATE METRICCOMBINATION AND THE TOTAL NUMBER OF METRIC-
COMBINATIONS.

In the decodingalgorithm, each time k one has to calculate all metrics
Mi(k). These values arranged in a row are called the metriccombination gc(k),

ce{0,1,...,C}, at time k.

E.C(k)={MO’C’M ’unacouu,M. ’000,M

1,c 1,cC 2v—

l,c}(k)

The total number of metriccombinations is C+l. For the unique code with
v=2 there are C+1=12 metriccombinations [4]. All these metriccombinations
can be evaluated by starting with the so-called "'steady state metriccombina-~
tion" go(k). The steady state metriccombination s.s.m.c. is that metriccom~
bination which converts into itself for a syndromeoutputvalue [z(a)]k = 0.

On the basis of our example (code ]) we will make clear how this s.s.m.c.

Eo(k) can be determined.

k-1 k-1
Suppose that up to time k the zero codeword [x(a)]__"=[(0,0,...,0]_~ has
been sent and that the channel has not been disturbed by noise. It follows

that the registers of the syndromeformer and the w(x)-former contain only

zero's; they both are in the zero state SO' Now from time k we will not
send the zero codeword any more, but we still assume that the channel igo
not disturbed by noise; hence the syndrome-output is @(uo]i;[boo...oo]k.
From the state-diagram for z(a)=0 we deduce that only S0 and SA can be
reached from SO. Suppose that Mo(k)=0, then with the metric-table of Fig.l12

the new metrics of the states S0 and S4 at time k+] can be calculated:
Mo(k+l)=min[MO ,M2+2]= 0.

M, (k+1)=min[M, ,M +2]= 2.

From the states SO and S4 the new states SO’SA

and their metrics Mo(k+2), Ma(k+2), Ms(k+2) and Mlz(k+2) can be calculated.

and 58'812 can be reached

In the reduced Trellis-diagram of Fig.22 the transitions from SO to all other
states up to time k+5, are drawn. Next to each state Si(k) each time k, the
value of Mi(k) is indicated.

At the fourth step the metriccombination is m(k+4)={0354237425544574},
The state S6(k+4) has a metric M6(k+4)=7. If we look one unit of time fur-
ther we notice that M6(k+5)=4<fM6(k+4)=7. In order to determine the s.s.m.c.
m, we must penetrate the Trellisdiagram so far until all metrics Mi are
minimal. In this case a depth=5. It has been calculated that for code 7

this depth equals even 7 (Fig. 22a.).
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Fig. 22. Reduced Trellis-diagram.

The s.s.m.c. for our example is m (k) = {0354234425564564} . We

leave it to the reader to verify that indeed:

[z(a) =0
z(a ]k 90(

k k+l

m, (k) )

With an output [z(a)]k== ] we are able to evaluate the new combination
51(k+])' In Fig.23 we have illustrated the transition between the metric-
combilnations o, X
Since only the difference between the metrics within a metriccombination

and m

matters, we may subtract from all members the minimumvalue in the combination.
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Via t'iwc transitions z(a)=0 and z(a)=! all possible combinations can
be evaluated successively. As soon as a new combination is found, it is
placed at the left in the transition—table with a serial-number c. This
proces goes on until no new member can be found. For codes with con-
straintlength v=2 this algorithm can be executed by hand [4]. For codes
with V)3 a computer—program has been developed [5]. This program calcu-
lates the total number C+] of metriccombinations together with the tran-
sitions between them for z(a)=0 and z(a)=1. Since each code has distinct
metric-equations and a distinct s.s.m.c. LAY the computer—program must
be modified for each code.

In order to get an impression about the necessary computing-time

we will give some figures.

code C+l comp-time ~
! 2001 218 sec. 4 min,
2 144 2
6-Y 2582 307 5
10 13518 8435 2 uur 20 min.
11 16608 10800 , 3 0w

Knowledge of the successive survivorindices for each transition
between metriccombinations, together with the index(ces) of the minimum—
value within the new combination is sufficient to determine the key-~
sequence [w(a)]i: . In Fig.23 we have indicated the survivorindices.p;

the indices of the minimum within the new combination m, are | and 5.

A 1
The total amount of information about the transitions between the me~
triccombinations, the survivorindices and the indices of the minimum
within the new combination, can be modified and stored in a ROM.

In section 10 (Fig. 37), all 75 metriccombinations together with
their transitions are given for code 1 of constraintlength v=3.

More detailed information about the operation of this core-part

of the syndromedecoder can be found in [4].

Comparison of the s.s.m.c. and the total number C+! of metriccombina~

tions for the various codes with v=3 and v=4.

A first effort in discovering any systematics in the s.s.m.c. and
the total number of combinations of the various codes is little success-
ful. As can be expected a reflection of the code in the X-axis does

not change the total number of combinations. The two s.,s.m.c. for this




refiectior are equivalent in that sense, that they contain the sawe

metricvalues, only on different places. The codes C can be converted
in the codes C-X by a renumbering of the states.

As an example we compare the state-diagrams of the codes | and 1-X.
The four diagrams (z(a)=0 and z(a)=1) are drawn in Fig.24.

With a renumbering as:

S] t= S5 S6 = S]A 812:— 812
82 1= S]0 57 =50 SO t= S0
93 = SIS 58 1= 58

L, 84 1= SA 89 = 813

the metricequations will be eanivalent since dH[O,1]=dH[1,O]. Hence
the s.s.m.c. and the total number of metriccombinations will be equi-
valent,

Wherr we consider the total number of metriccombinations in relation
to the connectionpattern of the polynomials Cn(a), n=1,2 we get the table

of Fig.25,

connection-pattern Cn(a) codes C+1 pathregisters
- - 12
c],k # c2,k k=1A2A3 10,11 11000~-16000
cl,k = C2,k k=2 12,13 459-659 12
c]’k = C2,k k=1v3 8,9 195-270 12 v=4
Cl,k = C2,k k=(1,2)v{(2,3)14,5,6,7 1642~2582 12
= =] 2 3 -
Cl,k CZ,k k=1A3 1,2, 144-2805 9
1,k T %2,k " ?
v=3
= = 1,2
c]’k c:2’k k=1v2 s 33 6

Fig. 25. Connection-pattern and total number C+I of

metriccombinations.

A remarkeble point is that the codes 10 and 11 have considerable

more metriccombinations then the other codes. It could be that this
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¥ c for

froperty is related to the typical connection-pattern ¢ 2 Kk
? ’

all k#{0,v}.
In Fig.26 we have plotted the value C+! as a function of the con-

straintlength v.

Ctt

e e m e we X IAYUND (.OI,

- m:a.‘m«»« C+i,

v

Fig. 26. Metriccombinations and constraintlength.

For the time being it will not be possible with the present time and
means, to calculate the total number of metriccombinations for codes

of constraintlength v}5.

8. CALCULATION OF FIRST BITS IN THE PATHREGISTER.

1 .
~v+u(p'l)’

. . k~ . .
associated with any path [nl(a),nz(a)]k_l+u(p,1) leading to the state

Si(k) are all the same. Knowledge of these pathregisterbits leads to an

There are codes for which the v-u outputvalues [w(u)]t

extra saving in hardware required for realisation of the decoder.
We will now show that for codes of constraintlength v with poly-
nomials Dn(a), n=1,2, of degree u (%—1, exactly v=-p pathregisterbits

k-1
[w(oz)]k_\)+u can be taken as fixed.
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In the figure below we have drawn the syndromeformer and the w(a)-
former of an arbitrary code of constraintlength v with Dn(a)—polynomials

of degree u:

(<)
n?/d}

Suppose that both circuits are in the physical state S, at time O,
As inputsequence we take the physical state [n](a),nz(a)]S‘ = SZ'
We will now describe the transition in v steps from S]————> 82.

After u steps the w(a)-former is completely filled-up with the prefix

[Sz]g—l of the state S
v-1
u

9" From that moment the remaining v-u output-—

values ([w(a)] are unambiguously determined by the last v-u bits of

the state S These last bits are fixed and hence the last v-u bits of

9
the w(a)-former are fixed.

This applies to all 2" states. As there are only 2""¥ combinations
of wv-p bits, there must be 2" groups of states with the same fixed path-

registerbits.

As an example we take code 10 with v=4 , The state-table of this

code is shown in Fig. 27.
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state state |new state Si(k+1) value [z(a)]k value [w(a)]k

Sj(k) contents [n](a),nz(a)]k [n](a),nz(a)]k [n](a),nz(a)]k ‘
] ii‘a) 00 01 11 10 00 01 11 10 00 01 t1 10
0 0000 0o 1 14 (19 o 1 0 | 0o 1 1 0
! 0001 2 3 12 13 | 0 1 0 ! 0 0
2 0010 4 5 10 11 0 ] Q ! 0 1 | 0
3 0011 6 7 8 9 ] 0 ] 0 | 0 0 1
4 0100 8 9 6 7 0 ] 0 ] 0 | 1 0
5 0101 10 11 4 5 1 0 1 0 ] 0 0] 1
6 0110 12 13 2 3 0 1 0 ! 0] 1 1 0
7 0111 14 15 0 1 1 0 ] 0 1 0 0 1
8 1000 | o 1 14 15 1 0 1 0 o0 1 1 o0
9 1001 2 3 12 13 0 ] 0 i ] 0 0 ]
10 1010 4 5 10 11 1 0 1 0 0 1 ] 0
11 1011 6 7 8 9 0 1 0 | ) 0 0 1
12 1100 8 9 6 7 ! 0 ! 0 0 ] ] 0
13 1101 t0 11 4 5 0 ! 0 1 1 0 0 ]
14 1110 12 13 2 3 1 0 1 0 0 ] 1 0

(:) 1] 14 15 0 ! 0 1 0 ] 1 0 0 ]

i

Fig. 27. State-table of code 10.

A part of this state-table is drawn in Fig.28 where S6 is taken as
the central node. S6 can be reached from the parent states S3,SA,S]]

and §,, with [w(a)] 1. Each of these parent-states can be reached at

12 k-1
its turn from the groups (S],S6,Sg,814) and (82,85,510,813) with
[w(a)]k_z=0. One step further all states 51,82,85,86,89,810,813 and 514

have a last pathregisterbit [w(a)]k_3=l. When we go back one more step
we cannot predict the value of [w(a)]k_4 any more as it may be either O
or l(consider the paths 50-81-52_84-86 and SO-SO_S]_S3_SG)'

Note that both S6 and 89 can be reached from the states S3’SA’Sll
and S Hence the last three bits in the pathregisters PR[6] and PR[9]

12°
can be recorded as:



7

OR

Fig. 28, Parent
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PRI6T, L =PRI9] L= [w(@) ] 0, 6)=[w(@) 1 o, 911 0 111

k-1

When we determine the contents of all pathregisters PR[i]k—S’

1=0,1,....
..,Zv-], we get the table of Fig.29.

Note that there are always Zv_l pairs of

state | pathregisterbits pathregisters with identical last path-
_ registerbits [w(a)] .

s.(0) | PR{E]S A (p, 1) L ket .

1 k-3 The last bit in the pathregister PR[l]

0 000 is recorded as given in the first two

1 00 1 columns of the head " [w(a)]k" of the

2 01 1 state~table. There is an easy and fast

3 010 method for determination of the fixed

4 010 pathregisterbits of any code.

5 011 From (8) and (9) we know that the even

6 00 1 states Si (i=2k, k=0,1,..,2v~2—1) and the

7 000 odd states Si+]’ both have Sii as parent

8 100 state. Thus each time k-2-1(2=0,1,...) we

9 101 jump back from the states Si and Si+1 to

10 111 the state Sii and record their last pathre-
11 110 gisterbits. The column PR[1]k_2_can thus

12 110 be derived from the column PR[1]k_, by mul-
13 111 tiplication by a factor 2. In essence, each
14 101 bit in the column PR[1]k__l is written double
15 100 in the column PR[l]k-l’ The column PR[1]k_3

Fig. 29. Fixed pathregisterbits.
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arises from the coirumn PR[i}k_l

is written four times, etg.

again with a factor 2, that is each bit
in the column PR[i]k_]
The fixed pathfegisterbits of all codes of constraintlength v=3 and

v=4 are recorded in the tables of Fig.30.

The codes with minimum degree D (a) = 1 , have the maximum v-1, of
fixed pathregisterbits.

From the tables of the figures 13 and 14 we derive that these codes
have either S =S, or S = S v_

b 3 b 2 -1
ship is still a subject of research.

. Why there exists such a relation-

CODES OF CONSTRAINTLENGTH v=6.

A computer-search program has been developed [6] which computes all

24 codes of constraintlength v=6 which achieve the free distance dfree=:9/qo

These codes have connectionpolynomials Cn(a), n=1,2 , as shown in the
table of Fig.31.

From a practical point of view we are interested in codes which re-
quire a minimum amount of hardware in implementation..According to [3]

codes of constraintlength v=6 with a maximal reduction in pathregisters

must have polynomials Cn(a), n=1,2, such that €k T Sy ko k=0,1,2,
4,5 and 6. If we look at the table of Fig.3l we notice that there exists
no such code with dfree=9 s There are two codes which have cl,k = C2,k’
k=0,1,5,6, namely code | and code 2.(both in ’r; 2).
Let us consider code 2 with connectionpolynomials
6 5
Ci(a) =o +a +a3+a2+ao—"(1_10119_1_)
6 5
Cz(a) =a +a *+ (x4 + ao — (1110001)

and polynomials

\
Q

Dl(a) = e (000100)

Dz(a) =

|
[
+
[*]

(000101)




W@, | PRI — — _ _ - —
codes — 6-X /Y 4-Y,9 7-Y,12 5-X/Y,7 1-X,5-Y, 11 | 14-X9-X7-X/Y | 32-X/Y] 1-X]2-X | 3-X46-Y,7-X
0 0,2,4,6,9 0,1,4,5,10| 0,1,2,3,12 (0,3,5,6,9 0,1,6,7,10 0,2,5,7,9 ! 0,3,4,7,9 0,1,2,3,4
11,13,15 11,14,15 13,14,15 10,12,15 11,12,13 11,12,14 i1,12,14 5,6,7
I 1,3,5,7,8 2,3,6,7,8 4,5,6,7,811,2,4,7,8 2,3,4,5,8 1,3,4,6,8 1,2,5,6,8 8,9,10,11
10,12,14 9,12,13 9,10,11 11,13,14 9,14,15 10,13,15 11,12,15 12,13,14,15
[w(@1 Tl PRI - — — [w(a)]{ﬁif@ PR[1i] -]
codes — 1-Y,8-Y 2-X,9-X/Y | 2,5-X,9-Y,10-X/Y | 1-X/Y,5,8-X/Y,10-Y codes — E6,8-X,]O-X,13 6-X,8,10,!13-X
00 0,1,14,15¢ 0,5,10,15 0,1,2,3 0,6,11,13 000 i 0,1 0,15
01 2,3,12,13] 1,4,11,14 4,5,6,7 1,7,10,12 001 2,3 1,14
1 O 6,7,8,9 | 2,7,8,13 8,9,10,11 3,5,8,14 0t o 4,5 3,12
11 4,5,10,111 3,6,9,12 12,13,14,15 2,4,9,15 011 6,7 2,13
1 00 l 8,9 7,8
constraintlength v=4, 1 01 10,11 6,9
110 12,13 4,11
111 14,15 5,10 J
i
(@], PRID| — — — w1 3| PRI | —
codes — | 1,1-X/Y | 1-X,2~Y 1-Y 2-X/Y codes — 2,3-X 2-X,3 Fig.30. Fixed pathregisterbits of
0 0,3,5,610,1,2,3 10,1,6,70,2,5,7 00 0,1 0,7 codes with v=3 and v=4.
] 1,2,6,7 | 4,5,6,7 [2,3,4,5|1,3,4,6 0! 2,3 1,6
10 4, 3,4
constraintlength v=3, I 6,7 2,5




polynomials

polynomials

code Cl(a)/Cz(a) code Cl(a)/Cz(a)
! I

y | Lerion 5 | looglol
1011011 trro1rtnl

, | L1o0110] W | 1000111
111000 1110101

3 1001011 5 1001101
rroro11 r1rorotr}

4 1oogol1 11 16 1011101
1101101 rtrorru}

s | 1010111 L | roriong
1ro1rp1l 1rlrirrog}

6 l1o1rornr1i1 18 lol1o01}
1100011 lr1o01ro01l

7 1001101 19 100111} —dg "
1111001 1191101 e

g | Lolounil o | LOtIIOL )
L1101 1 1100111 ree

9 1001ro11 2 1001101
Proorat 119011t}

0 1000111 29 1001101
1011101 1110011

. 1001101 23 1010011
1010111 1101101

1 1001011 " 1000101
1111001 1111011

Fig. 31, Codes with

free distance d

free

=9/10.
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of minimum degree which satisfy Cl(a)Dl(a) + C2(a)D2(a) = |

The syndromeformer and the w(oa)-former are drawn in Fig.32 and Fig.33
respectively.

n,éx)

z(x)

r, (%)

Fig. 32. Syndromeformer.

(<)

Fig. 33. w(a)-former.

There are 26=64 abstract states of the syndromeformer. The base state

Sb is determined as follows:

Sy2 t Sp,3 F Sp,5 ¥ Sp,-6 T O Sp,—6 = °
b*sy 2 ® %,-4 7 %,-5 =0 -5 !
b*sy,-3 7 %p,-4 =0 Sp,-4 = O
b+sy 2% %p,-3 =0 Sp,-3 7 !
1+ 1+ Sy ,-2 =0 Sp,-2 - 0
1 + sb,-l =0 Sb,—l =0

= 1
Sb=21 [0b00O0O01 ,010101]}
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The state-table of this code is given in Fig.34. It is clear that for
such an amount of states, a surveyable representation of the transitions
between states in the form of a state-diagram or Trellis-diagram is not
possible.

From the state-table we derive the metricequations which are given
in the metric-table of Fig.35.

Since this code is in the class'rﬂ

6,2 there will be

v-22(4£_3£) = 28 pairs of equal metricequations.

2
The number of pathregisterbits which can be taken fixed is

v - {degree Dn(a), n=1,2} =6 - 2 = 4.

The essential features of these 24 codes are to be found in the

enclosed "Databook'" at the pages 49-104.




TTNTERL S ‘in:(:),nz(u))k_ i [n{(o),n:(a)}k '[n|('1),nz(3):l.:,~ - E ‘ Sj(k) countents [u!(a),nzfu)}k_ E {n‘(a).nz(c)]k [ [ﬂ;(ﬁ),nz(ﬁ)Jk
$5(0) ccool 1ro1n 30 01 i1 1o G0 01 t1 0 , ‘ i 5j(a) 00 01 1 :C | 00 01 11 10 06 01 11 10
000060 o 1 20 0 1 0 I oo | ; 32 100000 6 1 20 2 L 0 1 0 6 1 1t 0
000001 2 3 22 23 0 10 o 1 1 0- ) 33 100001 2 03 22 23 V0 10 11 o
2 000010 4 5 16 17 1 o0 1 o 0 0 1 34 160010 4 5 16 17 o 1 0 1 10 0 1
3 000012 6 7 18 19 10 1 o0 0 0 o35 100011 6 7 8 19 0o 1 0 1 10 0 1
4 000100 8 9 28 29 1 0 1 o 0 1 1 0 36 100100 8§ 9 28 29 0 1 0 1 o 1 1 0
5 000101 10 i1 39 31 10 1 0 0 1 1 o0 37 100101 10 11 30 3¢ 0 1 0 1 6 1 1.0
6 000110 12 13 2% 25 o 1 o0 1 Y0 0 1 38 100110 12 13 24 25 10 1 o0 10 0 |
7 000111 1615 26 27 9 0 10 0 1 39 100111 14 15 26 27 10 1 o0 I 0 0 o1
8 | 001000 16 17 4 5 o 1 0 o 1 1 0 w0 | ic1000 6 17 4 5 i 0 1 0 o 1 1 o
9 001001 18 19 6 7 0 1 0 o 1 1 o 4 101001 15 19 6 7 1 0 1 0 06 1.3 ©
4] J01a10 20 24 0 1 1 ¢ 1 0 ‘l 4] 4] 1 42 101010 20 21 o} ] 0 ] 0 1 ) 0 0 1
001011 22 23 2 3 1 0 1 o0 10 0 1 43 101011 22 023 2 3 c 1 0 1 I o0 0
001100 26 25 12 13 1 0 1 o o 1 1 o 44 101100 26 25 11 12 o 1 0 1 6 1 1 o
001101 2% 27 14 15 10 1o o 1 1 o0 45 101101 26 27 14 5 o v o 1 G 110
001110 28 29 8 9 o 10 1 o o0 46 101110 8 29 & 9 1o 10 10 0 1
coin 3¢ 31 10 1) o 1 0 10 0 47 10111 30031 16 1 10 1 0 10 0 1
010'0357 32 33 52 53 | i 0 1 0 o 1 1 0 | 48 110000 32 33 52 33 c 1 o0 1 o 1 1 0 |
010001 34 35 54 55 10 1 0 ¢ 1 1 0 ; 49 110001 34 35 54 55 0 1 0 1 0 1
010010 36 37 48 49 o 1 0 10 0 1 : 50 110010 36 37 43 49 1 0 1 0 T
010011 38 39 50 Si 0 v 0 10 0. 1 51 110011 18 19 50 51 1 0 1 0 10 o0
01000 40 41 60 61 0 1 0 I 0 1 1 o0 52 110100 40 41 60 6l 1 0 1 o0 o 1t 1 0
010101 | 42 43 62 63 0o 1 0 1 0 1 1 0 53 11010t 42 43 62 63 LN TR TR R S B B B
010110 44 43 56 57 10 1 0 10 0 1 54 110110 44 45 56 57 o 1 0 1 10 0
oIt 46 47 S8 59 Vo0 1o R ' 55 1ot 46 47 58 5% 0. 1 0 1 10 0 1
011000 48 49 36 37 1 0 1 0 o 1 1 G | S6 | 111000 | 48 49 36 37 0o 1t o0 1 0o 1 1
011001 50 51 38 39 1 0 1 o0 6 1 1 .0 | sz 111001 50 51 318 39 0 1 0 1 0 1
011010 | 52 53 32 33 0 1 0 1 1o o0 't : 58 111010 5253 32 33 1 0 1 o0 10 0
011011 54 55 34 35 o 1 0 1 I 0 o0 1 59 111011 54 55 34 35 1o 10 i o o 1
CI1100 | 56 57 44 45 6 1 0 1 0O 1 1 0 ‘ 60 111100 36 ST 4h 45 i 0 1 0o o1 o
011101 58 39 46 47 0o 1 o0 0 1 1 0 61 111101 58 59 46 47 1 0 1 o | 6 1 1 o
011110 60 61 40 41 10 1o 1 62 111110 | 60 61 40 4 o 1.0 1 |t 0o o
CIREEY 62 63 42 43 Loy iR i 63 tn b2 63 62 43 0 1 0 1 N A

Fiz, 34, Urate-table code 2,




Fig. 35. Metric-table.

metric [z(oc)]k = 0 [z(a)]k = ! metric [z(a)]k = 0 [z(a)]k = |
Mi(k+1) minimumvalue | minimumvalue Mi(kﬂ) minimumvalue | minimumvalue
Mo [Mo  oMgpt 2| M3y oMt My 1 Mag  Magt 2| Mg Mgt 2
My [Mag® oMyt DMy + 1M+ Mz [Mie* 1oMgg® ! | Mygt ToMpet !
My My oMyt 2i Mgy LM+ Myy |Mag  oMyp* 2 My HMggr 2
My | Mgt DMyt DM+ LM, e Mys Mg+ DiMggt Tl M g% 1,Myo* 1
My M3y Mgt 2 My LM Mg (Mg oMset 2| Msg oMyt 2
Mg | My * 1My 1| Myt 1,Mg + Mz [ Msot 1sMput 1| Mygh 1oMget |
Mo [Mas Mg * 2| Mg LM+ Myg |Mig Mgyt 2| Mgy Mpg* 2
M7 M3 + 1,M4]+ M35+ l,M9 + L¥,M39 M5]+ ],M25+ M]9+ ],M57+ 1
Mg | M3p oMt 2| M, Myt Moo | Moo oMot 2| M5y SMypt 2
M9 Ma + ]’M46+ M36+ I,M]4+ M41 M52+ I,M30+ M20+ 1,M62+ 1
Mo [M37 Mgt 2| M5 LM+ Moz [Ma1 Mgt 2| Mgy Myt 2
Mpp Mg % LMo+ 1) Myp+ 1M o+ Muz [ Mog* 1oMy ol [ Mo+ 1Mo a4
Mg [ Mg oMyt 2 Myg  SMo¢ Mag |Msq  oMag*t 2| My,  HMgpt 2
Mg | Mag® 1sMppt 1| Mg + 1M+ Mis | Mao* ToMgot 1| Mgyt 1hMpg+ |
My | My Myt 21 Myg Mg Mo |Mss  sMag* 2 Mg Mg+ 2
Mg | Myg* oMyt 1H My + 1M, 4+ Mz [ Maz* DMy ¥ 1| Mog# T,Mpg+ |
Mo (Mg  oMau* 2 M,y My Mig |Msg oMyg*t 2| My, oMt 2
Mig [Mao* My * 1| Mg+ 1My + Mg (Mag* DMt 1] Mg+ 1,M; g+
Mig [Mg Mg+ 2| M, My Mso Mgy oMyg*t 2| Mys  sMgy+ 2
Mpg | My oMy + 1] Mg + 1M+ Moy |Mas® DM+ 1 Moyt 1,M g% |
Mao [ Ma2 Mgt 2| M oMyt Moo |Mag  oMugt 2| Msg Myt 2
Myy | Mygh DoMgpt 1| M+ 1,M, + Mgy |Mog* DoMygt 1| Mo+ 1,M, o+ 1
Mag | Muz oMy R 20 M Mgt Mog |Ma7  oMagt 2| Msg My + 2
Mag [ Myt Mgyt 1 Mt 1M 4 Mos |Msg* ToMyy* 1] Mypt 1M g% 1
Maw | Maw Mg * 2 My oMagt Mog |Mag Mgyt 2 Mgy SMyy*r 2
Mas [ Myp* ToMggh 1| M+ 1Mo + Mgy |Meo® DoMap* 1| Mpg* IsMg,+
Mae | Mas oMyt 2 My Mgt Msg |Mag  sMss*t 21 Mgy Myy+ 2
Maz | Myt DoMyg* 1] Mgt 1M, + Mog 1Mer? ToMpg* T My 1Moo+
Mg [Mis  Maet 2| My oM, Moo |Me2 Mao* 2| Mg oMsy* 2
Mag | Mue® ToMy + 1| M+ 1My Me1 [M3o* DoMgp* 1| Mo+ 1My 1
Myg [Mis oMyt 2| M, Mg+ Moo Mgz oMy * 2| My Mgq+ 2
Myp | Mzt DoMg + 1 Mg 1M Meg |Map+ DiMggr T Meat 1,M,+ 1
M= My Mg = Myg M= Mgg M= Mo Mygs Mg, My =M, MigT Mgy
My = Myg M= Mg Mag=m Moo Mia= Mgy Mpyp= Mg Moo= Mo Mpm Mg
Mg = My, M= Myg Myo= Mg M= Mg, Myp= Myg o M= M3, Myem Mgy
My = Mpg  Mpg= My, Myg= Mo, M= Mgy Myp= Mygo M= Mig Myt Mg,
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FORTRAN-PROGRAM FOR CALCULATION OF THE ESSENTIAL FEATURES AND SYNDROME-

DECODING PROCEDURE OF R=} CONVOLUTIONAL CODES.

Introduction:

All basic calculations are split up into 1! subroutines.
In these subroutines the basic parameters of the syndrome-decoding pro-
cedure are calculated. In the Fortran language we have strived for a
naming of identifiers and variables analogous to the naming used in the
theory of the previous sections. A summary of this analogy is given in

the Appendix at the pages 1-4.

Thé program 1is completely variable; that is, any code C of any con-

straintlength v in the class ’[1 |
H

the code with the aid of a table of connectionpolynomials which are fac-

can be analysed. The user may choose

torized in irreducible polynomials. After this he may choose the input-
data required for the decoding procedure that he wishes to see (in print

or graphical displayed, dependent on the device used; see also section 11).

One restriction on the variability of the program is the memory ca-
pacity of the PRIME-200 computer. Another restriction is the number of
states (nodes) in vertical sense and the number of sections in horizon-
tal sense in the Trellis which is to be displayed. The last two demands
are the strongest ones.

In vertical sense we restrict ourselves to codes up to constraint-
length v=4 with 24=16 states.

When we want to decode we need an encoder, a datasequence and a
channel with noise. The datasequence [x(a)]g_] of length L and the noise-
sequence pair [nl(a),nz(a)]g-] may be choosen freely. In horizontal sense
we restrict ourselves to a maximum decodinglength v+L=16 when we use the
display and a maximum v+L=12 when we use the teletype.

Strictly, this program is combined with the graphical display pro-
gram of section |1 into the complete syndrome-decoding program called
®XSDECO., At the beginniﬁg of this program the user is asked to give the
value of the variable MODE, which must be ] when using the teletype and

2 when using the graphical display.
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Program:

The mainprogram MAINPR with output OUTPUT and the 1! subroutines
are supplied with explanatorial text and extensive comment between the
statements. Flow-diagrams have been made and each subroutine is worked
out for a particular example. These data are to be found in the Appendix

at the pages 5-59.

We will give here a brief summary of the contents of the mainpro-

gram with output and the 11 subroutines:

MAINPR: As input the program asks the code's constraintlength v, the
connectionpolynomials Cn(a), n=1,2, the datasequencelength L,
“*! and the noise-sequence pair

0
[n](a),nz(a)]g ]. The productsequences Cl(a)x(a) and Cz(a)x(a)

the datasequence [x(a)]

are formed and the two linesequences y](a) and yz(a) are con-
structed. Then the syndromesequence z(a)=n2(a)Cl(a)+n1(a)C2(a)
is calculated. The subroutine DPOLYN which calculates the two
polynomials Dn(a), n=1,2, is called and the sequence w(a)=
yl(a)Dl(a)+y2(a)Dz(a) is constructed. The specific outputva-
lue Z, is calculated and after this the remaining 10 subrou-

tines are called.

OUTPUT: All the essential productsequences are printed. The polynomials
Dn(a), n=1,2, the base state, the value 24 and the state-table
are given. The so-called 'parent state matrix' is printed

and the decoding scheme with the decoded path is given.

PRODCT: Multiplication of an arbitrary binary sequence (polynomial)

with a binary sequence (polynomial) beginning with a "one"

DPOLYN: Euclid's algorithm for the calculation of two polynomials Dn(a),

1,2 of minimum degree which satisfy Cl(a)D](a)+C2(a)D2(a)=l.

BSTATE: Calculation of the code's base state Sb=[a—l,sb(a)].

STATMX: Calculation of the bxnary representatlon of the decimal state-

numbers 1=0,1,...,2 -1, where s. (a) EE: £ k.
ka—y  ?
ZWNUL: Calculation of the specific outputvalues 2.0 and LI for the
00

transitions 5 — S

TRATBL: Construction of the state—table,



_38_

PSTMX: Calculation of the four parent-states ol each state Si and

t'e associated transitions and outputvalues [z(a)] and [w(a)].

TREEMC: Calculation of the so-called '"treemetricvalues" Mi(v—l) at time

v-1 (depth v),starting with MO(O)=0 at time O.

SSMCMB:  Determination of the steady state metriccombination.go(v+2v-1)
at time v+2v-1 (depth v+2v), starting with the treemetriccom-

bination Mi(v-l), i=0,..,2v—1, at time v-l.

DECOD: Each time k, for each state Si’ the metricvalue Mi(k)’ the sur-
vivor Sp(k), the transition [nl(a),nz(a)]k(p,i) and the asso-
clated pathregisterbit [w(a)]k(p,i) are calculated.

DCPATH: Starting with the state Si(v+L—1) at time v+L-1, which has the
minimum metricvalue Mi(v+L-1)=0, the decoded path is calcula-

ted backwards.

