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SUMMARY.

Syndrome-decoding of convolutional codes has proved to be superior

to Viterbi-decoding with respect to the amount of hardware [41. In this

report the binary R=i convolutional codes in the class -r: 1 are consiv,
dered. The codes in the class ~ 1 have connectionpolynomialsv. v.
C (~)= ~O C .~1, n=1,2 with c O=c =1.n 1- n,1 n, n,v

The structure of these codes and the syndrome-decoding procedure can

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 1 the principle of syndrome-decoding is explained. The

next sections deal with the structure of these codes 1n terms of the

state-tablet 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 he achie

ved [3]. Knowledge of the relationship between the connectionpattern in

the polynomials C (~). n=I,2 • the free distance df • the reduction inn ree
pathregisters and the total number of metriccombinations 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

1n 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-I 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 d
f

=9 or 10.ree
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=i convolutional codes in the

class ~ 1 (seetions 10,11). The decoding procedure can be visualized
v.

on the Terminal Display Unit Tektronix T-4014-1 by means of the Trellis

of the code. At each time k, for each state S., the new metricvalue,
1



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 ~dded 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.
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1. INTRODUCTION.

In general the connectionpolynomials of a R=! convolutional code

can be expressed as

C (a)
n

v

==L
i== 0

1
C . a
n,1 n=I,2

OQ

Here we use the expression b(a) = ~ b. a 1 for any binary se
-00 1

quence ••• ,b_
1

,bO,b
l

, ••••• , where the parameter a serves as a place-

holder. We will consider the class~ I of R=! convolutional codes ofv,
constraintlength v with c 0 = c = I, n=I,2 •

n, n, V

As an example we take a code of constraintlength v=4 with connec-

tionpolynomials :

4
Cl

1 0
+ a + a

The circuit which farms the so-called "syndrome"

z (a) = C2(a) n I (CL) + CI (CL) n2(a) is dep iet ed in Fi g . 1.

z

r-- L-

("')
++ + +

"-

n, ( c.<)

Fig. I. Syndromerormer.

suchII (. (v-I)of degreeD (Cl.)
n

polynomials

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

~ d . CL
1

, n=I,2
i= 0 n,1

that DI (a)C 1(a) + D
2

(CI.)C
2

(CI.) = I . For our code these polynomi<l1s are
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3 2 Ia +a +a

320
a + a + a

These polynomials are required for the reconstruction of the original

datasequenee x(a) out of the reeeived sequenees

YI(a) = CI(a)x(a) + n l (a)

y2(a) = C2(a)x(a) + n2(a)

and ( I)

(2)

Multiplieation of (I) and (2) by DI(a) and D
2

(a) respectively yields

YI(a)D\ (a) + Y2(a)D 2 (a) = CI(a)Dj(a)x(a) + nl(a)Dj(a) + C2 (a)D 2(a)x(a)

+ n2 (a)D 2 (a) = x(a) + nl(a)D1(a) + n
2

(a)D 2 (a) .

Hence

where

x(a)

w(a)

yj(a)Dj(a) + y
2

(a)D 2 (a) + w(a)

nl(a)D1(a) + n2 (a)D2 (a)

(3)

(4)

The sequenee w(a) ean be thought of as generated by the circuit

of Fig. 2.

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

With a recurSlve algorithm like Viterbi' s [2] we can determine out

of the syndrome z(a) the noisesequence-pair [61(a)tR2(a)] of mini

mum Hammingweight that can be a possible cause of this syndrome. With
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the estimate [ni (a),nz(a)] we obtain an estimate w(a) by way of

the w(a)-former:

(5)

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

then be:

(6)

The complete decoding scheme is represented in Fig. Za.

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

~---h,(~J

Fig. 3. Syndromeformer.

In general the state of a R=! convolutional encoder of constraint

length v is determined by the memorycontents of the v stages of the

shiftregister. The new state is determined by the oid stae and the in

coming bit. There are ZV so-caiied "physical" states of the encoder.

The corresponding syndromeformer has two shiftregisters and hence

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



z(a)

SYNDROME-FORMER

DECODING-ALGORITHM

Estimation of the
noisesequencepair:

and construction of:

CHANNEL

Weet)
1------.1+.....------------1

ENCODER

C (a)x(a)

C
2

(a)x(a)

x(a)

x(a) w(a)-FORMER
Fig. 2a. Decoding-scheme.
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former at time k+1 is determined by the old state SCk) at time k and the

bitpair [nI (~),n2(~)]k at time k. The physical state at time k is de

fined as the contents

-\I
S an,-v

where s (~) =
n

SCk) = [s.(~),s'(~)]k '
J ~

-(v-I)
+ s ( 1)~ +n,- \1-

-2
+ s 2an,-

-I
+ s I~n,-

n = j, i

.......s_n_,__\l 1 sn,_(\I_I) I ......... [~: ~ _-J_s_n_,_-2__.......[_S_n_,_-_I__I~·--r

In [3] is proved that the 22\1 physical states can be divided in 2\1

equivalence classes Kl(i), i=O,I, ••• ,(2v-I). Any physieal state in the

same equivalenee class causes the same outputsequenee [z(a)]~~ in response

to an inputsequence [nI (a),n2(a)]~~. Here [b(a)]~~ indicates that part

of the powerseries b(a) for which kl ~exponent~k2 •

As a representative of each equivalenee elass KI(i) we take the so

called "abstract" state S. which is the unique member for which the top
~

register is all zero.

s. = [ °, s. (a) ]
~ ~

i=O,I, ••• ,(2v-I).

-I
i =~ s. 2- (k+ 1)

K,,-v ~,k

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

the bot tom register:

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

if the syndromeformer is in such a state at time k, an all zero input
OQ ()() C><l 00

[nI (a),n2(a)]k = [O,O]k gives rise to an all zero output [z(a)]k = [alk'

A "base" state Sb = [a-I,sb(a)] is a zero-equivalent state with a

single "I" in the rightmost position of the topregister of the syndrome

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 u~ed as a reference throughout the paper).

The hase stRte of this code ean he determined as follows:
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~........---- n) Ca)
"--_...--_.L.- '------,.----_L...----,.--------'

z Ca) ------( + .--------(

~-+---- nZCa)

Fig. S. Base state.
[---_.- _.

Suppose that the 5yndromeformer 1.5 l.n the base state \Ck) ~
-} 00

[a ,sbCa)]k at time k. An all zero i~ut [nÓo(a),nZ(a)]k = [O,O]k must

give rise to an all zero output [z(a)]k = [O]k • Hence

[zca)]O = + sb -4 + sb,-l 0 ----+ sb,-4 = + sb,-1 0,

[z(a)]} = } + sb -3 = 0 - sb,-3,

[z(a)]2 = sb,-2 = 0 - sb ,-2 = 0

[z(a)]3 1 + sb,-l = 0 - sb,-1 =

-1 -3 -1
and consequently the base state is Sb = [a. ,a + a ] = [ 000\ , 010\ J •
. [ ] l 3 2 \ 0] []S1.nce 0\01 V') 0.2 + 1.2 + 0.2 + 1.2 = 5 , the index b in Sb is

equal to 5. Thus we have the base state Sb=S'

With each state-transition of the syndromeformer at time k, we also

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(a.)-former is the same as the base-state of the syndrome

former.

- _.. - -- --- I



Consider the syndrome-former and the w(OC)-former of a eertain code of

eonstraintlength v in the elass ~ • The codels base-state is defined as
. _) v,)

Sb =:I [a ,sb (a)] •

(~) - - - n, (..<)-

12(X)

~{á) - - - - n
1

(0<)

:~()ITJ-

w (~) ......f---....,....-------<0 - - - -

llOITJ-
V

V-I -------..,
----I

Suppose that both the syndromeformer and the w{a)-former are in

the zero-state 50 • As input, both for the syndromeformer as the w(a)-
v-) v-I

former we take the sequence [nI (a),n2(a)]0 = a [a ,sb (a)]. The res-

ponses to this inputsequenee are:

z(a) = C2(a)n
l

(a) + CI (a)n2(a) = p) (a)

w(a) = DI (a)n
l

(a) + D2(a)n
2

(a) = P 2(a)

+

n2(a){c
l

(a)D I (a) + C2(a)D
2

(a)}
~, --...... ~

degree = I

= v-I

= PI (a)D I (a)

~
degree

~v-I =' V

From this it follows that degree P2 (a) <: degree PI (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 P2(a)~

degree PI (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)

farmer ean produce a zero-output in response to a zero-input, we eon-
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clude that we may take the base-state of the syndromeformer as the

base-state of the w(a)-former.

Note that the w(a)-former produces a zero-output one unit of time

earl ier 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:

- thedecimal index j of the state S.(k).
J

- 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+l) with transitions [n l (a),n
2

(a)]k=

[0,0], [0, I] , [1,1] and [1,0] respectively.

- the outputvalues [z(~)Jk and [w(~)Jk corresponding to the state

transitions.

In general the transitions of a particular state in response to the

inputpairs [nI (a) ,n
2

(a)] k = [0,0], [0,1] , [1,1] and [1,0] take place as

indicated in the table of Fig. 7.

= S. except for
J ,

the state S .•
J

for the transitions

We distinguish between states S. and S. , where S.
J J J

the rightmost bit in the topregister which is a "1" for

This table also contains the outputvalues [z(a)]k

concerned. Assuming that the output for the transition

the other outputs can easily be determined.

[0,0] is [z(OC)J k ,

Suppose that the syndromeformer is in the state S. (k)=[O,s.(a)]=
J J

[0 ° .. ° , s. s. I" s. 1]' The transitions [1,1] and [1,0]J ,-\) J ,-\1+ J,-;-
brins.us in the physical states S2j+I""[0 0 .. 1 , Sj,-v+lsj,-v+2 .. Sj,_1 I]

and S2''''[0 °.. 1 , s. 1 s. 2" s. 1 OJ respectively. To findJ J ,-v + J , -\) + J ,-
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.



~tate I state ncw state S.(k+l) 1 value [z(a)]k

[:~ ::;~~;::;: 1J.

~l-(a) ,n
2

(a)]ks. (k) contents [nI (a) ,n2(a)]~
J ---

J [Sj (a)] 00 Ol 11 10 00 Ol I I 10 00 Ol 1I la

0 oqoo 0 1 4 0) 0 I 0 I 0 I I 0

I 0001 2 3 6 7 I O' 1 0 0 I I 0

2 0010 4 5 0 I 0 I o . I I 0 0 I

3 0011 6 7 2 3 J 0 I 0 I 0 0 I

4 0100 8 9 12 13 0 I 0 I I 0 0 1

CV 0101 10 11 14 15 I 0 I 0 I 0 0 J

6 0110 12 13 8 9 0 I 0 1 0 1 I 0

7 0111 14 15 10 I I I 0 I 0 0 I I 0
.--

8 1000 0 I 4 5 I 0 I 0 0 1 I 0

9 1001 2 3 6 7 0 1 0 I 0 I I 0

10 1010 4 5 0 I I 0 I 0 I 0 0 I I
I I 101 I 6 7 2 3 0 I 0 1 I 0 0 I

12 1100 8 9 12 13 I 0 I 0 I 0 0 I

I 3 1101 10 I I I ft 15 0 I 0 I I 0 0 I

14 1110 12 13 8 9 I 0 I 0 0 I I 0

15 1 I I I 14 15 la II 0 I 0 I 0 I I 0
J

Fig.6. State-table.

As an example we take the transitions of the state S3' With the

base-state Sb=5 we have :

$3=[[1DOO,001 1],~~:~~[OOOO,Ol lO]~ 56

S3= ~~l[OOOO,OI11]= S7

S3= .. ~lOOOI,OIII]$[OOOI,OIOl]=[OOOO,OOIO]= S2 S7 EPS
S

S3= ~1'~l[OOOI,OlIO]~[OOOI,OIOI]=[OOOO,OOII]=S3 S6 alS
S

--._-------



<

Base-state Sb ~ [ 0 0 0 ••• 0 1 , Sb,_V 8 b ,-v+l •.• sb,_2 1 ]

General transitions of the state S, in response to the inputpairs [0,0],[0,1],[1,1] and [l,OJ.
)

Output syndromeformer

~r. .I-;;-I~I
~~I
s, s •

J ,~\) j ,-v+1 _

~[I:::o! ol
ISj.-vI Sj .-V+lr ]s),_2I S )._11

Co=I-~==r. ~

[Sj ,-v+~~j ,-v+{ J5TI

~J.~~_TI

r;;;r:;2 ]--TIs s, ." S 1
b, -\) 0, -\)+ 1. ._~~.=?

[j~ I I--r~ G-] 0 [.~ ~1::~Id ~- 0 [~E

EJ
0 • ___0_-.1_ 2..J

[1,Olk $

53 s
[~

-:>
js [s [~ ~Sb'-V+l[ liTI Sj,_v+l Sj,_v+2 Sj,_lj,-v j,-v+l ~,-v+l j,-v+2 j,-l

fl fl 4l

sb -v sb,_v+l sb,_2
~

I
$ Sbs, Sij Sb S2jJ

~. . : "~ .-~,,:' l
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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 S.(k) as
J

denoted in the transition-table of Fig. 8.

-- -
output output w(a)

t new state z(a)
dl °= ° dl,° '" I

--- - ,
] --- -------

S2j(k+) fz,(a)]k [w(a)]k [w(a)]k

]
S2j+)(k+) ! z(a)] k [w(Cl)]k [w(a)]k

) ,
[z(a»)k, [w(a)]k [w(a)] k

"> S2j+)(k+l) ED Sb

] I

(z(a)]k_ .( w(a)] k [w(a»)kS2j(k+l) e Sb

=

S. (k)
J

S . (k)
J

S. (k)
J

S. (k)
J

t--0_1_d_s_t at e _inpu [

(0,0
-==>

Fig. 8. Transition-table.

The pattern in the output-values [w(a)]k can be determined when we

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

CI(a)D
I

(a) + C
2

(a)D
2

(a) = 1 , the polynomials Dn(a) must have complemen-

tary coefficients dn,O' n=I,2. When we assume that the input [O,O]k

causes an output [w(a»)k then the output-pattern can be expressed as in

Fig. 8. The consequence of say DI (a) having d) ,0=0 is that bath inputs

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

an output [w(a)].

Filling up thc st<ltc-tablc:

. \)-(
Thc states S _ and S. 2"-1, J=0,1, ..• ,2 , are equal exccpt for the

J J +
leftmost bit ~n the bottomregister, i. e.

[ S ] 0 = [S. \)-1 ] ()
. j -(v-I) J+2 -(v-I)

(t he add it lons are mod-2v) •

Henel"! their stélte-transitions in response to (In input [nI (a),n2(a)] wil1

he thc same. Tlle consequencc is that the contents of the lower half of

the third column of the state-table arc aqual la the contents of the up

per half:
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-------_._- ---- ---- _... - - - --_._----

s. (k) [°1 (a) ,0z (a) lk [ 000 °l , s. 3 s. Z s. 1 °Z]k+1 [z(a)]k
J J,- J ,- J,-

S. 2v-I (k) [01 (a) ,02 (a)] k [ 000 0) , s. 3 s. 2 s. 1 nZ]k+1 [z(a)]k
JO+- > J,- J ,- J,-

Since cl,O = cZ,O = I, complementary inputs [nl(a),nZ(a)]k aod

[n l (a),u2(a)]k give rise to the same output [z(a)]k (look at the third

column of the state-tabie).

With cl,v = cZ,v = 1 aod [Sj]~(V_I) = [Sj+Z\l-IJ~(V_I)' j=O,l, .. ,Z\l-I,
we conclude that the contents of the lower half of tlle fourth column of the

state-table is the complement of the contents of the upper half.

As the base state of the w(a)-formcr 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 D (a) <degree C (a), n=I,2 and
o 0. nv_I °

[SjL(v_l) = [Sj+2v- IL (v_l) , J=0,1, ... ,2 •
The row-pattern in the outputvalues w(a) is:

o
o 0

dl 0=0,
o 0

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

tabIe. All the essential information of a particular code in our class

can easily be obtained from its state-diagram.

J. STATE-D}r\CRAt-l.

In the st<lte-di,lgram each state is )'l'prcs<.>ntl'd <:IS a node and thp

branches correspond ta thc transitions bctwccn thc states. Each particu

lar state has four ineoming branches and four outgoiing branches. From

the four incoming rcspectively outgoiing branches, one pair corresponds

to an output z(a)~O and the other pair to an output z(u)=I. In order to

maintain sufficient visual iosight we split the complete state-diagram up



- 11 -

into two diagrams; one for transitions z(a)~O and one for transitions

z(a)=I. The two state-diagrams of our examplc are drawn in the figures 9a

and 91.The structurc of the state-diagrams for z(a)=O and z(a)=1 is the

same for all codes of a fixed c(lnstrailltlength 'J. A solid branch corres

ponds to a transition. w(a)=O and a dashed branch to a transition w(a) =1

The state-diagrams of two different codes only differ in the numbering of

the

are

nodes (the indices j of Sj) and the transitions [ni (a),n
2

(o)] which

placed ~long the branches.