Examples:

l. Code | of constraintlength v=3 with connectionpolynomials [Cl(a),Cz(a)]=
[1011,11117.
The complete output-scheme of the program is shown in Fig. 36 (see also
section 11 Fig. 43a/b.).

With the computer program mentioned in section 7, all metriccom-
binations of a particular code can be calculated and printed with their
mutual transitions for [z(a)]}=0 or 1. In Fig. 37 all 75 combinations
of this code are shown. The decoded path is indicated by a sequence
of successive metriccombinations which are connected with each other

by arrows.

2. A code of constraintlength v=5 with connectionpolynomials [C](a),Cz(u)]=
[100011,100111].

The output and the decoding scheme for this code are shown in Fig. 38a/b/c.

3. Code 2 of constraintlength v=6 with connectionpolynomials [Cl(a),Cz(a)]=
[1101101,1110001].

The output and decoding scheme for this code are shown in Fig. 39a/b.



NO= 1 2

NU= 3
Cll,KyY= 1011
Cl2,K)= 1111
INPUT
XL= 8 )

A(KY= 00110101
NZISE(1,X>= 10000000

N@ISE(2,K)= 00011000
DC(1,K)= 100 STATE-TARLE:
D(2,K>)= 111 0- 0 1 2 3 o 1 0 1 o 1 1 0
SB(K) = 011 - 2 3 0 1 1 0 1 0O 1 0 0 1
oL = 1 2- 4 5 6 7 0 1 0o 1 1 0 0 1
3- 6. 7 4 5 1 0 1 © c 1 1 0
XC1C(KD = 00101001001 4- 0 1 2 3 1 0 1 O 0 1 1 0
NZISEC1,K)= 10000000000 3- 2 3 0 1 0 1 0 1 1t 0 0 1
-------------------------- * 6- 4 5 6 7 1 0 1t 0O 1 ¢ 0 1
Y(1,K) = 10101001001 7- 6 7 4 5 0 1 0 1 e 1 1 O©
XC2¢K) = 00100100011 PARENT=-STATE MATRIX:
MZISE(C2,K)= 00011000000 0- 0 4 1 5 o 1 1 O 0
-------------------------- + 1- 0 4 1 5 1 0 0 1 1
Y(2,%) = CO0111100011 2- 1 5 0 4 1 0 0 1 1
3- 1 5 0 4 o | 1 0 0
NIC2¢(K)> = 11110000000 4- 2 6 3 7 0 1t 1 0 1
N2C1<¢(K)> = 00C10111000 5- 2 6 3 7 1 0 C 1 0
-------------------------- + 6- 3 7 2 6 1 0 0 1 0
Z(K) = 11100111000 7- 3 7 2 6 0 1 1 © 1
YIDIC(K) = 0010101001001 TREEMETRIC(I)= 03232545
Y2D2(K)> = 0010110101001 SSMC(I) = 03232444
__________________________ . T s _
SAMYD(K) = 00C00111!1000

@ 500 O "’0"'0
3 2 411 1 411 2 112
2 2 510 1 510 2 013
3 2 402 1 402 2 101
2 0 210 2 210 1 210
4 1 601 3 601 2 601
4 2 700 1} 700 3 700
4 22123 711 1 21226121 311 2 711 1 212 2 711 1 612 3 31t 2 311
[ECODED PATH:
Z(K) = 1 1 1 0 0 1 1 1 0 0 0
WESTIM(K) = 0 0 1 1 0 0 1 0 (4] 0 0
STATE(K) S Q=== === f=== 4oo= |==- 3"f ij' 4=== Q=== Q=== Q=== O---
NESTIM(1,K) = } 0 0 0 0 0 0 0 0 0
EESTDKQ?Q = 0 0 0 i 1 0 0 0 0 0 (4]
SAMMTYIXK) = 00000111000
WESTIM(K) = 00110010000

......... -——— -------------4,

Fig. 36. Output-scheme code 1, v=3,

XKD = 00110101
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-
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0121117 = 0212221 Pmmm e e ) 1101120 2w m e 1222012 ~~=memmmem 12120111
03231222 -~==m=uemm 0222232 wmmmm ——— 12012 Le[1n100111 S-H0-0-0-00 02021202
1000010 —mmmem e = 11110111 mmmcmmema nN20201n1] N1117313 2221237 ~—wnemmmmm 10000101
01212222 =—=mmau——e 0P2PPPPP e eam 10001202 IR R S — 037 374b4bmmcocmme e 10202222
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12021202 =——mmmem et 1222012 === == e 12220121 N11172]12==mmmmmmmm 02221227 cmmmc e 16n00n101
1222012 =mmmmemmeen NONDI2NPmmmmmm e N2222222 N0201222=wmmmmmmmm 6121212 ==mmmmmmm— 11012303
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NO= 1
NU= 5

CC1.X)= 100011
C(2,K)= 100111

X=" 6

X(K) =
N@ISEC1,K)=
NGISE(2,K)=

111111
001000
100010

X1,K)= 11010
D(2,K)= 11001

SB(K) = 01001

Al =0 Fig. 38a. Outputscheme code v=5.

XC1¢K) = 10000101111

NEISEC1,K)= 00100000000

= > W v o > > - - - - - - <+

YCILKY ~ " = forooonrnr T

XC2¢K) = 10111010111

NOISE(2,K>= 10001000000

- 02 . = 00 e - e O 0 > > = =D e - . - - +

Y(2,K) " = porroorortr

NIC2¢(K) = 00111001000

N2CI<K) = 11001000010

........................... <+

ZCKY © = 11110001010 "~

YIDICK) = 010011000001001

Y2D2¢K) = 001101111001001

D - = 0 o " O Y - o - - . - - - +

SMYIXK) = Orfrfoimoo 0

STATE-TABLE: PARENT-STATE MATRIX:
0- " 01 8 9 01 01 01 10 O~ D16 420 O
I- 2 31011 1 0 1 ©6 0 1 1 0 1I- 016 420 1
2= 4 51213 0 1 01 O 1 1 O 2- 117 521 1
3~ 6 71415 1 0 1 0 0 1 1 O 3- 117 521 O
4~ 8 9 01 O {f 0O 1 1 O O 1 4= 218 622 0
S~1011 2 3 1 0 1 0 3} 0 O 1 5- 218 622 |
6- 1213 4 S 0 t 01 1 0 O 1} 6 319 723 1
7- 1415 6 7 1 0 1 0 1 0 0 1 7- 319 723 O
8- 16172425 0 1 0+ 1 0 O 1 8= 420 016 O
9- 18192627 1 0 I 0 1 0 O 1 9= 420 016 1
10-2021 28629 0 I 01 1 O O 1} 10 s21 117 1
11-22233031 1 0 1 0 1 0 O 1 11= 521 117 0
12~24251617 0 1 01 O 1 1 © 12= 622 218 O
1326271819 1 0 1 0 O 1 1 O© 13- 622 218 1
14- 28292021 O 1 01 O I 1 O 14 723 319 1
1530312223 1 01 0 0 1 1 0O 15 723 319 0
16- 0 &+ 8 9 1 0 1t 0O Ot 1 O 16 8241228 0
17- 2 31011 O 1 0O 1 O 1 1 O 17- 8 24 12 28 |
18- 4 51213 1 01 0 0 1 1 © 18- 9251329 1
19- 6 71415 0 1 01 ©0 1 1 0O 19 9251329 0
- 8 9 0 ! ! 0Ot 0 1 0 0 1 20- 10 26 1430 O
21-1011 2 3 0 ! 01 1 0 O 1 21~ 10 26 14 30 1
22~ 1213 4 5 1 0 1 0 1 0 O 1 22- 11 27 15 31 1
23- 1415 6 7 0 1 01 1 0 0 1 23~ 11271531 O
24- 16 172425 1 0 1 0 1 0 O 1 24- 1228 824 O
25- 18192627 0 1 01 1 0 O 1 25- 1228 8 24 1
26- 2021 2829 1 O 1 O 1 O O 1 26- 1329 925 1
27- 22233031 0 1 01 1 0 0 1 27- 1329 925 0
28- 24251617 !t 0 1 O O 1 1 O 28- 14 30 10 26 O
29- 26271819 0 1 01 0 ! 1 O 29< 14 30 10 26 1
30- 28292021 1 0 1 0 0 1 1 O 30 1531 11 27 1
3130312223 0t 01 0 1 1 0 3115 31 11 27 0

OO == OO0 O Qe OO0 00 00t OO0 = OO = = DO 0= = OO =~

O e OO = e QO = OO0 ~— 00~ OO0~ =00~ OO r =0

= OO0~ e OO0 = 00 = m OO0~ =00=—00~—=0CQm—=0O0-

m D= 0= O~ 00 OO0~ 0~O0O=—0= Q= 0OQm—~0O0m~=wO—~=Q—O0



TREEMETRICCI)= U3545645237476652554784545749865
SSMCCI) = 03545545236445552554664545645655

DEC@DING SCHEME:

11600 31600 41600 31600 3 000 2 000 2 000 11600 1 000(0F&06{0) 000
(0Q11 2 011 3 412 0 412 32012 02012 11611 3 Ol1 31611 011 31611
2 100€0)100 2 100 2 100 21700 22103 21700 ! 100 117003 100 21700
51711 711 51711 32112 1 111 3 111 1 111 22112 4 11131711 3 111
41800 21800 01800 11800 2 200 1 200 2 200 21800 1 20Q 1180C 3 200
4 612 3 ell 1 211 2 211 31811 21811 12212 3 211 2181f 2 211 41811
3 300 5 JOO 3 300 4 300 31900 01900 31900 1 300 21900 4 300 31900
41911 S523§2 41911 42312 4 311 1 311 2 712 21911 3 3¥1 42312 4 311
31613 520)0 42010 12010 1 410 1 410 1 410(QRO10 2 4f0 12010 I 410
0 002 2 OOR 3 401 O 401 32001 02001 11602 [3\401 3102 2 401 32001
4 510 2 113 3 510 0 510 32110(0R110 32110/1 \p10 22§10 2 510 32110
51702 31702\51702 32101 1 102/3, 501 1 109 22N0! 4 POl 32101 3 SO}
32210 32210 1813 22210 4 610/ 2\610 0 61p 32210 1 (610 22210 4 610
4 601 3 202(1)202 2 202 31802 21802 12201 '3 209 22201 2 202 41802
4 710 4 710 3710 3 710 42310 21413 1230 2 710, 22310 3 710 42310
41902 52301 41902 42301 4 3¢2 1 392 2 701 2]1902\3 701 42301 4 302
32410 42410 43410 32410 1 &10 O 81D 1 §10 22410(0)810 22410 ] 810
2 801 4 801 41P02 21202 42401 2240\ 32401 11202 22802 21202 32401
2 910 0 910 2 910 2 910 23510 22913\22510 1 910 12510 3 910 22510
52501 32501 52501 32902 1/901 3 901 \lf 901 22902 4 901 32501 3 90!
52610 42610 22610 22610 (1010 21010(0)010 32610 11010 22610 21010
51402 51001 3100} 31001(1Pe01 32601 12601 21402 22601 31001 32601
31110 51110 3111Q 41110/32710 02710 32710 11110 22710 41110 32710
42701 53102 42701 43102 41101 11101 21502 22701 31101 43102 41101
42800 42800 42800\32400 21200 2 803 21200 22800 2 803 22800 21200
2 812 41211 41211 \2F211 42412 22811 32412 11211 22811 21211 32811
41300 2 903 31300(0)300 32900 02900 32900 11300 22900 21300 32900
52512 32512 52512 32911 1 912 31311 1 912 22911 41311 32911 31311
43000 43000 43000 43000 21003 31400 21400 13000 21400 23000 31400
51411 51411 31012 31012 12612 32612 12612 21411 22612 31411 32612
41500 41500 51500 31500 43100 22703 13100 21500 23100 31500 43100
42712 S3111 42712 43111 41112 11112 21511 22712 31511 43111 41112

o]
!
2
3
2
5
{

7

?
3
{
3
&

VN OUNEANEVDORPUUNONOEDAWND D00 0 w0O)

1
2
3
y
S
.{
o
9
[V
'
2
3
W
5
4
J
o
f

DECBDED PATH:

ZCK) = 1 1 1 1 ©o0o ©Oo ©o0 1 o0 1 ©
WESTIKKY = 1 0 0 ©0 0 1 1 1 1 0 o
STATECK) = Q=== J=== 2===]3-=-2(-===21===10===20==~ 8--=16=== 0-=- O---
NESTIMCILK) = 0 O 1 0 ©0 0 ©0 0 0 ©0 0
NESTHI(2,4) = 1 0 o 1 o o o o0 0 ©
SETYDXK) = 01111011100

WESTIMCK) = 10000111100

ey Lrritioones

XCKO = 111111

Fig. 38b. Outputscheme code v=5.




No= 2
NU= 6

CC1.K)= 1101101
C(2,K)= 1110001

 XL= §

CXCKD =

NOISEC 1,K)=

NOISEC2,K)=

X1,K)= 100

X2,K)= 101

BKY = 0101
ZNUL 1

XC1 (K =
NUISE(1,K)=

‘01010101001

Y(’l";'K‘)" S

XC2(K) =
NBISE(2,K)=

11010011101

NIC2C(K) =
N2C1CK) =

1010101101y~

YIDICK) =
Y2D2¢K) =

11111
10001
00100

01

11011101001
10001000000

11110011101
00100000000

10000110111
00101101100

0001010101001

1110011101001

= 11110010000

STATE~-TABLE:
o-
1 -
o
3-
4’..
5'..'
6-
7=
8-
Q=
10-
ti=
12-
13-
14~
15~
16~
17-
18~
19-
20~
21- 42
22~
23-
24~
25-
26~
27-
28=
29~
30-
31-

i
1

QOO
L IR IS AN

11
13
15
17
19
21
23
25 1
27 1

31 1
33
35

41
43
45
47

51
53
55
s?
59
61
62

20
22

28
30
24
26

sS2
5S4
48
50
60
62
56
58
36
38
32
34
a4
46
40
63 42

2!
23
6 17
g 19
29
31
25
27
4 5
6 7
0o 1
2 3
213
415
g 9
0 1l
53
S5
49
51
61
63
57
59
37
39
33
35
45
47
41
43

== O 00O =i =~ 0D QOO = e OOt 12 e et OO OO 4 bt e e OO
OO-——'—'-Oooo—év—u—OO-—--OOOO—.—-—...oooo.—.—

CO= == = OO0 C ==t e OO0~~~ QOO0 ™ e ke e OO O O e 1w

== 00—~ 00 == 00 =00~ 00 mOOmm OO0 m=0O0

OO~ 00 =00 == 00— 00— =00 =00 mm—~= OO0 —

Fig.

DO~ =00~ =~ OO0~ OO0~ =00 mm OO mmOO—m =00 m—~—

.—0—-00-—.—00-—.—00-—-.—00.—-—OO.—-.—-OO&--—OO-——OO
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Output-scheme code 2, v=6,

32-
33-
34~
35~
36-
37-

39-
40~
41-
42-
43-

4s-
46~
a7-

49-
50=
Sl-
52-
53-
54-
58~
56~
s57-

59~
60-
61~
62=
63~

BELEELBEEEREBEEERS

QO 9 = 1= e QO QO e 0t e e OO = e OO QO+ 0 4t e OO O C e o

e QOO OO ™ bt ot e OO QO e e OO 44 += bt b DO O QO 0= 4t b = OO

OO == 10000~ e e OO0 = e OO0~ e =00 00

QO OO e e e OO0 OQOO 0t 0o OO vttt br s O OO O 2t e e OO

= QO = = OO0 =00~ =00 =00 =wmO0O0m~mmrm OQ~»=0O0

OO = OO0 e OO e OO0 = e QO 0w s OO e et OO 2t OO = e

QOO e~ 00 —=Q0Om =~ QO —~0O 0= 00ttt OOttt e OO 02w

" OO e OO~ = OO0 == OOm =00~ —~O00=m =00 w=00



PARENT-STATE MATRIX:

0- U 32 10 42 0 1 1 O 0 32- 16 48 26 58 1 0 0 1 0
1= 0 32 10 42 1 0 0 1 1 33- 16 482658 0 1 1 O 1
2~ 1 33 11 43 01 1 O 0 34~ 17 49 27 59 1 0 O 1 0
3- 1 3311 43 1 0 0 1 1 35~ 17 49 27 59 0 16! 1t 0O 1
4=~ 2 34 8 40 1 0 0 1 1 36- 18 S0 24 56 0 1 1 o 1
S- 234 8 40 0 1 1 0 0 37- 18 S0 24 56 1 0 0 1 0
6= 3 35 9 41 1 0 0 1 1 38- 19 51 25 57 0O 1 1 o 1
7- 3 35 9 41 0 1 1 0 0 39~ 19 51 25 57 1 0 0 1 0
8- 4 36 14 46 1 0 0 1 0 40- 20 52 30 62 0O 1 1 © 0
9- 4 36 14 46 0O 1 {1+ O 1 41= 20 52 30 62 1 0 0 1 1
10~ 5 37 15 47 1 0 0 1 0 42~ 21 53 31 63 0 1 1 0 0 .
11« 5371547 0 1 1 O i 43- 21 53 31 63 1 0 0 1 1
12- 6 38 12 44 0O 1 1 0 1 44- 22 54 28 60 1 0 0 1 1
13- 6 38 12 44 1 0 0 1 0 45~ 22 54 28 60 0 1 1 0 0
14~ 7 39 13 45 01 1 0 1 46- 23 55 29 61 1 0 0 1 1
15- 7 39 13 45 1 0 0 1 0 47~ 23 55 29 61 0O 1 1 0O 0]
16= 8 40 2 34 01 1 O 0 48- 24 56 18 50 1 0 0 1 0
i17- 8 40 2 34 1 0 0 | 1 49- 24 56 18 S50 0 1 1 0O 1
18- 9 41 3 35 0 1 1t ¢ o} 50~ 25 57 19 51 1 0 0 1 0
19=- 9 41 3 35 1 0 0 1 1 Sl- 25 57 19 51 0 1 1 0O 1
20- 10 42 O 32 1 0 0 1 1 52~ 26 58 16 48 0O 1 1 0 1
21- 1042 032 0 1 1 0 O S3- 26 5816 48 I 0 0 I O
22= 11 43 1 33 1t 0 0 1 1 S54- 27 59 17 49 0 1 10 1
23- 1143 133 0 1 1 0 O 55- 27 59 17 49 1 0 0 1 0]
24= 12 44 6 38 1 0 0 1 0 56- 28 602254 0 1 1 0O O
25- 12 44 638 0 1 1 © 1 57- 28 60 22 54 1 0 0 1 1
26- 13 45 7 39 1 0 0 1 0 58= 29 61 23 55 0 1 1 O 0
27- 13 45 7 39 0O 1 1 O 1 59- 29 61 23 55 1 0 0 1 1
28- 14 46 4 36 0O 1t 1 0 1 60- 30 62 20 52 1 0 0 1 1
29- 14 46 4 36 1 0 0 1 0 61- 30 62 20 52 01 1 0 o0
30- 1S 47 5 37 0 t 1 0 1 62- 31 63 21 S3 1 0 0 1 |
31- 15 47 S 37 1 0 0 1 0 63- 31 63 21 53 01 1 0O 0

TREEMETRIC(1)= 087533469564487993662855685975847764667926759 546865957847 5664655

SSMCCID = 0775634655644566535627 556556656466645666267565466656566465564655
DECODED PATH:
Z(K) = 1 0] 1 0 | 0 1 1 0 ! 1
WESTIM(K) = 0 0] 0 0 1 0 1 0 0 0 0

STATECK) = 0=-=21--=42-==2]--=42-== |=== 2=== 4=== B~==16~=~32--= 0---

NESTIMC 1, K) 1 0 0 0 1 0 0 0 0 0 0

NESTTM(E}K) = 0 0 | 0 0 0 0 0 0 0 0
SATYIXK) = 11110010000

- WESTIMCK) = 00001010000
""""""""""""""""" + Fig. 39b. Output-scheme code 2, v=6.

| XESTIMOKY ~ " ¥ TTITI060000

XKD 11111



DECODING SCHEME:
53200 S5 00G
0 Oll 3to:2
$3300 0 1u0
54312 63311
34013 23410
5 802 54002
4 310 63510
43501 34102
5 400 43600
53611 4 411
2 500 53700
63711 54712

53810 4 610
4 601 63801
53910 4 710
54502 51302
14000 43403
S 811 54011
54100 5 900

3512 34111
51010 54210
(0) 002

1110
4301
3}200
4\612
41300
s4511
34610
53402
4 313
615p1
41680
52612
2170p
6491
4501(
5180
55110
55702
45200 {32000
22011 {$5211
55300(0p100
56312 65311
42210 45410
65401 42201
42310 65510
45501 36102
52400 35600
51812 42411
42500 65700
55711 52511
45810 42610
52601 21602
41713 52710
62701 55901
36000 32800
62811 42212
56100 52900
45512 36111
53010 36210
22002 53001
33110 22113
56301 65302

2 113
63302
44400
61211
64504
513!

S141¢
4 402
51540
54701
548pP0
21411
54900
S5¢12
51810
43402
41910
5ps02

U'lU‘O\bO‘UIU‘O\&O\O\(DO\U\O\O\O\D(nO\U'l\)(J\(\)O\O\O\(ﬂbO\O\O\E0‘(.}10\0\01@0\0’1(}1\)(\)0\01(«)(}\0‘0‘(}\&kO‘U‘U‘O\J}UO\U‘

31001 (14201

53200
14232
23300
4 111
0 210
S 802
6 310
5 902
2 400
51412
5 500
53711
43810
54402
53510
4 701
2 203
5 811
54100
S 91!
S1alo0

34203
43211
0 100
43311
3 813
2 201
43510
34102
53600
0 411
33700
5 511
34413
41202
4 71¢
4390

1 80p
2 21p
4 900
34141
14210
4322
2 143
433p2
14400
41311
54900
43912
41410
0 402
31pliC
54101
34800
21611
34900
SJ711
41810
4p402

A3313
102
43200
shatt
61300
4 Y12
4 k13
51401
34710
5372
41640
44811
5170D
5451
65014
45603
S5110| 41910
41901\ 45101
45200 42000
36212 {3012
25300 (02100
42111 45311
22210 25410
65401 42201
62310 45510
52902 36102
42400 25600
45611 42411
62500 S5700
41912 45112
55810 52610
44802 21602
35910 32710
54902 55901
36000 32800
62811 42212
56100 42900
52911 36111
53010 36210
36201 33001
45313 22113
42102 45302

33200 2 000 03200
2 13211 14212

33001
22113
35302

23200
1 01}
33300
2 11t
2 210
2 802

12210
35401
22310
22502
22400
45611
32500
21912
35810
24802
15910
42701
36000
35412
26100
22911
23010
26201
43110
22102

31611
44900
31711
21810
12402
21910
35101
22000
23012
12100
35311
15410
36002
45510
32301
35600
12411
35700
35142
32610
35801
22710
35901
22800
36011
32900
36111
46210
23001
26310
35302

23200(0R

41700
24911
35010
35602
35110
41901
35200
36212
35300
42111
22210
35401
32310
45501
12400
35611
32500
45711
21613
42601
35910
24502
46000
35412
26100
42911
23010
36201
33110
46301

200

45711
25810
24802
45910
44902
26000
45412
36100
35512
33010
46201
23110
32102

»

Output-scheme code 2, v=6.

Fig. 93c.
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Errors made when decoding:

On the basis of code | of constraintlength v=2 with connectionpoly-
nomials [Cl(d),Cz(d)]=[ll],101], the decoding procedure with errors will
be demonstrated. This code has a free distance d =5, The free distance

free
path has length 3. This path is represented by the sequence:

This code must be able to decode i(d -1)=2 errors on a line-

sequence of any length 2, when the folloéiiz noisebits are taken zero.
When we send the zero codeword [x(a)] —[0000] of length L=4 and a noise-
sequence pair [nl(a),nz(a)]3 {01,10, OO 00] w1th 2 errors in the first
three pairs, the decoder must be able to decode correctly. In the deco-
dingscheme of Fig. 40 we notice that no decoding errors have been made.

When we send the the zero codeword with a noise—sequence pair
[nl(a),nz(a)]8=[01,10,01JXﬂZwith three errors in the first three pairs
we notice that the wrong decoding path is choosen and that one decoding
error has been made.

In Fig. 41. the decoding scheme in the form of a Trellis is shown.
With the received llnesequence pa1r [ot,10,01,00,00 OO] corresponds a
syndromesequence [z(a)]o—[IOOOIO] and a sequence [y (a)D (a)+y2(a)D (a)]

[110100]0. At time k=6 the zero state S, has the minimum metric M. (0)=0.

0
Hence the algorithm starts calculating backwards from state S0 t111 state
S3 at time k=3. Since the survivor of state S3 at time k=3 is state SZ’

the wrong path 10 00 10 00 00 00
20 P00 P 0L L g

is decoded.

We notice that the first pathregisterbit [w(a)]k=0 is decoded erro-

neously, resulting in one error in the datasequence:

decoded sequence [ﬁ(a)]g=[ 010100 ]3

sequence {YJ<“)D1(“>*yz(“)D2(“)]g=[ 110100 ]g

3 &
[g(a)]g=[ 1000 ], instead of

(x(@)] <[ 00001



Ne= 1

NU= 2
C(1,Kb= 111
C(2,K)= 101
XL= 4
X(K)= 0000
NQISE(L,K)=
NOISE(2,K)=
X1,K)= 10
X2,K)= 11
SBLK) 11
ZNUL l

XC1(K) =
NUISE(1,K)=

Y(1.K) =

XC2(¢K) =
NOISE(2,K)=

N1C2(K)
N2C1 KO =

Y1DICK) =
Y2D2(K) =

SAYDKK) =

¢
P
§

(KD =

VESTIM(KD

[}

ETATE(K)

NESTIM( 1, KD
NIZSTIM(2, K)

MY DCK) =
VESTIMC(K) =

F".‘.STIM(K) =

il

K(K)

DECYDED PATH:

0100
1000

000000
010000

0010000
1100000

‘111000

DECUDING SCHEME:

Q=== Q=== l-== 2--- 0--- 0--- O{STATE(K)

1

111000
111000

000000

0000

(0)oos 000

3 211 1 o1t 2 211

310 2 (0J310 1 110 § 310

0002 1 101 2 301 0 002 t 101 1 202 3 (0Y202 1 101 1 002 2 101
DEC@DED PATH: o T

0 0 |2 = | 0 ) 0 1 0

0 0 |WESTIMC(K) = 0O 1 0 1 0 0

Fig. 40.

Ne= 1

NU= 2

Cllko= 111
C(2,K>= 101
XL=" 4

X(K)= 0000
NOISE(1,K)= 0100
NOISE(2,K)= 1010
X1LKX= 10
X2,K)= |1

SBC(K) = 11

INUL = |

XCi1(K) = 000000
NBISEC1,K)= 010000

YC1L,KY °' " = 010000

XC2(K) = 000000
NoI SE(2,K)= 101000

--------- dadad el e LT L 2 2 L L e

Y(&LKY "TEIefeos T

N1C2(X) = 010100

N2CI(K) = 110110

- wp v an - . e - LD LD L P P
£A¢;9 . I 1+ ¢4 (o
Y1IDICK) = 0010000

Y2D2(K) = 1111000

S@MYD(K) ~ = 110100

DECODING SCHBEME:

1§
o
1
1
[}
(O8]
1
!
!
n
1
'
t
w
[
’
[
n
|
)
'
o
[}
'
'
(=)
.

0 0 NESTIM(1,K) = 1 0 ! 0 0 0
0 0 NESTIM( Q?K) = 0 0 0 0 0 0
S@YDIKD = 110100
WESTIM(KD 0i0l00
........................... +
XESTIMKO™ "~ = 100000 ~ ~
X(K) = 0000

R —

Decoding-scheme,




Sl(»‘rl)zcl

Suurviver

2V e i

NZSTIMG L, (; »
NESTIMR, v, .

LESTI™ Y, .
SIMyYT K .

fESTIN(C . »

LR .

° )
e’

. e 2
202
e 12
e . ¢
8¢ 2
2 e 2

(M

[

S { ? SSmc
R 2 R 2 Teme e e -
4” '
i
7
;o . — -
a0 L2 . Mz 217 3
S’ S ~ -~
;

7 - e VAR

el L AN ee.’ = VoeQl ¢
g_ — _ N ~_. \‘ AN c/

Fig. 41. Trellis decoding-scheme code 1, v=2,
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In the Trellis of Fig. 41 we can draw another path which corres-

pondes to the syndromesequence [z(a)]g=[100010]3 and which terminates
at state S, :

@ -0 -0 -0

Note that state S is not the survivor of state S3 at time k=3, since
M, (2)+1=2 >'M (2)+1=1. Although this path would have been the correct one
since the corresponding pathregisterbitsequence is [1 1010 O]0 and the
estimated noisesequence pair is [01,10,01, 00 00 00]0 (identical to the

channel noise), the decoding algorithm skips this possibility.

There are no other paths possible as can be seen when we penetrate
deeper into the Trellis for syndromeoutputs [z(a)]=0. Note that already

at time k=@ the steady state metriccombination is reached.
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11. FORTRAN PROGRAM FCR GRAPHICAL DISPLAY OF THE TRELLIS-~DECODING PROCEDURE.

Graphical display:

The Terminal Control System TCS Tektronix T-4014-1 is a system
capable of displaying both alphanumerical and graphical information.
The enhanced graphics module provides for hardware dashed lines, point-
plotting and incremental point-plotting. The beam (cursor) of the cathode-~
ray tube can be controlled to any of the 3120 by 4096 addressable tag-
points on the screen in either bright or dark mode; that is visible or
not visible.

The TCS is provided with the Fortran software package PLOT-10. This

package contains all subroutines by which the computer and the TCS com—

municate.

Intention:

The aim of the program is didactical. The decoding procedure for
convolutional codes is rather untransparent. The decoding procedure can
at best be explained on the basis of the Trellis since the Trellis of a code
comprises all the essential information for the decoding process. At
each time k (section), for each state Si'(node), the survivor, the metric,
the associated transition and the pathregisterbit are all known for a spe-
cified syndromeoutput. A solid branch from the survivor towards the state
Si corresponds to a pathregisterbit O and a dashed branch to a bit 1.

With all this information, at any time k a path in the Trellis can
be reconstructed with the minimum distance to the noisesequence pair
[nl(a),n (a)]g . At time k, we start with the state which has the mini-
mum metric=0 and calculate backwards via the survivors.

The principle of the graphical display program is to visualize the

Trellis section by section and to indicate the decoded path.

Program:

The program has been constructed in such a way that the decoding
procedure is printed and visualized step by step from the beginning (da-
tasequence at the decoder side) till the end (the decoded path and the

estimated datasequence).
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We will now give a survey of the course of the graphical display

program »SDECO step by step (seperated by means of a carriage return):

- First the value of the variable MODE is asked. When MODE=] the program
discussed in section 10 is executed. The decoding procedure will appear
in printed form on the teletype. When MODE=2 the graphical version will
be displayed on the TCS.

- MODE=2

- Display of two pages of introductory text for instruction of the user
about the course of the program and explanation of the meaning of the
output.

- The table of all connectionpolynomials of degree v=2-6 which are fac-
torized in irreducible polynomials is printed. The user may select a
non-catastrohic code with the help of this table.

- The input is asked and all the essential features of the code are prin-
ted (see MAINPR+OUTPUT in section 10).

- The complete Trellis is displayed step by step:

~First all nodes are drawn with in the first section the steady state
v+L-1
0

is printed beneath the Trellis. The dimension of the circles (nodes)

metriccombination at time 0. The syndromeoutputsequence [z(a)]

has been adapted to the total number of nodes that must be displayed.

~-The sections, representing a transition between two metriccombinations,
are drawn step by step (seperated by a carriage return). Each state Si
is connected with its survivor by a solid branch for a pathregisterbit
[w(a)]k=0 and a dashed branch for a bit [w(a)]k=1. The metricvalue
Mi(k) is printed in the centre of the node and the associated transi-
tions 00,01,10 or 11 is placed at the left of the node (state) Si'

~The decoded path is reconstructed from the right to the left, star-
ting at the node Si with zero metric Mi(v+L-l)=O. The path is indica-
ted by means of a doubling of the seperate branches.

-The estimated datasequence [)’E(ot)]zﬂ"n1 is evaluated and compared

with the original datasequence [x(a)]g_l.

Subroutines:

The graphical elements of the Trellis are circles (nodes) and dashed
or solid lines between the circles (nodes). As the PLOT-10 package does
not supply a subroutine for drawing cirecles, the subroutine CIRCLE(XC,YC,R)

has been added. The other subroutines which are needed in the program
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are TEXT!, FACPOL, TRELLI, EDGCIR and NUMBER.
We will give a brief description of these subroutines together with

the subroutines out of the PLOT-10 package which are used in the program.

TEXTI: The introductory text is printed on two pages.

FACPOL: The table of factorized connectionpolynomials with explana-—
tory text is given.

CIRCLE(XC,YC,R): A circle of radius R is drawn with the centre at the
coordinates (XC,YC).

TRELLI (TWONU,NUXL,R): The statenumbers 0,1,...,2 -1, are printed in a
column at the left of the screen and the 2° by v+L circles
with radius R are drawn column by column.

EDGCIR(R,TWONU,NUXL,XD,YD): The begin- and end points of the branches at
the edges of the nodes (circles) are calculated and entered in
the arrays XD(I) and YD(I). XD(I) and YD(I) are the relative
coordinates of the intersection of a branch with the edge of
a circle. ‘

NUMBER (TWONU,PLACE): The decimal statenumbers 0,1,...,2v-1 are printed

in the column at the absolute position XC=PLACE.

INITT(N): All parameters are initialized, the screen is erased, the cur-
sor (beam) is directed to the home position (upper left), the
mode is switched to alphanumerical and the baudrate is set to
N characters/second.

FINITT(IX,1Y): Analogue to INITT, but now the cursor is directed to the
coordinates (IX,IY).

ANMODE: Placing into alphanumerical mode.

ERASE: Erasure of the screen without change of mode and beamposition.

DWINDO (XMIN, XMAX,YMIN,YMAX): The users rectangle (picture) is defined.

XMIN= the minimum horizontal user coordinate.

XMAX= ,, max imum " " 1] .
YMIN= " minimum Vertical " " .
YMAX= ,, maximum " " " .

TWINDO (MINX,MAXX,MINY,MAXY): A rectangular portion of the screen is reserved.
MINX= the minimum horizontal sgreen coordinate.
MAXX= ,, maximum " " " .
MINY= ,, minimum vertical " " .

MAXY= ,, maximum " " " .




MOVABS (IX, 1Y

MOVREL (A, B) :

)

DASHA(X,Y,L):

ANCHO (ICHAR) :
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Tlie cursor is dirccted to the coordinates (IX,IY).

The cursor is moved a number of (A,B) units relatively
to the original coordinates (X,Y).

A L-type line is drawn from the original coordinates to
the coordinates (X,Y).

L=0 solid line.

L=1 a dashed line of 5 raster units.

One alphanumerical character is printed at the current
position. ICHAR is an integer which represents a 7-bit

ASCII character right adjusted.

ANSTR(NCHAR,NADE): The output is a string of NCHAR characters. The ASCIL

LINWDT (NUMCHR) :

LINHGT (NUMLIN) :

Listings:

decimal equivalents of the NCHAR characters are entered
in the array NADE.

The width in raster units of NUMCHR characters in the
current character size.

The height in raster units of NUMLIN lines in the cur-

rent character size.

The listing of the complete program called DISPLY together with the
subroutines TEXT!, FACPOL, TRELLI, EDGCIR and NUMBER is given in the

Appendix at the pages 60-72. The programs are supplied with explanatory

text and extensive comment between the statements.

Examples:

1- A complete scheme of the output of the graphical display program is

shown in Fig. 42. for the example code 1 of constraintlength v=2 with

connectionpolynomials [Cl(a);C (@))=[111,101].

Fig.
Fig.
Fig,
Fig.

Fig.
Fig.

42a
42b
42¢
42d

42e
42f

Introductory text.
Table of factorized connectionpolynomials.
Input + essential features,

Trellis with the steady state metriccombination and
v+L-1

0 .

First section for [z(a)]0=l.

the syndromesequence [z(a)]

Complete Trellis with the decoded path and the estima-
v+L~-1

ted datasequence [i(a)]0 .
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NOU GIVE AS

INPUT!:

THE CODES CONSTRAINTLENGTH NU

1

THE CONMNECTIONPOLYNOMIALS C(N, K}
- tﬁE DATASEQUENCELENGTH XL. uuéns XL
~ THE DATASEQUENCE X(K)

- THE NOISESEQUENCE-PAI

Kei,2 AND Ke1,NU+}
(P31

k NOISE(N K), N*1,2 AND Ks=1,XL

REMEMBER THAT NU+XL ¢ 16 '!

Nu= 2
c(1,K)= 111
c(2,K)= 104
XLe

[ BN BN )
D gl b
[

0000
o100

200000
010000

XC2¢(K) -
ml“(ap‘ )e

010900

000000
100000

v(,x) b

NICA(K) -
KECI(K) =

100000

010160
111000

-

B

+

Z(K) .
YiDL(K) =
yZD2(K)

101109

2010000
1100000

———

SONYD(K) -

111600

STATE-TABLE!
- @ 1

2 3 @ 1 e :
1- 2 3 @ ! 1 8 1 @
e- @ 1 2 3 1 0 i @
- 2 3 90 1 o 1 @ 1

PARENT- STATE MATRIX:

- 9 1 3 © 1 1 @
1- 9 2 1 3 1 0 0 1
e- 1 3 & 2 t @& @ ¢
3- 1 3 62 Q1 L @

TREEMETRIC(I)= 0323
* 0323

sSmC(D

e 1 1 ©
1 2 @ |
e 1 1 9
1 ¢ ¢ 1
(]
1
1
®

PP P2 22000ttt operfialoctbtotiebebtsttedsisis]

BY
WITH 1
TION.

GIVING A
N THE FIRST ROV THE

CARRIAGE RETURM
sTeEaby ST

NOW,BY GIVING A CARRIAGE RETURN
K TH SECTION WITH ITS DECODING DATA WILL BE SHOUN.

THE TRE LIS IS DRAUN
TE METRICCOMBINA-

RT EACH TIME K, THE

Fig. 42¢. Input + essential features.




Z(K)s

O

O

o O O

o O O

Fig. 42d. Trellis with the steady state metric-

combination and syndromesequence.




Fig. 42e. First section for [z(a)]0=l.
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Fig. 42f. Complete Trellis with the decoded

path and estimated datasequence.
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2- Code ! of constraintlength v=3 with connectionpolynomials [Cl(a),Cz(a)]=

[1011,1111]. The essential features and the Trellis are shown in the
Figure 43a/b.

The minimum number of nodes in the Trellis is represented by code |
of constraintlength v=2 with a datasequence of length L=2. This example
has 22=4 by v+L+1=5 nodes (Fig. 44a/b).

The maximum number of nodes is represented by code 1 of constraint-
length v=4 with a datasequence of length L=10. This example has 2a=l6 by
v+L+1=15 nodes (Fig.45a/b).




STATE-TABLE!

NOY GIVE AS INPUT: - 2 1 2 3 8 1 8 : 0 1 1 o
- THE CODES CONSTRAINTLENGTH NU - 2 3 e : ! @ 1 e 1 e ®
= THE CONNECTIONPOLYNOMIALS C(N,K), K+1,2 AND Kat, Ni+1 2- 4« 5 6 ° 8 1 @ 1 1 @ o |
- THE DATASEQUENCELENGTR XL, WHERE XL >} 3- 6 7 45 190 1@ @ i1 @
- THE DATASEQUENCE X(K), K=1,XL - 8 1 2 3 1 0 16 © 1 1 O
- THE NOISESEQUENCE-PAIR NOISE(N,K), Ne1,2 AND K=1,xL s- 2 3 @ 1 © 1 8 { 1 @ ? 1
8- 4 5 6 ? 1 0 31 0 1 0 0 1
REMEMBER THAT NU+XL < 16 *! -6 ? 45 @ 121 0 1 1 &
PARENT-STATE MATRIX:
NU= 3 - 0 4 1 5 © 1 1 0 o
C(1,K3» 1011 1- 6 4 1 6§ 1 @ @0 1 1
C(2.K)= 1111 2- 1 5 ¢ 4 1 0 e 1
XLe 8 3- 1 5 8 4 @ 1 L @ o
x(K) - 00110101 4- 2 6 3 72 © 1 1 @ 1
NOISE(1,K)e 100023008 S- 2 6 3 7 t @ 0 1 @
NOISE(2,K)= 00011069 6- 3 7 2 6 1 e @ 1 0
D(1,K)e 109 - 3726 @110
D(2,K)* 111
SB(K) = 014 TREEMETRIC(1)e 83232545
ML - 1 SSRC(T) » 93232444
XC1(K) = 90101001001
NOISE(1,K)= 10690000000 AEEXEEERNEATEXSTRIBATCRESERALIRITXLAXXAARRLTXLXLLNLLL
-4
Y(1,K) - 10101001001
XC2(K) - 09100100011 BY GIUING A CARRIAGE RETURN, THE TRELLIS IS DRAUN
MOISE(2,K)= 20011800000 MITH IN THE FIRST ROV THE STEADY STATE METRICCOMBINA-
- - ---* . .
Y(2,K)  » 00111100011
NOV,BY GIVING A CARRIAGE RETURN AT EACH TIME K, THE
NIC2(K) = 11116000000 K TH SECTION UITH I1TS DECODING DATA WILL BE SHOWN:
NeC1(K) - 00910111006
- -+
2(K3 = 11100111000

YiD1(K) - 2010101001001
vaD2(K) = 0010110181001

Fig. 43a. Input + essential features

code 1, v=3.
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NOU GIVE RS INPUT!

NU= 2
Cc(1,K)= 111
c(2,K)= 101
XL

THE CODES CONSTRAINTLENGTH NU
THE CONMECTIOMPOLYNOMIALS C(
THE DATASEQUENCELENGTH XL, U

THE DATASEQUENCE X(K)
Tt‘ NOISESEQUENCE-PAL

REMEMBER THAT NU+XL ¢ 16 !!

K=1,

A uoxsem K),

a AND Xei ,NU+l

N,K2,
Héa x

Ne1,2 AND K=i, XL

-4

s 2
X(K) - 11
NOISE(1,K)- 19
NOISE(2,K)= 19
D(1,K3e 10
(2,K)= 118
SB(K) = i}
2L - 1
XC1(K) * 100}
NOISE(1,K)= 1009
-+
Y(i,K) » 2001
xca<x) * 1111
NOISE(2,K)= 1000
-+
v,K) = 0114
12K s 1010
1(K) = 1110
e 3
20 = 0100
Y1D2 (X) = 00904
vabpa(x) * Q1001
SOMYD(K) = 9100

STATE-TABLE!
- 0 1

g 3 31 2 . @& 1 1 @
- 2 3 61 1 8 1+ @0 {0 0 1
e- @ 1 2 2 1 0 1 9 e 1 t @
3- & 3 &1 21 06 1 ¢ ¢ 1
PARENT STATE MATRIX!
e ¢ 1 3 21t @ o
1- e 2 1 3 1 e 0 | 1
g- 1 3 2 2 t Q@ 0 1 1
3- 1 3 e 31t o 0
TREEMETRIC(I)+ @323
sSMCcI) = 9323

03318353603 30833 938300000t o eiiiditoteetsaitedss

BY GIVING A CARRIAGE RETURN, THE TRELLIS 1S DRAUN
T%;t’: IN THE FIRST ROW THE S‘TthﬁY STATE METRICCONBINA-

NOW,BY GIVING A CARRIAGE PETURN AT EACH TIME K, THE
K TH SECTION WITH ITS DECODING DATA WILL BE SHOWN.

Fig. 44a. Code 1, v=2.




1
2
3
Z(K)e ) 1 ] °
NESTIM(1,K) « 1 Q0 0 @
NESTIM(2,K) » 1 Q0 3 @
WESTIM(K) = 128290 .
SORYD(K) = 92100 Fig. 44b. Code 1, vy=2.
........ ——— —rensccacnr e nr—n——ad
XESTIM(K) « 31100
X(K) e 11




STATE-TABLE
9- 1

NOW GIVE AS INPLT: 0 4 5 @ 1 0 1 e i 1 2
- THE CODES CONSTRAINTLENGTH MU ) 1- 2 3 6 7 1 ¢ 1 ¢ 9 1 1 23
- THE CONNECTIONPCLVNGMIALS CiN,K), (21,8 AND Kal N+l 2- 4 & ¢ : © 1 0 1 1 e o !
- THE DATASEQUENCELENGTH XL, WHERE »L 21 3- 5 72 3 1 0 1 @ 1 @ @0 !
~ THE DATASEQUENCE xX(K), K=1,6xL 4- 5 942 13 3 1L e 1 1 ¢ 9 |
~ THE NOISESEQUENCE-PRIR NOISE'N,K:, N=l,2 AND K=1,XxL S- 19 11 14 15 1 ¢ 1 @ 1 2 o 1
6-1213 8 9§ o t e 1 © 1 1 0
REMEMBER THAT NU+XL ¢ 1o ! ?- 14 15 190 11 1 ¢ 1t & 2 1 1 2
8- 3 L. 4 S 1t & + @& © 1 1 @
$- 2 3 6 7 @& 1 €& 1 € 1 1 ¢©
NU» 4 te- 4 5 @ 1 ¢ 1 @ 1 ¢ @ t
C{1,K) 10011 11~ 6 2 2 3 @& 1 06 1 ¢ e 1
c(2,K)= 1011t 12- 8 91213 { @& 1 6 1 6 0 1
XL 10 13- 1011 1415 2 1 @ 1 1 9 @& 1
X(K) e 1111111111 14- 1213 8 9 1 92 1 & © 1 1 @®
NOISE(1,K)» 0000180001 15- 14 15 19 11 2 1 & ¢ © 3§ 1 0
NOISE(2,K )= 1000031000
D(1,K)e 1110 PARENT-STATE MATRIX:
D2,K)= 1101 9- 2 8 210 @ 1 @& { @
SB(K) = 9101 1- 0 § 210 1 0 1 @& |
ZNUL - @ 2- 1 9 311 1 & 1 o Q
-1 9 311 o 1 2 1 1
XC1(K) = 100011113110114 4- ? 1@ 0 8 e 1 0 | 1
NOISE(1,K)= ©2081280012000 S- z i1 9 38 {1 0 1 @ @
--------------------------- . 6- 311 1 S {1 & 1 @ i
¥(1,X) « 1000211110011 ?2- 311 19 v 1 @ | )
g- 412 634 9 1 9o L
Xc2(K) = 10110000001011 9~ 4 12 6 14 { 91 ¢ @
NOISE(2,K)« 10000010002000 18- 513 715 1 & 1 9o 1}
--------------------------- + 1t1- 8§13 715 9@ 1 9 1 @
v{e,x) *» 20110010001011% 12- 614 412 @ 1! @ L 0O
13- 614 41312 1 9o 1 @ i
N1C2(K) = 000011101111081 14- 715 5313 1 o 1 © @
N2C1 (K) s 11001011091008 16- 715 €13 92 { @ 1
........................... +
200) = 110001011101301 TREEMETRICII)s 8354237425544574
SSMC(1) s 0354234425544544
¥iDi (K) « 011160101101108101
ya2de(x) » 09111000111000101
................................ . P TP 0130038323382 233332+3¢2 T332 ¢33 0008002002

SOMYD(X) = Q1001010801118

BY GIVING R CPRRIAGE RETURN THE TRELLIS 1S DRAUN
VITH IN THE FIRST ROW THE STERDY STATE METRICCOMBINA-

TISN.

NOW, 5 GIVING w CARRIAGE RETURN AT EACH TIFE K, THE
K Tw SECTION WITH ITS DECODING DATA WILL BE SHOUN.

Fig. 45a. Code 1, v=b4.
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12. CONCLUSION.

The essential features of binary R=4 convolutional codes in the
class ’r:,] have been calculated. A comparison between the characteris-
tics of the codes has been made.

From a practical point of view, the most important result following
from the analysis of these codes is the formula for the reduction in
pathregisters. A code can be choosen which requires a minimum of hard-
ware when implemented as decoder. The remaining results might be of in-
terest in the further development of the theory of convolutional codes.

The graphical display program makes the rather complex decoding
procedure of convolutional codes much more transparent. Even for the in-
terested reader the decoding procedure becomes accessible.

The program is completely variable in that semnse that binary R=}
convolutional codes of any constraintlength v in the class ’[:’] can be
analysed. With some modifications, which would not be all to radical,
the program could be changed in such a way that other binary R=} convo-
lutional codes can be analysed, even convolutional codes of rates R#i.

The program also opens the possibility of complex theoretical cal-

culations on convolutional codes on the computer.
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Fortran- notation of the variables used in the theory:

Variable Fortran version
class d[: 1 class T(NU,1)
’
constraintlength v Ny
connectionpolynomigls " C(N,K), N=1,2 K=1 ,NU+1
Cn(a) = 0 Cn,i ot , n=1,2
degree of the Dn(a)—polynomials u MU

polynomials Dn(a) = Eé% dn ; at ,n=1,2 D(N,K), N=1,2 K=1,MU+1

\Y

2 TWONU
21 TWONU |
k:L’1

length of the datasequence [x(a)]k=0 XL

=L"1 .
datasequence [x(a)]t=0 X1¢1,K), K=1,XL
som v + L NUXL=NU+XL
som v+ u+ L NUMUXL=NU+MU+XL

=L~

noisesequence pair [n](a),nz(a)]k=0 NOISE(N,K), N=!,2 K=1,XL

= + -
product [Cl(a)x(a)]t___gU XL-1 XC1(K), K=1,NUXL

. NI YT —
product [Cz(a)x(a)]t=gU XL~ XC2(K), K=1,NUXL
k=NUXL-1
linesequence [y](u)=Cl(a)x(a)+nl(a)]k=OU Y(1,K), K=1,NUXL
k=N -1

linesequence [yz(a)=02(a)x(a)+n2(a)]k=OUXL Y(2,K), K=1,NUXL

k=NUMUXL-
product [y, (@)D, (@] g0 ! YD1 (K), K=1,NUMUXL
product [y2(cL)Dz(cr.)]ll::I(‘)HMUXL—l Y2D2(K), K=1,NUMUXL

k=NUMUXL-1

som [y, (a)D, (a)+y, (@)D, (a)], SOMYD(K), K=1,NUMUXL




k=NUXL-!
product [n](a)Cz(a)5k=0

k=NUXL-1
product [nz(a)Cl(a)]k=0

syndromesequence [z(ct)]t:ngL—1

state Si =[ o0, si(a) ] where
~1

. K
5:(0)= (&=, sy ¢ @
-t

2—(k+1)

statenumber i= :z: s . i=0,2v—1
k=-v

i,k

base-state Sb =[0, sb(a) ]

base-state number b

specific outputvalue z4

outputvalues z:09 and Vi for the transition

Sii_ngl’ Si of the syndrome- and w(a)-former

with i=2k , k=0,2" '

. . v
state transitions: 1=0,2 -]

(0,0]

Si——>54

[0,1]
S; ——*52i41

s, L1 s" 45
i 2i+1 0 %p

parent-states with their transitions and

outputs [z(a)]k and [w(a)]k:

N1C2(K), X=1,NUXL
N2C1(K), K=! ,NUXL
Z(K), K=1,NUXL

S(1,J), J=1,NU

I=1,TWONU
SB(K), K=1,NU
NRB

ZNUL

ZNUL2I(I) and WNUL2I(I)

for s+ /2) 0o s
with I=2K-1 , K=1,TWONUI
I=1, TWONU
11,1y 2% r1(1,2)
e, 94 rrer,a)

TT(I,;).LJ:J],TT(I,A)

e, 2% s




parent-states: 1i=2k, ©=0,2""
Spl = Sii

sz = S&i+2v—l

%03 7 %41 ® Sp0-n)

Sp4 = s£i+2v_] L] Sﬁ(b—l)

transitions:

0,0 0,1
Sp‘___+ Si Sp]___*
0,0 0,1
sz——usi sz —
1,1 1,0

1

S,3—» S; 83— S

i+l

1

-1 I=2K-1, K=1,TWONUI

TRANMX (I,1)

TRANMX (I,2) = TRAN
TRANMX(I,3) =
TRANMX(I,4) =
0,0 0
TRANMX (I, 1) S(I,J) | TRANMX(I+1,1)

0,0

TRANMX (I,2) S(1,J)

TRANMX(I,B)_lfl_S(I,J)

TRANMX (I+1,1)

MX(I+1,2)

TRANMX (I+1,3)

TRANMX (I+1,4)

L osqae1,m

TRANMX(T+1,2) 22) s(1+1,)

TRANMX (L+1,3) 20 s(1+1,3)

Spé_liL'Si spa_l:fl o TRANMX(I,4) 21 s(1,) TRANMX (1+1,7) 29 s(1+1,T)
outputvalues: dl,O d]’0=1

sp]_glg,si 2. wio | Wio | TRANMX(I,5)=ZNUL2I(I) TRANMX(I,9)
s . %0s o8 |w.. | w TRANMX (I, 6)=1~TRANMX (I, 5) "

p2 1 i0 i0 i0 *

spB_l:l.si 2,082, |Vio | ¥ip | TRANMX(I,7)=ZNUL2I(I)®ZNUL "
spa_LLL S, 25,8182y | W Y. TRANMX (I,8)=1-TRANMX(1,7) "
spl_gil Sie ;io _io Voo TRANMX (I+1,5)=1-TRANMX(I,5) TRANMX (1+1,9)
spszLL 5441 Zioel ;io W.q | TRANMX(I*1,6)=1-TRANMX(I,6) "
sp3_112.si+] ;io@zo ;io W.o | TRANMK(I+1,7)=1-TRANMX(I,7) "
394"112'51+1 Eioalezo aio vig TRANMX (I+1,8)=1-TRANMX (I, 8) "

metricvalue of state Si at time k: Mi(k)

MTCOMB(I,K)

metric-combination at time k:

mc(k)={MO,C’M1,C’

. . . . v
steady state metriccombination, i=0,2"-1:

mg={Mg, oo™y, 000+ My 0o oMVl o)

e oM,

1,C

l.’M

vl 1K) MTCOMB(I,K), I=1,T

2
I=1,TWONU

SSMC(1), I=1,TWONU

WONU




Survivor Sp(k), at time k, of the two parent-

states of the state Si. (p € {pl,p2,p3,ps})

specific transition [nl(a),nz(a)]k(p,i) at time
k of the survivor Sp towards Si.

transitions 00,01,10 and 11:

outputvalue [w(a) at time k, for the transi-
P k

tion of the survivor Sp towards Si

the decoded path in terms of the states at
time k=0,NUXL

the transitions [nl((nt),1:12(OL)]:::I(‘)”JXL-l corres-

ponding to the decoded path.

transitionpairs 00,01,10 and 11,

k= .
the outputvalues [w(a)]k=gUXL corresponding to
the decoded path.

SURV(I,K)

TRANS (1,K)

TRANS(I,K)=0,1,2 and 3

PATHRG (I,K)

STATE (K), K=1,NUXL+1

NESTIM(1,K) /NESTIM(2,K),
K=1,NUXL

WESTIM(K), K=1,NUXL




&, EC MALWPR

G

EDIT

P1000

o NULLe

C THIS 1S THE MAIN PRUGRAM WHERE ALL NECESSARY CALCULATI@NS TAXE
C PLACE. ALl SUBRYUTINES ARE CALLED AVD THE C@MPLZETE DECODING-
C PRUCEDURE IS PRINTED 4UT.

C AS INPUT THE PRSGRAYM ASKS LINE BY LINE:

c N (THE NWIBER ¢F THE C2DE WHEN USIiG THE TELETYPE)

C NU

C CCl,K

C CC2,K)

C AL

C XKD

C WEISEC(1,K)

G NPISEC2,K)

c oA AR R A A AR AR A A R A AR AR KR A3 K K e KA AR R e A R AR R A K KK Ao Feo o o
C

C

INTEGER XL XL 1, XL ZWUL, TWONU, TWENUL.X1(2, 15
INTEGER C(R2,70,DC2,6)X(15), NI SEC2,15),2(21),Y(2, 15),N2C1(21),
1 N1C2¢21),Y1DI(21),Y2D2(21),XC1(21),XC2(21),58(56),5( 16, 6),
1 ZNUL21C 16, ViNULZ2IC16), TTC16, 130, TRANMXC16,92,.1i(16), TRIC(10) .,
1 SSUCC16),.ITCRMEC 16, 15), SURVC 16, 15) » PATHRGC 16, 13), TRANSC 16, 15),
1 BITSC15), STATECIS) s WESTILH( 15X, NESTIMC2, 19), SO IYD(15) , XESTIN(12),
1 DECWUTC 16, 500
REAL XDC16Y,YL(16)
CALL TNOQUAC'lve= ', 4)
C READ THE NWIBER ¢F TRE CODE.
READC 1, 4) nNw
CALL THReUAC'NU= ', 4)
C READ THE CUDE'S CONSTRAINTLENGTH nNUe
READC 1, 5) WU »
NUL=NU+]
NU2=NH2
NUWIIN]I=NU-1
TWEANU= 2k U
TWANU =2k (NU-1)
CALL, THOUAC'CC1,K)= ', &)
C READ THLE POLYNAIIALS CCsK),N=1,2 AND K=1,NUl.
READC1,6) <(CC1,K)»K=1,NUL) '
CAaLL TNEUAC'C(2K)= ',6)
READC1,6) (C(2,K),K=T,4U1)
CALL THWUAC'XL= ', 4)
C READ THE LENGTH XL “F THE DATASEQUENCE NCK) e« (WHXL T GREATER
THEY 11)e '
nEATC1,5) XL
KL1=x1L+1
HNUKL=NUHAL
NUXL =N+ ]
CALL TNWUUAC'X(K)= ', 98)
C READ THE DATASEQUENCE RCK)siK=1,XL.
READC1,8) (XK 8=1,%XL) '
CALL TNYUAC'NUISLC(1.K)= *,12)
C READ THE WQISE-SEQUENCES NWISECi,i)sw=1,2 ANE K=1.XLe
READC1,6) (WUISECL,K),K=1,XL)>
CALL ThNwUAC'WBISE(2,K)= ', 12)
READC1,6) (REISEC2,K),K=1,%L)
FeRMAT(3A2) '
FoRMAT(I2)
FURMAT(15I1)

[

o v o



P2 0223 0822333033 228333 3283330333383 3003 23208330082 828482342%;
THIS FORTRAN UIDEO-DISPLAY PROGRAM SHOWS YOU THE COM-
PLETE SYNDROME-DECODING PROCEDURE OF BINARY Re1/2 CONUO-
LUTIONAL CODES OF CONSTRAINTLENGTH NU=2,3 AND 4 IN THE
CLASS T(MU,1
TH1S CLﬁSS CONSISTS OF CODES FOR UMICH BOTH THE FIRST
AND LAST STAGES OF THE ENCODERS SHIFTREGISTER ARE CONNEC-
TED UVITH THE TUO MOD-Z2 ADDERS.
083333283288 ¢8383333030 3330080230033 0¢0330700320832020882¢94

AS INPUT THE PROGRAM ASKS THE CODES CONSTRAINTLENGTH,
1TS COMNECTIONPOLYNOMIALS, THE DATASEQUENCE AT THE ENCO-
DER SIDE AND THE NOISESEQUENCE-PAIR ON THE CHANNEL.

CODE, IN TERNS OF THE TUO CONNECTIONPOLYNOHIﬂLS
K), Ns1,2 AND Kel,NU+i OF DE HAY BE CHOOSEN
FROR A'T ”Lé IN THIS TABLE ALL POSS!BLE POLYNOMIALS
HAVE BEEN FQCTWlZED IN -IRREDUCIBLE POLYNOMIALS IN ORDER
TO HELP THE USER TO COMSTRUCT A NON-CATASTROPHIC CODE.

THE DATASEQUENCE X(K), K=*1,XL OF LENGTH XL, AT THE
INPUT BMAY BE CHMOOSEN FREELY UITH THE RESRICTION

ENCODER
THAT XL > 1 AND THAT SURM NUXL=NU+XL < 16 .

THE NOISE-SEQUENCEPAIR NOISE(N,K), Ne=1,2 AND Ke1,XL ,
MAY ALSO BE CHOOSEN FREELY.

hf FIRST ALL THE ESSENTIAL DﬂTA REQUIRED FOR THE DECO-
NG PROCEDURE, IS PRINTED O

- THE POLYNOMIALS D(N,K), Ne1,2 AND K=1,MU+1, OF DEGREE
NUOU UNICH SATISEY c(1,K)8bc1,K) ¢ Cl2,K)%D(2,K) ¢ 1.

- THE CODES 3ASE STATE SB(K), Kei,NU.

- THE SPECIFIC ZNUL.

~ THE CONSTRUCTION OF THE CHANNEL-SEGUENCES Y(N,K), Nei,2
AD K=1,MUXL AT THE DECODER SIDE.

- m QUTPUTSEQUENCE Z(K), Kei,NUXL OF THE W(ALPHA)~

- 'm: STATE-TABLE WITH THE 2%XNU STATES, THE FOUR STATE-
TRANSITIONS AND THE FOUR SYNDRORE-OUTPUTS Z FOR THE
TRANSITIONS 00,01,11 AND 10 RESPECTIVELY.
PARENT-STATE RATRIX WITH THE 23XNU STATES, m:
FOUR mm-smt:s. THE FOUR SYNDROME~OUTPUTS 2 AN

THE EWERED STQTES UE HAUE THE FOUR PARENT-
STQTES FOR THE TRANSITIONS 90,00,11 QND !1
ODD-MJHDERDED STATES UE HAUE THE F
1’£ OR THE TRANSITIONS 91,081,109 “ND 10 RESPEC-

1,1
- Tlﬁ VITRICW\ LUE TREEMETRIC(I), 1s1,202NU AT DEPTH NU.
- THE STEADY-STATE-METRICCONBINATION SSMC(I)>, I=1,28INU,

;ﬂs 3757
5

HEREAFTER THE COMPLETE TRELLIS-DECODING PROCEDURE IS
SHOWN, STARTING WITH THE STEADY-STATE-METRIC-
COMBINATION AND THE SYNDRORESEQUENCE Z(K).

EACH TINME X A COMPLETE SECTION OF THE TRELLIS IS SHOUN.
IN EACH SECTION FOR EACH STARTE I, THE FOLLOUING DATA
ARE INDICATED:

~ THE NEU HE"!CUOLLE PRINTED IN THE SPECIFIC NODE.
=~ THE SPECIFIC NODE (STATE), CONMECTED WITH ITS SURUI-
00& BY A SOLID BRANCH FOR A PATHREGISTERBIT @, AND
DASHED BRANCH FOR A MMEGXSTERDIT
- THE ePECXFIC TRANSITION (09,901,131 OR 18), PLﬁCED AT
THE LEFT SIDE OF THE NODE.

EﬂCH SECTION IN THE TRELLIS CAN BE GENERATED BY THE
USER BY A CARRIAGE RETURN.

AT THE END, THE DECODED PATH IN THE TRPELLIS IS SHOUN
BY MEANS OF @ DOUBLING OF THE SEPERATE BRANCKES

IN CONCLUSION THE ESTIMATED DATASEQUENCE XESTIM(K),
K1 XL. IS EVALUARTED.

FOR THAT PURFOSE THE FOLLOWING OUTCOMES ARE PRINTED
QUT BENEATH THE TRELLISS

NESTIM(1,K), K'l,NJXl

NESTIM(2,K), Kef, NUX

YESTIM(K) = NESTIM(Y, K xnu,m + NESTIH(G K)xDp2,K)
SOMYD(K) o Y(1,K)SD(4,K) ¢ Y(2, K)w(a.