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

state-table of Fig. 6 as follows:

First find the two states that convert into themselves for z(a)=O.

These are the states Sa and S3 with transitions [0,0] and [1,0], and

with outputs w(a)·O and w(a)-} respectively, Rence the lower node will

be the "zero-state" Sa and the upper node S3'

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

right node S with transition [0,1],
7

- Find the state which converts into SA and S4' and the state which con-

verts into S3 and S7' These two states are S2 and SI respectively. Rence

the upper left node is SI and the lower right S2'

- 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)=1 is carried out in a

similar way. Now we have to find the two states which convert int 0 them

selves for z(a)=I. These are SI2 and 515 with w(a)=1 and w(a)=O respectively,

In order to derive same general properties of the state-diagram we de-

take place as indi-

S..
1

termine the four states which all lead to a particular state S .• These
1

Sp2' Sp3 and Sp4 of the state

and odd states S. I where
1+

states are called the "parent-states" Spi'

We distinguish between even states S.
\)-1 1

i=2k, k=0,1, ••• ,2 -I.

In general the transitions of these parent-states

cated in the transition-scheme of Fig. Ia.



6 I

/0

00

-~

00

IG

,.."
f ,
I I,

I I
- - - - -.. - - - - - 15

Ol
~..-

....

...... 10
~,

w(a)aO

/'

'y --
01 4

I 10

I /'

00+ 00

I
I 10 I JI

V I

~ Ol
~--I - - -., -

~"- ..-
I /1 "- I ..- 00

I
...., .....

"- --I ..... .--
I

10. /?:~~,
/0

I
/I

00' I
I

- -.--

Fig. 9a. State-diagram z(a)=O.



Of,......,
I \
I I,
--10,

u/

•
" Ol
~

"-

/0 ./
~

/

Of

If

/(

00
-...-----3

" ~
I

I o' I 00

~~ I~--~
"-V, (i) - 10 -- ~)

I..... -- - _ _.. ._ _ -

t ~ .....
CD ..... .....

I ..... ..... ..... ..... -......

01 4
0/

"- 00
11 , I ......

I 1/ 0:;"
"-

10

"

- ..
11

......~

Do

w(a)=1

w(a)=O

Ol----- -----~

I ....-

I /00
0- --

.....

- -.--
-- ...... --

Fig. 9b. State-diagram z(a)=].



•
~l ~ \(tc. li'~\:1:,",;~ ~.~c.~ S

[ I ,IJ.
So with BpecJ fi<: output:

';(v':) ~•.~. "

GJ~. ·G~ GJ 0 [. ..~ 0 [.
[1,1]1< •

~~ .gg ~Sb,_V+I[ .~ ~ISb'_V+{'OSS • -:>
b,-v b,-v+1

General trans1t1ans of the parent-states Spi' Sp2' Sp3 and Sp4 to the states S1 &DO S1+1' OUtput syndromefonaer

S " S v-I
pl/~2 ;1+x.2

~L~T~~1
rS1-,~~~~+{ 'r~

%10 + x ]

--
if x = a

S if x
p'1

~. .J~~ [~--r a J. I~
r----,------

[I,IJl<
-

x
5 1 ,-v

5 l' 5 1 ,_3 5 i ,_2 Si,_v Si,-\l+l 5 1 ,_21~ -v+1 ~

41 41 ~ ~ • ti (l ·1
a 5 sb,-v+li . 5 b ,_3 5 5 5 b ,_v+l 5 b ,_2b,-v b,-2 b,-v

[~L~:::J·l~ I

5. 5. l' '[]]i2 o· I
~,-v ~,-v+ ,- i

'-------------'

',.:...,:

'_? - ',. !:~

. .... ;.

. ~ .

-'.'~'''C.:.-~ .•
f • ,,". ". : ~.•, ,

,;
Sp3/p4 Q S,1+x.2 v- 1 • S,(b_l)

~I [ .~ G [ ·Lill~~~ [l L~a 0 00.

[l, all<
ti

}b··,D· J3Jx si,_v s1,_v+1 5 1 ,_3 s1,_2 s. Si,_v+l 5 i ,_2- ~,-\)

• ti ti • (l ti .. ti 0 Sb,-v Sb,_v+1 Si,_v Si,-v+l
0 Sb,-v Sb,_v+1 sb,_3 Sb,_2 Sb,_v ~,-v+l Sb,_2



- 12 -

The outputvalue [z(a)]k = ziO corresponds to the basic transition

Si.(k) [O,O]k S.(k+I). With the knowledge of this value all output-
2'~ ~ 1.

values [z(aD~ 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

[z(a)]k = Zo corresponding to the transition S!(b_l) ~k SO'

[1 , 1]
====>

with o.

z(a) w(a)

S =S7 =[0000,01 I I]
(0,0] [0000,1110]= S14 1 0pI e--r >

Sp2 =S7+8 =S ~[OOOO 1111]- [0,0] [0000,1110]= SI4 0 0
15 ' >===.>

Sp3=S7 es2=s5 =[0000,0101]
(I , I ] [0001,1011]+[000\ ,0101]=[0000,1110]= 5 14 0
==-=:>

Sp4~sI5es2=s13=[0000,1101)
[ I , I ] (000 \ , 101 I ] + [000 I ,010 1] = [0000, 1I 10] = 5

14
0 0

~

S ~ (0000, 0 I I 1]
[0, I ] r0000, \ I I 1] = SISpI ::::r.:.=--->

Sp2 .. [0000, I \ I I]
[0, I ] [0000,1111]= 515=:z:::-=>

Sp3 0.: [0000, 010 I]
[ I ,0] [000 I , I 0 I 0] + [000 I ,0 I 0 I ] = [0000, I 11i ] = 5 15~

Sp4 =[0000,1101] [ 1, 0] [000 I , I 01 0] + ( 000 I , 010 I ] =[0000, I 1 I I ] = 5 15>..-._ .. - --------_._.

o

o

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. \ are the same. As
1. 1.+

is derived in the previous section the specific outputvalue [w(a)]k = Wo
d · h "s [I,I]k S . 1correspon 1ng to t e tranS1.t1on ~(b-l) ~ b = So 1.S equa to

zero. This lS because the base-state in the w(a)-former causes an output

w(a)=O one unit of time earlier than the base-state in the syndromeformer.

Assuming that the outputvalue for the basic transition

S .(k) (O,O]k S.(k+l) is [w(a)]k = w1,O' the pattern in the output-!1 ~ 1
value~ corr~8poftding to the other transitions can easily be determined.
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If we replace the syndromeformer in the transition-table o( 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 ~tatea S.• ~inc~
I

degree D (a)<degree C (a) (henee the value 01 )l doefl not \'\.1\l\\t) ~\lo pll\~~
n n

the specific output wO=O. The same applies to the transitions \0,1] and

[1,0] to the odd states 5i +
l

.

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

Spl/p2(k)= SJ.,' 2')-1 (k)
[O,l]k

S, 1 (k+ 1 ) -
l+X. ~ l+ ziO + x

S 3/ 4(k)= s~. 2v - 1 (k) 4l s~ (b-l) ~].k S, 1 (k+l) -
P P l+X. ~+ ziO + x + Zo

S (k) lek) '" [l,l]k
p3/p4 = S~i+x.2v- w S~(b_l) ~ Si (k+l)

output
w(a)-former

d 1 ,O=0 d l ,0=1

w
iO

w
iO

w
iO "'iO

I

wiO w
iO

-
wiO wiO

ZiO + x

new output
state syndromeformer

S, (k+l)
~

SA with output zO'

input

S~(b_l)

parent-state

Specific transition

I Sp1/p2(k)= S~i+x.2v-l (k)

base state Sb S
p1/p2

= S and S = S if x = O.p1 p3/p4 p3

i=2k,
v-l

k=O,l, .... ,2 -1. S = S and S = S if x = 1.pl/p2 p2 p3/p4 p4

Fig. 11. Transition-table.

From the transition-tables of Fig.8 and Fig.11 we can derive some

general properties of the state-diagram:
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For fixed outputva1ue [z(a)]k the two outgoiing branche~ of a

state have eomplementary inputpairs [nl(~),n2(a)]k

The same applies to the two incoI!ling branches.

- An even state ean only be reached with the inputpairs [n
l
(a),n2(a)]

=[0,0] and [1,1].

An odd state can on1y be reached with the inputpairs [n
j
(a),n2(a)]

=[0, I] and [1,0].

For fixed outputvalue [z(a)]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

outputva1ue [w(a)J k associated.

If we compare ~he diagrams for z(a)=O and zea)=1 we notice that they

are each ot hers complement as far as the transitions [n
l
(a),n

2
(u)] along

the branches is concerned. On1y 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 D (a), n=1,2 res-
n

pective1y.

Free distance path: Since convolutional codes are group codes

the set of distances (Hamming) of the zero-codeword to all other cade

words is the same as the set of distances of any codeword to all others.

The path with minimum distance to the so-cal1ed "zero-path" is called

the free distance-path with distance d
f

• The value of d
f

can thusree ree
be evaluated by r~n~~?~ that pa th which is leaving the zero-state 80 and

leading back to it with minimum distance, irrespective the length of the

path; that is, differing from the zero-pach in as less places as possible.

Hence the number of anes in that path equals d
f

• For our example:ree

S 11 S 11 S Ol S
0- 4 - 12- 9

--------- ---------------

00- S I 1 S
2 -- 0

d ; :z 7
free
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As will be explained in section 5 there are other codes of. con

straintlength V =4 which have d
f

=5 or df =6. Apparently d f ""7ree ree ree
is the maximum of the minimum distances.

Path of the Dn(~)-polynomials: The polynomials D1(a) anJ D2(a) can

easily be derived from the state-diagram for z(a)=O. The equation

Cl (a)D I (a) + C
2

(a)D
2

(a) = I must be satisfied. Now consider the polyno

mials D
2

(a) and D1(a) as an inputpair [n
l
(a).n

2
(a)] to the syndrome-

k+R.
farmer and the w(a)-former. The sequence [n

1
(a),n

2
(a)]k of length R.+\

. k+Q k+R.
must be found wh~ch causes an output [z(a)]~ =[l,O,O, .•• ,O]k and an

k+R. k~R. k+Q
output [w(a)]k =[D 1(a)D2 (a) + D2 (a)D I (a)]k =[O.O, ... ,O]k .

In terms of th~ state-diagram we must start in SO(k) and generate the
kH kH .

sequence [z(a)]k =[I,O,O, •.• ,O]k ~n such a way that we return to

SO(k+Q) with outputs [w(a)]~+R.=[O,o•••• ,O]~+R.. The corresponding input-
kH kH .

sequences [nl(a)]k and [n
2

(a)]k are then representat~ve for the

polynomials D2(a) and D1(a) respectively.

In the table below the path is indicated which leaves SO(k) with
. kH kH

[z(a)]k = land [w(a)]k = 0 and returns to SO(k+R.) w~th [z(a)]k+I=[w(a)]k+\=O

in a total of l+\ steps.

.- -.- -- - I

tiJne k+Q.. k k+1 k+2 k+3

[z (a)] k+R. 1 0 0 0

[w (a)] k+l 0 0 0 0

_.--------- - ---r



[nI (a) ,n2 (a) ]k-I (p, i)

p3,p4}, to S.(k). The
1

recursively. From the
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This path has a length ~+I =: 4 and it follows:

k+3
[I 0 I I] 2 + ( 3)[nI (a»)k =: (/) ( I + a =: D

Z
(a)

k+3
1]

I 2 3[nZ(a)] k = [0 I 1 V' ( a + a + a ) = DI (a)

4. METRICEQUATIONS anrl DECODING-ALGORITHM.

As In the Viterbi algorithm, to find the path with minimum Hamrning-

weight, we associate with each possible state S.(k) a value M.(k), ealled
1. 1

"metrie", whieh equals the minimum of the weights of the four paths

leading from the parent states S (k-I), pE{pl,pZ,
- P

metries M.(k+I), i=O,I, .•. ,2
',1

1, ean he determined
1

transition-table of Fig.IO we know the four parent sta-

tes Spek), the associated inputs [n1(a),n2(a)]k(p,i) and the associated

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 specifie code.

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

i 2k k
v-I, 0,1, .•• ,2 -1.

M.(k+l) ;.min[M ,M +2] + z.min[M 2\1-1 ,M 2v-1 +2]
1 px py px+ py+

M. 1 (Hl) = z.min(M 2v-1 +1,M 2\)-1 + 1J + z.min[M +1, M + 1]1.+ px+ py+ px py

{ (px,py) =: (pi ,pJ) if ziO = ° ~. p2 ± 2',1-1
7.

0
0

(px,py) (p2,p4) if 1 v-I=:
ziO = p3 = p4 .± 2

{ (px,py) = (pl,p4) if ziO = 0 Spi Slo, i
Zo

(px ,py) (p2 , p3) if ziO
::: 1 Sp2

=:
S~i e S~(b_l)
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With the knowledge of the index b of the code's base-state Sb' the

specifie outputvalue Zo and the outputvalues ziO' i=O,1 , .•. ,2
v
-l, all

metries ean be ealculated recursively with the equations above.

In practice we will not always calculate the metrieequations with

the help of these rather eomplex formula's. The metricequations eau be

directly derived from the state-table or the state-diagram. However in

eomputer-calculations, where the U61e of an algorithm is more eonvenient,

thc general metric:cquation!l lllay IH' uljefull.

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

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

metrie [zeel) ]k = 0 [z(a)]k = I

M.(k+l) minimumvalue of minimumvalue of
1

Ma ~o , MZ
+ 2 MB MlO + 2

MI M
8

+ I , MlO + I MO + I , M
Z

+ 1

MZ Mg • Mil + Z MI , M
3 + 2

M3 MI + 1 , M
3

+ I Mg + I , MIl + I

M4 MZ , MO + 2 MlO , MB + Z

MS MlO + I , MB + I M2 + 1 , M
O + I

H
6 MIl ' Mg + 2 M

J
, MI + 2

M7 M
3 + I , MI + I MI J + I , M

9
+ I

r------..---.. .. --- --- "--_ .._-- --- ... ---- --- -- ...._--- ---- _. -" -------
MB M4 ' M6 + 2 M

1Z
, MI4 + Z

Mg MI2
+ I • MI4 + I M4 + I , M

6
+ I

MlO MI3 , MIS + 2 MS , M7 + 2

MIl M
S + I

• M7 + 1 MI3
+ I • MIS + I

MI2 M6 ' M4 + 2 MI4 , MI2 + 2

MI3
MI4 + 1 , n + I Ml) + J , M4 + I12

MI4 MIS ' MI3
+ 2 M7 , MS + 2

MIS M7 + I • MS + I MIS + J , MI3 + I

MI MS
M

3
M

7
Mg M

I3
MII = MIS

M3 MIl
MZ HIO
M6 = MI4

Fig. 12. Metrie-table.
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L and of minimum

1 [ ( )J k-l .
output va ues w a k- L assoc 1a-

are stored in the pathregister

new metries M.(k+I), which arise
1

of the syndromeformer. are stored in

how the new series of metries M.(k+I),
1

"metr ieeombination". ean be ealeulated from the

ted with each path

PR[i]~=~ for state

Given the value of [z(a)]k ' the new metrie for eaeh state ean be

determined with the help of the metrie-table. Ta the metrics M (k) of
p

the two parent states S (k), pE{pl,p2,p3,p4}, of a partieular state
p

Si(k+l) the Hammingweight of their transitions [~I(a)'~2(a)]k (p,i) is

added. The minimum thus obtained is the new metrie M.(k+I).
1

The transition assoeiated with this minimumvalue is called the sur-

vivor and is specified by the index p of the parent state S (k). In ease
p

of a tie, the survivor 15 choosen among the two candidates.

GOling back from state S.(k). each time choosing the survivor we

o1JtJJjn lilt' PlIlil IIl
I

(IX) .I1 Z(a) 1~~L«(l, i) of

weighl, lcading lo tlwt state S. (k). 'I'tJe
lk_l

[0l (a) ,02(a)]k_L(P,i)

s .. Each time k the
1

by the given outputvalue [z(a)]k

the merrieregisters l1R[i]k'

In section 7 is explained
. v-I
1=0.1 •..•• 2 , called

metrie-table for given outputvalues [z(a)]k = 0 vl.