XESTIM(K) = SOMYD(K) + VESTIMX

e ER e3P0t PRb 03007090003t otdotecbrottidttitecsitefdifsd]

BY GIVING A CARRIAGE RETURM THE TABLE OFf FACTORIZED
POLYNOMIALS IS PRINTED.

Fig. 42a. Introductory text.




C CALCULATE THE PRUDUCTS N1 Qa(lah)*C(ZaK) AND NRISE(2,H)*CC1,K)
C 9F LENGTH NUXL.
CALL PRODCT(XL,NUL,NBISE,1,Cr2,NIC2
CALL PRODCT(XL,NUI,NGISE,2,Cs 1.N2C1)
C LOgP 9: THE MAD-2 SWM UF THE PRADUCTS ABWVE FOR1 THE SYNDRAMLSUT-
C PUTSEQUENCE Z(K)JK"]:NLD(L
DO 9 K=1,NUXL '
9 Z(K)=XURIN1C2(K),N2C1(K))
C LOGP 10: MAKE A TWU-DIMENSIONAL ARRAY JUT OF THE ONE-DIMENSIJNAL
C ARRAY X(K), IN @RDER T@ SATISFY THE FORMAT JF THE SUBROUTINE
C PRODCT. )
10 K=1,XL
10 X1C1L,KY=X(K)
C CALCULATE THE QUTPUTSEQUENCES X(K)*C(1,K) AND X(K)*C(2,K)> @F THE
C ENCULER.
Call. PRODCT(XL,NUL,X1,1,Cs 1.XC1)
CALL PRODCT(XL,NUL,X1,1,Cs2,XC2) :
C LeegP 11: MAKE THE LAST WU BITS @F THE N2l SE~-SEQUENCES EQUAL ZZRdJ.
Do Il I=1,2
D@ 11 K=XL1,NUXL
1l N@ISECI,K)=D
C LBOP 1S: CALCULATE THE RECEIVED LINE-~SEQUENCES Y(1,K)=X(K)*C(1,K)
C + NOISECI,K) AND Y(2,K)=X(K)*xC(2,K) + NBISE(2,K) OF LENGTH \JUXL
Dg 15 I=1,2 ‘
D@ 15 K=1,NUXL
Y(1,K)=XBR(XCICK) L NBISEC1,K))
15 Y(2,K) =XBR(XC2(K)>NBI SE(2,K))
C EVALUATE THE POLYN@MIALS D(WN.K).N=1,2 ©UF DBEGREE L'IU.
CALL DPULYN(C1,NU, CoMU, D)
CAaLL DP@LYN(Q:NU:CJMLL D)
MUl =MU+1 )
NUMUXL=NU+MUH+XL
C CALCULATE THE PRODUCTS Y(IJK)*D( l:!() AND Y(Z)K)*D(ZJK) dF
C LENGTH NUMUDL.
CALL PRODCT(NUXL.MUI,Y,1,D, 1,Y1D1)
CaLL PRODCT(NUXL,MUL,Y, 2, D 2,Y2D2)
C LOO¥P 16: CALCULATE THEIR SWM M@D"Q.
D@ 16 K=1,NUWMUKL
16 S@TYD(K)=XBRCY 1 D1 (K)»Y2D2(K) )
C CALCULATE THE BASE-STATE SB(K)JK-I)NU.
CaLlL. BSTATE(C,NU, SB) '
C CALCULATE THE SPECIFIC QUTPUTVALUE ZNU. OF THE TRANSITIZSN @F STATE
C S(B/2) TOWARDS THE ZER@ STATE SC0) WITH INPUTBITS llo
ZINWL=0
D8 20 K=2,NU
20 ZNUL=ZNUL+C( 1, K)*SB(K~1)
C IF ZNUL IS EVEN THEN ZNUL=0 ELSE mu..=l.
A IF (ZNU..-EQ. (CZNUL/2)%2)) GYTY 25
ZNWL=]
G@Td 30
25 ZNUL=0
30 CEaNTINUE
C EVALUATE THE STATE-MATRIX SCI,J),1=1, TWENU AND J=1,NU. (IN FORTRAN
C A ZERD INDEX IN AN ARRAY IS NPT ALLOWED, HENCE S(IJJ)JI loJ=l:NU
C HELDS THE ZERG® STATE 00000.--0 OF LENGTH NU).
CALL STATMX(NU, S)



CALCULATE THE PRSLUCTS Ngl L(l; KYxCC(2,K) AND WolSZIC2,*CCL1,:0)
OF LENGTH NUXL.
CALL PRUDCT(XL,NUL,WUISE, 1,C,2,N1C2>
CALL PRUDCT(XL,NU1,NCISE,2,C,1,52C1)
LoeP 9: THE M@D-2 SUi OF THZ PRUDUCTS ABJVE FéRi THE SYNDRAMESUT-
PUTSEQUENCE Z(:Ou\—lu\,UXL
D& 9 K=1,Uxl.
ZCKI=XORIN1C2(K)»N2C1CK))
LOYP 10: MHAKE A TWO-DILHEISIYNAL ARTAY OUT ¢F THE J5E-DLIENST wilAL
ARRAY X(K), IN URDER T¢ SATISFY THE FORIAT UF THE SUBRAUTINE
PRUDCT.
D 10 K=1,1L
10 K11 )=X(A)
C CALCULATE THE wUTPUTSEQUENCES X(HI*C(1,K) AND XC(K)*C(2,K) <F THL
C ZENCWDER.
CALL PRODCT(KLoNUL»X1,1,Cs 1o XCL)
CALL PIDCT(XL,0UlsX1s 12 Co 25 XCQ)
C LeiP 11: HAKE THE LAST NU BITS ¢F THEZ WNoISE-SEQUENCES ZQUAL ZZ7c.
D¢ 11 I=1,2
Db 11 K=XL1,NUXL
i1 NRISEC(1,K)=0
C LuwP 15: CALCULATE THE RECEIVED LInNzZ-SEQUENCES Y(1,:0=X(L)%C(1s:0)
C + NUISECLI,K) AVD Y(2,K)=XK(KIHXC(Z2,K) + WwlISE(2n) JF LEVGETH NUXLe
Db 15 I=1.2
D¢ 15 K=1,NUXL
Y1 X)=X0R(XCI(K) » JuISECLLK))
13+ Y(2,K)=XUR(KC2(L) »WNGI Se(2,K) )
C ZVALUATE THZ PoLYanwinlALS DN, X)) ,d=1,2 4F DIGREL . 1U.
CALL DPBOLYNC1,ivil Coidlls L)
CALL DPeLYW( 2,30, Calils I
MUL=MR]
VI UKL= UH - U XL
C CALCWATZE THE PRUDUCTS Y(1,R):=LC1,3) fuwl Y(2,8%D(2,K) oF
C LENGTH NUMUKXL.
CALL PRADCT(NIL,4iUlsoYolo Lo loY 1)
CALL, PRBLCTGIURL, UL, Y2, 0o 2,Y2L2)
C Lk? 16: CALCULATZ ThIIR SUi i 2.
Dd 16 K=1..4Uel
16 SUtYDCKI =XER(Y DI, YD)
C CALCULATE THE BAGSE-STATE SHG0Dil=1,1U.
CALL BSTATZ(C,NU, SI3

aQ

aQ

QOO0

C CALCULATE THE SPECIFIC ¢UTPUTVALUL Z.alL JF THZ TRANSITIYN JF STATE
C 53(B/2) TOWARDS THL ZZ™ STATZ SC0) ITh InPUTSITS 11
ZNUL=C

D¢ 20 K=2,NU
20 ZinUL=ZNUL+C( 1, ) * 53(K-1)
C Ir ZwUL IS Vhv THIEN ZaUL=0 ELSE ZiUl=1l.
IF (ZWULWEQe ((ZJIUL/2)%2)) GYTY 22 ’
Zll=1
GuTY 30
25 ZUL=0
30 CONTINUE
C EVALUATE THE STATE-MATRIX S(1,Jd), 1=l TWdiU AvD Jd=tsnle (1 FURTHRAN
C A ZERV 1WDEX Iiv & ARPAY 1S wieT ALLGWED, RGWCE S(isJddsl=lid=lonU
C HelLS THE ZERWw STATE O000004..0 «F LEvaThH wilde
Chil. STATIIX(NU, S :
C EVALUATE THE WUTPUTVALUES ZaUnCICI) Al WNULZICL) »i=lo TVwiL Ze
CALL ZWNULCAUL 8L Co Dy So ZHNIL 2L, WL 21)
C CuvSTRUCT THE TRANSITION TASLZ.
Call, TRATILGIUUs s S8, So ZLUL21, \JU”L.ZI) ™
C EVALUATE THE FoUR PARINT STATAS ©F Z4CH STATE SCI) WITH THELFR
C PARTICULAR TR&VSITIONS AWD wUTPUTVALULS Z(K) AND W(X).
CALL PSTUXCAUspdUs ZW UL, S8, Zewlin 21, WlUL2L 5 s S» TRANIX)




- 8 -

C CALCULATE TAo JETHIC~ 7w iilns 07 THl
C STAPTING WITE .i(1)=0.
Cald, TR2iCGUs S8y TTw i)
C GIVE THIS HETRICCHLRINATLAN THE il TRiCe
DJ 45 I=1, THiGIU ’
45 TRICCII=ICTD
€ CALCULATE THE STEADY STATE MeETRIC CAHBEINATIVH SSCCId,I=1, TWAL .

CALL SSHCOMBC(NUS ZNUL, TRANID 11 SSIC)

CALCULATE EACH TIMZ K: THE NEW METRICCUS-SINATIEN TCAhiRCL, K,
THE SURVIVWRS SURV(I»X), THEIR TRANSITIYINS TRANS(I.:) AVD THZ
CURRESPANDING WUTPUTVALUES FuR W(K) [.J PATHRG(ILK) .

CALL. DECODCiIU, XL, ZNUL, Z» SSICs TRANNX, (I TCANB, TRANS, SURV, PATHFG)
EVALUATE THE DECODED PATH Lid TERHS JF THE NEW STATZ(X), THZ
TRANSITIE T¢ THAT STATE, WESTIMC1,K) ZWESTI(2,K) AND THE
CORRESPAIDING YUTPUTVALUE WESTIMCK) .

CALL DCPATHC(INU, XL, MTCw i3, PATHRG, SURV, TRANS, STATE, BITS,

1 NESTIMLWESTIMY
C LudP 90: LEVALUATE TEE ESTIMATED DATASZQUINCE.
D& 90 K=1,HNXL '
90 XESTIMCKI=XGRCSATY D) s WESTLACK) )
C LwdP 95: AS THE SURVIVIRS ARE THL DECLMAL VALUE 9F THE BINATY
C REPRESENTATIA WF THL STATE., VE MUST SUBTRACT THZ VALUZ dNE.
Dd 95 K=1,NUXLIL
D@ 95 1=1, TWBNU

STATES (1) AT DT Gl

i Jal

aaa

QO

5 SURV(I,K)=SURV(I,K)-1
ket MR R AR Aok A A Al kA A AR AR A K 3 AR A AR o A A Ak 3 A6 oK o A o K o K o A K K
YUTPUT PRUGRA
THE CrlPLETE DzZCWDINGPROCEDURE IS PRINTED 4UT.
THE COMPLETE TRELLIS UP TU TIME K=NUXL 1S GIVEN.IN THE FOR
¢r COLUMNS AT EACH TIME X, THAT CUNTAIN THE CZTRICCAIBINATION
VUTCUMBCI,K)» THE SURVIVYRS SURV(1,XK), THE QUTPUTS W IN
PATHRG(1,:{) AND THE TRANSITIUNG TRANSC(Is K.
THE SPECIFIC DECYDED PATH 1S IWDICATED WITH AT EACH TIME X
THE QUTPUTS Z(K) AND WESTII(K), THE NEW STATE TIME K+] AND
THE TRAVSITIAVS Tw THAT NEW STATE.
AT LAST THE ESTIMATED DATASEQUENCLE XESTIM(K) 13 CRIPARED
WITH THZ JRIGINAL DATASZOUZNCLE X(X).
SR oA K ok o 3 o o R ARl 3¢ AR A 3K AR R K KRR AR K SJ R ok R A K oK AR K kR sk ok

aoooacaoaaaaoOaoaooaQQ o

WRITEC1,102) (DC1,K)»K=1,i1U1)
102 FORMATC D(1,K)= '611)

WRITEC1, 1033 (D(2,K),K=1,MUl)
103 FURIATC' D(2,K)= '"611) )

WRITEC15104) (SBGOn=1.0W
104  FORMAT('SBCK) = 'oll)

WRITEC15 105) ZwWUL
105  FUORMATC'ZNUL = 'I1/)

WRITEC15,106) (XCICK),K=1,H4UXL)
106 FORMAT(/'XCICKI) ' Tlls"= *2011)

WRITE(1,107) (WOISECISKI K=1,0UXL)
107 FORMAT('WUISEC1,K)= '2011>

I'YCLKYLTIL ™= '20I1/) ' B
MRITEC15109)" {XC2(i{),K=1,NUAL)

109  FORMAT(/'XC2(K)'» Til.'= "2011)
WRITEC1,T10) (NBISE(2,K) K=1,ND@W)

110 FURMAT('WOISE(2,K)= *'20I1)
WRITECLS 111) (YC2.K)5K=1,NUXL)

111 FORIAT("=-===n==- s LD L L L Ll +'/
1I'YC2,K0 Y/ TIL, "= "20117) T




112

113

114

115

116

117

118

120
130

131

135
140

141

142

143

C LikeP 150

WRITE(1, 112) (N1TS GO, K= 1, 3 UKL)
FORAAT(/'NIC2(K) 'S T, '= "201 1D
WRITECL, 113 Gi2C1 (KD, K=1,NUAL)
FORMATC 201 GD ' T, "= *2011)
WRITECL, 114) (ZTK)»£=T,NDKL)

ORITET1, 1153 (PIDICKD »i= 1, WUIUXL)
FORMAT(/'YIDICK) "» T11, '= *2511)

WRITECL, 116) (Y2D2(K),R=1,WUiLXL)
FeRMATOY2D2CK) 5> Ti, "= *2511)
WRITEC1,117) (SATYI(KSI» K31, JUXLD

FORIAT(  —~~——==mmmre—mrcccmccrmcm e e e +'/
1*SARIYD(K) ', T, Y= *2011) o
TRITECL, 118) T
FORMAT(/ ' STATE-TABLE: ' /)

D3 120 I=1,TWaNY -

WRITECL, 130) (TT(1,J3,J=1,13)

FORMATC(I3, "= 413, 1%, 4135 1X0 41 3)

WRITECL, 13107 ' ‘
FURMAT(/'"PARINT-STATE MATRIX: '/)

Dé 135 I=1, TWaGIU )

WRITECL, 1402 TTCI, 1), (TRANIIX(1,J2,J=1,9)
FERPUATC(IZ, "= "5 413, 1X, 413, 3K,1 1D

WRITZC1, 141 "(TRIC(LY » I=1, TGWU)
FORMATC/ ' TREBIETRICCLY= '64l1)

WRITEC 1, 142) (SSICCD),s 1=, TWAWW)

FeRAATO SSH0CDD = 'e4l D)

WRITECL, 143)

FuRMAT(/ ' DECyDLNG SChinegs ')

U wF THE DECDING SCHIME, THE ARDAY UZCoUT IS LWTRYLUCED.

150

Dw 150 I=1,TWanNU

DECYUT(L, 12=4TClisB(1, 1)

Db 150 X=1.0UxXwL

DECOUT( 1, 4xK=2)=MTCRMB(L1sK+1)
DECQUT( 1, 4xK~1>=SURVCI,K+ 1)
DECQUT(1, kK )=PATHRG(I,K+1)
DECQUT( 1, 4xK+1)=TRANSCI, K+ 1)
CONTINUE

O THE WWIBER ¢oF CoLUadS (SECTIwwS) ZSUALE wWXed.

151
152

157

158

160

161

JIAX= N UXL =3

De 151 I=1,Twonl

WRITECL, 152) (DECOUT(I,J)su=1sduiX)
FORMAT(L 1, 4%, 39¢212,211))

WRITEC1, 156) (ZCK),K=1,WUL)
FORMATC/ * DECRDED PATH: *//"ZG0 =_'qu 1315
WRITEC1, 157) (WESTIIC(KI»K=1, vUXL)
FURMATC/ "WESTIVCRD ='14,1915)
YWRITEC 1, 158) (STATE(S)JK=1,NUXL1)
FORMAT(/ " STATEGK) =7,20012, ===
WRITEC 1, I60) (NESTIHC15K) ,i=1,NULS
FERMATC/ *WESTIMC1,K) ="14,1919)
URITEC1, 161) (LESTIMC25K) K= 1,03UL)

- FoRMAT( 'NESTIM(2,K) ='14,1915)

Liv ©DER T¢ rACILITATE THE CdwSTRUCTION ¢oF THE LAYJUT
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WRITEC1,162) C(SBTYDCHD » K=1,00UKL)

162 FORMATC /* SUMYDCK) = "20ID)
WRITECL, 164 (WESTIMCK) Sx=1,0UXL)
164 FORMAT( *WESTIN(X) = '2011)
WRITEC(1,166) (XESTIMNCKT »1i=1,NUXL)
166 FOPMAT('=m~m e cem e m e +/
PPXESTIAUGO - = 201D
WRITECL, 168) (XU .n=1,K)
16€ FRORMATC/, ' XD = '2011)
CALL EXIT B
END
C EIND OF UUTPUT PRIGPAL
C Aok K A S KA AR KA AR AR A AR AR AR Kok K AR K o oK O ok o K Nk

BOTTu
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/ MAIIIPRO J

INTEGER XL, XLI,XLK,ZNUL,TWONU,TWONU1,X1(15),C(2,7),D(2,6),X(15),NOISE(2,15),
z(21),Y(2,15),N2C1(21),N1C2(21),YIDI(21),¥Y2D2(21),XC1 (21),XC2(21),SB(6),
S(64,6) ,ZNUL2I(64) ,WNUL2I(64),TT (64,13), TRANMX(64,9),M(64),TRMC (64),
SSMC(64) ,MTCOMB (64 ,15) ,SURV(64,15) ,PATHRG(64,15) , TRANS (64,15) ,BITS(15),
STATE(15) ,WESTIM(15) ,NESTIM(2,15),SOMYD(15) ,XESTIM(15),DECOUT (64,50)

/READ NO,NU

NU1=NU+1]
NU2=NU+2
NUMINI=NU-1
TWONU=2#»NU
TWONU 1 =2#x (NU-1)

:

READ C(1,K), K=1,NUl
c(2,K), K=1,NUl
XL

XL1=XL+1
NUXL=NU+XL
NUXL 1 =NUXL+1

READ X(K), Kel, XL
NOISE(!1,K), K=1,XL
NOISE(2,K), K=1,XL

CALL PRODCT (XL,NUI,NOISE,1,C,2,N1C2)
CALL PRODCT(XL,NU1,NOISE,2,C,!,N2Cl)

9: K=1,NUXL

Z (K)=XOR(N1C2(K),N2C1 (K))
10: K=1,XL

X1{1,K)=X(K)

CALL PRODCT(XL,NU1,X!,1,C,1,XCl1)
CALL PRODCT (XL,NUI,X!,1,C,2,XC2)

11: I=1,2
K=XL1,NUXL
NOISE(I,K)=0

15: I=1,2

K=1,NUXL
Y (1,K)=XOR(XC! (K) ,NOISE(1,K))
Y(2,K)=XOR(XC2(K) ,NOISE(2,K))

y
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TA
CALL DPOLYN(1,NU,C,MU,D)
CALL DPOLYN(2,NU,C,MU,D)

MU1=MU+1
NUMUXL=NU+MU+XL

CALL PRODCT (NUXL,MU!,Y,1,D,1,YID})
CALL PRODCT(NUXL,MU!,Y,2,D,2,Y2D2)

16: K=1,NUMUXL
SOMYD (K)=XOR(Y1D1 (K),¥Y2D2(K))

CALL BSTATE(C,NU,SB)

IZN6L=0

y

20: K=2,NU
ZNUL=ZNUL+C (1 ,K)*SB(K-1)

YES (" NUL=(ZNUL/2)w2 7 )0

ZNUL=0 ZNUL

1

CALL STATMX(NU,S)

CALL ZWNUL(NU,MU,C,D,S,ZNUL2I,WNUL2I)

CALL PSTMX(NU,MU,ZNUL,SB,ZNUL2I,WNUL2I.D.S.TRANMX)

!

CALL TRATBL(NU,MU,D,SB,S,ZNUL2I,WNUL2I,TT)

|

CALL TREEMC(NU,SB,TT,M)

45: I=1,TWONU
TRMC (I)=M(I)

T —

B
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B

J

| CALL SSMCMB (NU, ZNUL, TRANMX , M, SSMC)

:

CALL DECOD(NU,XL,ZNUL,Z,SSMC, TRANMX ,MTCOMB, TRANS , SURV, PATHRG)

1

CALL DCPATH (NU, XL ,MTCOMB,PATHRG, SURV, TRANS,, STATE , BITS ,NESTIM, WESTIM)

90: K=1,NUXL
XESTIM(K)=XOR (SOMYD(K) ,WESTIM(K))

95: K=1,NUXL!
I=1,TWONU
SURV(I,K)=SURV(I,K)-1

END
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SUBROUTINE PROLCT

THE PRODUCT OF TW¢ BINARY PULYNA-IALS ACIA,rid, L1A=1,2 AND
BC(1E,N), IB=1,2 ¢F DEGREE M AND N (M AVD N NJT EQUAL @NE),

1S CALCULATED AND ENTERED IN THE ARRAY PROD(K),K=1,M#N-1.
AC(lA,M) HAS THE CUEFFICIENT CORRESPONDING T@ THE HIGHEST DEGREE
AT THE LAST POSITI@N.

B(IB,N) HAS THE COEFFICIENT CORRESPONDING T¢ THE HIGHEST DEGREE
AT THE FIRST POSITI&N (BC(IB, 1)=1).

THE DEGREE QF ACM) CORRESPUNDS T¢ THE TOTAL LENGTH OF THE SERIES
OF CUEFFICIENTS, EVEN IF A WwUMBER OF FIRST COEFFICLENTS 1S ZERO.
(1) INTRODUCTIWN » PP(1-3)

A N AR 20 RN oo 2 o A 00 K 200 K 20 34 2 0 4 2 24 2o o b 2 o o e 2 o Rl R o o ook

SUBROUTINE PRODCT(M,NsAs IAs B, 1B, PROD)

C IA AND IB ARE INTEGER ROW-NUMBERS: [A=1,2 AND IB=1,2.

INTEGER A(2,15),B¢2,7),PRID(21),NPROIX 21)

C LUYP 203 SINCE B(IB,!) 1S ALWAYS EQUAL T@ @NE, WE WILL FIRST
C MAKE THE PRODUCT EQUAL TY PILYNGIIAL ACIALK),K=l.M.

0

DG 20 K=i,M
PRED(K)=ACLALK)
MIN [ =MeN-

C START NUMBER OF INTERMEDIATE ZERW'S: NRZ=}].

50

NRZ=]

C L8P 601 THE SUCCESSIVE SHIFTS AND M¥WD~2 ADDITISNS ARE CARRIED @UT.

D 60 i=2,N

C IF B(IB,1)=0 GBTL S55.

IF (B(IB,1)+EQ.0) G@TY SS

C LegP S1: IF B(IB,1)=] WE TAKE VVER THE FIRST NRZ P4SITIUNS oF
C A(IALK) IN THE NEW PRODUCT.

51

D@ S1 Kwl,NRZ
NPROD(KISACT AL K)
KBEGIN=NRZ+ 1

C LoOP 523 ADD MBD-2 THE WVLERLAPPING PARTS ¢F THE YLD PRUDUCT AND
C A(lAK).

52

D& 52 K=KBEGIN,M

KN=K-NRZ

NPROD(K) =XORCA(1A, K) » PROD(KN) )
KBEGIN=M¢t |

KEND= Mt1-1

C LGOP S3: TAKE YVER THE TAlil. OF THE ¢LD PRODAKCT.

53

D@ 53 K=KBEGIN,KEND
KNsK~-NRZ
NPREDCK) =PRODCKIN

C iLWUP 543 THE €LD PRUDUCT BLC@ES THE NEW PRODUCT.

54

DV 54 K=1,hEND
PRED(K) =NPRID(K)




C INITIAL VALUE NRZ=1 AVD PRwCEED.
NRZ=1}
woTe 60
C IF THE LAST BIT B(15,N)=0 GYTY 56 FuR SPECIAL CASLS.
35 IF ((1eEQeiV) o AND. (B(IBsN).EQ.Q0)) GUTE 56
C IF B(lB,1)=0 AND 1 1S NUT EQUAL TO N, INCREASE NRZ WITH @NE AND
C PROCEED.
NRZ=NRZ+ ]
GYTY 60
56 CBNTINUE '
C LewP57: MAKE THE FIRST NRZ BITS WF THE NEW PRIDUCT EQUAL ZERJ.
Dd 57 K=1,NRZ
S7 NPREDCK) =0
NRZ |=NRZ+ 1
C LogP 58: SHIFT THE WLD PRYODUCT NRZ PLACES.
Do S8 K=NRZ],IMN1
KN=K~-NRZ
58 NPRODCK) =PRODCKIN)
C LoerP 59: THE JLD PRYDUCT BECUIES THE NEW PRODUCT.
59 PRAD(K) =NPROD(K)
60 CANTINUE

RETURN

END
c END OF PRUDCT
C 2402 2 40 o o o 2 AR oK A AR R 2R R AR o ol Ao i R A 2o R K AOK o e Rk Rk ok ok
C SUBROUTINE DPOLYNW
C GIVEN NU AND THE POLYN@MIALS C(NsK)s N=1,2, K=l,NW1., ©OF DE-
C GREE NU, THE PULYNZMIALS IXN,K), N=1,2, K=l,MUrl, OF MINIMUM
C DEGREE MU, WHICH SATISFY CC1IDCL) + CC2)DC2) = 1, ARE
c CUNSTRUCTED.
C THE COEFFICIENT @F HIGHEST DEGREE 1S BOTH FUR THE PALYN@-
C MIALS CIN,K) AND D(N,K) LICATED AT THE LEFTiUST PYUSITIEN.
C N=] ====- 10/Q ¥1,9)
C N=2 ====- D(2:K)
c (1) INTRODUCTION, PP(2)
C 20290 20 R 0 2 R A A AR A 3R S 3 5 0K AR A 3 2 0K AR 3 A0 2 X K A 0 R R 20 R 2R o a3 R KoK K
C
C

SUBROUTINE DPULYNC(N,NU, CoMU, D)

INTEGER P, SIGN, SUM(2),A(8),.B(8),C(2, 7)), D(2,6)

NUl=NU+1

NU2=NU+2

NUMINI=NU-1

NMIN2=U-2
C LiwP S: CALCULATIUN IS CARRIED 6OUT WITH HELP ¢F THE REGISTERS
C A(K)» K=1,NU2 AND B(K), K=1,NU2. WE START WITH A(K)=C(1,K), K=l,NUl
C AND BU)=C(2,K), K=1,NUl.

DY S K=1,NUI

ACKI=C(1,K)
5 B(K)=C(2,K)
C IF VE WVANT TV CALCULATE POLYN@GMIAL D(1.K> GOING WITH C(l,4), THE
C VALUE OF THE PARAMTER P(-1) (SEE BERLEXKAMP, CODING THEYRY, PP(36-44))
C SHOULD BE EQUAL TV ZERY AND 1F WE WANT T@ CALCULATE D(2,K) GUING
C WITH C(2,K) THIS VALUE SHRULD BE EQUAL T¢ AVE.

PaN-1
C THE VALUE YF THE PARAMETER P 1S PLACED AFTER A(K) AND THE C@MPLE-
C MENT OF THIS VALUE AFTER B(iD.

AWU2)=P
 B(NU)=1-P
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C THE TWY C&MA'S Kdidis AND ndviMB, WECESSARY FUR THE SHIFTING JPE-
C RATI@N ARE PLACED AT THE LAST BUT &JE POSITIdv.

KoMMA=NU1

KiMB=nNU1
C THE STARTING VALUE ¥F THE UPERATING VARIABLE SIGN IS SET T¢
C O CEVEN), IF W=1] AND SET T¢ ! (&DD)» IF N=2.

SIGN=P
C 1F A NIMBER PF FIRST BITS IN A(K) EQUALS ZERY THEN ACK) MUST BE
C SHIFTED THE LEFT WNTIL THE FIRST BIT EQUAL T @NE IS ENCOUNTERED.
C THE CoMMA {UST BE SHIFTED AV EQUAL NUMBER @F PLACES.
C THE LAST PRSITIANS IiN ACK) #UST BE FILLED UP WITH ZER¢'S.
10 1IF CAC1).EQ.1) GWTY 20 '

KOMMA=KAMMA- |
C IF THE CAMA HAS REACHED THE FIRST PSITIAN THEN WE ARE READY
C AND THE PULYN@MIAL ACK) AFTER THE CAMMA K&MA 1S THE DESIRED PULY-
C NemIAL D(N»K)> WITH THE CMEFFICIENT OF LOWEST DEGREE O AT THE LEFT-
C ST PUSITIUNN.
IF (K&DMAEQ.0) GOTO 45
DY 15 1=1,4Ul
1S ACD=ACI+1)
ACNUR)=0
GRT3 10
C IF A NUMBER ¢F FIRST BITS IN B(X) EQUALS ZERM THEV B(K) UST BE
C SHIFTED T¢ THE LEFT IN THE SAME wANNER AS ACK).
20 IF (BC1).EQ.1) GJTO 30
KoMB=KaMB- |
C IF THE CWiMA HAS PEACHED THE FIRST PJSITION THEN WE ARE READY
C AND THE PULYNGIAL B(K) AFTER THE CAMMA K4&WNB 1S THE DESIRED
C PULYWG@MIAL D(N,K) WITH THE CMEFFLCIENT oF LWWEST DEGREE O AT
C THE LEFTMOST PoSITIAV.
IF (KA4B.EQ.0) G¥To 50
Do 25 I=1,NUI
25  BCDI=B(I+1)
BGIU2)=0
GUTY 20
THE VALUE ¢F THE VARIABLE SIGN 1S DETERMINED BY THE PLACES oF
THE TWO CAMIA®S K&MMA AND KAiMB.
IF ((KOMMA. EQeK@TMB) « AND. (SI1G+EQ.0)) GOTY 35
IF (C(KrB1A. EQe KOMMB) « ANDs ( SIGN.EQ. 1)) G&TY 31
IF (KU®MAGT.KAEIB) GTo 35
IF (K@iA.LT-Kadis) GdTo 31
C LABEL 31-33: YPERATIUN FZR SIGN=1.
31 SIGN=1
C Lb6P 32t ADD THE CANTENTS WF REGISTER ACK) FRérl THE FIRST P@-
C SITIAN UP T AVD INCLUDING THE PUSITIAV K@T1A, 110D-2 T@ THE
C CANTBWNTS OF REGISTER B(K) IN THE SANE RANGE.
D8 32 K=l,K&A
32 BCK)=XURCACK)»B(K))
C LOUP 33t ADD THE CUNTENTS UF REGISTER B(K) FROM PUSITION Kakis+l
C UP Té AVD INCLUDING THE LAST POSITI4N, MOD~2 T¢ THE CONTENTS uF
C REGISTER A(K) IN THE SAME RANGE.
KBl =K&MB+ |
DO 33 K=K@DIB1,NU2
33 AGK=XURCACKI,BCK))
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C AFTER THIS WPERATIUN WE UST FIRST CHECK UP wi THE .iUMBER JF
C FIRST ZER¢'S.
GeTw 10
C LaB=L 35-37: YPLRATIUN FUR SIG=0.
35 SIGN=0
C LGP 363 ADD THE CoNTENTS UF RLulSTER B(K) FRuis THE FIPST Po-
C SITIAN UP T¢ AND INCLUDLIG THE PuSITIUN KéiiBs, vidD=2 TY THE
C CGNTBENTS ©F REGISTER A(K) IN THE SANME RANGE.
DY 36 K=1,KaMb
36 ACK) =XURCACK) » B(K) )
C LiwP 37: ADL THE CENTENTS WF REGISTER ACK) FRUM POSITION RKdriiAr]
C UP T¢ AND IWNCLUDING THE LAST PuSITIUN, vivwD-2 To THE CYNTENTS OF
C REGISTER B(K) 1IN THE SANE RAVGE.
KA L =Ryt A+ ]
D 37 K=ndbwihls NU2
37 BUR) =XERCACK) » 3¢n))
C AFTER THIS YPERATIUN WZ 1WUST FIRST CHECK UP 4w THE SUMBER 4F
C FIRST ZiRu'S.
G6TL 10
C LikP 46: 1N URCER Ty HAVL THE CobFFICLENT ¢F HIGHEST DEGREE AT
C THE LEFTMUST P@SITIdN, THE PYLY.eulal A(K) AFTER THE Cavuls nevia
C wUST BE RLEVERSEDs '
45 Db 46 K=1,U
NU2H=U2-]
45 DN, KD =AW U2KK)
uwTé 52
C LwkP S51: IN ¢RLER Tu HAVE THh CeZFFICIENT WF HIGHZST DEGREE AT
C THE LEFTMUST P¥SITlin, THE PoULYwwilal B(HY AFTER THE Cal.A fdlib
C [UST BE RLVERSEL.
50 Do 51 K=1,0U
WUSK=NU2=-K
51 DCWs K =B (NU20)
52 CUNTINUE
C LuwP 54: Iiv wRDER T¢ DETER4IWE THE DEGREE iU WF THE PeLYw@ilAL
C DWNoK)» WE MUST FIRST CALCULATE THE NUMBER wF FIRST ZERJ'S.
C AS THE iAXIiUd VALUE ¢F DEGREE iU IS EQUAL Ty ~JWilnl, THE INITIAL
C VALUE ¢F MU 1S LEQUAL Te WInie
MU=NWMIN ]
DO 54 K=1,NU1IN2
IF (DCNsi) e EQe 1) GOTU 55
54 MU=FIU= 1
C LbkwP 56t THE FIRST ZERY'S ARE D:ELZTED AND THE PuLYndt001AL DCN,K)
C BEC@MES THE TAIL UF THE PYULYNu.iIAL CALCULATED BEFEEE.
55 MUl=MU+ 1
D¢ 56 K=1,0Ul

NMK=NU-MUL+K

56 DC» K) = DN, 89K
RETURN
D

C END 6F DPYLYN
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c AR R AR AR AR I A 6 2 A K A K K AR KA A A o Ao A K o oK o o oo
C SUBRYUTINE BSTATE
C THE BINARY REPRESENTATI@N ¢F THE CUDES BASE-STATE 1S ENTERED
C Iy THE ARRAY SB(1), I=]1,NU.
C (2) STATE TABLZ, PP(4,95)
c HCARARH A AR A A A A A A K A 3K AR K KR S AR A H o AR o AR AR K A A R K o
C
C
C
(04
SUBRUWUTINE BSTATECC,NU, Si3)
INTEGER SWM,SB(6),C€(2,7)
C THE LAST SHIFT UF THE BASE STATE IN THE SYNDROME-FURMER HOLLS:
C C(2 1D+CCL, 1)%SB(NUY=0. SINCE CCl,1)=C(2,1)=1, WE HAVE
C SBINU==C(2,1).

SB(NUY==-C(2, 1)
NWMINI=NU-1
LYdP 15: WE SHIFT THE BASE STATE FROM LEFT T¢ TIGHT INTD THE
SYNDRME-FURIMER AND CALCULATE AT ZACH STEP K THE CONTRIBUTION
TY THE BUTPUT Z(K), WHICH MUST BE ZERJ.
DE 15 K=1,NUWINI
S@M=0
C LogP 10: WE CALCULATE THE PRWDUCT ¥F THE SHIFTEZD mASE STATE AND
C AND THE LUWER PULYNwilAL CC1,XK).
Do 10 1=K
NUIKI=NU=-K+1
10 Si=SEt+ SBANUKL )Y *CC 1, 1+ 1)
C THE NEXT COEFFICIENT SB(NU-K) IS CALCULATLEDL.
NUK=NU=-K
SBCWUK) =-C(2, K+ 1 >-SWui
15 CaNTINUE
C LopP 20: IF SB(K) IS EVEN THEV SBC(K)=0 ELSZ SB(K)=l.
Do 20 K=1,NU
IF (SBCK)+EQ. ((SB(K)/2)%2)) G8TW!L7
SB(K)=]
QT 20
17 SB(K)=0
20 CENTINUE
RETURN
END
END @F BSTATE ,
HH AR A AR AR AR F A A A A A A R AR A A A A A A IR N A A o
SUBRUUTINE STATMX
THE STATEMATRIX S(2%xNU,NU) IS CONSTRUCTED. THE MATRIX CUNTAINS
THE BINARY REPRESENTATIZN OF THE DECIMAL VALUES UF THE 2%xNU
ABSTRACT STATES.
(2) STATE TABLE, PP(7.,8)
AR KK AR K AR AR AR A AR R KK KA A IR A A A A AN A AR K K

(e N eNe]

OO0

SUBRUUTINE STATMX(NU, S)
INTEGER TWONU, S(16,6)
TWANU=2%%NU

C LueP 10: FILL UP THE STATE MATRIX WITH ZERY'S.
DY 10 1=1,TWeNU B
D8 10 J=1,NU
SC(1,J2=0

10  CANTINUE
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C THE ALGURITHM IS BUILT UP FROM THE TWP T THE B4TTdd, AND FRAM.
C THE RIGHT TO THE LEFT @F THE STATE MATRIX. THE LAST CaLwMN
C CANSISTS OF THE SEQUENCE 010101010101+ee &F LENGTH 2%%NU.
C THE LAST BUT @VE COLUMN IS 0011001100110011~s-
C THE LAST BUT TW@ CYLUW IS 000011110000111100.++ AND S8 F@RTH.
Dé 20 J=1,NU
KIAX=2kx(J~1)
Do 20 K=1,KMAX
LMAX=2%% (NU=J)
D¢ 20 L=},LMAX
=24k (NU-J+1)%K ~-L+]
SC(I,Jd)=1
CANTINUE
RETURN
END
END OF STATMX
"SUBROUTINE ZWNIL
THE GUTPUTVALUES Z aND W FUR THE TRANSITIANS @F THE STATES
SC(1) TOWARDS THE STATES S(21) FUR THE BITPAIR 00, ARE CAL-
CULATED AND ENTERED IN THE ARRAYS ZNUL2ICI) AND WNUL2IC(ID.
I=], TWONU, 2. '
(3)" STATE-DIAGRAM, PP(11-13)
AR Ak A R AR AR A A A AR AR o AR A Ao ol A i Aok AR A K A koK

8

a0

SUBROUTINE ZWNUL(NU,MU, Cs D» S, ZNUL2I, WNWL21)
INTEGER TUWU;C(Q:?):D(Z: 6): 5(16: 6):ZNU..21( l6)a\\NlL2l(l6)
TUBNUS24%:NU -
D@ 40 1=1, TW&NU, 2
INWL2IC1)=0 ’
WNUL21(I5=0
C LegP 31t CALCULATIAN UF THE CANTRIBUTIANS 0Ur THE CONTENTS OF THE
C SEPERATE REGISTERPLACES @F THE LOWER POLYNGMIAL C( 1KY
D@ 31 K=1,NU
IHALF=(I+1)/2
3! INUL2ICI)SZNUL2I CI)+CC 1, K)* SCIHALF, K)
C IF ZNUL2ICI) IS EVEN THEN ZNUL2ICI)=0 ELSE ZNW2I(l)= le
IF (ZNUL21C(1)+EQe ((ZNUL2I(I)/2)%2)) GOTY 32
INUL2ICI)=1
G@T8 33
X2 ZNUL2I(I)=0
33 CANTINUE
C LOOP 34: CALCULATI@N OF THE CONTRIBUTI@NS UF THE CANTENTS @F THE
C SEPERATE REGISTERPLACES OF THE LOWER P@LYN@MIAL D(2,K) .
DY 34 K=1,MU
IHALF=(1+1)/2
NUMIK=NU-MU+K
34 WNUL2I (D) =WNUL2ICI)+DC 2, K) % SCIHALF, NUMIK)
C IF WUNUL2ICI) IS EVEN THEN WNUWL2ICI)>=0 ELSE WNWL21(I)= le
IF (WNUL2ICI).EQe CCWNUL2ICI)/2)%2)) G@'m 35S
WNuL2I¢Id=1 -
GoOTS 40
35 WNUWL2I(1)=0
40 CaNTINUE
RETURN
END
C END OF ZWNUL
Cc A i o R A A R AR R 3 o o e Rk 3 2K o o 5o oR € R R o K o o o e e A kol kR o A ol e ook



_20_

SRR ACHOR AR Ao R s e ol s o s R sl ok oA HE A JE O 3 3 A A AR Mok A o o A o

SUBROUTINE TRATBL

GIVEN THE STATE-MATRIX S(1,J), THE BASE-STATE AND THE QUTPUT-
SERIES ZNUL2IC1), I=1,TWONU,2 AVD WNUL2I(1), 1=1,TW&U,2, THE
TRANSITISNTABLE 1S CANSTRUCTED. THE FIRST COLUMN CONTAINS THE DE-
CIMAL STATENWMBER. IN THE NEXT FOUR CALUMNS THE NEW STATES FYR THE
TRANSITIUNS 00,011,110 AND 10 RESPECTIVZLY ARE INDICATED. THE C¢R-
RESPANDING YUTPUTVALUES Z AND W ARE T9 BE FOUND IN THE LAST ZIGHT
COLUMNS.

(2) STATE TABLE, PP(7.8)

AR A A A AR A KA AR A A A A A A A AR AHEAAA A A AEAK 3 A e o Ko

lelkaNeReoloReRo e e ks ks Ke )

SUBRBUTINE TRATBL(NU,MU, Ds» SB» S» ZNUL21, WIL2I, TT)
INTEGER TWENUL., S@BM, SBC6) » SSB(6) , ZNUL2I (16), WNUL21C(165,5(16,6),
I TTC16,13),I(2,6)
TWANU1=2%0x (NU-1)
C LodP 203 THE WPPER HALF ©OF THE TRANSITIEN TAHLE IS C@NSTRUCTED.
0 20 1=1, TWANUI
C IN THE FIRST COLUMN THE DECIliAL STATENWIBER 1S PLACED.
TT(1, 1)=1~}
C THE SECAND CuLN CYRRESPAVDS Td THE TRANSITIAN SC(1) TYWARDS
C S(2I) FuUR AN INPUTPAIR 0Q.
TT(Ll,2)=2%[-2
C THE THIRD CWLUMN C@RRESPINDS TY THE TRANSITION SCI) TOWARDS
C S(2i+1) FJR AN INPUTPAIR 0O1.
TTC(I,3)=TT(1,2)+]
C LO@P 10: THE STATE S(I) CUNVERTS INT@ THE STATE SC(2I1+1)+5(8)
C FUR AN INPUTPAIR ll. THE DECIMAL VALUE OF THIS MdD-2 SUd
C IS ENTERED IN THE VARIABLE S@uvi.
S&1=0
D& 10 K=1,NU
SSB(K)=XUR(SB(K), S(2%I1,K))
10 Sil4=S0r1+ SSB(K) * ( 2%k (NU-K) )
TTC(1, 4)=541
C THE STATE S(I) CONVERTS INTY THE STATE SC(2I)+S(B) FYR AN INPUT-
C PAIR 10. THE TRANSITIONS 11 AND 10 OUNLY DIFFER IN THE RIGHT-
C M@ST BIT, HENCE THE CUNTENTS OF THE FIFTH COLUMN ARE THE
C CAITENTS OF T™HL FYURTH COLUMN PLUS ONE.
TTC(I,S)=TT(1,4)+]
THE WQUTPUTVALUE ZNUL2I(1) CORRESPUNDING T¥ THE TRANSITION ©F
STATE SC1) TYWARDS THE STATE S(21), HAS ALREADY ZEEN CALCU-
LATED. THE COANTENTS UF COLUMINS 7.8 AND 9 CAN DIRECTLY BE DERIVED
FRA1 THIS VALUE ZNUL2I(I).
TT(1,6)=ZNUL2I(2x]1-1)
TT(1,8)=TT(1,6)
TTC(L,T)=1-TT(1, &)
TT(L,=TT(L,7)
THE QUTPUTVALUE WNUL21(I) CYRRESPUNDING TY THE TRANSITION oF
STATE SCI) TOWARDS THE STATE S¢21), HAS ALREADY BEEN CALCU-
LATED. THE CGNTENTS OF COLWMNS 11,12 AND 13 CAV BE DERIVED FRdM
THIS VALUE WHEN WE KNOW THE VALUE DC1,MU+1) OF THE PULYNAMIAL
DC1,K)» K=1,0MUL.
CTTC1, 10)=WNUL2LI(2x1-1)
TTC(1, 11)=TT(1, 10) '
IF (DCLLMWH 1) EQeD) TTCIL11)=1=-TTC(I,10)
TTCI1,12)=1-TT(1,10)
TTC, 1=1-TT(I, 1D
20 CANTINUE

QOO

aoaooan
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C LOUP 45: THE CuNTENTS WF THE LYUWER HALF OF THE TRANSITION TABLE
C CaN EASILY BE DERIVED FRui1 THE CONTENTS OF THE UPPER HALF.
DY 45 1=1, TWsNUL
1 TWANU=I+TWEaNU1
TTCITWANU, 1)=TT(1, 1)+TWoNUI
DO 30 J=2,5
30 TTUTVANU,JY=TT(1,Jd)
C LOWP 35: THE LOWER HALF 1S THL CoMPLEMENT OF THE UPPER HALF.
DY 35 J=6.,9
35 TTCITWONU S =1 -TT(L, W
C Lo@P 40: THE LOVER HALF 1S EQUAL. T¥® THE UPPER HALF.
D6 40 J=10,13

40 TTUTWANULJI=TT(1,J)
45 CONTINUE
RETURN
END
C END ¢F TRATHL .
C A AAAHOKR HA KA AR A A A HOR A K A AR AR A K AR AR AR AR KA A A o Ak K
c SUBROUTINE PSTMX
C THZ PARENT-STATEMATRIX IS CONSTRUCTED. IN EACH RJW ONE CAN
C FIND THE STATE 1 AWD ITS FYUR PARENT-STATES, THE SUTPUTS
C Z FOR THE TRANSITI@NS 01,01, 10,10 AND 00,00,11,11 RESPEC-
C TIVELY. THE LAST COLUMN CORRESPONDS WITH THE W-YUTPUT.
c (3) STATE DIAGRAM, PP(11-12)
C AR AR AR A AR A A K AR A A AR AOR R A A H AR AAACK A A A AN HA A K AR
c
"

SUBROUTINE PSTHX(NU, MU, ZNUL» SB, ZNUL21, WNUL21, D S» TRANMX)
INTEGER. ZNUL,P3(6), SB(6)» ZNUL.2I(16), WNUL2I(16), TRANMX(16,9)
INTEGER TWONU,D(2,62,5(16,6)
TWAU= ( 2%%NU)
MUI=MU+ ]
C L@@P10: FILL UP THE COLUINS 5,6,7,8 AND 9 UF THE 2DD ROWS.
D& 10 I=1,TWaNU, 2
TRANMX( I, 5)=ZNUL2I(1)
TRANMX(1,6)=1-ZNUL2I1CI)
TRAWIX (L, 7)=ZNUL21 (1) + ZNUL
IF (TRAWIX(1,7)«EQ.2) TRANMXCI,7)=0
TRANIMX (1, 8)=1-TRANIIX(1,7)
TRARIX(1,8)=WNUL2I(1)
10 CZNTINUE _
C LYdP 20: FILL UP THE CULWMNS 1,2,3 AND 4 ¢F THE 4DD RUWS.
D@ 20 1=1, TWNU, 2
C S(P1)=5(1/2).
TRANMX( L, 1)=(1~1)/2
C S(P2)=S(P1+2kk(NU=-1)) e«
TRANIIX( 1, 2)=TRANMXC I, 1 )+ 2% (NU-1)
IHALF=(1+1)/2
C LBIP 15: S(P3I=SCI/2) + S((B-1)/2). (MdD-2 Subd
D8 15 K=2,NU
KMIN]1=K~1
15 P3(K)=XORCSCIHALF, K) » SBCXIINT YD
C LRUP 163 THE DECIMAL VALUE UF THE BINARY REPRESENTATION BF
C THE PARENT STATE P3(K) IS CALCULATED.
TRANMX(1,3)=0
DY 16 K=2,NU
16 TRANMXC £ » 3)=TRANMX (1, 3)+PICK) % ( 2k (NU-KD )
C S(P4)=S(P3+2%xx(NU-1)).
TRANMX (I, 4)=TRANIX(I, 3)+2xx(WU~1)
20 CoNTINUL
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LOCP 40: THE CunTONTS JF THE LEVIN ROWS 1S SVALUATEL

D¢ 40 I=1,TWe. il 2
LBYP 30: TAE PARENT STATES wF THE STATE SCI+1) ARE THE SAILE AS
THE PARENT STATZS wF THEZ STATL S5(I1).

D@ 30 J=ls4

30 TRANMIX (1 +1,J)=TRANMX(1,J)

G
C
C

Ld@dP 35: THE UTPUTVALUES CORRESPONDING TW THE TRANSITIUNS T¢
THE STATE S(I+]1) ARE THE C@MPLENENT dF THE TRANSITIONS
To THE STATE SCI).

Do 35 J=5,8

35 TRANMX(I+1,J)=1-TRANIX(I,J)

C
C

IF DC1L,0UD=0, WE HAVE THE UUTPUTPATTERN 0110 AwD 1001, ELSZ
WE HAVE THE QUTPUTPATTERN 0011 AND 1100.

IF (D(1,1U1).2Q.0) GuTy 36

TRANMX(1+1,9)=TRANINX(1, %)

GUTE 40
36 TRANMXC(I+1,9)=]1-TRANX(1,9)
40 CENTINUZE
RETURN
cND
C oD vF PSTMX
C AR AR A AR AR A T AR 340K 3K A AR K R A A AR AR H KA R AR o 3 R o o o
c SUBRYUTINE TREENC
C STARTING WITH THE ZERY STATE WITH IETRIC ¢iC(1)=0, THE TRELLIS
C 1S PEIZTBATED WITH TRAVSITIVNS 7(K)-—O TiLlu A DEPTH nNU-1
C WHERE EXACTLY 2%k0wU METRICS ARE REACEED AND CALCULATED.
C (7) THE STzALY STATL #EZTRICCW: LBINATI&ON; PP(25-262
c AAOOA AR A K A KA A A A AR AR A AR AR HACK KA AAOR KA oK
C
C

-

c

OO C GO

Qo

aooaon

SUBROUTINE TREEZC(NUS S8, TTsid)
INTEGER DIST,PLACEs S1, S2, DIPTH, BEGTUP, ENDTUP
INTEGER SBCO)» TTC(1655),51iC106),N6(16)

C kP 10: FIRST THE DECILrAL VALUE oF THiZ BINATY SLPPoSINTATIWN

¢F THE HBASE STATE IS CALCULATED.
NRB=0
w10 K=1,0U

0 NRB=1Rb+ SBIK) * ( 2%k (1d1i=K) )

THE FIRST Tw¢ STATES WHICH Cii BE REACHEL FRU: THE ZER¢ STATL
SC0) FYR AV BUTPUT ZC(X)=0, APz S(0) ANL S(B-1), WITH TRANSI-
TlwiS 00 AND 11 RISPECTIVALY. H&LICZ THZIR® METRICS ARL PESPECTIVE-
LYs riC0)=0 AND Li(3-1>=2. (IN FIRTRAN IT IS (WT ALLIWED TY
START WITH A ZERo INDEX L AJ ARRAY, HENCE IW THIS PRIGRAY
WE HAVE THE VALUZES §(1)=0 AND [(B)=2).

riC13=0

J(NRBY =2
IN THE ARRAY WNe(X) THE NEW FUUND STATENWIBERS FuR LACH STEP Ks
ARE STWPED.

No(1)=1

Nu(2)=NRB

DEPTH=NU-1
LOYP 40: FYR EACH STEP L WE CALCULATE THE NEW SSRILS GF 2kxL,
STATES AND THEIR FETRIC-VALULS.

D6 40 L=1,DEPTH
THE NUMBER WF NEW PAIRS OF STATES IS CALCULATED. FéF EXAMPLE
WITH L=3 WE HAVE BEGTUP=5 AND ENDTUP=8: X=5,6,7,8 AND THE F@UR
NEW PAIRS ARISING FPEM THE PREVIJUS FUUND STATES I=Nv(5),N8C6),
Ne<7) AND NU(B) ARE DETZRMINED.

BEGTUP=2%x(L~1 )+l

2N DTUP=2%kL,
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D¢ 4G K=BEGTUP, ENDTUP
C THE NEXT NWMBER 1 1S THE DECLIAL VALUE oF THE PREVIGUS FOUND
C STATE.
1=NUCK)
IF TT(1,6>=0 WE HAVE THE TRAVSITIYNS 00 AND 11, CURRESPYNLING
Té DISTANCES DIST=0/2 AND PLACES PLACZ=2,4 FUR THE NEW STATES
S1 AVD S2.
IF (TTCI1,6)010.0) GOTo 20
IF TT(1,6)=1 Wi HAVE THE TRANSITIUWS Ol AND 10, CORRESPUNDING
T DIST=1/1 AND PLACE=3/5.
'PLACE=3
DIST=1
GeTY 30
20  PLACE=2
DIST=2
30  CaNTINUE
C Sl AND S2 ARE THE TW¢ NEW STATES.
S1=TT(1,PLACE)+1
S2=TT(1,PLACE+2)+]
C THE METRICS OF THE NEW FOUND STATES Sl AND S2 ARE DETERMIWED.
MCS1)=(1)+(2-DL ST
MCS2)=1C1)+DLST
C THE TW¢ NEW FOUND STATES S1 AND S2 ARE ENTERED IN THE COUNTING
C ARRAY NB(K).
NO(2FK=1)=51

[eNeNe

[N et

NO(2xK) =52
40 CONTINUE
RETURN
END
” END 9F TREREIC
C ek AR AR AR A ROR AR R R AR 24K K 2K ok e 2k e o 3K o o8 A oK A KRR R R R ok R oK R R AR R K R R R e ok ok
C SUBROUTINE SSMQ41B )
c WITH THE HELP ¢F THE MATRIX TRANMX(1,J) WHECH CANTAINS ALL IN-
c FORMATIGN ASBYUT THE PARENT STATES AND THEIR TRANSITIANS, WE CAN
c CALCULATE EACH WEVW [ETRIC-CMBINATIIN FOR Z(K)=0 ¥R Z(K)=1.,
C STARTING WITH THE METRIC-C&IBINATIVII AT DEPTH 2%xx(NU-2), CAL-
c CULATED IN SUBRBUTINE TREZIC, THE NEXT 2xNU METRIC-C@1BINATI VNS
c ARE CALCULATED FUR TRANSITIANS Z(K)=0.
C WE CAN BE SURE THAT AFTER 2%NU STEPS THE STEADY-STATE-METRIC-
C CABINATIAN SIMCCK) 1S FOUND.
c (7> THE STEADY STATE METDLCCQMBINATIK)N; PP(26,27
C 64 AR A RN G A A A AR e 2 k5. 3 3 30 KA R G R KK SRR 2 A R 0 A R A R ROK o KR ek o
G
C

SUBROUTINE SMQIB(NU, ZNUL, TRANMX, M, SSMC)
INTEGER DIST, PL.ACE: PLACE1L, ZNUL.» TWNU, P1,P2,1C16)» TRANIX( 16,9,
I SaMC(C16)
TWANU=24xNU
C AFTER 2kNU STEPS Wt CAN BE SURE THAT THE STEADY STATE METRIC
C CAMBINATIAN IS FUUND.
 MAX=2%NU ;
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C LOWP 20: EACH STEP K THE NIW METRICCOMBINATION MCI),1=1, TWONU
C FOR AN QUTPUT Z<(K)=0 1S CALCULATED.
D8 20 K=1.KrAX '
D@ 20 I=1,TWONU
C THE VARIABLE PLACE STANDS FdR THE PLACE IN THE PARENTSTATE-
C MATRIX WHERE THE PARENT STATZ OF THE STATE SCI) .1S LJCATED.
C THE INITIAL VALUES UF DIST AND PLACE ARE SET Ty NE. '
PLACE=1
DIST=1 :
C IF THE FIFTH COLWN OF THE PARENTSTATE MATRIX CONTAINS A ONE
C WE MUST TAKE THE PARENT STATE IN THE SECaND (PLACE=2) CdLuni
C CYRRESPANDING T® AN QUTPUT Z(K>=0.
IF (TRANMX(1,5).EQ.1) PLACE=2"
C IF THE FIFTH COLWIN CONTAINS A ZERY, WE TAKE THE PARENT STATE 1IN
C THE FIRST (PLACE=1) COLUWIN CORRESPONDING Tid AN WUTPUT Z(K)=0.
Pl=TRANMX(1,PLACE)+1
PLACE1=PLACE+2+ZNUL
IN YRDER T¢ DETERMINE THE NEXT PARENT STATE P2, WE MUST FIRST
DETERMINE WHERE THE WEXT ZERY 1IN THE PARTICULAR RéW 1 IS LoCa-
TED. IF ZNUL=0, THIS ZER® IS LJCATED AT PLACEI=PLACE+2 AND IF
ZNW.=1 AT PLACE PLACE1=PLACE+3.
IF (PLACEl.EQ.3) PLACEI=3
C IT MIGHT @CCUR THAT THE VALUE OF THE VARIAELE PLACE! GETS THE
VALUE 5 (PLACEl1=2+2+1), IN THAT CASE WE SHUULD COWNT il@D-2
FuR THE VARIABLE PLACE.
P2=TRANMX (I, PLACEL) +]
THE @DD-NWMBERED ROWS CURRESPUND Td THE SERIES WUF TRANSITIUNS
00,00,11,11, AND HENCE A DISTANCE DIST=0/2.
THE EVEN-NWBERED STATES CURRESPUND T@ THE SERIES OF TRAN-
SITIANS 01,01,10, 10, AND KENCE A DISTANCE DIST=1/1.
IF ((1/2)%2.NC.1) DIST=2
THE SURVIVWR OF THE TWY PARENT STATzS Pl AND P2 1S DETERWIINED
AND M(I)=M(SURVIVYR)+DI STANCE.
IF (Fi(P1)+(2-DIST) ) «LE. (M(P2)+DISTY) GITY 10
M) =r(P2)+DI ST
GYTY 20
10 MCD)=(P+(2-DISD)
20 CANTINUE
C LbgP 25: THE STEADY STATE METRIC CAMBINATIAN IS ENTERED IN THE
C ARRAY SMC(1),1=1,TWuidU.
D& 25 I=1,TwWdiU ’
25 SSMICCII=M(I)
RETURN
END
C END QF SsMCMB
C ool R R R O A 3 R K R ROR SR R KA o R K A A R R o SO AR N KK K
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SUBROUTINE DECWD

EACH STEP K=1,wUXL WITH QUTPUT Z(K), FYR EACH STATZ I

WE CALCULATE:

THE METRICVALUE #TCAIB(I,K)

THE TRANSITIVN T¢ STATE [, TPANS(I.K)=00,01,!1 4R 10.

THE SURVIVYR YUT OF THE TW@ PARENT-STATES Pl AND P2, SURV(I,K).
THE OUTPUTVALUE FUR W(K) IN PATHRGCI,K).