For any code in our elass the organisation of the metrieeombinations

and the transitions between thern. together with the indices p of the va-

rious survivors can be calculated. When we store these data ln a read

ooly memory (ROM) the use of metricregisters can he eliminated. It is this

feature that makes syndrome-decoding 50 attractive. [4j.
The pathregisterLength L is sometimes referred to as the coding

delay. It will be clear that the bit-error probahility decreases with

increasing delay L.

5. 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 eodes of eonstraint

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 eharaeteristies of these codes is given

1n the "Databook" whieh is enclosed (see a1so seetion 10).



CODE I 2 3

d 6 5 6 I

frf".e
CI (a) 1011 I lOQl lUC

2
(a) 11 !! 11 Ql lID!

DI (a) 100 011 OIO I

I
D

2
(a) 111 OIO 011 I

Sb= 3 3 7

ziO 0101 0000 0101

Ww 0110 0101 0101
py-px 5,3 I ,7 7,5,3,1

pathregisters 6 6 6

s.s.m.e. 032244 032243 043332
total combo 75 90 33

CODE I-X 2-X 3-X

CI (a) III1 1101 1101
Cl (a) 1011 1001 1011

DI (a) 111 OIO 011
D2(a) 100 oI I OIO

Sb= 7 7 3
1---

ziO 0110 00 I I 0011
wiO

0011 0101 0101
py-px 3.1,7,5 7.5.3,1 I ,7

1--.

s.s.m.e. 034422 033422 042333
total combo 75 90 33

CODE I-Y 2-Y

CI (a) lID! lQOl
C

2
(a) l!l! lQll

DI (ex) III 101
D2(ex) 110 100

Sb= 5 5
-

ziO OOI) 0000
wiO alla aal I

--j....

py-px 6,2 2,6
--- ._-._--.-_.-.- .-- - .. --_._ ..._-'.. _-

s.s.m.e. 033424 033424
total combo 74 991--.

CODE !-X/Y 2-X/Y

CI (a) ) I I I 1011
C

2
(a) 1101 10ûl

DI (ex) 110 100
O

2
(ex) I I I 10\

Sb= 5 5

ziO 0\ 10 010\

wiO 0110 0011
py-px 6,2 2,6

'-
s.s.m.e. 033424 033424

total eomb. 74 99

Fig. 13.

Codes of eonstraint-

length \1=3.



I s.s.m.e. : 0)5424255444 03362525361. -
total combo I 2001 I 144

... _. -
CODE l-Y

~ - - -- ·f-=-=.--=o
CI (a) ] lOOl
Cz(Cl) i 11 191------
DI (a) 0111
1)2 (Cl) 0110

-- "-_ .. ._-
Sb= 13

..----_ .. ---
ZiO 0000 1111
"';0 01/0 0110

Py- pJ< -j 4 ,/ 0~-;-2--
--_..- -. - -_._-

S. s.m.c. 0)3534552325
total combo 1817

=~
CODE I-X/'l

=
ç 1(Cl) 11101
C

2
(Cl) I JOOl

------ .~

D (Cl) 0110
D~(a) o11 I--...._---

S 13
b= ,.

~._- ----
ZiO 0011 1100

""'0 0110 Ol J 0
---,._. --

py-p 6,2,14,10----_.-
s. s.m.c. 033534552325

totlll comh. 1817
IL-=. _

.:...-:;...~.....;.;....--...:..=.----'-- ----==-~-
_L...._ _.

Fig. 14. Codes of constraintlength v~4.

' ..

_._"'--
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Let U.5 consider same characteristics of bOl" tohIes.

In the connectionpolynomials C (a), n=I,2, we can interehange the
n

roles of n=1 and n=2. We ean also reflect both polynomials by first ta-

king a=a- I and then multiplicating the new polynomials C (a-I) by the
n

factor a-v. Hence each code has four different connectionpatterns as

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

code C
y

code C-X v ( -1)
c Cl. +c () + ••••I ,v I, v-I x

code C-Y

code C-X/Y

-I v

~
Cl (a )0

-I v
C

2
(a )0

Fig. 15. Axes of symrnetry.

It is obvious that with a reflection of the polynomials C (a), n=I,2, in
n

the X-axis corresponds an identical reflection of the polynomials D (0), n~I,2.
n

The base states of the four members of code C need not to be the same

as eau be verified for code 10.

The series of values ziO and wiO which correspond to the
,. fiS (k) . 0 2(v-I) . []trans1t1ons 0 t1e states i" 1= ,I,. ", -I, for an 1nput 0,0 k

are given in the rows represented by "zio" and "w iO" 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 formuia is given for the particular relationship between the

number of distinct metricequations and the conneetionpattern of the polyno

miais C (a), n=1,2.
n

In seetion 7 will be dealt with the determination of the so-called

"steady state metriccombination" (s.s.m.e.), and the total number of pos

sible metriccombinations C+ 1 .
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Comparisun and same provisional eonelusions:

Th~ codes C and C-X are equivalent in strueture; C'nly the roles of

n!(u) and n
2

(a) are interchanged. A reflection in the Y-axis res'llts ln

a fundamental differenee in strueture. Henee for eonstraintlength v=3

there are 5 distinct codes and for constraintlength v=4 there are 21 dis

tinc t codes.

A. Codes of constraintlength v=3 (d
f

= 5,6).
ree

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 proper ties (note that the unique code of constraintlength v=2

has d
f

=5).ree
The form of the varl0US 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(~)=O and z(~)=l

are not each others complement as is the case for code 1 of constraint

length v=4.

The consequence of (py-px) being even lS that 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 I-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) metries

b = 5 l-Y, !-X/Y / 2-Y, 2-X/Y 6,2 / 2,6 1=5 , 3=7

b = 3 I / 2.3-X 5,3 / 1,7 ]=3 , 5=7

b = 7 2-X,3 / I-X 7 p S.3.1 / 3,1,7,5 1=7 , 3=5
I

Fig. 17. Characteristics of codes v=3.
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B. Codes of Lonstraintlength v=4 (d f = 5,6,7).ree

The distribution of the 21 codes concerning their free distances

is as follows:
.... --1

d . codesfree

5 2,6

6 3,4,5,8,9,) 1,12,13

7 1,7,10
--

Fig. 18. Free distance.

From a practical point of view the codes 1,7 and 10 with free dis

tance d
f

=7 are the most important. Up till now no special relation
ree

ship between the structure of the polynomials C Ca) and the code's free
n

distance has been found.

The characteristics of codes.with v=4 are given ~n the table of

Fig. 19.

base state Sb codes (py-px) metrics

b c 5 1,2,9Y / lXJ~XY 2,14/10,6 1 = 5,3 = 7,9 "'13,11"'15

b = 9 4Y,AXY,6Y,6XY / 5Y,:5XY,7Y;n,Y 1..+,12/12,4 I = 9,3 = II ,5 "'13,7 =15

b = 13 IY,8Y,3 / I XY,8XY,3X I 4,1 O,6l- / 6,2,1 4,1 0 1-"-)3t3 =15,5 = 9,7 cl)

b = 3 7.11 X / 6,13.8x,IOX 9,7/1,15 1 = 3,5 = 7,9 =11,13=15

b = 7 SX.I 2x,J OXY / 4~ 3.15,1 3/1 1,9.1;5 1 = 7,3 = 5,9 =15,11=13

b = I I 4~X / 5.IOY,12 5,3,1 3,1 1/ 13,1 1;5,3 1 =11 ,3 = 9,5 =15,7 =13

b = 15 7X,1 1 I 8.1 Q,6X) 3X 7,5,3,1,15,13,11,9/15,13,1 1,9,7,5,3,1 1 =15,3 =13,5 "" II ,7 ::I 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. REDUCTIO:; IX PATH!\Y.:.\:;rSTERS.

As we take a closer look at thc metric-table of code 1 in Fig.12

we notice that 1'1
1
=:-15' M

3
=N

7
j ~19::MI3 and H

II
=HlS' This is because there is

na need to distinguish bet\.,reen the transitions [0,1) aud [1,0], each having

Hammingweigh t= I . .
It is obvious from the statetransition-table of Fig.IJ that there are

two states S, and S~ which have the same parent stntes S I' S ~, S 3 and
e p p~ P

Sp4' If S,<, and S,<1 are odd s tates we have the following trans i tions :

:;p1=S~i
[0,1]

S. 1 S -= ziO---> ~+ Cl

Sp2=S~i+2 v-1
[0,1]

Si+l = S
==--'> Cl ziO

Pp3=S~i ~ S~(b_1)
[ 1 , 0]

s. 1 S -= ziO + Zo~ ~+ Cl

p4=S~1+2V-1 ~ S~(b_1)
[ 1 , 0]

Si+l = S==-=> Cl ziO + Zo

[0,0]
S.!11 ~ ~ z10 J [ 1 ,0] -

[ 1, 0] Sp1=S~i ~ So S. ~ Sb = S8 z10====> ~

0 ~ Sb Z =

~1+2v-1
[0,0] -
"-===>

S. ZiO

11 [ 1,0Jl.

[ 1 ,0] Sp2=S~i+2v-1 $ SA S. ~ Sb = SB z10~ l.

0 => Sb z =

[0,1] -
~i ===t.> S. 1 ziO } [0,1]~+ -

[0,0] Sp3=S~i ~ S~(b_l) S. ~ Sb = Ss ziO + Zo
Sb_1

-===-» ~

l:l (b-1 ) =-='> Zo

v-1 [0, 1]
S. 1 ziO~i+2 ==> ~+ } [0,1]

[0,0] Sp4=S~i+2V-1 ~ S~ (b-1) S. mSb = SB ziO + Zo
Sb-1

=-=-==:> ~

~ (b-l) =-> Zo

S = S8 ~ Sb_l and S~ and s~ have identical metricequations:
Cl

if z =0 M = MB = z.min[M
p1

+ 1,M
p3

+ 1] + z.min[M
p2

+ 1,M
p4

+ 1]0 Cl

if z =1 M = MB = z.min[M
p1

+ 1,M
p4

+ 1] + z.min[M
p2

+ 1,M
p3

+ 1]0 Cl
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Fig. 20. Metric-table.

Ma MO ,MZ + Z MB ,M lO+ Z

MI MB + I ,MI 0+ I Ma + I,M
Z

+ I

M
Z

Mg ,M
ll

+ Z MI ,M) + Z

M) MI + I,M) + I Mg + I ,MIl + I

1'14 M
Z ,Ma + Z MlO ,MB + Z

M
6 MIl ,Mg + 2 M) ,MI + Z

MB M
4

,M
6

+ Z MIZ ,M
l4

+ 2

Mg M
12

+ I ,M
l4

+ I M4 + I,M
6

+ 1

MlO Mg ,MIl + 2 MI ,M) + Z

MIl MI + I ,M) + I Mg + I ,MIl + I

MI2 M
6 ,M4 + Z M14 ,M I2+ Z

MI4 Mil ,Mg + 2 M) ,MI + Z

Ma Ma ,MZ + Z M8 ,MZ + Z

MI M
8

+ I,MZ + I MO + I ,MZ + I

HZ Mg ,M) + Z MI ,M
3

+ 2

M) MI + I ,M) + 1 Mg + I ,M) + I

H4 MZ ,Ma + 2 MZ ,MB + Z

M
6 M

3
,Mg + Z M) ,MI + Z

MB M4 ,M6 + Z MIZ ,M
6

+ 2

Mg M + 1,1'1
6

+ j M4 + I,M
6

+ I12
MI2 M6 ,M4

+ Z M
6

,M I2+ 2

Fig. 21. Reduced metric-table.
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If we select the identical survivor in case of a tie, the states Sa

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

pathregistercontents are concerncd the states Sa and SB are not distinet.

In general for codes in the class r: 1 One can eliminate the metrie- and
. ' . v-2

pathreglsters of half the odd states(l.e. 2 ).

In the metric-table of Fig.20 \ole have eliminated the metries HS ' H7 ,

M
I3

and MIS' The numbers 5,7,13 and 15 are replaeed by tbe numbers 1,3,9

and 11. Note that now M3=H II , M2=H IO and M6=H I4 . We eliminate ~lll' ~~IO nnd

M
I4

and r:::place the numbers 11,10 and 14 by 3,2 and 6. Then \ve get the

reduced metric-table of Fig.21 with 9 distinct metricequations and hence

9 distinct pathregisters.

In general there is a certain relationship bet\veen the connectionpat-

tern of the polynomials

equations [3]. Consider
-------.

straintlength v with

C (a.), n=I,2 , and thc number of distinct metrie
n

the class~~ of R~~ convolutional codes of con-

O(k.(9..-1 , t.(.i iS a positive integer <v/2}c c
I,v-k 2,v-k

Tben -r I J 1-a 2~ ......:Jf /2 cC I 15 our class of codes) and thev, v, v,v v,
total number of redundant statcs (i.e. mctricequations) is equal to:

In [3] 15 also stated that the complexity of the decoder for codes with even

constraintlength \:=21., L=J,2, ....... , \.,rÎlh Cl -k = c 2 -k' O<k<2L, ldL, i~:, ,

This implies that an exponential sav1ng 1n hardware ean be obtained.

It has been investigated that this class of codes has distanee properties

na wors~ than those of thc systematic R"'~ codes.

Ful' l"uJ(.;:; \oJith v==2, V=-'!4 '111J v··6 we have the following possibilities:
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v::: 2 ~=1 2°(4 -3 )=1 redundant 2
3 pathregisters2 -1..."
- --

{ t=) 22 (4 -3 )=4 4
" 2 -LI'''12 "v""4

2°(4 2_3 2)=7 4
~=2 " 2 -7= 9 "

/t (4 -3 )=16 6

v"6 { :::

" 2 -16=48 11

22 (4 2-32)=28 6
" 2 -28=36 "

2°(4 3-33)=37 6
~""3 "

2 -37~27 "

For v=4 the codes 1,2 and 3 have the propcrty c),k • c 2,k '

O~k{.4 and kf.2, aud hence 9 di.stinct p<'tthrcgislers.

Note that the condition sb,_2=O is consistent for these three codes.

Code ) has the maximum free distance df = 7 and is thus the most inree
teresting one.

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

even codes in the class -r:=2L,) to have c),k = c 2,k' k~L and at the

same time the maximum free distance.
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7. THE STEADY STATE METRICCOMBINATION AND THE TOTAL NUMBER OF METRIC

COMBINATIüNS.

In the decodingalgorithm, each time k one has to calculate all metries

M.(k). These values arranged in a row are ealled the metriccombination m (k),
1. --c

e €{a, 1, ... ,c }, at time k.

m (k)={M
O

,MI , ,M. , ,M2v 1 J(k)
--c ,e ,e ltC - tC

The total number of metriceombinations is C+I. For the unique code with

v=Z there are C+l=12 metrieeombinations [4]. All these metriceombinations

can be evaluated by starting with the so-called "steady state metriceombina

tion" ~(k). The steady state metriceombination s.s.m.e. is that metrieeom

bination whieh converts into itself for a syndromeoutputvalue [z(a)]k = O.

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

~(k) ean be determined.
k-I k-I

Suppose that up to time k the zero codeword [x(a)] =[0,0, .•. ,0] has
-m -~

been sent and that the ehannel has not been disturbed by noise. It follows

that the registers of the syndromeformer and the w(~)-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 is
OQ 00

not disturbed by naise; hence the syndrome-output is G:«()()Jk=[ooo ... ooJ
k

.
---._.-

Fram the state-diagram for z(a)=O we deduce that only Sa and 54 ean be

reaehed from SA. Suppose that MO(k)=O, then with the metrie-table of Fig.12

the new metries of the states SA and 54 at time k+l can be calculated:

MO(k+I)=min[MO ,MZ+Z]= o.

M4 (k+I)=min[MZ ,M
O

+2]= 2.

From the states Sa and S4 the new states SO,54 and 58 ,5 12 can be reaehed

and their metrics MO(k+2), M4 (k+2), M8 (k+2) and MI2 (k+2) ean be ealeulated.

In the redueed Trellis-diagram of Fig.22 the transitions from Sa to all other

states up to time k+5, are drawn. Next to each state S.(k) eaeh time k, the
1.

value of M.(k) is indieated.
l.

At the fourth step the metriccombination l.S ~(k+4)={03542374Z5544574}.

The state S6(k+4) has ametrie M6 (k+4)=7. If we look one unit of time fur

ther we notice that M6(k+5) C14 <M
6

(k+4)=7. In order to determine the s.s .m.e.

~O we must penetrate the Trellisdiagram so far until all metries Mi are

minimal. In this case a depth=5. It has been calculated that for eode 7

this depth equals even 7 (Fig. 22a.).
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Fig. 22. Reduced Trellis-diagram.
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The s.s.m.e. tor our example is ~O(k) = {0354234425544544}. We

leave it to the reader to verify that indeed:

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

>
~ (k+l)

With an output [z(a)]k == we are able to evaluate the new combination

~l(k+l). In Fig.23 we have illustrated the transition between the metric

combinations ~ and ~1'

Since onlythe difference between the metrics within a metriceombination

matters, we may subtract from all members the minimumvalue in the eombination.
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Transition between the metric

combinations ~O and ~1



Via t'lC' trdILsitions z(!:X)=O and z(a)=l all possible combinations ean

be evaluated suceessively. 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+I of metriccombinations together with the tran

sitions between them for z(a)=O and z(a)=I. Since each code has distinct

metric-equations and a distinet s.s.m.c. ~, tlw computer-program must

be modified [or each code.

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

we will give some figures.

code C+I comp-time ~

I 2001 218 sec. 4 ml.n.

2 144 2 "
6-Y 2582 307 " 5 "

10 13518 8435 " 2 uur 20 min.

I1 16608 10800 " 3 "

Knowledge of the successive survivorindices for each transition

between metriccombinations, together with the index(ces) of the mlnlmum

value within the new combination is sufficient to determine the key-
O<l

sequence [w(a)]k • In Fig.23 we have indicated the survivorindices·pi

the indices of the minimum within the new combination ~1 are 1 and 5.

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 I of eonstraintlength v=3.

More detailed information about the operation of this core-part

of the syndromedecoder ean be found in [4].

Comparison of the s.s.m.c. and the total number Ctl 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 refleetion of the code in the X-axis does

not change the total number of combinations. The two f h's.s.m.c. or t lS
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reEectior. are equiva:er.t 1:1 that sense, that t!1~Y l"':1Llit1 t ~~" ':,l"'l'

metricvalues, only on different places. The codes C ~an be converteà

in the codes C-X by a renumbering of the states.

As an example we compare the state-diagrams of the codes I and I-X.

The four diagrams (z(a)=O and z(a)=J) are drawn in Fig.24.

With a renumbering as:

SI :=== S5 86 := SI4 SJZ:= SJZ

Sz := 510 57 := ~ 11 Sa := So

S3 := S15 S8 := S8

84 := 54
89 := 8

13

the metricequations will be f'C'!I\;,!p.lent since dH[O,I]=dH[I,O]. Hence

the s.s.m.e. and the total number of metriccombinations will be equi

valent.

Whenwe consider the total number of metriccombinations in relation

to the eonnectionpattern of the polynomials C (a), n=I,2 we get the table
n

of Fig.25.

connection-pattern C (a) codes C+I pathregistersn

cl k i: Cz k k=I,,2J\3 10, I I I 1000-16000 12
• ,

cl k a
Cz k k=Z 12, 13 459-659 12

• ,

cl k = Cz k k=I,,3 8,9 195-270 12, •
cl k = Cz k k=(1,2)v(2,3) 4,5,6,7 1642-2582 12, ,

Cl k = c 2 k k=11\3 I ,2,3 144-2805 9, ,

Cl k = Cz k k=IA2 3 74-99 6, ,

Cl k = c 2 k k=lv2 1,2 33 6, •

\)=4

v=3

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

metriceombinations.

A remarkeble point ~s that the codes 10 and Jl have considerable

more metriccombinations then the other codes. It could be that this
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property is related ta the typical connection-pattern cl k # Cz k for, ,

eH.____ ._ _ rn.\ x '"''H''''.'''

______ """",""'-4"",,,

-----.... v3

I,,,
Jf Iylf,,

I

I
/
/

I
I

I
I

(

I
J3 /
..~

all k:!{O,v}.

In Fig.26 we have plotted the value C+l as a function of the con

straintlength 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.

that for codes of constraintlength v with poly-

of degree U ~v-l, exactly v-u pathregisterbits

as fixed.

nomials D (a), n=I,Z,
k_I n

[w(a)]k can be taken-v+u

There are codes for which the v-u outputvalues [w(a)]kk-I (p,i).
k-l -v+~

associated with any path [nI (a).nZ(a)]k_v+u(p,i) leading to the state

S.(k) are all the same. Knowledge of these pathregisterbits leads to an
1

extra saving in hardware required for realisation of the decoder.

We will now show

I
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In the figure below we have drawn the syndromeformer nnd the w(a)

former of an arbitrary code of constraintlength v with D (a)-polynomials
n

of degree ].I:
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Suppose that both circuits are ~n the physical state SI at time 0,
v-

As inputsequence we take the physical state [nI (a),nZ(a)]O = SZ'

We will now describe the transition in v steps from SI ----+ SZ'

Af ter ].I steps the w(a)-former is completely filled-up with the prefix
ll-I

[SZ]O of the state SZ' From that moment the remaining V-].I output-
v-I

values [w(a)] are unambiguously determined by the last V-].I bits of
].I

the state SZ' These last bits are fixed and hence the last V-].I bits of

the w(a)-former are fixed.

This applies to all ZV states, As there are only ZV-].I combinations

of V-].I bits, there must be Z].I groups of states with the same fixed path

registerbits ,

As Uil example we take code \0 with \} C0 4 , The state-table of this

code ~s shown in Fig, Z7,
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state state new state 5.(k+I) value [z (a)) k value [w(a)]k
~

S. (k) contents [n l (a),n2(a)]k [n l (a),n2(a)]k [n l (a),n2(a)]k
J

J Sj (a) 00 Ol I I la 00 Ol I I la 00 Ol 11 10

0 0000 0 I 14 Ci~ 0 I 0 1 0 I 1 0

I (JOOl 'l. ] 12 I '3 I 0 1 0 1 0 () 1

'2 (JOJO 4 5 \U 11 0 1 0 1 0 1 1 0

3 0011 6 7 8 9 I 0 I 0 I 0 0 1

4 0100 8 9 6 7 0 1 0 1 0 1 1 0

5 0101 la I I 4 5 I 0 I 0 J 0 0 1

6 0110 12 13 2 3 0 1 0 I 0 I 1 0

7 0111 14 15 0 1 1 0 J 0 1 0 0 1

8 1000 0 I 14 15 1 0 I 0 0' I I 0

9 1001 2 3 12 13 0 I 0 I 1 0 0 I

10 lala 4 5 la 11 1 0 1 0 0 1 1 0

11 1011 6 7 8 9 0 1 0 1 1 0 0 1

12 1100 8 9 6 7 1 0 1 0 0 J I 0

13 1101 10 1I 4 I) 0 1 0 1 1 0 0 1

14 1110 12 13 2 3 I 0 I 0 0 I 1 0

@ 1111 14 \ 5 0 I 0 1 0 I I 0 0 I

Fig. 27. 5tate-table of code la.

A part of this state-table is drawn in Fig.28 where 56 is taken as

the central node. 56 ean be reached from the parent states 53 ,54 ,5 11
and 5 12 with [w(a)]k_l=l. Each of these parent-states ean be reached at

its turn from the groups (51,56,59,514) and (52,55,510,513) with

[w(a)]k_l=O. One step further all states 81,52,55,56,59,510,513 and 5 14
have a last pathregisterbit [w(a)]k_3=1. When we go back one more step

we eannot predict the value of [w(a)]k_4 any more as it may be either 0

or I(eonsider the paths 50-51-52-54-56 and 50-50-51-53-56).

Nate that both 56 and 5
9

ean be reaehed from the states 5
3

,5
4

,5
11

and 512 • Hence the last three bits in the pathregisters PR[6] and PR[9]

can be reeorded as:



------

Fig. 28. Parent

states of 56 ,

When we determine the contents of all pathregisters PR[i]~=~, i=O,I, ••••
\)

•• ,2 -1, we get the table of Fig.29.

From (8) and (9) we know that the even
\)-2

k=O,I, •• ,2 -1) and thestates S. (i=2k,
l.

odd states Si+1' bath have S!i as parent

state. Thus each time k-i-I(~=O,I,••• ) we

jump back from the states S. and S. 1 to1. 1.+
the state S!i and record their last pathre-

gisterbits. The column PR[i]k_l ean thus

be derived from the column PR[il
k

_ 1 by mul

tiplication by a factor 2. In essence, each

bit in the column PR[i)k_l is written double

in the column PR[i)k_l: The column PR[i]k_3

\)-1
Note that there are always 2 pairs of

pathregisters with identical last path

registerbits [w(a)]k_1.

The last bit in the pathregister PR[i]

is recorded as given in the first two

columns of the head " [w(a)] k 11 of the

state-table. There is an easy and fast

methad for determination of the fixed

pathregisterbits of any code.

state l,athregisterbi ts

5. (k) PR . k-l ( ')
l. [1.]k-.3 p,1.

0 o 0 0

1 0 0 1

2 0 1 1

3 0 1 0

4 0 1 0

5 0 1 1

6 0 0 I

7 0 0 0

8 1 0 0

9 I 0 1

10 1 1 I

11 1 1 0

12 1 1 0

13 1 1 I

14 1 0 I

15 1 0 0rig • 29. Fixed pathregisterbits •.
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arises fro~ the ~Otu~ PR(i~k_2 again with a fa~tor 2, that is each bit

ln the column PR[i]k_J is written four times, et).

The fixed pathregisterbits of all codes of constraintlength v=3 and

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

The codes with minimum degree D (a) = 1 , have the maXimum v-I, of
n

fixed pathregisterbits.

From the tables of the figures 13 aud 14 we derive that these codes

have either Sb = S3 or Sb = S2v_l' Why there exists sueh a relation

ship is still a subject of research.

9. CODES OF CONSTRAINTLENGTH v=6.

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

24 codes of constraintlength v=6 whieh achieve the free distance df =9/'°ree
These codes have connectionpolynomials C (a), n=I,2 , as shown in the

n
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 CnCa), n=I,2, such that cl,k = c2,k' k=O,I,2,

4,5 and 6. If we look at the table of Fig.31 we notice that there exists

na such code with df =9. There are two codes which haveree Cl k = C z k'
~ .,

k=O,I,S,6, namely code I and code 2.(both in l6 i)',
Let us consider code 2 with connectionpolynomials

CI (a)
6 5 3 2 0

(a + a + a + a + a • 0 o I )

e2 (a) 6
+ a 5 4 0

(a + a + ex • o 0 0 I

and polynomials

DI (a)
2

( 0 0 0 0 0 )= a •

D2(a) 2 0
( o 0 0 0 )a + a p



[w(a)]k_l PR[ i] - - - - - i - -
I

codes - 6-X/Y 4-Y,9 7-Y, I 2 5-X/Y,7 I-X,5-Y,11 1,4-X;J-XI-X/Y t 3.':'-X/Y,J I-X,I 2-X 3- '1.,4,6 - Y.7 -X

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
0 I

I

11, 13, 15 I I , 14, 15 13,14,15 10, 12,15 1I , 12, 13 J I , I 2, I 4 ! j I ,12, I 4 5,6,7
I
I

1,3,5,7,8 2,3,6,7,8 4,5,6,7,8 1,2,4,7,8 2,3,4,5,8 1,3,4,6,8 I 1,2,5,6,8 8,9,10,11
I I

I
10,12,14 9,12,13 9, 10, I I 11,-13,14 9,14,15 10,13,15 I l I , J 2, I 5 12,13,14,15

i

k-l
PR [i]

k-t!
PR [i][w(a)]k_2 - - - [w(a)] k-3! -

!
codes - ]-Y,8-Y 2-X,9-X/Y 2,5-X,9-Y,IO-X/Y l-X/Y,5,8-X/Y,10-Y codes - ; 6, 8-X, J O-X, I 3 6-X,8,10,13-X

o 0 0,1,14,15 0,5,10,15 0,] ,2,3 0,6,1],13 0 0 ° i 0,1 0,15

° 1 2,3,12,13 1,4,11,14 4,5,6,7 1,7,10,12 0 ° 1 I 2,3 1 ,14

1 0 6,7,8,9 2,7,8,13 8,9,10,11 3,5,8,14 0 I 0

I
4,5 3, I 2

I I 4,5,10,11 3,6,9,12 12,13,14,15 2,4,9,15 0 1 1 6,7 2,13

I 0 °
I 8,9 7,8I
I

constraintlength v=4. I 0 I 10, I I 6,9

I I 0 12,13 4, ] 1

) I I 14, )5 5, ) 0

[w(a)]k_l PR [i] k-l PR[i][w(a)]k_3

codes - I,I-X/Y I-X,2-Y l-Y 2-X/Y codes - 2,3-X 2-X,3
Fig. 30. Fixed pathregisterbits of

0 0,3,5,6 0,1,2,3 0,1,6,7 0,2,5,7 0 0 0, ) 0,7 codes with v=3 and \.. =4.

1,2,4,7 4,5,6,7 2,3,4,5 1,3,4,6 0 2,3 I ,6

0 4,5 3,4

constraintlength v=3o 6,7 2,5



polynomials I polynomials

code Cl (ex) IC 2 (ex) code CI (ex) Ic Z (ex)

I I 0 I I 0 I 1
13

1 000 I 0 I- - - - - -
1 0 I 1 I I I I I 1 0 I I I- - - - -

Z
I I 0 I I 0 1

14
I 0 0 0 I I I- -

I I I 0 0 0 I I I I 0 1 0 I- -
3

I 0 0 I 0 I J
15

I 0 0 I I 0 I- -
I J 0 I 0 I I I I 0 I 0 I J- - -

4
J 000 I I I

16
I 0 I I I 0 I

I I 0 ) I o I I I 0 I I I I- -

5
I 0 J 0 I I J

17
I 0 I I 0 I I- -

I I 0 1 I I I I I 1 I I 0 1

6
I 0 I 0 I I I

18
I 0 I 0 0 I I

I 1 o 0 0 I I I J I 0 I 0 I- -

7
I o 0 I 1 0 I

J 9
J o 0 I J I I

-cl 10- - - =
J I J I 0 0 I J I 0 I I 0 I

free
-

8
I 0 I 0 I I I

20
I 0 I I J 0 I

- d '" \0
I I I I 0 1 I I 1 0 0 I I I

free
- -

9
I 0 0 I 0 I I

ZI
1 0 0 1 1 0 1- - - - -

1 1 0 0 J 1 1 1 1 0 0 I 1 J- -

10
I o 0 0 1 I I

22
1 o 0 1 1 0 1

1 0 1 1 1 0 1 1 1 1 0 0 1 1- -

11
1 o 0 1 1 0 1 23 I 0 I 0 0 I I

I 0 I 0 J I I I I 0 1 I 0 I

IZ
J 0 0 1 0 1 1

24
1 0 0 0 I 0 I-

I I I I 0 0 I I I I I 0 I I- -

Fig. 31. Codes with free distance d
f

= g/J 0 •
ree
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of minimum degree which satisfy C
1

(a)D
1

(a) ~ C2(a)D
2

(a) = I •

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

respectively.

z(xJ

n, (tx.)

14--+--- n~ (oi. )

Fig. 32. Syndromeformer •

..........__ fl.(<?<.)

Fig. 33. w(a)-former.

6There are 2 =64 abstract states of the syndromeformer. The base state

Sb is determined as follows:

1 + I + sb,-2

1 + sb._1

o

o

= 0

o

= 0

= 0

S = 0b,-6

= 0

S = 0
b,-2

[0 0 0 0 0 1 , 0 1 0 1 0 I]
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The state-table of this code is given 1n Fig.34. It is clear that for

such an amount of states, a surveyable representation of the transitions

between states in the farm 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~ 2 there will be,

The number of pathregisterbits which can be taken fixed iS

v - {degree D (a), n=l,2} = 6 - 2 = 4.
n

The essential features of these 24 codes are to be found 1n the

enclosed "Databook" at the pages 49-104.
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Fig. 35. Metric-table.