(4) METRICEQUATIUNS AND DEC¢DING-ALGYRITHIL " PPC16-18)

HRATAAAARA AR A A HA AR AR AR A A ACK AR AR AN A AA AR ACRARAACR AR R K AR AR KA K

cocaoaoa0a0

SUBRUUTINE DEC@DC(NU, XLs ZNUL» Z» SSMC» TRANIX, i1 TCAME, TRANS, SURV,
1 PATHRG) ' ‘
INTEGER XL, TW2NU, PLACE,PLACEL, DIST» ZNUL,PL,P2
INTEGER TRAMMX(16,9),ZC15),SSMCC16),MTCOMBC 16, 15), TRANS(16,15)
INTEGER SURV(16,15),PATHRG( 165 15)
TWANU=2%:NU '
NUXL=NU+XL
C LogP 10: WE START WITH THE STEADY STATE HMETRIC CadBINATION SSIC(I).
D& 10 I=1,TWeNU
10 MTCAIB(1, 1)=SMCCL)
C Lgwr 40: THE DECUDING PROCEDURE 1S CARRIED QUT.
D@ 40 K=1,NUXL
D2 30 I=1, TWONU
C MAKE THE INITIAL VALUES ¢F DIST AND PLACE EQUAL TJ @NE.
PLACE=1 '
DIST=1
IF THE FIFTH COLUMN OF THE PARENT STATE MATRIX CONTAINS A ONE
WE MUST TAKE THE PARENT STATE IiN THE SECAND (PLACE=2) CULIMN
IF Z(X)=0 AND THE PARENT STATE IN THE FIRST COLUMWN IF Z(K)-l.
IF (TRANMX(I,S5).EQ.1) PLACE=2
PLACE=PLACE+Z(K)
IF (PLACE.EQ.3) PLACE=1
P1=TRANMX(1,PLACE)+1}
IN YRDER T¢ DETERMINE THE SECOND PARENT STATE P2, WE MUST FIRST
DETERMINE WHERE THE SEC@ND VALUE Z(K) IN THE PARTICULAR ROV I IS
LWCATEDs IF ZiUL=0 THIS VALUE IS THE CORRESPUNDING PARENT STATE P2
AT PLACE1=PLACE+2 AND IF ZNUL=1 AT PLACE!=PLACE+3.
PLACE!=PLACE+2+ZNUL
IT MIGHT UCCUR THAT THE VALUE @F THE VARIABLE PLACE] BECRMES 5
(PLACE1=2+2+1), lii THAT CASE WE SHYULD C@WNT M4L~2 FUR THE
VARIABLE PLACE.
1F (PLACEl.EQ.5) PLACEI=3
P2=TRANMX(I,PLACE]1)+1
THE @DD-NUMBERED ROWS CORRESPUND TY THE SERIES OF TRANSITIANS
00,00, 11,11 AND THE EVEN NWIBERED ROWS T@ THE SERIES
01,01510,10.
IF CCCL1/72)%2)eNEsl) DIST=2
THE SURVIVUR ¢UF THE TWU PARENT STATES Pl AND P2 1S DETERMINED
AVD MCI)=1(SURVIVOR)+ DI STANCE.
IF CCQITCAMB(PL,K)+(2=-DIST) )« LE. (MTCAMB(P2,K)+DISTY) GITY 20
IF 1 IS 9DL WE HAVE DIST=2 AND A TRANSITIUN TRANSCI.K+1)=3 COR-
RESPANDING T@ 11 AS ITS BINARY REPRESENTATIGON.
IF 1 IS EVEN WE HAVE DIST=) AND A TRANSITIUN TRANS(I,K+1)=2,
CURRESPANDING TY 10 AS ITS BINARY RB’RESEI\JTATI@N.
MTCOMBC L, K+ 1) =MTCAIB(P2, 1) +DI ST
TRANSCI,K+1)=DIST+1
C THE SURVIVZR IS ¢BVIQUSLY P2.
SURVCL,K+1)=P2
GPTR 25
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20 MTCAMBCIL K+ 1D=MTCAIB(P1,K)+(2-DIST)
C IF 1 1S ¥DD WE HAVE DIST=2 AND A TRANSITION TRANSCI,K+1)=0,
C CORRESPENDING T¢Y 00 AS ITS BIWARY REPRESENTATIUN. -
CIF 1 1S EV@iN WE HAVE DIST=] AND A TRANSITIA TRANS(I,K+1)=1,
€ CURRESPUNDING To A TRANSITION 01 AS ITS BINARY REPRESENTATIGN.
TRANSCI,K+1)=2-DIST :
C THE SURVIV@R 1S ¢BVIQUSLY Pl.
SURV(I,K+1)=P]
C THE QUTPUTVALUE W(K) CYURRESP&GIDING Td THE CALCULATED TRAN-
C SITI&N 1S LBCATED IN THE NINTH CMLUW @F ThE ROW 1 &F THE
C PARENT STATE ATRIX.
25 PATHRG(C1,«+ 1 )=TRANI'X(1,9)
30 CNTINUE
C L@eP 31: THE #INIMUG IN THE NZIW FEUND METRICCUIBINATIGN
C ATCAIBCILK) 1S DETERMINED.
MIN=MTCOMBC 1, K+1) ’
IMAX=TWUNU-1
Dg 31 I=1,11AX
31 IF (MTCOMBCI+ oK+ 1) sLEIN) MIN=MTCOMBCI+1,K+1)
C LovpP 32¢ THE MINIMUv IS SUBTRACTED FROM ZACH »EZTRIC IN THZ
C CAMBINATIGN.
D¢ 32 1=1,TWdNU
32 MTCOBCI K+ 1) =MTCEHIBCL L K+ 1) =il
40 CONTINUE '
RETURN
END
SND WF D=C4T
3 20 A HCHE X 24 e e e A AR A A o A 2 A AR A A 4 I A G B 2 K N R K 2 TR 4 0K 2 A 3 K oK R KK K
SUBRYUTIWE DCPATH
THE PATHHISTURY IS DEDUCTED FRubl THE ARRAYS SURWCILK)
PATHRG(I,K) AND TPANS(I K.
WE FIRST DETERMINE Z STATZ I AT TIMe K=NUXL WITH ZER@ METRIC
MTCRIB(ILWUXL) AVD STA‘T." CALCULATING BACKWARDS.
THE ARRAYS STATE(K), BITS(K) AND WESTIACK) CuiNTAIW THE PATh-
HISTeRY Iiv FuR1 ¢F THE STAToIWBER AT TId: s+l, THE TRAVSITIJN
BITSC(K) AT Tielh K ANVD THL oUTPUT WESTI.GD AT TIHE K.
THE TRANSITI¢WS BITS(H) ARE TRAVSFURILD 1iT¢ THZ ZITPALRS
NESTIMCLL,KILJIESTIM(Z2,n), WHERE NESTINHC1LKY IS THE FIEBST LlT
-a\Ju,‘\J.,STInL(Q;t\) THE SLCUND BIT.
AR AR AR A AR A M IR IR K AHEH A 3K 3 A R A A A R HOK 3 A AR A K AOK KA AR KA K K KK

aaoacoaaoaaaoaaOoa0

SUBROUTINE DCPATHGIUs XLs i TC IRy PATHRG, SUPLS TRANSS STATL DI TS,
1 WESTIMLWESTL)
INWTEGER XL XLruiiTCuiB( 162 1 5) »PATHRGC 16,157, SURV( 106, 15).0
1 TRANS(16, 13), STATZ(13), LITSUIS) L NESTINCE, 15)»WESTIN(]IB)
W UXL=iN XL
SJUXL I=4UXL+ ]
NUXLM 1 =NUXL-]
C LOCATE THE FIRST ZLR¢ iwuTRIC 1w THE COriBINATIUN HTCAIBCINK) .
I1=0
10 I=1+]
IF GITCAB(I,NIXL+T) . EQvO) (:NJTVJ 20
GuTe 10
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C WE START WITH THLE ZERw STATL STATEC1) o (liv FORTRAN 0 BECKILS 1)
20 STATZ(1)=] '
C THE LAST STATE IS THE STATE WHICH HAS A ZZRD +iETFICe
STATE(NUXL+ 1)=1
C THE TRANSITIGW T THAT STATE IS FOUND IN TRANSCI,NUXL+1).
BITSCIUXLY=TRAISC T, NUXL+ 1)
C THE QWUTPUTVALUE IS FUWD IN THE ARRAY PATHRG(I,NUXL+1).
WESTIM(NUXL) =FATHRGC L, NUXL+ 1)
C LY¥P 30: THE PATH HISTURY 1S LZTEReIWED.
Do 30 K=1,kUxLil
XLK=NUXL 1-K
C THE WEXT STATE AT TIHNE K-1 BECZIES THE SURVIVYUR 4F THE PEE-
C VIGUS STATZ AT TILME K. -
LULD=STATE(XLA+1)
STATE(XLK) =SURUC I gLD, XLK+1)
THE BITPAIR AND THE WUTPUTVALUE CORRESPINDING T¢ THE PARTI-
CULAR TRANSITL@N ARE ENTERED IN BITSCK) AIJD WESTIM(K) RS-
PECTIVELY. :
INEW=STATE(XLK)
BITSCXLK=1)=TRANSCINEW, XLK)
WESTIM(XLK=-1)=PATHRG( INEW, XLK)
30 CANTINUE
C LWdP 40: THE TRANSITIUNS BITSC) =0s1,2 AND 3 ARE TRANSFBF-
C MED INT® THE VALUES NESTIMC1,1)/Z8ESTIMC2,K)=00,01,10 AND 11.
D& 40 £=1,NUKL -
NESTIMC1,K)=0
NESTIM(2,K)=0
IF (BITS(K)«EQel) WESTIiN(Z,K)=1
IF (BITSCK) o EQe2) WESTIMC1,K)=1
IF (BITSCK) . 5Q.3) GUTY 35
GOTY 40 ‘
35 NESTINC1,K)=1
NESTIM(2,K)=1
40 CENTINUE
C LOWP 45: THE FYRTRAV VALUES &PT TRANSLATED INTS REAL VALUZS.
DO 45 K=1,WNUXL! '
45 STATECK) =STATE(K) -1

aoao

RETURN
END
C END ©F DCPATH
C A AR AR A AN A A A A A A AR AR A A A AR A A A A A KA AN

BeTTGM
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SUBROUTINE PRODCT (M,N,IA,B,IB,PROD)

INTEGER A(2,15)

,B(2,7),PROD(21),NPROD(21)

20

A
: K=1,M
PROD(K)=A(IA,K)

=M+N-1

A
Fm e m e e em——e— o { Do 60 I=2,N »

YES

,I)=0 ?

(I=N)A(B(IB,N)=0 ? J——

1: K=1,NRZ
PROD (K) =A (IA,K)

2z w

YES NO

¢ K=NRZ+I,M

ROD(K) XOR(A(IA K) PROD(K—NRZ))::>

57: K‘l NRZ
PROD(K) 0

D

4

53: K=M+] ,M+I-1
NPROD (K) =PROD (K-NRZ)

: K=NRZ+1 ,M+N-1
ROD (K ) =PROD (K~NRZ)

>

54: K=1,M+I-1
PROD (K) =NPROD (K)

[
b

: K=1,M+N-1
(K) =NPROD(K)

)

TNRZ=]

NRZ=NRZ+1|




50
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PRODCT (M,N,A, 14,5, 14,PROD)

CALL PRODCT (XL,NU1,NOISE,2,C,1,N2C1)

XL=9
NU=4
NU1=5
NOISE(2,K)= 0 0 1 1 0 0 1
C(1,K)= 1001 1
001100111
10011,
001 10[0]1 11
001[1 0071 1|1
olo11loo1 1 1
N2ci=o0lo1olioot1oj1l1 11"

K=1,9
PROD(K)=NOISE(2,K)
MN1=NU+XL=13

NRZ=1

60

55

1=2
C(1,2)=0 --» 55
(2£5)A(C(1,5)#0)
NRZ=2

60

55

1=3

C(1,3)=0 —-» 55
(B#FS)IA(C(1,5)#0)
NRZ=3 .

60

I=4

C(1,4)=1

K=1,3

NPROD(K)=NOISE(2,K)} :

K=4,9.
NPROD(K)=XOR(NOISE(2,K),PROD(K—3))}

NPROD (K)=PROD (K-3)
K=1,12
PROD(K)=NPROD(K)}
NRZ=1

K=10,12 }

60

I=5
Cc(1,5)=1

K=1,1
NPROD(K)=NOISE(2,K)}

K=2,9 1
NPROD(K)=XOR(NOISE(2,K) ,PROD(K-1))

L=9 (decoding delay)

v=4 8

[n,(2)]=[001100111] .=
2 0
2 3 6 7 8

= g +a " +a +a’ +a

[C](a)]=[]0011]3= oot

[nZ(a)Cl(a)]=(aﬁ+“f1)(az+a3+a6¥ 7+a8

=(4,1,0)(2,3,6,7,8)=

=(#,7,10,11,12,4,4,7,8,9,2,3,6,7,8)=

=a2+a4+a7+a9+alo+all+a12 -

=[0010100101111](‘)2

9

PROD(K)=[0 0 1 1 0 0 1 1 1]1

NPROD(K)=[0 0 1]?

1001 11
001100,

NPROD(K)=[1 0 1 0 1 1],

NPROD(K)=[1 1 1]}7

PROD(K)=[0 0 1 10101 111 1,2

' !

NPROD(K)=[0] |
01100111
00110101,

NPROD(K)=[0 1 0 1 0 0 1 0]




K=10,13

NPROD(K)=PROD(K-1)

K=1,13

PROD(K)=NPROD(K)

NRZ=1
RETURN
END

}

}

=~ 30 -

13
10

PROD(K)=[0 01 0100101 11 1]

NPROD(K)=[1 1 1 1]

1
!

1.2.3,4,5.6,7.8.9
%0 011001 11
111001 11 o I=4
10101 1111
1,2.3.4.5,6,7.8,91011,12
1.2,3.4,5,6.7.8.9101112
001 10101]1111
olo 1 1001 1 1. .. 1=5
. &
0010100101111
1.23.4,5,6.,7,8,91011,1213

When the last bit B(IB,N)=0 and I=N, we must go to label 56 for special

cases. The shifting over NRZ places of the product should be executed when

the last NRZ-] bits are equal to zero. This is done in loop 57 and loop 58.

Finally in loop 59 the definite product is calculated.

AS an example take the case! ¢

CALL PRODCT (NUXL,MU1,Y,1,D,1,YIDI)

XL=5

NU=4

MU=3
Y(1,K}= 0 |
D(1,K)= 1

00

011100110
11

01 01 110
0 11 11

1o 1lo ¥

YIDI(K)=[0 0010010101 0]l

I 1
0 10
0100

[N o N e

[y, (@)D, (@)]=(ara +a +a"a”) (@ +a®)=(1,2,3,6,7) (3,2)=(4,5,6,8,10,3,4,9,8,9)~

=(3,6,8,10)=<[0 0010010101 O]:z. NUMUXL=12
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Z{éUBROUTINE DPOLYN(N,NU,C,MU,D) /7

| INTEGER P,SIGN,SOM(2),A(8),B(8),C(2,7),D(2,6)

NU1=NU+]
NU2=NU+2
NUMINI=NU-1
NUMIN2=NU-2

r- - -< K=1,NU1

|

|

' A(K)=C(1,K)
‘ B(K)=C(2,K)
|

A
A(NU2)=P
B(NU2)=1-P
KOMMA=NU
KOMMB=NU1
SIGN=P
10
0 ,
N A(1)=1 2 YES @
CYES e
{ B(1)=1 7))
‘ ~ NO
| xorma=komma-1 | | KOMMB=KOMMB-1 |

3 ( KOMM§E§:2:)—3@§— YES " gomMB=0 ? )

?
NO NO . ?
--< 1I=1,NUl | _ - - - X I=1,NU1)

-
I
1 I B(D)=B(1+1)|
]
[




((KOMMA=ROMMB) A (SIGN=0) ? 2o

: NO
—YES, (((KOMMA=KOMMB) A (SIGN=1) 7 )
| o
(xomia > xomms 7)—E5 o |
YES o (TkomMA < KOMMB ?)
31 - (35
[s1on=1 S1GN=0
32: K=1,KOMMA - 36 : K=1,KOMMB
B(K)=XOR(A(K),B(XK)) A(K)=XOR(A(K),B(K))
/" 33: K=KOMMB+1,NU2 D 37: K=KOMMA+1,NU2
A(K)=XOR(A(K),B(K)) B(K)=XOR(A(K),B(K))

46: K=1,NU 51: K=1,NU .
D(N,K)=A(NU2-K) D(N,K)=B(NU2-K) .

52 e

MU=NUMIN!

— - - X K=1,NUMIN2
—

(DN, K)=1 7 }—25 o

NO

' MU=MU~1

~
I
f
!
{
A
|
l
i
{
f

. 56: K=1,MU+1
D(N,K)=D(N,NU-MU+K-1)

END




20
30
35

DPOLYN (N, MU, C,MU, D)

NU=4
C(1,K)
C(2,K)
N=1
NUI=5
NU2=6
NUMIN1=3
NUMIN2=2

K=1,5
A(K)=C(1,K) }
B(K)=C(2,K)

P=0

A(6)=0

B(6)=1

KOMMA=5

KOMMB=5

SIGN=0

A(l)=1 ==+ 20

B(l)=1 ~-» 30

(KOMMA=KOMMB)A (SIGN=0) —--+ 35
SIGN=0

K=1,5

A(K)=XOR(A(K) ,B(K)) }

K=6,6 A '
B(K)=XOR(A(K) ,B(K)) }

1 001
011

1
]

A(1)=0
KOMMA=4

I=1,5
A(I)=A(I+1) }
A(6)=0

10

A(1)=0
KOMMA=3

I=1,5
A(L)=A(I+1)
A(6)=0

10
20
30
31

A(l)=1 —-» 20

B(1)=1 -~» 30
(KOMMA<KKOMMB) --# 31
SIGN=1

K=1,3 }
B(K)=XOR(A(K),B(K))
K=6,6
A(K)=X0R(A(K).B(K))}

10
20

. 20

A(1)=1 ——= 20
B(1)=0
KOMMB=4

I=1,5
B(I)=B(1+1) }
B(6)=0
B(1)=0
KOMMB=3

I=1,5
B(I)=B(I+1) }

- B(6)=0

_33_

A(K)=
B(K)=

A(K)=

B(K)=

A(K)=

B(K)=

A(K)=

A(K)=
B(K)=

B(K)=

A(K)=

B(K)=

B(K)=
A(K)=

—

—

—_—

(=)

—_—

O

c o

(el o]

—

——

—

- O

——
—_—

-
—_— 0O

1 00,0

111,

00,00

11,10

o O
- O

O —
-
Q =

}




20 B(1)=1 -=» 30
30 (KOMMA=KOMMB)A(SIGN=1) --» 31
31 SIGN=1 '
K=1,3 %
B(K)=XOR(A(K),B(K))
K=4,6
A(K)=XOR(A(K) , B(K)
10 A(1)=1 --» 20
20 B(1)=0
KOMMB=2
I=1,5
B(I)=B(I+l)}
B(6)=0
20 B(1)=1 ==+ 30
30 (KOMMA>XOMMB) --v 35
35 SIGN=0
K=1,2 ‘
A(K)=XOR(A(K),B(K))}
K=4,6
B (K)=XOR(A(K),B(K))
10 A(1)=0
KOMMA=2
I=1,5
A(I)=A(I+I)}
A(6)=0 '
10 A(1)=1 --+ 20
20 B(1)=1 --» 30
30 (KOMMA=KOMMB)A(SIGN=0) --» 35
35 SIGN=0
K=1,2
A(K)=XOR(A(K),B(K))}
K=3,6
B(K)=XOR(A(K),B(K))
10 A(1)=0
KOMMA=1
I=1,5
A(I)=A(I+1)}
A(6)=0
10 A(1)=1 =-=»20
20 B(1)=1 -—+ 30
30 (KOMMA<KOMMB) --+ 31
31 SIGN=1
K=1,1
B(K)=XOR(A(K),B(K))}
K=3,6
A(K)=XOR(A(K),B(K))
10 A(1)=1 --» 20
20 B(1)=0
KOMMB=1
I=1,5
B(I)=B(I+l)§
B(6)=0
20 B(1)=1 --& 30
30 (KOMMAsKOMMB)A (SIGN=1) --& 31
31 SIGN=1
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B(X)=

A(K)=

B(K)=

- AK)=

A(K)=

B(K)=

A(K)=
B(K)=

A(K)=

B(K)=

A(K)=
B(K)=

B(K)=

A(K)=

B(K)=
A(K)=

—
S -

—
—_— 0

- :
— O
O

—

o O




K=1,1 3
B(K)=XOR(A(K),B(K))
K=2,6 &
A (K)=XOR(A(K),B(K))

B(K)= 0,0 |

A(K)= 1,1 1

A(1)=1 --- 20
B(1)=0
KOMMB=0 -~- 50

K=1,4
D(1,K)=B(6-K)
MU=3

K=1,2 ’
bB(1,1)=1 === 55 %
MUl=4

K=1,4
D(1,K)=D(1,4~4+K)
RETURN

END

MU=3  DCILK)=( 11 10)=(a +a’+a)

C(2,K)=( 1011 1)=(a" +a?

D(1,K)= 1 1

D(1,K)= 11

110

10

10

1

+a+ 1)




//SUBROUTINE BSTATE(C,NU,SB) /

| INTEGER

SOM,SB(6),C(2,7)

| sB(NU)=-C(2,1) |

| NuMINI=NU-1 |

, NUMIN1

iy

ISB(NU—K)=—C(2,K+1)—SOMJ

TES_(sB(R)=(8B(K)/2)#2 7 P2

| sB(x)=0

SB(K)=1

1
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BSTATE(C,NU,SB)
NU=4
C(1,K)=1 0011 C(2,1) C(2,2) c(2,3) C(2,4)
C(27K)=1 01 11 co00..
0 0 0. 1
000..
SB(1) | SB(2) | SB(3) | SB(4)
C(1,1) C(1,2) C(1,3) C(1,4)
NU
t=0 c(2,NU) aZZ: SB(K)*C(1,K)
K=1
NU
t=1 C(2,NU-1) ® 2 SB(K)*C(1,K-1)
' K=2 :
: NU
t=NU-1  C(2,NU-NU+1) ® 2 SB(K)*C(1,K-(NU-1))
K=NU

t=3  C(2,1) ® SB(4)C(1,1) = 0O
t=2 C(2,2) ® SB(3)C(1,1) ® SB(4)C(1,2) =0
t=1  C€(2,3) SB(2)C(1,1) & SB(3)C(1,2) ® SB(4)C(1,3) =0
t=1  C(2,4) ® SB(})C(1,1) ® SB(2)C(!,2) & SB(3)C(1,3) & SB(4)C(1,4) =0

NUMINI=3
SB(4)=—-C(2,1)=~1

K=1
K=2
K=3

SOM=
SOM=
SOM= SB(2)C(l,2

SB(4)= -C(2,1)
SB(3)= -C(2,2)
SB(2)= -C(2,3)
SB(1)= -C(2,4)

SB(4)C(1,2)
SB(3)C(1,2) + SB(4)C(1,3)
) + SB(3)C(1,3) + SB(4)C(1,4)

-SB(4)C(1,2) = O
~SB(3)C(1,2) ~SB(4)C(1,2) = ~1
-SB(2)C(1,2) -SB(3)C(1,3) =SB(4)C(1,4) = 0

1 -3, -1

SB(K) = [0 1 01] =[a ,a +a ]
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Z(EEﬁROUTINE STATMX(NU,S) /

[ INTEGER TWONU,S(64,6) ]

| TwoNU=22aNU

A
10: I=1,TWONU
J=1,NU

s(1,J)=0

- - - - = - = =] ,KMAX

| LMAX=22% (NU-J) |

-— - - - = L=1,LMAX

| 1=20% (NU-J+ 1) 2R-L+1 |

S(1,J)=1

END
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STATMX (NU,S)
NU=3
TWONU=8
' 1=1,8 ;}
J=1,4 all elements zero S(I,J)
S(I.J¥=0 _
J=1 (first column) 0.
KMAX=2#x(1-1)=1 o .
K=1,1 0. .
LMAX=2%# (3~1)=4 3 0 .
L=1,4 =--———==—=——m= 1=23’1—1+1=8 S(8,1)=1 | I
I=23!!—2+l=7 S(7,1)=] [
I=2 #1-3+126 S(6,1)=1 1. .
I=2"#]1-4+1=5 S(5,1)=1 .
J=2 (skcond column)
KMAX=2m# (2-1)=2
K=1 0.
LMAX=2#%(3-2)=2 9 0 .
L=1,2 —=—==mo——— I=2_ %1-1+1=4 S(4,2)=1 01
I=2"21-2+1=3 S$(3,2)=1 0 i
K=2 1 .
LMAX=2mx(4-3)=2 - 1.
L=1,2 =———=———————ee I=2_#2-1+1=8 5(8,2)=1 11
I=2"%2-2+1=7 S(7,2)=!1 !
J=3 (third column)
KMAX=2»#(3~1)=4
K=1
LMAX=2#x(3-3)=1 1
K=1, Lel=me———————me 1=2 #1-1+1=2 $(2,3)=I 000
K=2, L=l —=——=——m—a—— I=21i2—l+l=4 S(4,3)=1 001
K=3, L=] ==m——————an I=2 #3-1+1=6 S(6,3)=1 010
K=4, L=} -————————— I=2 #4-1+]=8 5(8,3)=1 011
‘ 100
1 01
110
111




5
'
1
I
'
|
|
I
|
|
|

_— e m .- - e .- P m = m = e = -

—
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ZZSUBROUTINE ZWNUL(NU,MU,C,D,S,ZNUL2I,WNUL21)J//

] INTEGER TWONU,C(2,7),D(2,6),S(16,6),ZNUL2I(16),WNUL2I(16)

|
¢

< 1=1,TWONU,2 >

ZNUL2I(I)=0
WNUL2I(I)=0

<<:31: K=1,NU

ZNUL2I(I1)=ZNUL2I(I)+C(1,K)®S((I+1)/2,K

I

)

>

YES ZNUL2L(1)=(ZNUL2(1)/2)%2 ? )— =
ZNUL21(1)=0 ZNUL21(1)=1
33
34: K=1,MU
WNUL2I (1)=WNUL2I(I)+D(2,K)*S((I+1)/2,NU~MU+K)
YES WNUL2T (1)=(WNUL21 (1) /2)#2 7 -
WNUL21(1)=0 WNUL2L(1)=1
— . I

END
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ZWNUL (NU,MU,C,D,S,ZNUL2L,WNUL2I)

NU=3

MU=2

c(1,K)=
C(2;K)=
D(1,K)=
D(2,K)=
TWONU=8
1=1,TWONU,2

— s St o

0
1
1
0

O — - -

C(2,1) €(2,2)

c(2,3)

[ o | o

| o |

Examplg I=5: U W——

[se.nlsen[s6,m -

c(1,1) ¢(1,2)

NU

ZNUL2I(1)= 2>_ C(1,K)*S(1,K)=0
K=1
NU

ZNUL2I(3)= 2 C(1,K)*S(2,K)=I
K=1
NU

ZNUL2I(5)= > C(1,K)*5(3,K)=0
K=1
NU

ZNUL2I(7)= > C(1,K)%5(4,K)=1
K=1

D(1,1) D(1,2)

c(1,3)

0 0

—T

« |

Example I=5: < -

5(3,2)|s(3,3)

D(2,1) D(2,2)

MU
WNUL2I(1)= 9 _ D(2,K)%S(1,K+1)=0
K=1

&

WNUL2I(3)= 2 D(2,K)*S(2,K+1)=I
K=1
MU

WNUL2I(5)= Y _ D(2,K)*S(3,K+1)=1
K=1 :
MU

WNUL2I(7)= D(2,K)%S (4 ,K+1)=0
K=1

S(1,J)=

23
|

00 |/
o1v |=<
1 0 |3
1 1 |u
00 |5
01 |
1 0 °|?
11 8

State—-table: TT(IL,J)

0fooo |01 23(01 110110
iloot{2301l1010fl1001
21010 |4 56701011001
3lo11j6745/1010]0110
sltoofor1z3|toro]or 10 |
511012301101 11 001
6(110[4 56710101001
7{111 167 4 5)0 1 110110
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Z{?UBROUTINE TRATBL(NU,MU,D,SB,S,ZNULZI,WNULZI,TT!J//

INTEGER TWONUI,SOM,SB(6),SSB(6),ZNUL2I(64), WNUL2I (64),5(64,6),TT(64,13),D(2,6)

TWONU 1 =2## (NU-1) |

e < 1=1,TWONUI »

TT(I,1)=I-1
TT(I,2)=2%I-2
TT(I,3)=TT(I,2)+]

————— =1,NU

SSB(K)=XOR(SB(K),S(2#I,K))
SOM=SOM+SSB(K)* (2% (NU-K))

TT(I,4)=SOM
TT(I,5)=TT(I,4)+]
TT(I,6)=ZNUL2I(2%I-1)
| TT(1,8)=TT(I,6)
TT(I,7)=1-TT(I,6)
TT(1,9)=TT(I,7)

TT(L,10)=WNUL2I (2%I~-1)
TT(I,11)=TT(I,10)

—C @01, Mu+1) .EQ.0) 7 = TT(1,11)=1-TT(1,10)
i
1

TT(I,12)=1-TT(1,10)
TT(I,13)=1-TT(I,11)
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r~ - -- I=1,TWONUl »

ITWONU=I+TWONU1
TT(ITWONU,1)=TT(I,l)+Tw0NUl

1
!
|
| .
|
4 30: J=2,5
TT (ITWONU,J)=TT(I,J)
35: J=6,9
TT (ITWONU,J)=1-TT(1,J)

|

!

|

|

.

| <
|

|

[

I

40: J=10,13
TT (ITWONU, J)=TT(I,J)

e (T

END
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TRATBL (NU,MU, D, SB, S, ZNUL2T,WNUL2I, TT)

NU=3

SB(K)= 01 1
TWONU=2a4NU=8
TWONU 1 =24%(NU~1)=4

Example I=4 :

TT(4,1)=3
TT (4,2)=6

State-table: TT(I,J)

. _T“"S(I?J]L 'CEE] ‘f’; g 9 :oﬁ: I8

1 Jolooo or23lo0101lo110

2 |1 ]o01 2301)1.010:1 001

3 |2 o0 46567{0101[1001

4 {3 ]on 745101 0/0110

s |4 100 fo123[1010i0110

6 |5 ]101 230101011001

7 16 |110 s5671010{1001

8 |7 |11 le74as5/0101(0110
OIOLOH%LO[?FI

.

TT(4,3)=7

K=1,3

SSB(K)=XOR(SB(K),S(8,K))

NU

TT(4,4)= 2_ SSB(K)#2#%(3-K)=1.2

K=1

TT(4,5)=5
TT(4,6)=ZNUL2I(7)=1
TT(4,8)=1

TT(4,7)=0

TT(4,9)=0
TT(4,10)=WNUL2I(7)=0
TT(4,11)=0

D(1,3)=0 ---» TT(4,11)=I]
TT(4,12)=1

TT(4,13)=0

LOOP 45:
TT(8,1)=TT(4,1)+TWONUl=7
LOOP 30:
TT(8,2)=TT(4,2)=6
TT(8,3)=TT(4,3)=7
TT(8,4)=TT(4,4)=4
TT(8,5)=TT(4,5)=5
LOOP 35:
TT(8,6)=1-TT(4,6)=0
TT(8,7)=1-TT (4,7)=1
TT(8,8)=1-TT(4,8)=0
TT(8,9)=1-TT(4,9)=1

[s@,D[sw,2)[s,3)H

I

]
1

SSB(K)=10 0
2 0

01
11
@

+0.21+0.2 =4

LOOP 40:

TT(8,10)=TT (4, 10)=0
TT(8,11)=TT(4,11)=1
TT(8,12)=TT(4,12)=1

|s(8,1)]s(8,2)]s(8,3)

SB(1)

TT(8,13)=TT(4,13)=0

SB(2)

SB(3)
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//SUBROUTINE PSTMX(NU,MU,ZNUL,SB,ZNUL2I,WNUL2I,D, S, TRANMX) /

:

INTEGER ZNUL,TWONU,P3(6),SB(6),ZNUL21(64),WNUL2I(64) ,TRANMX(64,9),
D(2,6),5(64,6)

TWONU=2%&NU
MU i=MU+1

_______ {1=1,m0N0,2 >

TRANMX (I, 5)=ZNUL2I (1)
TRANMX(I,6)=1-ZNUL2I(I)
TRANMX (I,7)=ZNUL2I(I)+ZNUL

-
|

|

!

|

|

I ’ .

! ———(TRANK(T,7)=2 7 5 o[ TRANMX(T,7)=0 |
|

|

|

|

i

L

NO Y

—

v

TRANMX(I,8)=1-TRANMX(I,7)
TRANMX(I,9)=WNUL21(I)

TRANMX(I,1)=(I-1)/2
TRANMX (I,2)=TRANMX(I,1)+2%*(NU~1)

15: K=2,NU
P3(K)=XOR(S((I+1)/2),K),SB(K-1))

| TRANMX(T,3)=0 |

16: K=2,NU
TRANMX (I,3) =TRANMX (I ,3)+P3 (K)# (2%» (NU-K))

TRANMX (I,4)=TRANMX(I,3)+2x»(NU~1)
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!

o e e m e m e — = - —1=1,TWONU, 2

Y (Toa,mun=0 7 )—ES

TRANMX (I+1,9)=TRANMX(I,9) TRANMX (I+1,9)=1-TRANMX(I,9)

L . |
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PSTMX (NU,MU, ZNUL, SB, ZNUL2I ,WNUL2I,D, S, TRANMX)

o un

]
1
1
]

SB(K)= 01 1
ZNUL=1
TWONU=8
MU1=3

Example I=5 :

TRANMX (5, 5)=ZNUL2I(5)=0
TRANMX (5,6)=1

TRANMX (5,7)=0+]=1
TRANMX (5,8)=0

TRANMX (5,9)=0

TRANMX (5,1)=2
TRANMX (5, 2) =2+4=6

K=2,3

P3(K)=XOR(S(3,K),SB(K—]))} P3(K)=

NU

Parent state matrix: TRANMX(I,J)
I o
123456789
1Toloocolos15[01 100
21 1l001|0o415/1001]1
3/2(010[1504[1001]/1
4{3/01n|1504/0110]0
stalioo|{2637|01 10101
6|5(101|2637]1001]0
716/110/3726|1001!0
gl7(111l3726/0110]1
10 00
01 4 Si4 —5; %)
11 00 -
Sy5agV"! ——8; zy,
1
51:% 4 o-1) —S5; %;0%%

TRANMX(5,3)= 5 P3(K)x2¢x(3-K)=1.2"+1.20= 3

K=2

TRANMX (5,4)=3+4=7
TRANMX (6, 1)=2
TRANMX (6,2)=6
TRANMX(6,3)=3
TRANMX (6,4)=7
TRANMX (6,5)=1
TRANMX (6,6)=0
TRANMX (6,7)=0
TRANMX (6,8)=1

D(1,3)=0 --» 36
TRANMX (6,9)=0
etg
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,/EﬁBROUTINE TREEMC (NU, SB, TT ,M) //

INTEGER DIST,PLACE,S],SZ,DEPTH,BEGTUP,ENDTUP,SB(6),TT(64,9),M(64),NO(64)

I=NO(X)
—m—@fm_”“ .
PLACE=3 PLACE=2
DIST=1 DIST=2
L ™ J

S1=TT(I,PLACE)+!
S2=TT(I,PLACE+2)+1]

M(S1)=M(I)+(2-DIST)
M(S2)=M(I)+DIST

NO (2#K-1)=S1
NO (2#K)=S2

\
|
!
1
!
!
I
|
!
!
|
f :
I
I
!
|
!
I
f
!
i
!
!
1
'



TREEMC (NU, SB, TT, M)

C(1,K)=100 11
C(2,K)= 101 11
SB(K)= 01 0 1
NU=4

W

NU

NRB= _ SB(K)M2%%(4-K)=0.2

K=1

M(1)=0
M(5)=2
NO(1)=1
NO(2)=5
DEPTH=3
L=1
BEGTUP=2
ENDTUP=2

20

K=2
I=NO(2)=5
TT(5,6)=0
PLACE=2

DIST=2
S1=TT(5,2)+1=9
S2=TT(5,4)+1=13
M(9)=M(5)=0=2
M(13)=M(5)+2=4
NO(3)=9
NO(4)=13

L=2

BZGTUP=3
ENDTUP=4

K=3
I=NO(3)=9
TT(9,6)=1
PLACE=3

DIST=1
S1=TT(9,3)+1=2
$2=TT(9,5)+1=6
M(2)=M(9)+1=4
M(6)=M(9)+1=4
NO(5)=2
NO(6)=6

K=4

1=NO(4)=13
TT(13,6)=I
PLACE=3

DIST=1
S1=TT(13,3)+1=10
$2=TT(13,5)+1=14
M(10)=M(13)+1=5
M(14)=M(13)+1=5
NO(7)=10
NO(8)=14

3
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#1.2%40.2%41.2% 5

0

State table: TT(I,J)

1 J
—
110jo0 t 4 5 0
21112 3 6 7 1
3] 214 5 0 1 0
41 316 7 2 3 1
5] 4,8 9 12 13 0
6| S{10 11 14 15 1
71641213 8 971 0
8! 7114 15 10 11 1
91 80 1-4 5 1
10| 92 3 6 7 0
11110 4 5 0 1 1
1211116 7 2 3 0
13112 8 9 12 13 1
14113410 11 14 15 0
15{14 {12 13 8 9 1
IQJIS 14 15 10 11 0

M(1)

e Y T N V. B V. B R e TVt N L %, ¥ B e ]
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//SUBROUTINE SSMCMB(NU,ZNUL,TRANMX,M,SSMC)Aj/

INTEGER DIST,PLACE,PLACE],ZNUL,TWONU,P],P2,M(64),TRANMX(64,9),SSMC(64)}

[ TWONU=2##NU |

PLACE=1
DIST=!