"1
metric [z(a)]k = 0 [z(a)]k =: I

M.(k+l) minimumvalue minimumvalue
1

MO MO ,M42 + 2 M32 ,M IO+ 2

MI M32+ I ,MI 0+ I MO + I ,M42+ I

MZ MI ,M 43+ 2 M33 ,MIl + 2

M3 M3J+ I ,MI 1+ I Ml + I,M
43

+ I

M4 M34 ,M8 + 2 M2 ,M40 + Z

MS M2 + I,M40+ I M34+ 1,MS + I

M6 M3S ,Mg + 2 M3 ,M41 + 2

M7 M3 + 1,M41 + I M3S + I ,M9 + I
~- --MS M36 ,M 14 + 2 M4 ,M46 + 2

M9 M4 + I ,M46 + I M36+ I ,M I4+ I

MlO M37 ,M IS + 2 MS ,M47 + 2

MIl Ms + I,M47+ I M37+ I,M IS + I

MI2 M6 ,M44 + 2 M38 ,M I2 + Z

MI3 M38+ I ,M I2 + I M6 + I ,M44 + I

Ml4 M7 ,M4S + 2 M39 ,M l ,+ 2

MIS M39+ I ,MI 3+ I M7 + I,M4S + 1
--

MI6 M8 ,M34+ Z M40 ,MZ + 2

MI7 M40+ I,MZ + I M8 + J ,M34+ J

MI8 Mg ,M
3s

+ 2 M4] ,M) + 2

MI9 M41 + I ,M3 + I Mg + I,M3S+ 1

MZO M4Z ,MD + 2 MlO ,M32+ Z

MZI MIO+ I ,M32+ I M42+ I,MO + I

Mi2 M43 ,M] + 2 Mil ,M33+ 2

M23 MIl + I ,M33+ I M43+ I ,M I + I

M24 M44 ,M6 + 2 MI2 ,M38+ 2

MZS M
IZ

+ I ,M38+ I M44 + I ,M6 + J

MZ6 M4S ,M7 + 2 MI3 ,M
39

+ Z

Mn M
13

+ I ,M
39

+ I M4S + I ,M
l

+ I

M28 MI4 ,M36+ 2 M46 ,M4 + 2

MZ9 M46 + I ,M4 + I M14+ 1,M
36

+ I

M30 M] 5 ,M37+ 2 M47 ,MS + 2

M31
M

47
+ I,MS + I MIS+ I ,M37+ I

f

metric [z(a)]k = ü [z(et)] k = I

M. (k+l) minimumvalue minimumvalue
1

M32 M48 ,M
26

+ Z M] 6 ,M
S8

+ 2

M
33

M16+ I ,MS8+ I M
48

+ I ,M
26

+ 1

M34 M49 ,M
27

+ 2 MI7 ,M
S9

+ 2

M3S
M

17
+ I ,M

s9
+ I M

49
+ I ,M

Z7
+ I

M36 MI8 ,M
S6

+ 2 M
sü

,M
24

+ 2

M37 MSO+ I ,M24+ I M18+ I ,MS6 + ]

M38 MI9 ,MS7+ 2 MSI ,M2S + 2

M39 MS]+ I ,M2S + I M19+ I,MS7+ I
--

M40 M20 ,M62 + 2 MS2 ,M30+ 2

M41 Ms2+ I ,M30+ ] M20+ 1,M62 + 1

M42 M2] ,M63 + 2 Ms3 ,M31 + Z

M43 MS3+ I ,M31 +-.-1 MZI + 1,M63+ I

M44 MS4 ,M28+ Z M22 ,M60+ 2

M4s M22 + I ,M60+ I MS4 + I ,M28+ 1

M46 MSs ,MZ9 + 2 MZ3 ,M61 + 2

M47 M23 + I ,M61 + I MSS + I ,M29+ I

M48 MS6 ,M I8+ 2 M24 ,MSO+ 2

M49 M24+ I,MsO + I MS6 + 1,M I8 + I

MSü MS7 ,M I9+ 2 M2S ,1'151 + 2

M
SI

M2S + I ,MSI + I M
S7

+ I ,M] 9+ I

MS2 M26 ,M48+ 2 MS8 ,MI6+ 2

MS3 MS8+ I ,M I6 + I M26 + 1,M4S+ )

MS4 M27 ,M49+ 2 MS9 ,MI7 + 2

MSS MS9+ I ,M I7+ I M27 + I ,M49+ I

MS6 M28 ,MS4+ 2 M60 ,M22 + 2

MS7 M60+ I ,M22+ I M2S + 1,MS4+ I

MS8 M29 ,MSS + 2 M61 ,M23 + 2 ,

MS9 M61 t I ,MZ3 + I M29+ I,MSS + 1 I

M60 M62 ,M20+ 2 M30 ,MS2+ 2

M6 ) M30+ I ,MS2 + I M6Z + I,MZO+ 1

M62 M63 ,MZI + 2 M31 ,MS3+ 2

M63 M
31

+ I ,MS3+ I M63+ I ,MZI + I

MI = M21 Mg = MZ9 M33= MS3 M41 = M61 M19= M47 MZ = M4Z MIS= MSS
M3 = MZ3 MII = M31 M3S= MSS M43= M63 MZ3= M43 M6 = M46 MZZ= M62
MS = MI7 M13= M2S M37= M49 M4S= MS7

M27= M39 MIO= M34 M26= MSO

M7 = M) 9 MIS= MZ7
M

39
= MS1 M47= M59

M31 = M35 M14= M38 M30= MS4
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10. FORTRAN-PROGRAM FOR CALCULATION OF THE ESSENTIAL FEATURES AND SYNDRO}ffi

DECODING PROCEDURE OF R=! CONVOLUTIONAL CODES.

Introduction:

All basic calculations are split up into 11 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 ~n

the Appendix at the pages 1-4.

The program is completely variabie; that is, any code C of any con

straintlength v in the class ~ 1 can be analysed. The user may choosev,
the code with the aid of a table of connectionpolynomials which are fac-

torized in irreducible polynomials. Af ter 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 PRlME-200 computer. Another restriction is the number of

states (nodes) in vertical sense and the number of sectians in horizan

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 2
4
=16 states.

Uhen we want to decade we need an encoder, a datasequence and a

channel with noise. The datasequence [x(a)]~-I of length Land the noise

sequence pair [nJ (a),n2(a)]~-1 may be choosen freely. In horizontal sense

we restrict ourselves to a maximum decodinglength v+L-16 when we use the

display and a max~mum v+L=12 when we use the teletype.

Strictly, this program is combined with the graphical display pro

gram of section JI inta the complete syndrame-decoding program called

«SDECO. At the beginning of this program the user is asked to give the

value of the variabie MODE, which must he 1 when using the teletype and

2 when using the graphical display.
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Program:

The mainprogram MAINPR with output OUTPUT and the 11 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 sununary of the contents of the mainpro

gram with output and the 1I subroutines:

MAINPR:

OUTPlIT :

PRODCT:

DPOLYN:

BSTATE:

As input the program asks the code's constraintlength v, the

connectionpolynomials C (a). n=I,2. the datasequencelength L.
n

the datasequence [x(a)]~-I and the noise-sequence pair
L-I

[nl(a).nZ(o)]O . The productsequences CI(a)x(a) and CZ(a)x(a)

are formed and the two linesequences YI (a) and YZ(a) are con

structed. Then the syndromesequence z(a)=nZ(a)C I (a)+n l (a)C2(a)

is calculated. The subroutine DPOLYN which calculates the two

polynomials D (a). n=I,Z. is called and the sequence w(a)=
n

YI(a)DI(a)+YZ(a)DZ(a) is constructed. The specific outputva-

lue Zo is calculated and af ter this the remaining 10 subrou

tines are called.

All the essential productsequences are printed. The polynomials

Dn(a). n=I,Z. the base state. the value Zo and the state-table

are given. The so-called "parent state matrix" is printed

and the decoding scheme with the decoded path is given.

Multiplication of an arbitrary binary sequence (polynomial)

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

Euclid's algorithm for the calculation of two polynomials D (a).
n

n=I.2 of minimum degree which satisfy Cl (a)DI(a)+CZ(a)DZ(o)=I.

-I
Calculation of the code's base state Sb=[a ,sb(a)].

STATMX:

ZWNUL:

TRATBL:

Calculation of the binary representation
-I

numbers i=O.I ••.•• Zv-I, where s.(o)=~
1

k=-v
Calculation of the specific outputvalues

00transitions S1'--+ S.•
21 1

Construction of the state-table.

of the decimal state
k

s. ka .
1.,

ZiO and wiû for the



PSTMX:

TREEMC:

SSMCMB:

DECOD:

DCPATH:

Examples:

- 38 -

Cl.llculfltillll of tlle four parent-states of eaeh stute S. und
1

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

Caleulation of the so-ealled "treemetricvalues" M.(v-I) at time
1.

v-I (depth ~),starting with MO(O)=O at time O.

Determination of the steady state metriccombination~0(v+2v-l)

at time \)+2v-1 (depth v+2v) , starting with the treemetriceom

bination M.(v-I), i=0, •. ,2\)-I, at time \)-1.
1.

Each time k, for eaeh state S., the metricvalue M.(k). the sur-
l. 1

vivor Spek), the transition [n l (a),n2(a)]k(p,i) and the asso-

ciated pathregisterbit [w(a)]k(p.i) are ealculated.

Starting with the state S.(v+L-I) at time \)+L-I. which has the
1

minimum metricvalue M.(\)+L-I)=O, the deeoded path is caleula
1

ted backwards.

I. Code I of constraintlength v=3 with connectionpolynomials [C I (a).C2(a)]=

[1011,1111].

The complete output-scheme of the program is shown ln Fig. 36 (see also

section II Fig. 43a/b.).

With the computer program mentioned in seetion 7, all metriecom

binations of a partieular code ean be ealeulated and printed with their

mutual transitions for [z(a)]=O or I. In Fig. 37 all 75 combinations

of this code are shown. The decoded pa th is indicated by a sequence

of suceessive metriccombinations which are connected with each other

by arrows.

2. A code of constraintlength v=5 with connectionpolynomials [C1(a),CZ(a)]=

[ I000 I I , I00 I I I ] .

The output and the deeoding seheme for this eode are shown in Fig. 38a/b/c.

3. Code Z of eonstraintlength v=6 with eonneetionpolynomials (C I (a),C
2

(a)]=

[ I 101 101 , I I 1000 I ] .

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



STATE-TABLE:
0- 0 1 2 3 0 1 0 1 0 1 1 0
1- 2 3 0 1 1 0 1 0 1 0 0 1
2- 4 5 6 7 0 1 0 1 1 0 0 1
3- 6. 7 4 5 1 0 1 0 0 1 1 0
4- 0 1 2 3 1 0 1 0 0 1 1 0
5- 2 3 0 1 0 1 0 1 1 0 0 1
6- 4 5 6 7 1 0 1 0 1 0 0 1
7- 6 7 4 5 0 1 0 1 C 1 1 0

PARENT- STATE MATRIX:
0- 0 4 1 5 0 1 1 0 0
1- 0 4 1 5 1 0 0 1 1
2- 1 5 0 ti 1 0 0 1 1
3- 1 5 0 4 0 1 1 0 0
4- 2 6 3 7 0 1 1 0 1
5- 2 6 3 7 1 0 0 1 0
6- 3 7 2 6 1 0 0 1 0
7- 3 7 2 6 0 1 1 0 1

TREEMETRI CC I) = 03232545
SSMCC I) = 03232444

._ .. - -- - --- -- . --

INPUT

= 11110000000
= 00010111000

= 10101001001Y( 1" K)

NIC2(K)
N2Cl(K)

XC2CK) = 00100100011
N0ISE(2"K)= 00011000000

--------------------------+
Y(2"K) = 00111100011

--------------------------+
ZOO = 1 1 100 1 1 100 0

YIDl(K) = 0010101001001
Y2D2(K) = 0010110101001

--------------------------+
seJMYDCK) = 00000111000

--------------------------~

XC1(K) = 00101001001
N0ISE(I~K)= 10000000000

Ne= 1
NU= 3
C( 1, 1< ) = 10 1 1
C( 2 , K) = 1 1 1 1
XL= 8
X00= 00 1 10 10 1
N0ISE(I,K)= 10000000
N0ISE(2~K)= 00011000
D( I" K) = 100
D( 2" K) = 111
SB( K) = 011
ZNUL = 1

1-

IEe0DING SCHEMEa
o 1 400 2 103 2 400 1 000 1 000 0 400 1 400 0 ~ 000
3 0 011 2 011 3 011 0 411 1 112 2 011 0 01 2 011 2 411 1 411 2 112
2 2 110 0 110 2 1 0 2 510 1 110 1 0 0 110 2 510 1 5102013
3 0 002 2 002 3 02 0 402 1 101 2 501 0 02 2 501 2 402 1 402 2 101
2 3 0 2 610 0 610 1 210 0 0 2 610 0 610 1 610 0 210 2 210 1 210
4 2 20 1 201 2 601 1 60 2 2 1 201 2 201 1 601 3 601 2 601
4 2 300 0 300 2 300 0 700 2 700 1 300 1 300 0 300 2 700 1 700 3 7()O
4 2 212 3 711 1 212 2 612 1 311 2 711 1 212 2 711 1 612 3 311 2 311

IECl2l0E0 PAma

Z(K) = 1 o o 1 1 o o o

WESTIM(K) = 0 o 1 o o 1 o o o o

STATE(K) = 0--- 3--- 6--- 4--- 1--- 3--- 6--- 4--- 0--- 0--- 0--- 0---

NESTIM(l .. K) = 1
NEST1M(~K) = 0

o
o

o
o

o
1

o
1

o
o

o
o

o
o

o
o

o
o

o
o

SfMYD<K) 111 00000 111000
WESTIM<K) = 00110010000

-----------~-._---------~--+
xr:s'I'lM(Xf· - -= uCfrrororoocr'-' Fig. 36. Output-scheme code 1, v=3.

X(K) = 00110101



oOLD COMB NEW COMB Z=O NEW COMB Z=l OLD COMB NEW COMB z=o NEW COMB Z=\

~202?301

~3?3n1?1 ln0u120~ -------02222232
11] 11'111----------,10()()f) 10 1-- -------1)212] ?12
1 () il (j? 2 0 2 - - - - - - - --- 1 1? 1Ij 1? 1- - - - - - - - - - 2 20 2 0 I 0 1
lnO(JI2n(' 11?lOl?1 -------12020101
Ol? 11 2??----------IP?2 222?- - -------fJ () 001 ZO?
n21~121?----------0??21222----------00100111

11?lnl?1 02J2?212
0323?323----------n3232331----------10?OJ2?2
12 n ;Olnl----------1111nl11----------U2?20121·
n0~Gl?n2----------')1?10121----------11nl01nl

:)l Ij 101 () l----------G 1110111----------01 110111
11;::>?2? 3 ~ 3----------i) 1? J2 3 o~ 3----------1 i) 1 0 12 J ~

0000110!----------01110111----------JIOIOI01
21JJ~111----------1nooolnl----------n?12121?

032J?333----------(!1~32434----------10?O???2

001oonl0----------01011101----------01011101
101111212----------00100010----------1?021202
11

'
1101nl----------1l11nll1----------O?12nl11

01nI12o?----------O??20121----------1111nl1\
11 11 1} ?o;;:>----------1??2 'Jl?I----------1?1201 J 1
101(10111 020Z)202
0111?313 nZ22123 ---------10000101
n3?J?414----------"3?3?444----------10?O???2
?O??3n3----------133jOl?1----------2??2Cll?1

13?301?1----------00001202----------0??2?212
°111??J?----------O??21???----------1000 0 101
n02012??----------1;1?1?121----------11nl?303
02n21?n? )2220121 ------11?101'1
O?2?1232---------- ';??2?J?1-- -------00102212
012121~1----------0?lê??12---------10001101
0nln?21?----------11~JJl?1----------2101J202
lOOnlI0}----------1111(}111----------12020101
221Z"111----------1û noolOl----------022212?2
?1~lOlOl----------2111;JI1J----------O?120111

OOlDIOI0----------0}nI11 n l----------1I n I11 n l
OlOI1101----------n?1?01 l1----------11J 1~111

?)11012J----------I0n02?n?----------~22???~?

O~I?OIIJ----------nl111?1?----------01?}12~?

I? 1;>0111---------- 0

, 0 00 0 lil J ----------o???) 2 '??
0????232----------03?1?1?1----------1 n ln2?1?
() 11 1121 2- I)?? 21 ? ê? ---------- 0 Cl Cl nOl il 1
oooOOlnl----------01110111----------010101nl
O??21222---------- 0????323----------0nl0121?
??O?OI01----------?1110111---------- n ???OI?1
10102'?12----------{)OlOOf)1('J----------,.)2()t?1~n?

lP?? ?~?----------())?3?32)----------1nIOlI?1?

nI110111----------0111121?----------nllJ121?
001nOl11----------nl111111----------01nl1?~?

OOJ01?12----------01?11121----------110112 n ?
02122212 10100111
0?2?0121 111?313 -------0121Z???
10201222----------00101010---- ----120223nl
??O?1202----------2???Ol?I------- -11?~~1?1

01210121----------0J11??1?--------- Jll??1?
OllI1111----------o2J?1?1?----------O 0101
01?111?1----------0?12??1?----------~nnll 0J
03211?22----------0????3?1----------00?01??
10000101----------11110111----------0?.020101
O}?12222----------0???????----------lOOOl?0?
10?O??2?----------00101010----------220?2Jnl
2?~?OI21----------1000J~O?----------02???2??