SR o v LI S

| P1=TRANMX(1,PLACE)+] |

| PLACEI=PLACE+2+ZNUL |

]
{
|
|
|
|
|
|
|
:
|
]
|
A NO 4—{:;2LACE1=5 ? YES I PLACEI=3
, :
|
! |
|
1
l
|
|
i
|
|
|
|
|
|
|
|

—
! | P2=TRANMX (1,PLACE1)+1 |

!

|

, = a/mwn j_Yﬁs_.@

!

]

| %M(P]%(Z—DIST)) < (M(P2)+DIST) 2 )—o

!

|

. (19

|

! [ M(1)=M(P2)+DIsT | [ M(1)=M(p1)+(2-DIST) |
! il

[

L-d o -2
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_ SSMCMB (NU, ZNUL , TRANMX , M, SSMC)

C(1,RK)=1001 1
C2,K)=10111

NU=4
ZNUL=0 P23 w6 7090w ms 16
M(I)=(0354237425544574) Parent state matrix : T[RANMX(L,J)
KMAX=2+NU=8 PARENT-STATE HATRIX:
k=1 [ o-To 8 21070 1+ 2 11}o0
2 1-]lo 8 21611 0 1 0|
I=1 3] 201 9 31111 0 1 00
PLACE=1 «l 311 9 31110 1 0 11
Sl 4=:210 0 8,0 1 0 1|1
DIST=1 I (] s=i210 0 |1 0 1 0 0O
TRANMX (1 . 5)= T Floo-la31r v 9)1 01 01
(1,5)=0 el 7=i311 1t 910 1 0 1|0
P1=TRANMX(l,1)+1=1 4] &-|al12 6140 1 0 1] 1
w| 9<|412 6141 0 1 0! 0
PL =14240=
ACEI 0=3 0! 10-1513 7151 0 1 ol 1
P2=TRANMX(1,3)+1=3 nl 11-1513 7150 1 0 1|0
B 12-1614 41210 1 0 1] 0
_———— =
ODD DISI~2 i 13=-l614 al2l 1 0 1 0! 1
(M(1)+0=0) & (M(3)+2=7) --+ 10 s 14-7715 51311 0 1 010
R © - |
10 M(1)=M(1)+0=0 b l 15 | 715 5130 1 0 1 | 1 E
1=2 PR U S 5 6 F % 9
PLACE=1 7
DIST=1
TRANMX(2,5)=1 —-# PLACE=2

PI=TRANMX(2,2)+1=9
PLACE1=2+2+0=4
P2=TRANMX(2,4)+1=11

EVEN ---& DIST=|
(M(9)*+1=3) & (M(11)+1=6) - 10
10 M(2)=M(9)+1=3

I=3

PLACE=1

DIST=1

TRANMX (3,5)=1 --& PLACE=2
P1=TRANMX(3,2)+1=10
PLACEI=2+2+0=4
P2=TRANMX(3,4)+1=12

ODD ----+ DIST=2
(M(10)+0=5) < (M(12)+2=6) -—» 10
10 M(3)=M(10)+0=5




1=4
PLACE=1

DIST=1

TRANMX (4, 5)=0
P1=TRANMX (4, 1)+1=2
PLACE]=1+2+0=3
P2=TRANMX(4,3)+1=4

EVEN —-+ DIST=]
M(2)+1=4) L (M(4)+1=5) --» 10
M(4)=M(2)+1=4

I=5

PLACE=1

DIST=|

TRANMX (5,5)=0
PJ=TRANMX(5,1)+1=3
PLACEI=1+2+0=3
P2=TRANMX(5,3)+1=1

ODD —---» DIST=2
(M(3)+0=5) > (M(1)+2=2)
M(5)=M(1)+2=2

I=6

PLACE=1

DIST=1

TRANMX (6,5)=1 ~—~# PLACE=2
P1=TRANMX(6,2)+1=11
PLACE1=2+2+0=4
P2=TRANMX(6,4)+1=9

EVEN —--+ DIST=1
M(I1)+1=6) > (M(9)+1=3)
M(6)=M(9)+1=3

I=7

PLAGE=1

DIST=1

TRANMX(7,5)=1 -—# PLACE=2
PI=TRANMX(7,2)+1=12
PLACE1=2+2+0=4

P2=TRANMX (7,4)+1=10

ODD --~& DIST=2

(M(12)+0=4) (M(10)+2=7) —-» 10
M(7)=M(12)+0=4

1=38

-~ 52 -

11

15

OO0 O 6 A

[9)

_+_

survivor
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/ SUBROUTINE DECOD(NU,XL,ZNUL,Z,SSMC,TRANMX,MTCOMB,TRANS,SURV,PATHRG)//

INTEGER XL,TWONU,PLACE,PLACEl,DIST,
MTCOMB (64 ,15), TRANS (64,15),

ZNUL,P1,P2, TRANMX (64,9),2(15),SSMC(64),
SURV(64,15) ,PATHRG(64,15)

TWONU
NUXL=

NU+XL

=2a#NU

WONU >

MTCOMB (I

, 1)=SSMC(T)

PLACE
DIST=

=1
1

'————Eﬁl——{:TRANMX

(1,5)=1 2 —E5 T prace=2

|
|
|
t
|
|
|
|
|
o [ PLACE=PLACE+Z (K) |
|
i |
| L NO PLACE=3 ? YES » PLACE=]
’ t
| |
: , | PI=TRANMX(I,PLACE)+I1 |
|
‘ |
o PLACE|=PLACE+2+ZNUL |
L N Y
oo — (" PLACEI=S ? LS PLACEI=3 |
|
! |
|
l .
' ' | P2=TRANMX(I,PLACEI)+1 |
|
|
! | ——-(NO (I/2)m2#1 D YES DIST=2
! ) 1
|
|
|
A
R C

> - - — = -




-
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(" (MTCOMB(P1,K)+(2-DIST))  (MICOMB(P2,K)+DIST) ? )

NO | YEs
MTCOMB (I,K+1)=MTCOMB(P2,K)+DIST MTCOMB (I,K+1)=MTCOMB(P1,K)+(2-DIST) |
TRANS (I,K+1)=DIST+1 TRANS (I ,K+1)=2-DIST
SURV (I,K+1)=P2 SURV(I,K+1)=P]

_— . . e m = e — e e e e P s e e e = e = e e e e e e = - - — —

L ll

PATHRG(I,K+1)=TRANMX(L,9) |

()

MIN=MTCOMB(1,K+1)]

IMAX=TWONU-1

o m—— - —— - - I=1,IMAX )

|
|
A »—Ng-—CMTCOMB (T+1,K+ 1) MIN 7 255 ol MIN-MTCOMB (141 ,K+1)]
| | 1
I
|
t

I=1,TWONU

[ MTCOMB (T, K+1)=MTCOMB (I ,K+1)-MIN |

—_—— P - -

END




ﬁ

_55_

DECOD(NU, XL, ZNUL,Z, SSMC, TRANMX ,MTCOMB, TRANS

s SURV,PATHRG)

NU=2
XL=2
X(K)=11
NOISE(1,K)=
NOISE(2,K)
C(1,K)=1
C(2,K)=1
NUXL=4
I=1,TWONU
ATCOMB (I, 1)=SSMC(I)
K=1
1=1
PLACE=1
DIST=1
TRANMX(1,5)=0
PLACE=]1+]1=2
P1=TRANMX (1,2)+1=3
PLACEl=2+2+1=5
PLACEI=3
P2=TRANMX (1,3)+1=2
ODD --#» DIST=2
(MTCOMB(3,1)+0=2) L (MTCOMB(2,1)+2=5) -—* 20
MTCOMB(1,2)=2
1
é
|
A1

10
=0 I Z(K)= 1101
11
01

}

MTCOMB(I,1)=( 0 3 2

20
TRANS(1,2)=0

SURV(1,2)=3

PATHRG(1,2)=0

I=2

PLACE=1

DIST=1

TRANMX (2,5)=1 --» PLACE=2
PLACE=2+1=3

PLACE=1
PI=TRANMX(2,1)+1=]
PLACE]=1+2+1=4

z

!

3)

Parent state matrix: TRANMX(I,J)

PARFENT-STATE MATRIX:

0-1 0

T
NN LW

0
1
i

Rlw wm N

!

£

, DECYUDING SCHEME:

1 200 2 200
0 011 1 312
2 110 0 110
0 002 1 301

N O = = O
- o -
|- O O =~
V)| O = = O

“ak
000
211
310
202

0 200
1 312
0 110
1 301

DS - - O

0
3
2
3
i

A 3

state

JFIOOO~HTCONB

time K

MIN=1

P2=TRANMX(2,4)+1=4
EVEN --# D1ST=1
(MLCOMB(1,1)+1=1) K (MTCOMB(4,1)+1=4) -—% 20
20 MTCOMB(2,2)=1

TRANS(2,2)=1

SURV(2,2)=1

PATHRG(2,2)=]

1=3

PLACE=1

DIST=1

TRANMX(3,5)=1 —-» PLACE=2

PLACE=2+1=3

PLACE=1

PI=TRANA{(3,1)+1=2

PLACEl=1+42+1=4

P2=TRANMX(3,4)+!1=3

0D ——# DIST=2
(MTCOMB(2,1)+0=3) L (MICOMB(3,1)+2=4) --# 20
MTCOMB(3,2)=3

TKRANS(3,2)=0

SURV(3,2)=2

PATHRG(3,2)=1

20

o

Q



25
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1=4

PLACE=|

DIST=1

TRANMX (4,5)=0
PLACE=2
P1=TRANMX (4,2) +1=4
PLACEI=242+1=5
PLACE]=3
P2=TRANMX (&4, 3)+1=1
EVEN —-% DIST=1
(MTCOMB(4,1)+1=4) > (MTCOMB(1,1)+1=1)
MTCOMB(4,2) =1
TRANS(4,2)=2

SURV (4,2)=1 =—=~» 25
PATHRG(4,2)=0

K=1 MTCOMB(I,2)=( 2 1 3 1 )

LOOP 31:
MIN=MTCOMB(!,§)=2

1=1,3

IF (MTCOMB(I+1,2) & MIN) MIN=MTCOMB(I+1,2)} MIN=MTCOMB(4,2)=1
I=1,4

MTCOMB(1,K+1)=MTCOMB(L,K+})-MIN MTCOMB(I,2)=( 1 0 2 Q )

K=2

I=1

PLACE=]

DLIST=1

TRANMX (1,5)=0

ete. | mmmmmmmmmmmmmmmemeeeeee -~ MICOMB(I,3)=( 210 1)

MTCOMB(L,4)=(C 1 0 0 0 )
MICOMB(I,5)=( 01 0 | )
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Z[SUBROUTINE DCPATH(NU,XL,MTCOMB,PATHRG,SURV,TRANS,STATE,BITS,NESTIM,WESTIM)//

INTEGER XL,XLK,MTCOMB(64,15),PATHRG(64,15) ,SURV(64,15) ,TRANS(64,15),
STATE(15),BITS(15),NESTIM(2,15) ,WESTIM(15)

NUXL=NU+XL
NUXL1=NUXL+1
NUXLM1=NUXL~-1

? I=I+1
L—ﬁg-—{: MTCOMB (I,NUXL+1)=0 ? )
: YES
STATE (1)=1

STATE (NUXL+1)=1I

BITS (NUXL)=TRANS (I,NUXL+1)
WESTIM(NUXL )=PATHRG(I,NUXL+1)

IOLD=STATE (XLK+1)

| INEW=STATE (XLK) |

[ BITS(XLK-1)=TRANS (INEW,XLK)
WESTIM(XLK~-1)=PATHRG (INEW, XLK)

!
|
|
|
I
]
|
|
\ | STATE (XLK)=SURV(IOLD,XLK+1) |
|
|
|
|
i
|
|
|
|
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K=1,NUXL

NESTIM(1,K)=0
NESTIM(2,K)=0

2 BITS(K).EQ.1 7 —ES ] NESTIM(2,K)=1

!

_NO YES

-( BITS(K).EQ.2 ? NESTIM(1,K)=1

. l

B
-%ns (K) .EQ.3 ?JLYES

NESTIM(1,K)=1
NESTIM(2,K)=1

' , o

()

= - = K=1,NUXLI

| | STATE (K)=STATE (K)~1 |

END




20
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DCPATH(NU,XL,MTCOMB, PATHRG, SURV , TRANS ,STATE,BITS,NESTIM,WESTIM)

NU=2

RL=2

X(K)=11
C(1,K)=11 1
C(2,K)=1 0 1
NOISE(1,K)= I
NOISE(2,K)= 0
NUXL=4 o
NUXL 125 DECYDING SCHEME:
NUXLM1=3

MTCOMB(1,5)=0 ~=# 20

STATE(1)=1 I
STATE(5)=1

BITS(4)=TRANS(1,5)=0 (00) N :
WESTIM(4)=PATHRG(1,5)=0 DECKLED PATH:

0
]

LOOP 30:

K=1 ZCK)
IOLD=STATE(5-1+1)=STATE(5)=1 e
STATE (4)=SURV(!,5)=3 WESTIMCK)
INEW=STATE(4)=3 .
BITS(3)=TRANS(3,4)=0 (00) STATECK)
WESTIM(3)=PATHRG(3,4)=I

L] 1}
o —
(@] b
— o
o —_

i
o
[
)
[
w
'
!
'
(&)
]
]
[
N
)
)
[
o
g

e NESTIMCILK) = 1 O O 0

IOLD=STATE(5-2+1)=STATE(4)=3 NESTIA(Z, 1)
STATE (3)=SURV(3,4)=4

[NEW=STATE(3)=4 SAIYDCR) =
BETS(2)=TRANS(4,3)=1 (01) WESTIM(K) = Q010
WEST EM(2) =PATIRG(4,3)=0

K=3 XESTIM(K) = 1100
LOLD=STATE(5—3+I)=STATE(})=&

STATE(2)=SURV (4,3)=4 XCK)
INEW=STATE(2) =4

BITS(])=TRANS(4,2)=2 (10)
WESTIM(1)=PATHRG(4,2)=0

1]
e
—

LOOP 40:

K=1

NESTIM(1,1)=0

NESTIM(2,1)=0

BITS(1)=2 --- NESTIM(1,l)=I NESTIM(1,K)= I

- O
o O
o O

K=2 NESTIM(2,K)= 0
NESTIM(1,2)=0

NESTIM(2,2)=0 WESTIM(K) - = 001 O
BITS(2)=] --- NESTIM(2,2)=I

K=3
NESTIM(!,3)=0
NESTIM(2,3)=0
BITS(3)=0

K=4
NESTIM(1,4)=0
NESTT(2,4)=0
BITS(4)=0

K=1,5 (oo 00
STATE (K)=STATE (K) -1 } STATE(K)= a 9 Ol 0 Q
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YK, ED DISFLY

Ge
EDIT
P1000
+NULL. e
Cc THIS PROGRAY 1S EXECUTABLL ¥ THE TtlETYPE AS WELL AS THE TER-
C MINAL CONTRUL SYSTHY T-4014-1.
Cc @&LY THE TCS-VERSI@N 1S PROVIDED WITH INTRODUCTORY TEXT.
C THE USER CAN CAVTRZL THE PACE OF THE VARIQUS STEPS liv THE
C DECYDING PRACEDURE BY [MEANS YF A SIMPLE PUSH 4N THE CAR-
Cc R1AGE RETURN KEY.
C SKRARAKA KA AR A A A A AR A A AR A AR AKK KKK KKK KK Aok ok ok
INTEGER XL,XL1,XLK, ZNUL, TWONU, TWUNU1,.X1(2, 15)
INTEGER C(2,7),D(2,63,XC15),NOLSEC2, 15),2(21),Y(2,15),N2C1(21).,
1 N1C2C21),YIDI(21),Y202(21),XC1(213,%XC2(21), S5(6)»S( 16463,
1 ZNUL21C16),WNUL2IC16), TTC16,13), TRANMX(16,9),MC16), TRICC16),
1 SSMCC16),rITCOMBC16, 157, SURV( 16, 15),PATHRGC 16, 15), TRANSC16, 15),
1 BITSC1IS),STATECIS), WESTIMC LS, SIMYDC15), XESTILMC15),
1 DECQUT(C16,50),NESTINM(2,15), 1ADE(S)
REAL XD(16),YIX 16)
WRITEC1, 100D
1000 FORMAT(*WHEN USING THE TELETYPE ~===-- > MODE=1'/
1 "WHEN OUSING THE DISPLAY ===~-== > [MIDE=2") "
CALL TNQUA('MGDE= ',6) ) - -
READ( 1,5) MODE -
IF (MODE.EQ. 1) G@T9 1001
CaLl INITTC(20)
CALL ANMEZLDE
C PRINT THE INTRODUCTOFY TEXT.
CALL TEXTI
READ(1,2)
2 FORMATCAL
CALL ERASE
CALL TSEND
C PRINT THE TABLE OF FACTYPIZED CONNECTIUPOLYNIMIALS.
CALL FACPOL
READ(1,2>
CALL ERASE
CALL TSEND
1001 WRITE(1.,3)
3 FORMAT(” NUW GIVE AS INPUT:'/)
IF (MUDE.EQe 1) WRITECL, 1) -
1 FORMAT(*- THE NUMBER N® OF THE CODE")
WRITEC1,4) -
4 FRMAT(' - THE CO@DES CONSTRAINTLENGTH NU'/

1 ‘- THE CAINECTIONPBLYNOMIALS CIN,K)», K=1,2 AND K=1,NU+1'/
1 "- THE DATASEQUENCELENGTH XL, WHERE XL >1'/ )
1 Y- THE DATASEQUENCE X(K)» K=1,XL*'/ h
1 Y= THE WyISESEQUENCE-PAIR NYISE(I,K)» N=1,2 AND K=1,XL"'//
17 REMEMBER THAT NU+XL < 16 1'//7) -

C R AR o oK e oK AR A K o Ao AR A AR A 5K A AR A oK o e Ao s o s ok ook o 3K oK oo o A
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THIS 1S THE dAIN PRJIGRAM WHERE ALL NECESSARY CALCULATIENS TAKE
PLACE. ALL SUBROUTINES ARE CALLEL AND THE C&IPLETE DECODING-
PROCEDURE 1S CARRIED QUT.

AS INPUT THE PRUGRAM ASKS LINE BY LINE:

N (THE NUIBER WF THE CODZ WHEN USING THE TELETYPR)

NU

CC1,K)

C(2,K)

XL

XCK)

NGISE(1,K)

NOI1SEC2,K)

HAAAK A AAAAAAA AN A A AR AAAAAAAAAO A A AAAAKA AR A AR AA K A K

THE READING ¢F THE NUMBER YF THE CODE IS OMITTED WHEN THE
DISPLAY IS USED.
IF (MUDE.EQ.2) GUTY 1002
CaLl TNOUACT™NG= ', 4)
C READ THE NWIBER @F THE CYDE
READCI, 11110 WU
1111 FORMAT(3A2)
1002 CALL TNOUAC'NU= ',4Q)
C READ THE CODE'S CONSTRAINTLENGTH NU.
READ(1,5) WU A
NUL=NU+1
NU2=NWH2
NUMINI=NU~1
TWAIU=2%xNU
TWENUL=2x (NU- 1)
CALL TNEUAC'CCL,K)= ',8)
C READ THE POLYNUMIALS C(NsK)»N=1,2 AND K=[,NUl.
READC1,6) (CC1,K),K=1,NUD
Call TNOUAC'C(2,K)= ',8)
READC1,6) (CC2,K).K=T,HUD
CALL TNRQUAC'XL= *,4)
C READ THE LENGTH XL OF THE DATASEQUENCE X(K)«(NU+XL N&T GREATER
C THEN 1D ’
- READ(C1,5) XL
XL1=XL+1
NUXL=NU+XL
WUXL1=NUXL+1
CALL TNQUAC*X(K) = ',12)
C READ THE DATASEQUENCE XC(K) K=1,XL.
READ(1,6) (X(K),K=1,XL) -
CaLl TNQUAC'NUISECLsKI= ',12)
C READ THE NQISE-SEQUENCES N@ISE(NsK)anN=1,2 AND K=1,XLe
READC1,6) CBISECL,K)sK=1,XLD )
CALL TNQUAC'NBISE(Z,K)= '»12)
READC1,6) (APISEC2,K)»H=T,XL)
5 FERMAT(12)
6 FORMAT(15I1)

sNeoReEeNsEsRsNoNeEoNoNoNoNa NN ol ¢!
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C CALCULATE THE PRYUDUCTS NUISEC1.,KI®C(2,K) AND WNUISE(2,KI*C(1,K)
C OF LENGTH NUXL.
CALL PRIDCT(XL,NUI,NQISE, 1,Cs2,N1C2)
CaLl. PRUDCT(XL,NU1,NUISES2,Cs 1492C1)
C LogP 93 THE M@D-2 S ¥UF THE PRUDUCTS ABYVE FUR1 THE SYNDRMEWUT-
C PUTSEQUENCE Z(K),K=1,NUKXLs
D6 9 K=1,NUXL ’
g ZCK)=XBRAUNIC2¢K) s N2C L (KD )
C LUBP 10: MAKE A TWU-DIHENSIZNAL ARRAY YUT WF THE oNLE=-DIMENSI WAL
C ARRAY X(K), liv YRDEI T SATISFY THE FORIAT JF THE SUBRRUTINE
C PRODCT.
DU 10 K=1,XL
10 X1C1,K)=X(K)
C CALCULATE THE wUTPUTSEQUENCES XCRI®C(1.K) AND XCKIXRC(2,K) LF THE
C ZWNCWDER. ’ '
CaLl PRUDCT(XL,nULLX1,1,C5 1,XCH)
CALL PRIDCT(XL,NUL»X1,1,Cs 2,%C2)
C Lé@P 11: MAKE THE LAST NU BITS or THE WNUISE-SEQUENCES EQUAL ZERd.
De 1l I=l.2 '
Db 11 K=XL1,JUXL
11 NYISEC(I,K)=D
C LwoP 15: CALCULATE THE RECEIVED LIWE=-SEQUENCES Y(1,K)=SX(K)RC(1,10)
C + WBISE(I,K) AND Y(2,K)=X(K)%®C(2,K) + WIISE(2,X) YF LENGTH NUXL.
DB 15 1I=1,2
DU 15 K=1,NUL
YC 1K) =XURCXCL(KI »WBISECLILK)Y)
15 YC2,R)=XERCXC2(K) »NJISEC2, K))
C ZVALUATE THE PulLYudMIALS DCN,K),iN=1,2 @F DEGREE i4U.
CALL DPULYW(1,NU, CoiiUs D
CALL DPALYW (2, NU, CsiiUs D)
MUI=MA+]
NUIUXL=NUHR AU XL
C CALCULATE THE PRYDUCTS Y(1,KI)RD(1,K) AND Y(2,K)*D(2,K) ©OF
C LENGTH NUMUXL.
CaLl. PREDCT(NUXL,1iUl,Y» 1,0, 15YIDL)
CALL PRODCT(NUXL,riUlaY»2.D52.Y2D2)
C LuwgP 16: CALCULATE THEIR SWM idD-2.
DY 16 K=1,UMUXL : ’
15 SETYI(KI=XOPCY 1 D1 (K),Y2D2(K))
C CALCULATE THE BASE~STATE SBCK)sK=1,NU.
CALL BSTATECC,NU, 513 h
C CALCUWLATE THE SPECIFIC QUTPUTVALUL ZNUL ¥F THE TrANSITION 9F STATZ
C S(13/2) TYWARDS THE ZERY STATLE S(0O) WITH INPUTBITS 11.
ZNUL=0
D¥ 20 K=2,nU
20 ZNUL=ZNUL+CC 1, K)*53(K-1)
C IF ZiUL IS EVEBY THEN ZWUL=0 ELSE ZNUL=1.
IF (ZNULGEQeCCZNUL/2)%2)) GITY 25
ZNUL=1 ’
G@TY 30
25 ZNYUL=0
30 CANTINUE
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EVALUATE THE STATE=L0 0 IX 5CLad) s I=1, TWANU 1wl Jd=lo e CIN FunTuL
A ZERY IWDEX I'7 AW ARPAY IS WeT ALLYYTAL, HINCE SCL,Jdds1=1,d=1,0U
HULDS THE ZERW STATZ 00000 UF LENGTH NUY.
CALl. STATMX(NU, S)
C EVALUATLE THE «UTPUTVALULZS ZWUWLEZICI) AWD WWUL2IC1Y), I=1, TWdWNU, 2.
CALL ZWWULCIUMU» Co D So ZNUL2T » WNLE2L)
C C&STRUCT THZ TRANSITIwd TABLE.
CALL TRATBLINU,MU, D, SBs S, ZNUL2I, WNUL2I, TT)
C EVALUATE THEZ F9UR PARENT STATES WF EACH STATE SCI1) WI1TH THEIR
C PARTICULAR TRANSITI?NS aND QUTPUTVALUES Z(K) AND W(K).
CAaLlL. PSTMX(NU,1U, ZiUL, SBs ZWUL21, WNUL2L, Ty S» TRANNX)
C CALCULATE THE VETRIC-VALUES ¢F THE STATES SC1) AT DEPTH NWHINI
C STARTING WITH {1C(1)=0.
CALL TREBRMC(NU, SB, TT.M)
C GIVZ THIS METRICCUMBINATIUN THE WAYE TRMNCe
DY 45 I=1, TWdNU
45 TRICCII=MCID
C CALCULATE THE STEADY STATE METRIC CGIBINATIWUN SSHCCIY,1=1, TWdie
CALL SSMGB(NU, ZnUL, TRARIX, 1) SSIHO)
C CALCULATE EACH TIvlE K: THE NEW METRICCAMBINATION MTCRHBCL, 1),
C THE SURVIVURS SURV(I,«®), THEIR TRANSITIYNS TRANSCI,K) AaND THE
C CURRESPUNDING QUTPUTVALUES FUR W(K) I PATHRG(I,K).
CALL DECBUDCivUL Y1, ZNULs Z, SS1C, TRANMX, MTCAIB, TRANS, SURV, PATHRG)
C EVALUATE THE DiCdDED PATH IN TERIS UF THE NEW STATEC(X), TEL
C TPANSITIA) Ty THAT STATE, NESTLiIC 1,K)/NESTINM(2,K) AVD THE
C CuRRESPADING wUTPUTVALUE WESTIii(}K).
CALL DCPATH(INU, XL, MTCWIB, PATHRG, SURV, TRANS, STATE, BI TS,
| WESTIMLWESTIM)
C LWiP 90: EVALUATE THE ESTIMATED DATASEQUENCE.
DO 90 K=1,tUXL '
90 XESTIMCKI=XURC SoiYD(K) s WESTIMCK) )
C LueP 95: AS THE SURVIWRS ARE THEL DECIMAL VALUE Jr THE BINARY
C REPRESENTATIGN OF THE STATE, WE MUST SUSTRACT THE VALUE ONE.
DU 95 K=1,NUXL1 ’
Do 95 1I=1,TWaANU
SURV(I,K)=SURVC(I,K)-1
CUNTINUE '
ARk AR AR AR KA KA AR A Ao AR AR KK R AR A AR o o oK 3
WUTPUT PRYGFAM
THE CAIPLETE DECUDINGPRUCEDURE IS PRINTED 4UT.
THE COMPLETE TRELLIS UP T¢ TIME K=NIDAL 1S GIVEN IN THE FORM
OF CYULWMNS AT EACH TIME K, THAT CONTAIN THE CETRICCBINATION
MTCOMB(1,K)», THE SURVIVURS SURV(I,K), THE QUTPUTS W IN
PATHRGCI,K) AND THE TRANSITIUNS TRANSCILK).
THE SPECIFIC DECJDED PATH IS INDICATED WITH AT EACH TIME i
THE QUTPUTS Z(K) AND WESTIINM(K), THE NEW STATE AT TIME K+1 AND
THE TRANSITIIANS TY THAT NEW STATE.
AT LAST THE ESTIMATED DATASEQUENCE XESTIMC(K) 1S CAIPARED WITH
THE 9RIGINAL DATASEQUENCE X(KJ.
MR AR AAAKAARACK A R AR A A A AN A AR AR AR AR J AR AR AR A AR RO A AOK

(o oNe]

[83]

oo o000 Y

WRITEC1,102) (D(1,K),K=1,MUl)
102 FORMATC D(1,K)= '611) ’ :
WRITE(1,103) (D(B,K),K=1,MUL)
103 FORMAT("IXZ2,K)= "6l
WRITEC 1, 104) (SBIK)»K=1,NU)
104 FORMATC'SB(K) = '611)
WRITEC15,105) ZNUC
105 FURMAT(C'ZNW., = '11/)
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WRITE(1, 1060 (XCICKY,K=1,NUXL)

106  FORIAT(/'XCIGO "> TIL, = Y201 1D
WRITEC1,107) (NQISEC1,K)SK=1,NUXL)

107 FORMAT('N@ISEC1,K)= '20I1)
WRITEC(15108) (Y(1,K) s K=1,NUXL)

108  FURMAT('-==mamremee= B ettt +'/
1'YCLKY YL T S v30TL/) T
WRITEC15109) TXC2(K),K=1,NUXL)

109 FORMMATC(/'XC2(K) ', Tils'= '2011D
WRITE(1,110) (N@ISEC25K)sK=1,NUXL)

110 FORMAT(NWISE(Z2,Ky= '2011)
WRITECLS111) CYC2,K) JK=1,NUXL)

111 FORMAT('==-e=—eeu B ittt +*/
'YK TIL "= "ggr/y 0 0 0 T
WRITEC15112) N1C2(K) »K=1,NUXL)

112 FORMAT(/*NIC2¢K) *,T1l, "= '2011)
WRITEC1,T113) (N2C1(K)>R=1,NUXL)

113 FORMAT(NZ2CICK) 'L Til, "= '201I1)
WRITEC1,114) (2K K=T1,0N0XL)

114  FORMIAT(' ==-me—ama- e +/
1'ZCKY 'L T, '= '2011/) ' -
WRITEC1,1155 (Y1IDI(K)»K=1, NRIUXL)

115  FORMAT(/'YIDIC(K) *»Til, "= "2511)
WRITEC1,116) (Y2D2(K),R=1,NUIUXL)

116  FORMAT(Y2D2(K) *» Tlls= *2511)
WRITEC1,117) (SBEMYDCKY,K=1,NUXL)

117 FURIAT( ' ====e=mccmcrm e aecccccc e +'/

C WHEN THE TELETYPE 15 USED, THE LINE-FEEDS 1UST BE @11TTEDe
IF (MPDE.EQ.2} WRITE(C1,118)
WRITECL1,T197Y ’