1?021202----------1???0121----------1???01~1

1222QI21----------00nn1?0?----------02222?~?

00000000----------0}010101----------01010101
0~020101----------üll10Jl1----------01211)1?1

113301?1----------n000~20?----------O???2?3?

1101?303----------1?120121----------??1?Olll
00 00??02----------0 1?ln121----------?10101nl
12320121----------00002202----------02222222
?1011?O?----------22??0121----------1111nlll
1111011]----------nnOOOln1----------0~??1~1?

'%j....
()Q

0
(l)
rt
~
(l)
(l)
::J

S
(l)
rt
t'i....
n
n

~....
::J
IU
rt....
o
::J
V\.



N0= 1
NU= 5
C( 1,,1{)= 100011
C(~K)= 100111
XL=' 6
X(K) = 111111
N~lSE(I"K)= 001000
N0ISE(~K)= 100010
rx I"K)=' 11010
rx2~K)= 11001
93(10 = 01001
ZNUL = 0

Fig. 38a. Outputscheme code v·S.
XCl<K) = 10000101111
NeISECl,K)= 00100000000
---------------------------+Y(f.,Kr -- .. -=- romonrrrrr _. -"

XC2(K) = 10111010111
N0ISE(~K)= 10001000000
---------------------------+
Y(~"K)- ---=.- '00 noo fO n f

NIC2(K) = 00111001000
N2Cl(K) = 11001000010
---------------------------+Z<Kr -.... --;- -rrrroooToIO .--.

YIDl<K) = 010011000001001
Y2D2CK) = 001101111001001
--------------------------------+
~lXKr ':0: 'OTrrroilroO'

SfATE-TABLE: PARENT-STATE MATRIXa
0- "0 1 8 9 0 1 0 1 0 1 1 0 0- o 16 420 0 1 0 1 0r.: 2 3 10 11 1 0 1 0 0 1 1 0 r.: o 16 4 20 1 0 1 0 1
2': 4 5 12 13 0 1 0 1 0 1 1 0 2- 1 17 5 21 1 0 1 0 0
3;'; 6 7 14 15 1 0 1 0 0 1 1 0 3;'; 1 17 5 21 0 1 0 1 1
4-': 6 9 0 1 0 1 0 1 1 0 0 1 4'': 2 18 6 22 0 1 0 1 0
5-- 10 11 2 3 1 0 1 0 1 0 0 1 5"': 2 18 6 22 1 0 1 0 1
6""; 12 13 4 5 0 1 0 1 1 0 0 1 6"': 3 19 7 23 1 0 1 0 0
7- 14 15 6 7 1 0 1 0 1 0 0 1 7--- 3 19 7 23 0 1 0 1 1
8;'; 16 17 24 25 0 1 0 1 1 0 0 1 8'': 4 20 o 16 0 1 0 1 1
9;'; 16 19 26 27 1 0 1 0 1 0 0 1 9--- 4 20 o 16 1 0 1 0 0

10': 20 21 28 29 0 1 0 1 1 0 0 1 10-': 5 21 1 17 1 0 1 0 1
11--- 22 23 30 31 1 0 1 0 1 0 0 1 11-- 5 21 1 17 0 1 0 1 0
12·... 24 25 16 17 0 1 0 1 0 1 1 0 12;'; 6 22 2 18 0 1 0 1 1
13;'; 26 27 18 19 1 0 1 0 0 1 1 0 13:': 6 22 2 16 1 0 1 0 0
14-" 28 29 20 21 0 1 0 1 0 1 1 0 14': 7 23 3 19 1 0 1 0 1
l~ 30 31 22 23 1 0 1 0 0 1 1 0 15': 7 23 3 19 0 1 0 1 0
16'': 0 1 8 9 1 0 1 0 0 1 1 0 16-': 8 24 12 26 0 1 0 1 1
17-- 2 3 10 11 0 1 0 1 0 1 1 0 17'- 8 24 12 28 1 0 1 0 0
18"': 4 5 12 13 1 0 1 0 0 1 1 0 16-- 9 25 13 29 1 0 1 0 1
19;'; 6 7 14 15 0 1 0 1 0 1 1 0 19"': 9 25 13 29 0 1 0 1 0
go;.; 8 9 0 1 1 0 1 0 1 0 0 1 20'" 10 26 14 30 0 1 0 1 1
21-": 10 11 2 J 0 1 0 1 1 0 0 J 21:': 10 26 14\ 30 1 0 1 0 0
22:.." 12 13 4 5 1 0 1 0 1 0 0 1 22-"; 11 27 15 31 1 0 1 0 1
23:': 14 15 6 7 0 1 0 1 1 0 0 1 23:': 11 27 15 31 0 1 0 1 0
24:': 16 17 24 25 1 0 1 0 1 0 0 1 24:': 12 26 8 24 0 1 0 1 0
25:': 18 19 26 27 0 1 0 1 1 0 0 1 25': 12 26 8 24 1 0 1 0 1
26:': 20 21 28 29 1 0 1 0 1 0 0 1 26:': 13 29 9 25 1 0 1 0 0
27'" 22 23 30 31 0 1 0 1 1 0 0 1 27"- 13 29 9 25 0 1 0 1 1
28--" 24 25 16 17 1 0 1 0 0 1 1 0 28-- 14 30 10 26 0 1 0 1 0
29""; 26 27 18 19 0 1 0 1 0 1 1 0 29-": 14 30 10 26 1 0 1 0 1
30;'; 28 29 20 21 1 0 1 0 0 1 1 0 30-': 15 31 11 27 1 0 1 0 0
3'-"; 30 31 22 23 0 1 0 1 0 1 1 0 31:': 15 31 11 27 0 1 0 1 1



TREEMETRiCCI)= u354564523747665255478451~5749865

$SMC(I) = 03545545236445552554664545645655

IEC0DING SOiEMEc
:) 0 11600 31600 41600 31600 3 000 2 000 2 000 11600 1 000 0 0 000
I 3 0 11 2 011 3 412 0 412 320 12 02012 11611 3 011 3161 1 011 31611
2 5 2 10 0 100 2 100 2 100 21700 22103 21700 1 100 11700 3 100 21700
) 4 51711 711 51711 32112 1 111 3 111 1 111 22112 4 111 31711 3 111
~ 5 41800 2 800 01800 11800 2 200 1 200 2 200 21800 1 20 11800 3 200
5 5 4 612 3 11 1 211 2 211 31811 21811 12212 3 211 2181 2 211 41811

:{ 4 3 300 5 00 3 300 4 300 31900 01900 31900 1 300 2190 4 300 31900
'1 5 41911 523 2 41911 42312 4 311 1 311 2 712 21911 3 3 1 42312 4 311
I~ 2 31613 520 0 42010 12010 1 410 1 410 1 410 0 10 2 4 0 12010 1 410
~ 3 0 002 2 00 3 401 0 401 32001 02001 11602 3 401 31 2 2 401 32001
~ 6 4 510 2 11 3 510 0 510 32110 0 110 32110 1 10 22 10 2 510 32110
I 4 51702 31702 51702 32101 1 102 501 1 10 22 01 4 1 32101 3 501
2 4 32210 32210 1813 22210 4 61 2 610 0 61 322 0 1 610 22210 4 610
) 5 4 601 3 202 1 202 2 202 3180 21 02 12 1 °3 20 2 1 2 202 41802
~ 5 4 710 4 710 710 3 710 4231 21 13 123 0 2 71 2 310 3 710 42310
s 5 41902 52301 4 902 42301 4 3 2 1 2 2 1 21902 701 42301 4 302
t 2 32410 42410 4 10 32410 1 10 0 81 1 10 22410 0 810 22410 1 810
1 5 2 801 4 801 41 02 21202 42 1 2240 3 1 11202 22802 21202 32401
r 5 2 910 0 910 2 10 2 910 2 510 22913 2 510 1 910 12510 3 910 22510
9 4 52501 32501 52 1 32902 1 901 3 901 1 901 22902 4 901 32501 3 901
~ 6 52610 42610 226 0 22610 1010 21010 0 010 32610 11010 22610 21010
I 6 51402 51001 3100 31001 1 601 32601 12601 21402 22601 31001 32601
2 4 31110 51110 3111 4111 32710 02710 32710 11110 22710 41110 32710
) 5 42701 53102 42701 431 41101 11101 21502 22701 31101 43102 41101
~ 4 42800 42800 42800 32 0 21200 2 803 21200 22800 2 803 22800 21200
5 5 2 812 41211 41211 211 42412 22611 32412 11211 22811 21211 32811
t 6 41300 2 903 31300 0 300 32900 02900 32900 11300 22900 21300 32900

I
r 4 52512 32512 52512 32911 1912 31311 1912 22911 41311 32911 31311
~ 5 43000 43000 43000 43000 21003 31400 21400 13000 21400 23000 31400
I~ 6 51411 51411 31012 31012 12612 32612 12612 21411 22612 31411 32612
" 5 41500 41500 51500 31500 43100 22703 13100 21500 23100 31500 43100
I 5 42712 53111 42712 43111 41112 11112 21511 22712 31511 43111 41112

OCC0DED PAni:

ZeK) = o o o o o

WESTI!'l(K) = o o o o o o

STATECK) = 0--- 1--- 2---13---26---21---10---20--- 8---16--- 0--- 0---

NEST1I1( I"K) = 0
1'4ESTIh(2~rO = 1

o
o

1
o

o
o

o
1

o
o

o
o

o
o

o
o

o
o

o
o

$({;HYIXK) = 011110 111 00
WESTIM<K) = 10000111100
---------------------------+

1 fr rHcroöoo

XCK) = 111111

Fig. 38b. Outputscheme code v=S.



N0= 2
LI1U= 6
CC I,K)= 1101101
C(2~K)= 1110001
XL= 5
XCK) = 11111
N01SECl,K)= 10001
N01 SEC 2:, K) = 00100
[)( I,K)= 100 Fig. 39a. Output-scheme code 2, v=6.
[)(2.. K)= 101
$(K) = 010101
ZNLn.. = 1

XC l< K) = 110 111 0 100 1
N01SE(I,K)= 10001000000
---------------------------+
yçr,K)' - ' ,. '::: '01010101001

XC2(K) = 11110011101
N0I SEC 2.. K)= 00 100000000

-------~-------------------+
Y<2:..K)'· ... == ·rroroo1T101 '

NIC2(K) = 10000110111
N2Cl (K) = 00 101101100
---------------------------+
ZOO = roromrron

YIDI (K) = 0001010101001
Y2D2CK) = 1110011101001
--------------------------------+
'5a'1\'rxl<r '-::i . 11 1100 lOGOO

SiATE-TABL.EI
0- '0 1 20 21 0 1 0 1 0 1 1 0 32"- 0 1 20 21 1 0 1 0 0 1 1 0
r~ 2 3 22 23 0 1 0 1 0 1 1 0 33- 2 3 22 23 1 0 1 0 0 1 1 0
2.... 4 5 16 17 1 0 1 0 1 0 0 1 34- 4 5 16 17 0 1 0 1 1 0 0 1
3·~ 6 7 18 19 1 0 1 0 1 0 0 1 35"~ 6 7 18 19 0 1 0 1 1 0 0 1
4- 8 9 28 29 1 0 1 0 0 1 1 0 36'~ 8 9 28 29 0 1 0 1 0 1 1 0
5~ 10 1J 30 31 1 0 1 0 0 1 1 0 37"- 10 11 30 31 0 1 0 1 0 1 ! 0
6.... 12 13 24 25 0 1 0 1 1 0 0 1 38''': 12 13 24 25 1 0 1 0 1 0 0 1
7.... 14 15 26 27 0 1 0 1 1 0 0 1 39"- 14 15 26 27 1 0 1 0 1 0 0 1
8''': 16 17 4 5 0 1 0 1 0 1 1 0 40-": 16 17 4 5 1 0 1 0 0 1 1 0
9.... 18 19 6 7 0 1 0 1 0 1 1 0 41.... 18 19 6 7 1 0 1 0 0 1 1 0

10"- 20 21 0 1 1 0 1 0 1 0 0 1 42:': 20 21 0 1 0 1 0 1 1 0 0 1
11'" 22 23 2 3 1 0 1 0 1 0 0 1 43:': 22 23 2 3 0 1 0 1 1 0 0 1
12:': 24 25 12 13 1 0 1 0 0 1 1 0 ~ 24 25 12 13 0 1 0 1 0 1 1 0
13- 26 27 14 15 1 0 1 0 0 1 1 0 45"": 26 27 14 15 0 1 0 1 0 1 1 0
14- 28 29 8 9 0 1 0 1 1 0 0 1 46": 28 29 8 9 1 0 1 0 1 0 0 1
15'- 30 31 10 11 0 1 0 1 1 0 0 1 47...· 30 31 10 11 1 0 1 0 1 0 0 1
16": 32 33 52 53 1 0 1 0 0 1 1 0 48:': 32 33 52 53 0 1 0 1 0 I 1 0
17- 34 35 54 55 1 0 1 0 0 1 1 0 49';' 34 35 54 SS 0 1 0 1 0 I 1 0
18- 36 J7 48 49 0 1 0 1 1 0 0 1 50:': 36 37 48 49 1 0 1 0 1 0 0 1
19:': 38 39 50 51 0 1 0 1 1 0 0 1 5r~ 38 39 50 51 1 0 1 0 1 0 0 1
20;'; 40 41 60 61 0 1 0 1 0 1 1 0 52;'; ltIJ 41 60 61 1 0 1 0 0 1 1 0
21- 42 43 62 63 0 1 0 1 0 1 1 0 53'- 42 43 62 63 1 0 1 0 0 1 1 0
22": 44 45 56 57 1 0 ) 0 1 0 0 1 S4~ 44 45 56 57 0 1 0 1 1 0 0 1
23- 46 47 58 59 1 0 1 0 1 0 0 1 55- 46 47 58 59 0 1 0 1 1 0 0 1
24:': 48 49 36 37 1 0 1 0 0 1 1 0 56:': 48 49 36 37 0 1 0 1 0 1 1 0
25"": 50 51 38 39 1 0 1 0 0 1 1 0 57-": 50 51 38 39 0 1 0 1 0 I 1 0
26": 52 53 32 33 0 1 0 1 1 0 0 1 58.... 52 53 32 33 1 0 1 0 1 0 0 1
27.... 54 55 34 35 0 1 0 1 1 0 0 1 59;'; 54 55 34 35 1 0 1 0 1 0 0 I
28:': 56 57 44 45 0 1 0 1 0 1 1 0 60..... 56 57 44 45 1 0 I 0 0 1 1 0
29~ 58 59 46 47 0 1 0 1 0 1 1 0 61:': 58 59 46 47 1 0 1 0 0 1 1 0
30:..' 60 61 4/J 41 1 0 1 0 1 0 0 1 6g.; 60 61 40 41 0 1 0 1 1 0 0 1
31''': 62 63 42 43 1 0 1 0 J 0 0 1 63..... 62 63 42 43 0 1 0 I 1 0 0 1



PAREl-JT-STATE MATRIX:
O- U 32 10 42 0 1 1 0 0 32~ 16 48 26 58 1 0 0 1 0r.; o 32 10 42 1 0 0 1 1 33-"': 16 48 26 58 0 1 1 0 1
2-"': 1 33 11 43 0 1 1 0 0 34;"; 17 49 27 59 1 0 0 1 0
3~ 1 33 11 43 1 0 0 1 1 35·"; 17 49 27 59 0 1 1 0 1
4°";' 234 8 40 1 0 0 1 1 36''; 18 50 24 56 0 1 1 0 1
5-"': 2 34 8 40 0 1 1 0 0 37-"': 18 50 24 56 1 0 0 1 0
6~ 3 35 9 41 1 0 0 1 1 38°";' 19 51 25 57 0 1 1 0 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 0 1 1 0 0
9'; 4 36 14 46 0 1 1 0 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': 5 37 15 47 0 1 1 0 1 43°'; 21 53 31 63 1 0 0 1 1
12': 6 38 12 44 0 1 1 0 1 1~4;"; 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 0 1 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 0 1 1 0 0
16'..; 840 2 34 0 1 1 0 0 48-"': 24 56 18 50 1 0 0 1 0
17': 840 2 34 1 0 0 1 1 49': 24 56 18 50 0 1 1 0 1
Uf': 9 41 3 35 0 1 1 0 0 50°"; 25 57 19 51 1 0 0 1 0
19°': 9 41 3 35 1 0 0 1 1 51-"': 25 57 19 51 0 1 1 0 1
20'..; 10 42 o 32 1 0 0 1 1 52"': 26 58 16 48 0 1 1 0 1
21'..; 10 42 o 32 0 1 1 0 0 53:'; 26 58 16 48 1 0 0 1 0
22'..; 11 43 1 33 1 0 0 1 1 54': 27 59 17 49 0 1 1 0 1
23°': 11 43 1 33 0 1 1 0 0 SS".: 27 59 17 49 1 0 0 1 0
24:'; 12 44 6 38 1 0 0 1 0 56"': 28 60 22 54 0 1 1 0 0
25"- 12 44 638 0 I 1 0 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 0 0
27': 13 45 7 39 0 1 1 0 1 59"; 29 61 23 55 1 0 0 1 1
28- 14 46 4 36 0 1 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 0 1 1 0 0
30- 15 47 5 37 0 1 1 0 1 62-"': 31 63 21 53 1 0 0 1 1
31- 15 47 5 37 1 0 0 1 0 63°': 31 63 21 53 0 1 1 0 0

TREEMETRiCCl)= 0875$34695644879936628556899758477646679267595468659578475664655
SSMCCl) = 0775634655644566535627556556656466645666267565466656566465564655

IEC0DED PA1H:

Z<K> = o o o o

WESiIM(K) = 0 o o o o 1 o o o o

I SiAiECK) =0---21---42---21---42--- 1--- 2--- 4--- 8---16---32--- 0---

NESilMCl~K> = 1
NESilM ( 2~K) = 0

o
o

o
1

o
o

1
o

o
o

o
o

o
o

o
o

o
o

o
o

Slit2YIXK> • 11110010000
WESilMCX> a 00001010000
---------------------------+
'XES'(IMo<r ---: -rrrrroooooo ° "

XCX> = 11111

Fig. 39b. Output-scheme code 2, v-6.