118 FORMATC/ /7777777777777

119 FORMAT(/ ' STATE-TARLE: ' /)
Dg 120 11, TWoNU -

120 WRITEC1,130) (TTCI,J)»d=1,13)

130 FORMATCI3, "-',413,1X,413, 1X, 413
WRITE(1,131)7 ’ '

131 FORMAT(/'PARENT- STATE MATRIX: '/)
Do 135 1=1,TWENU ’

135 WRITEC1,140) TT(1,1), (CTRANMX(L,J)»d=1,9)

140 FORMATCI3, "~ "4l 3, 1X5413, 3% 1 12
WRITECL, 14T TCTRMCCDDY S I= 1, TWONW

141 FORMAT(/' TREEMETRIC(I)= '64I11)
WRITEC1,142) (SSIC(1), I=1, TWeNWD

142  FORMAT(*SSMCC(1) = '6411)
C THE DISPLAY REQUIRES THE QUTPUT-PROCEDUPE STARTING AT LABEL
C 1004.

IF (MODE.EG.2) GBTS 1004
WRITEC1, [43)
143  FORUAT(/'DECUDING SCHEME: ')
C LOOP 150: INTURDER T4 FACILITATE THE DESIRED LAYQUT WF THE
C DECWUDING-SCHEME, THE ARRAY DECOUT IS INTRIDUCED.
D& 150 1=1,TWENU -
DECRBUT( 1, 1)=MTCOMB(I, 1)
DY 150 K=1,WUXL ’
DECQUT( 15 4kK=2) =liTCAMB( L, K+ 1)
DECUUT( I, 4xK~1)=SURV(1,K+1)
DECRUT(1, 4%K J)=PATHRG(I,K+1)
DECQUT(1, 4%kK+1)=TRANS(I,K+ 1)
150 CUNTINUE '
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C THZ WWMBER OF CZLWMENG (SECTIWUNS) EGUALS WUXLI.
JHAK=4%NU-L]~-3 ‘
Dd 151 I=1,TUeNU

151 WRITEC1,152) (DECYUT(1,d),Jd=1,d0AX)

152 FORMAT(I1,4X,39¢212,211))
WRITEC1, 156)7 (ZC(K),K=1,NUXL)

156  FORMAT(/'DECYDED PATH:'//'Z(K) ='14,1915)
WRITEC1,I57) (WESTIMC(KI,K=1,NUXL) -

157  FORMAT(/'WESTIM(K) =14, 1915
WRITEC1, I58) (STATE(K) ,K=1,NUXL1)

158  FURMAT(/* STATE(K) =",20¢12, '-=="))
WRITEC1,T60) (NESTINC1,K)»K=1,0UXLS

160  FORMAT(/'NESTIMCILK) ="14,1915)
WRITEC1,161) (WNESTIM(2,4), h=1,NUXL)

161 FORMAT(WESTIM(2,K) ='14,1915)
WRITEC1,162) (SUIYD(KI K=1.WNUXL)

162  FORMAT(/' SEIYD(K) = '2011)
WRITEC L, 164) (WESTII(K) s K=1,NUXL)
164 FURMATC('WESTINMCK) = '2011)
WRITEC1,166) (XESTIMC(KY,K=],NUXL)
166 FORMAT('=-=-~-cmrmcemcccem e m e —e e +'/
1I'XESTIHTK) = '2011Y -7
URITEC 1, 168) (XIK)»K=1,XL)
168  FURMAT(/, *X(K) = '2011»
C WHEN USING THE TELETYPE, THE PRYGRAM riUST BE ENDEDs
GoTo 1010 '
c sRoRRR R R R KRR ROk R kKRR ok oK oK AR AR AR KRRk

1004 WRITEC1,170)
170 FRRMAT (/7 " ookorskokskakokokokkok sk ke ok ok ok kAo Aok Kok ok or koo ok Kok ok kKol ok k dek '/

V777 8¢ GIVING A CARRIAGE RETURN, THE TRELLIS 1S DRAWN'/
1 *WITH IN THE FIRST ROW THE STEADY STATE METRICCHRMBINA-'/"
1 "TIGN."// )

1 ¥ NOWSY GIVING A CARRIAGE RETURN AT EACH TIME K» THE'/
1 YK ™ SECTIAV WITH ITS DECJDING DATA WILL, BE SHOWN.'/) ~
READ(1,2) T

CALL ERASE

CALL ANMUDE

C A RECTANGLE ¢F 600 TAGPCINTS 1. HIIGHT IS RESERVEL BEJEATH THE TRILLIS
C FR LUTPUT.
CALL. TWINDG(0,4095,650,3119)
C THE RADIUS R WF THE CIRCLE 1S ADJUSTED T¢ THE WWMBER ¢F SECTIdnSe
C THE MINIMWM VALUE (NU=4 AND XL=11) 9F R EQUALS LINWDTCI> AVD
C AND THE waXIMWI VALUE (NU=2 AND XL=2) EQUALS 3*LINWDTC1).
B=LINWDT(1)%(4]1-2kiNUXL) /1 }
CALL TRELLIC TWdIU,NUXL, R)
LY=LINHGT(l)/2
IX=LINWDT(1)/2
C L¥eP 180: PRINT THE STEADY STATE METRICCAMBINATI®W IN THE NJDESe
Db 180 I=1,TWwdnu
CALL MUVEACO.,FLBATC1-1))
CALL MOVREL(5-LX,7-LY)
CALL ANCHO(SIMC(1)+48)
180 C&ITINUE
C THE WUTPUTVALUES Z(K),K=1,NUXL ARE T@® BE PRIWTED IN THE .JIDDLE
C BETWEEN THE SECTIAIS. ‘
IXMULT=4096. /FLOAT(NUXL* 1)
CALL TWIivD&(0,4095,0,3119)
C VE THE CURSYR TYWARDS THE COJRDINATE <10, 600) EENVEATH
C THE TRELLIS.
CALL 11¥VABS(10,600)
IX=LINWDTCD)
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C THZ ASCII VALUZS FwR THE FIVE CHARACTERS IN THz mXPRESSICN Z(K)=
C ARE ENTEPED L THz aRRAY 1ADL(S) .

1ADE(]1)=90 ‘

IADE(2)=40

1ADE(3)=75

1ADEC4I=41

IADE(5) =61

CALL ANSTR(S, 1ADER)

CALL MOVASS(IXKHULT-IX/2,600)

CALL ANCHOCZ(1)+48)
C LiwP 190: THE VALUES Z(K) ARE PRINTED IN THE ¢ilDDLE BETWEEN THE
C WUXLI SECTIONS.

DY 190 K=2,iUXL

CAaLL FgVAaBS(Kx IXIMMULT~1X, 600)

CALL. ANCHOC(Z(RI+48)
190 CONTINUE

CaLL TWIWDB(0. 4095, 6505 3116)
C EVALUATE THE STARTING PUINTS JF THE BRANCHES AT THE EDGE oF
C THEZ NOUDES. ‘

CAall. EDGCIR(Rs TWYNU, NUXL, XDs YD)

C LQUP 200: EACH TIME K., FUYR EACH STATE 1 AT TIME K+l, THE
C FOLLOWING ACTIWNS TAIE PLACE:
C THE BRANCH T THE SURVIVUR SURV(I,K+1) IS DRAWN, SYLID @R
C DASHED, DEPENDENT dN THE VALUE OF W(K+1) IN PATHRGCILK+1).
C THE METRICVALUZ LTCAMB(1,K+1) 1S PRINTED IN THEZ NODE.
C THE TRANSITION TRANSCI,h+1) Iii THE FURi 00,01,10 YR 11,
C 1S PRINTED AT THE LEFT ¢F THE NUDE.

Dg 200 K=1,NUXL '

CALL ANMBDL

READC1.,2)

D2 200 I=1, TWdNU

C CALCULATE THE DIRECTIWGw UF THE BRANCH.
SGN=1-SURV(1,K+1)~] ’

C CALCULATE THE INDEX IDIS 4F THE DISTANCE BETWEEN THE TV

C {ODES.

IDIS=1ABSCIFIX(SGN) )+ |

C CALCULATZ THE STARTING PJINT UF THZ 3RANCH.
XCUR=FLOAT(A~ 1)+ XDC(1DL )

YCUUR=FLUATC(=SURVC I, K+ 1)) ~SIGHCYDCI DI S)» SGiV)
Cali. MBVEA(XCYER, Y CGLR)

C CALCULATEZ THE ZND PRINT OF THE BRANWNCH.
XCWioR=FLOAT(KI-XDCIDI S) '
YCOBR=FLBAT(1~1>+SIGN(YD(1DI S), SGN)

C DRAW THE BRANCH» SULID ¥R DASHZD, DEPENDENT 44 THE VALUE

C UF PATHRG(I,K+1)e
CALL DASHA(XCUUR, YCUWRs PATHRG(I,K+1))

C MUVE TOWARDS THE CENTRE ¥F THE NWDE.

CALL MUVEACFLUAT(K), FLOATC1-1))
CALL MUVREL(S5-LX, 7-LY)
C PRINT THE METRICVALUE.
CALL ANCHO(MTCRIB(I,K+1)+48)
PRINT THE TW® CHARACTERS AT THE FIXED DISTANCE LINWDT(3) FRAI
THE EDGE R ¢F THE CIRCLE.
CALL. M@VREL(-IFIX(R)-LINWDT(3),0)
ICHARI=48
1CHAR2=48
IF (TRANSCI.K+1).GE.2) ICHARI=ICHARl+]
IF (TRANS(I,K+1)+EQ.1 «@dR. TRANS(I,K+1)eEQ.3) ICHAR2=ICHAR2+1
CALL ANCH@(ICHART) '
CaLL ANCHU(ICHAR2)
200  CGANTINUE

ao
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C LuvP 210: THE DECYDED PATH IS 1NDICATED IN THE TRELLIS BY 4 DE-
C DRAVING ¥F THE SEPERATE BRANCHES AT A SLIGHTLY SHIFTED PuSITIGN.
Dd 210 K=1,iiUXL
CALL ANMYDE
READ(1,2)
C CALCULATE THE DIRECTIYN UF THE BRANCH.
SGN=STATEC(K+1)>~-STATE()
C CALCULATE THZ INDEX IDIS UF THE DISTANCE BETWE:J.\I THE Tva
C NODES.
IDIS=1ABSCIFIX(SGN))+1]
C SHIFT THE X-COORDINATE JVER A DISTANCE O. 2xXIX1L1S) .
KCOUR=FLOAT(K-1)+ 1. 2xXIX1DIS)
C IF A HERIZANTAL BRANCH MUST BE DRA‘N; THE SHIFT IN THE
C X-DIRECTI@N MUST BE SKIPPED.
~ IF (IDIS«LEQe 1) XCOOR=FLYAT(K-1)+XD(IDIS)
C SHIFT THE Y-CUURDINATE OVER A DISTANCE Oe2xYDCIDIS).
YCOUR=-FLOATC(STATEC(K) ) =0+ 8% SI QNCYDX I DI S)» SGid)
C IF A HURIZUNTAL BRANCH MUST BE DRAWN., WE iMUST
C SHIFT THE Y~CUURDINATE WVER A DISTANCE O.2%YD(2).
IF (IDIS«EQe 1) YCBOR==-FLUAT(STATECK))+0. 2*YD(2)
CALL MUVEA(XCYYR, YCORR)
C ANALYGEUS TY THE CALCULATIUN JF THE BEGIN PYINT, THE
C END POINT 1S DETERMINED.
XCOOR=FLOAT(K) =0 8xXD(IDIS)
IF (IDIS+EQe 1) XCOOR=FLUAT(K)-XD(1DIS)
YCOZR==-FLOAT(STATE(K+1))+1+. 2 SIGNCYDX(IDIS)» SGW
IF (IDIS+EQe 1) YCZOR=-FLUAT(STATE(K+1))+0. 2“YD(2)
C CALL DASHA(XCO®R, YCOYR, WESTIM(K))
CalLl MS}{A(XC@UPJYCEVJR; WESTIM(K))
210 CANTINUE
C MEPVE THE CURSBR TYWARDS THE CuwRDINATE (10, 600) BENEATH
C THE TRELLIS.
Call. tlbVABS( 10,6000
CALL ANMYDE )
C LABEL 271-276: THL LAST CWUiNCLUDING OUTPUT 1S PRINTED.
WRITE(1,271) (NESTINCI,K)» K=1,0NUXL)
271 FORMATC// NESTIM(L,K) = '"1512)
WRITEC1,272) (NESTIMC2,KY,K=1,0UXL)
272  FORMATC'NESTIM(2,K) = '1512)
WRITE(1,273) (WESTIMC(KY,K=1,UXL)

273  FeRMAT(/'WESTIMCK) = '1512)
WRITEC1, 274) (S@IYDCK),R=1,40U)

274  FORMATC SATYD(K) = 1512
WRITEC1,275) (XESTIII(KL:\— 1, UXL)

275 FURIAT( === =-=csmcrsoe e e se e e e e c e 'y
] "=t V/XESTIMCKY - = *1512) T
WRITE(15276) (X(K);K=laX£)

276  FORIATC(/"X(K) s %1512

C THZ CURSUR 1S DIRECTED T® A NEUTRAL P@SITI@N.
CALL FINITTC0,0)
C T8 AVRID THE PRINTING 6F THE ({ZSSAGE 'OK' WE BUILD IN AN
C EXTRA CARRIAGE RETURN.
READ( 1, 2)
1010 CALL EXIT
END
C HAAKAAAAAAAAAAAA AR AR AR AR A KA AAA KA AAAAAAAAKAR A AAHAA KA AR A AA A KK
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SUBRIUTINE TEXT!

THE INTRUDUCTURY TEXT FOR APPRIPIATE USE ¢F THE VIDEJ-DISPLAY
PRIGRAG IS PRINTED.

A ARAKA A AR A A AK A A A A A AR ACAAAHKAKA AR AR A KK A A K

SUBROUTINE TEXTI
WRITECL, 1D
FORAT (* sooteoteoicaioon ok ok d ook e ok A ot ok 5k ok Kok Rl o K 3o 3 OR 2K ok Ko ook 2 o oK KoK K 2 o ok ok 36 kK o ok *
/7’ THIS FORTRAN GRAPHICAL-DISPLAY PRYGRAM SHYWS YWU THE'/
'CAMPLETE SYNDROME~DEC®DING PROCEDURE 9F BINARY R=1/2 CdN'/
YUALUTI@NAL CODES UF CANSTRAINTLENGTH NU=2,3 AND 4 IN THE" '/
YCLASS T(NU,1). '/
M THIS CLASS CANSISTS OF CYDES FUR WHICH BYTH THE FIRST'/
YAND LAST STAGES UF THE ENCWDZRS SHIFTREGISTER ARE CUNNEC-'/
YTED WITH THE TWY @D-2 ADDERS. '/
AN A A AR AR K K o oK A ook oK Aok A KR AR Ak kKK s ok ok kIR Kok Kok k * / S/ /
v AS INPUT THE PROGRAM ASKS THE CUDES CINSTRAINTLENGTH, '/
TITS CUNNECTIUNPOULYNAIIALS, THE DATASEQUEJICE AT THE ENCo-'/
YDER SIDE AND THE WN@ISESEQUENCE-PAIR @N THE CHANNEL.‘'//
v THE COD, Iiv TERMS OF THE TWd CAMNECTIPOLYNEIIALS'/
YCCNOK)» =102 AND K=1,WNUH1 OF DEGREE NUs MAY BE CHOUSER'/
"FREM A TABLE. 1N THIS TABLE ALL PYSSIBLE PYLYWAMIALS'/
YHAVE BEEN FACTORIZED IN IRREDUCIBLE PULYW@MIALS IN QRDER'/
TTQ@ HELP THE USER TY CONSTRUCT A N&N-CATASTRIPHIC C@DE.'//
M THE DATASEQUENCE X(K), K=1,XL JF LEJGTH XL, AT THE'/
YENC@DER INPUT lAY BE CHYUOSEN FREELY WITH THE RESRICTI@N'/
YTHAT XL > 1 AND THAT SWi NUXL=NUH+XL < 16 «'//
v THE NOI1SE-SEQUENCEPAIR NOISE(N.K),» N'loé AND K=1,XL »
YMAY ALSY BE CHUQSEN FREELY.'////
Y AT FIRST ALL THE ESSENTIAL DATA REQUIRED FYR THE DECW-'/
YDING PROCEDURE, IS PRINTED YUTe'//
THE PULYwWLALS DGNLK)» N=1,2 AND K=1,i1U+1, OF DEGREE'/
MU<SNU WHICH SATISFY CCI,K)*D(lo) + CC2,K)RD(2,K) = 1./
THE CUDES BASE STATE SB(K)» K=1,NU.'/ B
THE SPECIFIC QUTPUTVALUE ZNWL.'/ ~~
THE CANSTRUCTISN OF THE CHANWEL-SEQUENCES YC(NsK). x~1,2 /
AND K=1,NUXL AT THE DECJDER SIDE.‘'/
THE OUTPUTSEQUENCE Z(K)» K=1,NUXL OF THE W(ALPHA)-'/
FORMER. */
THE STATE-TABLE WITH THE 2%#NU STATES. THE FYUR STATE-'/
TRANSITIANS AND THE FOUR SYWDRAIE-QUTPUTS Z FUR THE'/
TRANSITI@ANS 00,011,111 AND 10 |ESPECTIVELY.'/ -
THE PARENT-STATE MATRIX WITH THE 2x%{JU STATES, THE'/
FPUR PARENT-STATES, THE FWUUR SYNIR&IE-QUTPUTS Z AID'/
THE wUTPUTVALUE W. '/ b
FOR THE EVEN-NIMBERED STATES WE HAVE THE FUUR PARENT-'/
STATES FUR THE TRANSITIUNS 00.00,11 AND 11, AND FUR'/~
THE ¢DD-NWMBERDED STATES WE HAVE THE FBUR PARENT-'/’
STATES FUR THE TRANSITI®NS 01,01,10 AD 10 RESPEC-'/
TIVELY. '/
THE METRICVALUE TREEMETRICC1), 1=1,2«xNU AT DEPTH NU. '/
THE STEADY-STATE-METRICCAIBINATIAN SSMCCL), 1=1,2%x{U¢ " ///7/

AR T T IR JEE B NE DR DR B B B BN NG JEE BN IO B ]
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HEREAFTER THE CMPLETE TRELLIS-DECODING PROCEDURE IS /
SHOWN, STARTING WITH THE STEJ-\DY-STATE-ME’I‘RIC-'/
CEMBINATION AND THE SYNDRAMESEQUENCE Z(K).'//~
EACH TIME K A COMPLETE SECTI@N UF THE TRELLIS IS SH@WN.'/
IN EACH SECTIéN FUR EACH STATE I, THE FOLLUWING DATA'/ '~
ARE INDICATED:'// b
- THE NEW METRICVALUE, PRINTED IN THE SPECIFIC NODE.'/
- THE SPECIFIC NODE (STATE)» C@WNECTED WITH ITS SURVI-'/
V@R BY A SULID BRANCH FUR A PATHREGISTERBIT 0, ANC'/"
BY A DASHED BRANCH FOR A PATHREGISTERBIT l.'/ .
- THE SPECIFIC TRANSITION (00,001,111 ¥R 10>, PLACED AT'/
" THE LEFT SIDE @F THE NWDE.'/// -
EACH SECTI@N IN THE TRELLIS CAN BE GENERATED BY THE ‘/
USER BY A CARRIAGE RETURN.'//
AT THE END, THE DECWDED PATH IN THE TRELLIS IS SHOWN'/
BY PFEANS OF A DYUBLING OF THE SEPERATE BRANCHES'//
IN CONCLUSIGN THE ESTIMATED DATASEQUENCE XESTIM(K), '/
K=1,XL, 1S EVALUATED. '/ B
FUP THAT PURPOSE THE FYLLUWING QUTCAMES ARE PRINTED® /
YUT BENZATH THE TRELLIS: '/
- NESTIMC1I,K)» K=1,NWXL'/ ~
NESTIM(2,K), K=1,NUXLY/
WESTIMC(K) = NESTIM(1,R)*D(1,K) + NESTIM(2,K)*D(2,K) '/
SATYL(K) YCLoKI*DC1,K) + Y(2,KI®D(2,K) '/
XESTIM(K) = SULTYDXK) + WESTIMKK)"/// B
¥ sk R ook Kok A ok o ok R oAk K R ORR AR AOK oK A koK Kk sk o ok ok ko ok ok ok * / /S /
¥ BY GIVING A CARRIAGE RETURN THE TABLE OF FAC'MRIZED'/ )
Y POLYNEZMIALS IS PRIwTED-'/)
RETURN
END
END ¢F TEXTI
ok ok o o o R AR R K A A K 3K 5K Ko A 3 S A AR AN A 3 o oK 3 o K oK o o o o 3K oK
SUBRYUTINE FACPOL
ALL POLYNUMIALS ©F CUNSTRAINTLENGTH NU=2,3, 4 AND 6 HAVE BEEN
FACT@RIZED IN IRREDUCIBLE PJLYNAIIALS.
THEY ARE PRINTED IN THE APPRUPIATE WAY.
A AR A A R A A A K ROK K A AR A K K K K A o K oK A R o A AR 3k A Ao K oo ok K KoK KK
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SUBROUTINE FACPOL

WRITE(1,3)

FORMAT( "FACTYRIZED CONNECTIZNPOLYNOMIALS FUR BINARY R=1/2 C@NVU-'/
'LUTIAJAL C#DES @F CONSTRAINTLENGTH NU=2,3,4,5 AND 6 IN'/
YTHE CLASS TNU, D)o/
"THE NOTATIAN FOR TAESE CONNECTIUNPILYN@AMIALS 1S:'//
YCINLK)» N=1,2 AND K=1,NU+1 WHERE C(N» 1)=CAN,NUF1)=14"//
"THE POLYNGMIALS ARE GF THE FORM CONLK)#Xkk (NU+1=K),K=1,NU+1, '/
'WHERE X IS A FORMAL PARAMETER WHICH SERVES AS A PLACEHO@LDER. '/
¥ otk ook oK AR kR AR A AR AR N A KA AR AR R N R A sk A AR oKk K ook ok kKo ¥
7//' NU  POLYN@MIAL  FACTORS'// i

- 101 SOPL IS EPANS

v 111 IRREDUCIBLE'//
'3 1001 C11%C111)°7

' 1011 IRREDUCIBLE'/
v 1101 IRREDUCIBLE"/
r

111t CL1IxCLD*CTI /7



ao,

St P et P e Pt s Bt s Bt B G P s md b Pt f et Dt Gt Da bt P S Do Dmd Bee P bt bt St bt Bt B Pt Pme bt bt b Sumt St Dt et et et Pt bt o P Bt Pt Gt P Dt Gt e s et

- 70 -

v

Yy 10001 (11)*(11)*(11)*(11) /

v 10011 IRREDUCIALE'/

v 10101 CLID*CLLID Y/

i 10111 CID*CLI0D Y/

v 11001 IRREDUCIBLE"/

v 11011 CLI*C1*CLI Y/

v 11101 SEPLISTIS PRV A

v 11111 IRREDUCIHLE' //

5 100001 SEPLIGSRRRP AN

v 100011 CLiD=C110 Y/

v 100101 IRREDUCIBLE'7?

v 100111 C11I%C11I%CI011d Y/

v 101001 IRREDUCIHLE'Y ~

v 101011 C11)%C110015'/

v 101101 (11)*(11)*<11)*<111)'/

v 101111 IRREDUCIBLE'/

v 110001 C1I1)*C10115Y/

M 110011 <11)*(11)*(1I>*<11)*<11>'/
v 110101 C11%)%C10011) '/

v 110111 IRREDUCIBLE'/ "

v 111001 CLD*CII*CT101) '/

M 111011 IRREDUCIBLE'"Y ~

v 111101 IRREDUCIBLE"/

v 111111 CLOCLINIRLLNI 27777277777/
20/17/747/77¢77° 6 1000001 SRR IGEPLIGREPLIGRE PN
' 1000011 IRREDUCIBLE'/ v
’ 1000101 C101 1)*C1011) '/

v 1000111 C11=C111101) %/

M 1001001 IRREDUCIBLE'/ "

v 1001011 (11)*(113*(11>*(1101)'/

v 1001101 Cld*=C111011) '/

M 1001111 C1110%C11001>%/

v 1010001 (110L)*C1101> Y/

v 1010011 CLID*CLID%C1011) '/

v 1010101 CLIDRCEDARCID*CTD*CHD*CLD '/
v 1010111 IRREDUCIBLE'/

v 1011001 CH1d*C1101LTLy Y/

M 1011011 IRREDUCIBLE'/ ~

M 1011101 [GEEPLISRRRE b AYVS

' 1011111 C11%(11)*C10011)/

v 1100001 IRREDUCIBLE!

v 1100011 CLD*CLD*Cf11L Y/

v 1100101 <11)*<111>*<1101>'/

v 1100111 IRREDUCIHLE

v 1101001 (ll)*(ll)*(fl)*(lOll)'/

v 1101011 SERPLIGREPLIGEE P VA

M 1101101 1RREDUCIBLE"'/ .

' 1101111 (11O%C10010D) v/

v 1110001 C11*C10111 > Y/

v 1110011 IRREDUCIBLE' /"~

' 1110101 IRREDUCIBLE/

v 1110111 (11)*(11)*(11)*(11)*(111>'/
v 1111001 C111)%C10011>°/

v 1111011 C11)%(101001) '/

v 1111101 ClD*C11)*C11001) /7

Y 111111t C1011I%C1101) 2777

Voo AR AR A AR AR K A K o 3k ok A oo AR A oK oo ok ok R AR AR KRk R Nk ok kokk Y /S S/
v WHEN YuU HAVE CHWUWSENV A PARTICULAR CODE, YWU MAY GIVE:'/
YA CARRIAGE RETURN IN YRDER T4 FRJCEED WITH INPUT )

RETURN

BEND

END 9F FACPYL

63k 46 R R K AR A A KR A K 2 A 3K R A 36 3 A 33 o AR A A ok S ok o K e Ao 3ok oK KoK ok ok
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AR HACH HAORH AR A A K A A A AAASH A A A A A AR AA A A A A A e AA A FR A A A
SUBRBUTINE TRELLI

THE STATE-NUWIBERS 0s lseees TWONU-]1 ARE PRINTED IN A COLUIN
AT THE LEFT OF THE SCREEN AND THE TWANUkNUXL]1 CIRCLES wF
THE TRELLIS ARE DRAWN CULWIN BY COLUIN IN THE WINDOW
(X,Y)=(0~4095,0~3119).

A AR A AAAA A o A A A AORAR A A A AR AR A K A A AR A A oK e ok

oo aa

SUBROUTINE TRELL! ( TW@NU, NUXLs R)
INTEGER TWENU |
C THE WUMBER #OF TAGPYINTS IN THE X-DIRECTI@&N AND THE Y-DIRECTIUN
C 1S 4096 AND 3120 RESPECTIVELY. THE TRELLIS CWSISTS JF NUXL.1
C SECTIAMNS AVD TWUVU RiWS.
KMULT=4096« /FLOAT(NIXL+ 1)
YMULT=3120+ /FLOATCTWOND)
C THE APPRZPIATE SPACE FUR THE TRELLIS &N THE SCREEN IS RESERVED.
CALL DWINDB(=-0e« 5, FLEATC(NUXL)+0+ S, ~0+ S-FLBUAT({ TWONU-13,0. 5)
C THE STATE-NUMBERS ARE PLACED IN THE COLUIV AT POSITION -0.25.
CALL NWIBER(TW2NU,~0.25)
CALL DMINDS(De»4095.,00,31194)
C LwdP 20: THE CIRCLES (NJDES) ARE DRAWN SECTIUN BY SECTION.
D@ 20 K=0,NUXL '
XC=(FLOATUL +06 )% XMULT
Dd 20 I=1, TWUNU
YC=3120- ~C(FLUATC(1)-0. S)xYMULT
Call. CIRCLE(XC,YC,R)
20 CRNTINUE
CALL DWINDB(=0e 55 FLOATGIUXLI+0 ¢ 55 =00 S-FLEAT(TWENU~1),0.5)
RETURN '
END
ND ¢F TRELLI
e oK A ok SR of R A A o ok ik A ok oK sk ok ok Ak o ok ko ok AR K oK ok o ok ook sk e oK ko sk akok ak ke ok ok ok KK R
SUBROUTINE WUMBER
THE DECIHAL STATE-NWMBERS s s eses TWoiNU~ 1, ARE PRINTED IN
THZ CoLMN AT THE ABSOLUTE PYUSITIAN XC=PLACE.
A0 K AR AR A AR AR AR A K AR K AR R 2K o R e ok o o oK ok o e ok e e ko i A i ok Kok oK oK oK oK ok

OO0

SUBRAQUTINE NUMBER( TWeNU, PLACE)
INTEGER ADE(7)., TWONU
C THE WNITY LINWDTC1) IS ATTACHED T¢ THE INTEGER CHARACTER WIDTH
C ICHWDT AaND THE WNITY LINHGTC1) TY THE INTEGER CHARACTER
C HEIGHT ICHHGT.
ICHWDT=LINWDT( )
ICHHGT=LINHGTC(!)
B¢ 10 I=1, TWaNU .
CALL NRCNVT(FLRATCI-1).,0,NCHAR, ADE)
CALL MOVEACPLACE.~-FLUATCI-1))
CALL MOVREL(-NCHARXICHWDT, -1CHHGT/2+7)
CALL ANSTRCGVCHAR, ADE)
10 CAVTINUE ’
RETURN
END
END WF NUIBER
C SRR AR oK AR R AR AR A A AR K KR KKK KSR AR A A e ok AR R FOR R K XKk Kok
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SUBRAUTINE EDGCIR

THEZ BEGIN=- AND ENDPSINTS JF THE BRANCHES AT THE EDGES
@F THE CIRCLES, ARE CALCULATED AND ENTEREL IN THZ AR-
RAYS XD(I) AND YD(I)s XDCI) AND YDCI) AR: THE RELATIVE
COURDINATES (WITH REGARC TY THEZ CENTRE) JF THE INTER-
SECTId oF THz BRANCH AND THE EDGE JF A CIRCLE.

THIS INTERSECTI@N IS DETERMINED BY THE ANGLE

QA=ATAV(Y =L T/X=WNIT) «

okokoRoK ok R Ak R KA AORAR A AR AR R Rkl kR KR Rk ok Aok K R ok o

SUBROUTINE EDGCIR(R, TW@NU, NUXL, XD, YD)
REAL XD(16),YD(16),NURTYR
INTEGER TWONU

C CALCULATE THE X-WNIT.

DENTOR=4096. /FLUAT(NUXL+ 1)
Do 10 I=1,TWaNU

C CALCULATE THE Y-WNIT.

10

NURTUR=3120.%FLJAT(I~1) /FLOATC TWONLD
XDCI)=RkCUSC(ATANCNURTYR/ DEN TYR) ) FLUAT(NUXL+ 1) 74096.
YDC1)=ReSINCATANC(NURTUR/ DENTOR) )% FLUATC TWNU) /3120,
CANTINUE

RETURN

END

END @F EDGCIR

K AAA A FR A AR A KA A A AAR KA AR A A AAAAA A A A A AAKARA R AR A