IEe0DING SCHEME:
053200 5 OOG 53200 ~03 33200 2 000 03200 23200 2 000 23200 0 200

o 011 31012 14212 43211 1 2 13211 14212 1 011 33211 24212 011
53300 0 1uO 23300 0 100 3300 0 100 23300 33300 1 100 33300 33C0

5 54312 63311 4 111 43311 111 33 2 111 2 111 33311 4 111 3 111
6 34013 23410 0 210 3 813 210 13410 0 210 2 210 2 813 1 210 3210
3 5 802 54002 5 802 2 201 43401 2 201 3 02 2 802 4 201 53401 3 802
4 4 310 63510 6 310 43510 4 310 43510 3 3 0 2 310 43510 3 310 4 310
6 43S01 34102 5 902 34102 1 902 24102 1 90 2 902 3 301 43501 33501
5 5 400 43600 2 400 53600 3 400 23600 1 400 0 400 43600 2 40 1 400
5 53611 4 411 51412 0 411 53611 0 411 11412 611 3 411 3361 43611
6 2 SOO 53700 5 SOO 331 2 SOO 33700 2 500 3 0 43700 4 SO 5 SOO
4 63711 54712 53111 5 51 53111 14112 43111 41 12 3 511 2311 43711
4 ·53810 4 610 43810 3441 43810 3 610 03810 212 3 2 610 2381 33810
5 4 601 63801 54402 4120 34402 43801 34402 3 31202 24 34402
6 53910 4 110 53910 4 11 43910 0 710 33910 3391 2 710 339 0 43910
6 54502 51302 4 101 4390 4 101 31302 3 701 2 701 33901 4 1 44S02
5 14000 43403 2 20 3 1 80 2 20 3 2 800 24000 24000 0 800 240 0 34000
3 5 811 54011 5 811 2 21 43412 2 212 3 811 2 81 1 212 5 8 1 3 811
5 54100 5 900 54100 4 9 34100 4 900 34100 24100 3 900 241 0 34100
6 3512 34111 5 911 341 1 1 911 24111 1 911 2 911 3 111 4 11 33512
2 1010 54210 51010 142 0 31010 14210 23213 21010 3 10 41 10 23213
7 0 002 31001 1 201 432 2 14201 13202 14201 1 002 33 2 24 01 3 002
5 1110 2 113 3313 2 1 3 43313 2 113 11110 41110 24 10 31 10 21110
5 301 63302 102 43 2 54301 33302 2 102 2 102 33 2 Ol 3 102
6 3 200 44400 4 200 14 0 31200 14400 23803 01200 1 0 2 00 21200
5 4 612 61211 5 11 41 11 34411 41211 34411 34411 312 1 2 11 34411
5 4 300 64SO 61300 54 0 41300 2 703 41300 31300 3450 3 300 21300
6 5 11 5131 4 12 4 12 4 712 31311 3 712 2 712 3391 511 44511
6 34 10 5141 4 13 41 10 44610 31410 3 413 2 413 3141 610 34610
5 53 02 4 4 51 Ol 0 02 51401 0 402 11401 33602 34601 1401 41401
6 4 13 515 0 34 10 31 10 34710 31510 24110 14710 21510 4710 44710
4 615 1 547 1 537 2 5 01 51501 14701 41501 41501 34701 3702 43702
6 416 0 548 0 416 0 3' 00 11600 04800 21600 21600 24800 0 600 21600
6 52622111 44811 26113481121611 348112481131611 44811 24811
6 217 54 00 5170 3 900 21700 34900 21700 31700 44900 41700 51700
4 6491 55 12 5q91 5 711 54911 15912 44911 42712 31711 24911 44911
5 4501 51 10 6501 4 810 32413 21810 25010 45010 21810 35010 35010
6 5180 4 402 4560 4 402 45602 32402 45602 41801 12402 35602 31801
Ó 55110 4 910 55110 910 45110 01910 35110 35110 21910 35110 45110
6 55702 5 502 41901 ' 101 41901 32502 31901 21901 35101 41901 45702
2 45200 000 45200 2000 55200 22000 25200 45200 22000 35200 25200
6 22011 5211 36212 3012 22011 35211 22011 26212 23012 36212 46212
7 55300 0 100 25300 0 100 25300 02100 25300 35300 12100 35300 45300
5 56312 65311 42111 45311 52111 35311 22111 22111 35311 42111 32111
6 42210 45410 22210 25410 22210 25410 ~2210 12210 15410 22210 32210
5 6540 1 42201 6540 1 42201 4540 1 36002 45401 3540 1 36002 3540 1 4540 1
4 42310 65510 62310 45510 42310 45510 32310 22310 45510 32310 42310
6 45501 36102 52902 36102 12902 26102 12902 22902 32301 45501 35501
6 52400 35600 42400 25600 12400 25600 12400 22400 35600 12400 22400
6 51812 42411 45611 42411 45611 32411 45611 45611 12411 35611 31812
5 42500 65700 62500 55700 42500 21903 42500 32500 35700 32500 22500
6 55711 52511 41912 45112 41912 32511 31912 21912 35112 45711 45711
5 45810 42610 55810 52610 31613 24813 45810 35810 32610 21613 25810
6 52601 21602 44802 21602 34802 21602 32601 24802 35801 42601 24802
6 41713 52710 35910 32710 35910 32710 25910 15910 22710 35910 49910
4 62701 55901 54902 55901 52701 15901 42701 42701 35901 24902 44902
6 36000 32800 36000 32800 36000 32800 36000 36000 22800 46000 26000
5 62811 42212 62811 42212 45412 36011 42811 35412 36011 35412 45412
5 56100 52900 56100 42900 36100 42900 36100 26100 32900 26100 36100
6 45512 36111 52911 36111 12911 26111 12911 22911 36111 42911 35512
4 53010 36210 53010 36210 33010 36210 33010 23010 46210 23010 33010
6 22002 53001 36201 33001 22002 33001 22002 26201 23001 36201 46201
5 33110 22113 45313 22113 45313 22113 13110 43110 26310 33110 23110
5 56301 65302 42102 45302 56301 35302 22102 22102 35302 46301 32102

.
00....
~
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Errors made when decoding:

On the basis of code I of constraintlength v=2 with connectionpoly

nomials [Cl (a),c2(a)]=[111,IOl], the decoding procedure with errors will

be demonstrated. This code has a free distance d
f

=5. The free distanceree
path has length 3. This path is represented by the sequence:

@- _~I __ 01----"-1..:.-0---\@I-....,...I_I_@

This code must be able to decode ~(df -1)=2 errors on a line-ree
sequence of any length)2, when the following noisebits are taken zero.

When we send the zero codeword [x(a)]~=[OOOO]~ of length L=4 and a noise

sequence pair [nl(a),n2(a)];=[OI,IO,OO,OO]~with 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
3 '1 .

[nI (a),n2 (a)]O=[OI,IO,OI,OO]ow1th three errors 1n 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 seheme in the form of a Trellis is shown.

With the received linesequence pair [OI,IO,OI,OO,OO,OO]~corresponds a
5 5 5syndromesequence [z(a)]O=[IOOOIO]O and a sequence [yI(a)D I (a)+Y2(a)D2(a)]OQ

[I IOIOO]~. At time k=6 the zero state So has the minimum metric M6(O)=O.

Hence the algorithm starts calculating baekwards from state 50 till state

S3 at time k=3. Sinee the survivor of state S3 at time k=3 is state S2'

the wrong path
~_09__~P9 __~

is decoded.

We notiee that the first pathregisterbit [w(a)]k=O is decoded erro

neously, resulting in one error 1n the datasequence:

decoded sequence [w(cd]~=[ ° 0 0 0 ]~
sequence [YI(a)DI(a)+Y2(a)D2(a)]~=[ 0 o 0 ]~

$

[x(a)]~=[ 0 0 0 ]~ instead of

[x(a)] =[ o 0 0 0 ]~



N0= 1
NU= 2
CCl,K)= 111
C( 2~K)= 101
XL=4
X(K}= 0000
1\J0ISE( 1,K)= 0100
N0ISE(2~K)= 1000
IX 1,K)= 10
D<2,K}= 11
SB(K) = 11
ZrJUL = 1

N0= I
NU: 2
C<l"K>= 111
C(2~K)= 101
XL=- 4
XU()= 0000
N01SE(I"K)= 0100
N0ISE(2;'K)- 1010
D< I"K)=' 10
D<~K)= 11
SS<K> = 11
ZNUL. • I

XCI(K) =000000
N0ISEC1,K)= 010000

-------~-------------------+

XCI <K) • 000000
N0ISE(I"K). 010000

-------~-------------------+
V(l,i{) = 010000

XC2(K) =000000
N0ISE(2IK)= 100000
---------------------------+

XC20{) = 00000o
N0ISE(2,K)= 101000

---------~-----------------+-:=: .1"00000· - - YC"2..K}" - - - ...- -nfrOOO - - - - -- •• - -

N1C2(K) =010100
N2C1(K) = 111000
---------------------------+
Zo<r ' - .. -::i 101100

NIC2(X) • 010100
N2CI<K) • 110110
---------------------------+t"CK}- ., , _.. Q' -1"000'fo- - - - .. - ..-,

YIDl(K> =0010000
Y2D'2(K) = 1100000
--------------------------------+
Siti1VO(l{) = 111000

YID1<K) :a 0010000
Y200CK) • 1111000

--------------------------------+
S'!ffD(1{) - -1T01oo

0 NESTIM( 1,K) = 1 0 1 0 0 0
0 NESTIM(2"K) = 0 0 0 0 0 0

Sel-lYD<K) = 110100
lJESTL"100 = 010100
---------------------------+
xr::S'I'lH<Kr -- -=- -moooo

o
o

o 000
112 1 211
310 1 310
101 1 202

o
o

o
o

1
o

-------._-. ---
LEC0DED PA1li:

= 0 0 0 ZCK) = 0 0 0 0

= 0 0 0 IJESTlMOO = 0 0 0 0

= 0--- 1--- 1--- 2--- 0--- 0--- STATE(K) = 0--- 3--- 2--- 3--- 2--- 0--- o I
= 0
= 1

= 111000
ESTI~(K) = 111000

--------------------------+= 000000

(K) = 0000 X(K) =0000

Fig. 40. Decoding-scheme.
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In the Trellis of Fig. 41 we can draw another path which corres

pondes to the syndromesequence [z(a)]~~[100010]~ and which terminates

at state So

Note that state SI is not the survivor of state S3 at time k~3, since

M1(2)+1=2 >M2(2)+I=I. Although this path would have been the correct one

since the corresponding pathregisterbitsequence is [I 1 0 1 0 o]~ and the

estimated noisesequence pair is [OI,IO,Ol,OO.OO,OOJ~ (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)]aO. Note that already

at time k=8 the steady state metriccombination is reached.
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11. FORTRAN PROG~~ FCR GRAPHICAL DISPLAY OF THE TRELLIS-DECODING PROCEDURE.

Graphical display:

The Terminal Control System Tes Tektronix T-4014-1 is 8 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 LS provided with the Fortran software package PLOT-IO. 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 S.' (node). the survivor. the metric.
1

the associated transition and the pathregisterbit are all known for a spe-

cified syndromeoutput. A solid branch from the survivor towards the state

S. corresponds to a pathregisterbit 0 and a dashed branch to a bit 1.
L

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),n2(a)]~ . At time k. we start with the state which has the mini

mum metric=O 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 vers ion 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 vmZ-6 which are fac

torized in irreducible polynomials is printed. The user may select a

non-catastrohic code with the help of this tabie.

- 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
. .. . 0 Th d [ ( )]V+L-Imetr1ccomb1nat10n at t1me . e syn romeoutputsequence z n 0

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

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 S.
1

is connected with its survivor by a solid branch for a pathregisterbit

[w(n»)k=ü and a dashed branch for a bit [w(n)]k=l. The metricvalue

M.(k) is printed in the centre of the node and the associated transi-
1

tions 00.01,10 or 1I is placed at the left of the node (state) S.•
1

_The decoded path is reconstructed from the right to the left, star-

ting at the node S. with zero metric M.(v+L-I)=O. The path is indica-
1 1

ted by means of a doubling of the seperate branches.

Th . d d [-( »)V+L-I ._ e estlmate atasequence x n lS evaluated and compared
o

with the original datasequence [x(n)]~-I

Subroutines:

The graphical elements of the Trellis are circles (nodes) and dashed

or solid lines between the circles (nodes). As the PLOT-IO package does

not supply a subroutine for drawing circles, the subroutine CIRCLE(XC,YC,R)

has been added. The other subroutines which are needed in the program



TEXTI:

FACPOL:
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are TEXTI. FACPOL. TRELLI. EDGCIR and NUMBER.

We will give a brief description of these subroutines together with

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

The introductory text is printed on two pages.

The table of factorized connectionpolynomials with explana

tory text is g~ven.

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 O,I, •••• 2v-l, are printed in a

column at the left of the screen and the 2
v by v+L circles

with radius Rare drawn column by column.

EDGCIR(R,TWONU,NUXL,XD,YD): The begin- and end points of the branches at

the edges of the nodes (cireles) 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.
v

NUMBER(TWONU,PLACE): The decimal statenumbers 0.1, ••• ,2 -I 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 1eft), the

mode is switched to alphanumerical and the baudrate is set to

N characters/second.

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

coordinates (IX,IY).

ANMODE: Placing into alphanumerica1 mode.

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

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

XMIN= the minimum horizontal user coordinate.

minimum vertical

XMAX=

YMIN=

YMAX=

"
"
"

maximum

maximum

"

"

"
"
"

"
"
"

TWINDO(MINX,MAXX,MINY.MAXY): A rectangular portion of the screen is reserved.

MINX= the minimum horizontal Il:r..n coordinate.

maximum "

minimum vertical

MAXX=

MINY=

MAXY=

"
"
" maximum "

"
"
"

"
"
"



ANCHO (ICHAR) :

DASHA(X,Y,1):

MOVABS(IX,l'f) :

MOVl{EL (A, B) :

Fig. 42a

Fig. 42b

Fig. 42c

Fig. 42d

Fig. 42e

Fig. 42f
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Tl.~: cur,,:-r H ctirccted to the coordinates (IXtIY).

The cursor ~s moved a number of (AtB) units relatively

to the original coordinates (X,Y).

AL-type line is drawn from the original coordinates to

the coordinates (XtY).

1=0 solid line.

1=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 ASCII

decimal equivalents of the NCHAR characters are entered

in the array NADE.

1INWDT(NUMCHR): The width in raster units of NUMCHR characters ~n the

current character size.

LINHGT(NUMLIN): The height in raster units of NUMLIN lines ~n the cur

rent character size.

Listings:

The listing of the complete program called DISPLY together with the

subroutines TEXT1, 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 [C 1(a),C2(a)]=[III,IOI].

Introductory text.

Table of factorized connectionpolynomials.

Input + essential features.

Trellis with the steady state metriccombination and
\I+L-l

the syndromesequence [z(a)]O •

First section for [z(a)]Oa1.

Complete Trellis with the decoded path and the estima-
.... \I+L-l

ted datasequence [x(a)]o •



FACTORlZED COHHECTIONPOL~HO"IALS FOR iINAR~ R-l/ê CONUO
LUTIOHAL CODES OF CONSTR~INTlENGTH HU·2.3.~.S ANO 6 IN
TH[ CLASS T(HU.l).
TH[ NOTATIOH FOR THESE CONNECTIONPOLVHO~r~LS IS:

e(N.K). H-1.2 AHD K-l,HU+l UHERE C(H.l)-CCH,NU+l 1-1.

TH[ POlVNOftIALS ARE OF THE FOR~ C<N,K)'X•• (NU+I-K),K-I
Ó

NU+l.
loIHERE X IS A FORML PARAJ'IETER UHICH SERVES A5 A PL.ACEH L.DER •.............".,•..............,......•................,..

HU POLYI'tOftIAL FACTORS

a 111 UI )ICl1) 6 leeteel (11).(11).(111)'(111)
111 IRREDUCULE 1""11 IRREDUCIIU

l'et181 (UIU )I( 1.11)
3 1"1 (11).<111) 1"'111 (11 )t( 111181 )

1'11 IRREDUCIILE leel"l IRREDUCIIU
Uil IRREDUCIBLl 1881'11 (11)ICll).(11)'(1181)
lUl (U )I(U ).( 11) lNU81 (U )'(I11t11)

1881111 (111 )I( 11"1 ).. 1...1 (11)'(11).(11)'111) 1010881 (1101 )f( U'1 ,
1"U IRREoucnu 1018811 (11).fl11).(1.11)
18181 (111)'Ull) 10101.1 (11).<11).(11).(11)1(111'(11)
18111 (U )'( U81> 1010111 IRREDUC IJL[
llNI IRREDUCllLE 1011eel (11),(11.1111)
UIU (11'*(11)1(111) l'U8U IRREDUCI8LE
Ulel (U ,*c 1.11) l'Ul.1 (111 'f( 11111 )
11111 IRRrDUCllLE ••11111 (11"(11)'(1..11)

S 1....1
11"1 IUED1JCIJL[

(11 )1(11111) 11,Mll (11 )1(11 )IC 11111 )
1...11 Ull )IU1.1) l1e'1.1 (11)'(111)'(11'1)
1".'1 IRRtDUCrlU 11"111 IRREDUCIILI
I..Ul (11).(11>.CI.ll) 11.1eel (11).(11).(11)'(1.11)
Sti..1 IRIEDUCIILI 11.18U (111).(lI1>"ll1>
1'1.11 (l1>'CUM1) l1ell.1 1RR€DUCI1Lf
1.11'1 (11)1(11).(11)'.111) 118U11 (11 )1<1etl'l )
1'1111 IRItEJ)UC IJLE 111_1 (11)1<181111)
11...1 Ull )tU'11) 1118811 IRlE1lUCULE
u.u (11)'(11)IC11).Cl1)'(11> 111.1.1 1RlItEDUC llLE
U81'1 (l1*>lCl"I1) 111'111 (11)t(II).(11)'(11>1(111)
11.111 I_DUtItU UIlMI (111 ).(1..11)
lueea ( u ). (11 )IC U'1) Hutu (U '*(101"1>
111'11 IRRlDOCUU 11111.1 (11).(11),(11''1)
U 11'1 IRR€DUCllU 1111111 (l'U)I( U.l)
111111 (11)1(111)1(111)

1•••••*••••tI•••**I•••*.11.'••' •••I••••••••••••••••, ••••

Fig. 42b. Table of factorized connection

polynomials.

","EN "OU HAVE CHOOSEN A PART ICULAR CODE. '/OU rtItN GI~
A CMRIA~ R[TURN IN ORDEJt TO PIIIOCE(D UITH 1HPU'f



HOU GIVE AS INPUT:
- TH( CODES COHSTRAINTt.ENGTH NU
- THE COHNECTIONPOLVHOMIALS C(~K', K-l,2 AND (-I,NU+!
- TH[ DATASEOUEHCEt.ENCTH )(t. I.Ittt.RE )(t, ) 1
- THE MTASEQUEHCE )«K) K-l,XL
- TH[ NOISESEQU[HCE-PAI~ NOISE(N,K), N-l.Z AND K-l,Xl

REl"IEl'ltER THAT HU+)(L < 16 I I

HU-2
CU,IO- 111
cca.IC)- 1.1
XL- .-
)«10 - ....
"015[(I.K)· .1..
NOISE(2.K)· 1'"
DU.IO- l'
D(2.1C)- 11
SIUO - 11
ZMJL - 1
)(Cl00 - " .
MOlSE (1.K)- .1 .
---------------------------+V(l,r> - .1....

XC2CIC> - ..
MOI.ca.u- 1.....
---------------------------+

STATE-TABL.E:
e- " 1 2 J e 1 • · e 1 1 0..
l- a 3 e : I • 1 • 1 " " 1
2- 0 1 2 J 1 e 1 • e 1 1 e
J- a J e I " 1 e 1 1 e e 1

PAREHT-STATE MAT~I)(:

e- " 2 1 J e 1 1 a •1- " 2 1 3 1 e 0 1 1a- 1 3 " 2 1 e e ~ 1
3- 1 3 e a " 1 1 e •

TREE~TRIC(I)· 03i3
SS"" (I) - 03é!3

•••****••*••**.II.*.,........aaas••I••l**••••*I••••••

WIT~VI~I~NGF?RSerJ~HEAE~ ~A+:E~~I~J:~_
TIOH.

NOW,IV ~IVIHG A C~IAQE PETURH AT EACH TI~E K, THE
K TH SECTIOH UITH lTS DECODIHG ~TA YJL~ BE S~OW".

·1.....

"1C2<K' - '1'1"
NlCleK' • lU'"
---------------------------+ZCIC) • 1.11"

Y1Dl(K) • ..1....
't'2D2U::) • 11.....
--------------------------------+SONVDCK) - 111...

Fig. 42c. Input + essential features.
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Fig. 42d. Trellis with the steady state metric
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2- Code I of constraintlength v=3 with connectionpolynomials [Cl (a),C2 (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 1

of constraintlength v=2 with a datasequence of length L=2. This example

has 22=4 by v+L+I=5 nodes (Fig. 44a/b).

The maximum number of nodes is represented by code I of constraint

length v=4 with a datasequence of length L=IQ. This example has 2
4

=16 by

v+L+I=15 nodes (Fig.45a/b).



HOU GIVE AS INPUT:
THE CODES COMSTRAINTLENGTH NU

- TUE CONNECTIONPOl'lNOI'IYALS CO'/,ICI, '::01,2 ANti ~:oL"'L'·l
- TUE DATASEQUENCElENGTH Xl, ~HERE XL )1
- TH[ DATASEQUENCE X(K), K-l,Xl
- THE NOISESEQUENCE-PAIR NOISE(N,K), N-l,2 ~HO (-l,tL

RE~E~BER THAT NU+Xl < 16 I I

HU- 3
C<1,IO- UUI
C<2,IO- 1111
)(l- 8
X<K) - ee1181.1
HOlSE<I,K)- Ieee,...
HOISE<2,K)- ...11888
1)(I,IC)· 1"
D<2,1C)· 111
SI<lO - '11
Z"lll • 1

XCI (IC) - ee181881.'1
HOlSEU,IC)- leee.., ••"
---------------------------+VC1,K) - 1.181881"1

XC2(lO - eeleelNeU
HOJSE<2,1C)- ...11......
---------------------------+
V(2,K) - eel111"'11

HIC2(K) - llU ..
H2Cl(lC) - eet1tt11...
---------------------------+2(K) • 11188111te8

VID1(1C) - 8818181..1.81
V2D2(IC) • '.1811'1.1.el
--------------------------------+SOfM)ClO • .....111...

STA!E-T~BlEI

0- 0 1 2 3 0 1 " : " 1 1 e
1- 2 3 e . 1 e 1 lil 1 e e 1
2- 4 S 6 ...

" 1 e 1 1 0 0 1
)- 6 ? 41 5 1 e 1 e 0 1 1 e,,- e 1 2 3 1 " 1 e e 1 1 "s- a 3 e 1 " 1 e 1 1 " " 1
6- " S 6 7 1 " 1 0 1 e " 1
7- 6 ? " 5 " 1 " 1 e 1 1 "PARENT-5TATE ~ATRIX:

t- e " t 5 e 1 1 e "I- e .- I 5 1 " e 1 1
2- 1 5 e 4 1 , e 1 1
J- 1 5 e 4 e 1 1 e e
4- a 6 3 "1 e 1 1 t 1
s- a 6 J 7 1 e e 1 e
6- 3 "1 2 6 1 e t 1 0
7- 3 1 2 6 e 1 1 e 1

TAEEPIETRIC( I)· 'J232S<4S
SS~lI I • e3è32~"

lt"l'lt.l'tttttlt)"lll••••••tltt••t,••t"tl't!tt_••

tv GIVINC A CAPRIAGE 'ETURN6 TH[ TRELLIS IS DRA~N
WITH IN THE rIRST ROW TH[ STEA Y STATE ~TRICCOftJlHA-
TIOI'4.

HOU IV GIVlttG A tMRIAGE RETURN AT EACH TIflI[ K, TH(
K TH SÉCTION ~ITH lTS DECODING DATA ~ltL BE SHOYH.

Fig. 43a. Input + essential features

code I, \)=3.
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Z<lO- 1 I 1 • 1 1 1 • • •
HrSTI"(l.K)· 1 ••••••••••
NlSTJ"(2.K)· • e 8 1 1 •• 8 ê ••

YlSTl"(K) ••• 1 1 •• 1 ••••
SOftYDtK) •• ••• , 1 1 1 •••- e;,. +

XESTlft(K) • t. 1 1 • 1 • 1 • e •
~(~) • 0el1.0;l,01

Fig. 43b. Trellis of code 1, v=3.



"OW cm~ A5 I""UT I
- TH( CODES C0f4STRAI"'tENGTH NU
- THE CONHECTIONPOLVHOMIALS CCHtK). K·l.2 AND (·I.NU+1
- TH[ ~TASEQUEPtCEt.ENGrH XL. UH RE Xt. >1
- THE OATASEQUf:ftCE )«10 IC - I. )CL
- TM[ ~ISE5EQUEHCE-PAIR HOIs[(H.Kl. N-I.2 AND lC·l.Xl

REi"E"BER 1*T NU+Xl < 16 'I

NU-2
CCl,lC)· 111
CC2"K)· 1.1
XL- 2
)WO - 11
H01SEn ,,10· I'
HOI5E(2"IO· l'
D(l"K)- 1.
D(2,,10- 11
SI(K) - 11
ZHUL - 1
)CCleK) - le.l
HOI5E(l,K)· Ieee
---------------------------+V(l,l) • eetl
XC2(K) • 1111
HOI.ca,K J- Ieee

---------------------------+VCi"IC) - 1111

MIC2(K) • 1.1.
iiäél0C) • lU'
---------------------------+ZCK) • 11"

YIDIC') • ....1
YlJ)2C1C) • 81..1
--------------------------------+SOftYDClC J • 81"

ST'lTE-TABLEt
0· 0 1 2 3 a 1 e e 1 1 e
1- ê 3 8 1 1 e 1 e 1 0 0 1
2- e 1 2 3 1 e 1 0 e 1 1 ~
3- a 3 e 1 a 1 e 1 1 e 0 1

PARENT-STHTE ~~TRIXt
Q. e 2 1 3 a 1 1 e e
I- e 2 1 3 1 0 e 1 1
2- 1 3 " 2 1 " a 1 1
3- 1 3 e 2 a 1 1 e 0

TREE"ETRIC<I)· 8323
SSPIC ( I ) • 8323

.tl11~lttll*••I.t.l••*Jll11*ll1*Jltl1t••llJt*"*tl*.,

~IT~VI~1~~HGF~~~~HE~6vT~A~E~~Il~o~~-
TIOIi.

HOW,BV GIIJII'tG .:. CAAftIAGE PETURN AT EACH TI~ K, TH[
IC TH SECTION ~I~H lTS DECODIHG DATA WILl BE SHOYN.

Fig. 44a. Code I, v=2.
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Fig. 44b. Code I, v=2.
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STA'rE -TABLE I

NOU ~IvE ~S !NPUT: e- e 1 4 ~ e • 0 l 0 • e.
T~E CODES COM5TRAIN~LE~GTH NU 1- 2 3 6

., 1 e 1 0 a 1 1 ~

T~E CONNECTIOHFCLv~O'I~LS ~'~.~J. (-1,2 ~NO Kal,~U~: 2- 4 S 0 . 0 1 0 1 1 e e 1.
TME DATASEQUENCELE~GTH Xl. ;"J~E~E :>-L )~ 3- 6 7 a 1 0 1 lli e 0 1

- TH( DATASEQUENCE xt(). K-l,xl 4- S !:il 12 13 a 1 'I 1 1 0 0 1
- TH[ NOlSESEQUEHCE-PAIR MOISE'~.~;, Nal,2 ~ND K-l,XL 5- U 11 H 15 1 0 1 0 1 0 0 1

6- 12 13 8 SJ 0 1 e 1 0 1 1 0

REI'IEI'lBEP ~HAi NU.Xl ( 16 I I 7- !4 15 Ie 11 1 e 1 0 0 · 1 0·8- ~ 4 5 1 0 1 ~ Iè 1 1 0
~- 2 3 6 7 0 1 e 1 e 1 1 0

NU- <4 10- 4 5 " 1 1 e 1 e 1 e e 1

C(l,K)- 10811 lI- G 723 e 1 e 1 1 e e 1

C<2,lC)· le111 12- s 9 la 13 1 0 1 e 1 0 e 1

Xl- 18 13- 10 11 H 15 1:1 1 " 1 1 0 ~ 1

XOCl - 1111111111 14- 12 13 8 9 1 " 1 0 El 1 1 0

NOISE(l,K)· eete18eeei 15- 14 15 10 11 0 1 El 1 0 1 1 0

NOlSE<2,1( ). lHeHlH0
D(l,IC)- 1118 PARENT-STATE ~~T~Ix:

D(2,1C)· 1101 e- l' 8 a 10 0 1 0 1 0
SI (IC ) • 0101 1- 0 S 2 10 1 0 1 0 1
ZNUL • 0 2- 1 9 3 11 1 0 1 0 0.,- 1 9 3 11 0 1 ~ 1 1
xc1 (l() · 10001111110111 4- e 10 e 8 0 1 0 1 1
HOI5E<1,K)- e~001ee0010000 5- 2 10 ~ a 1 0 1 0 0

---------------------------+ 6- 3 11 1 9 1 0 . 0 1~

Vtl.lC) - 10eee111190111 7- 3 11 1 SI .) 1 0 1 Q
g- 4 12 6 14 .a 1 0 1 1

XC2 (IC ) 0 10110000001011 9- .. 12 6 14 1 0 1 e 0
~ISE(2,K)- 100"010000000 10- S 13 7 te; 1 ~ 1 0 1

---------------------------+ 11- S 13 .. 15 IC) 1 0 1 0r

V(2,1C) • 001100100.1011 12- 6 H " la 0 1 0 1 0
13- 6 14 " 12 1 ~ 1 e 1

NIC2(K I - 00e.1110111101 14- "7 15 S 13 1 0 1 0 e
N2Cl (10 · 1101'1011001000 15- 7 15 S 13 0 1 ~ 1 1

---------------------------+zoo · 1u~ee101110101 TREEMETRICI 1)0 0354è3742SS<44574
SS"CI: ) • 03$423<4425$44$44

vlDltlC) - 0111.e1811011'101
V2I)2( IC) - 00111008111000101
--------------------------------+ tl.ll'*l••••• t ••,.tttttttt•• t$ •••••••••• 'tlt••••••••J

SOI'WD(KI • 01&8101800111.

BY GrUINe A C~~RIAGE RETUPN THE T~ELLIS IS~
~ITH IN ~HE FI~5T RCY THE 5TEADV STATE "ETRICCO"BIHA-
TIC/N.

P'tOw. 0" ~IvINC ~ CA~RIAGE RETURN ~T EAC"; TIf'lE K, TH(

~ ~M SECTION UIi~ ITS ~ECODI"~ DATA WILl BE ~.

Fig. 45a. Code I , v=4.
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~ESTI~(K) • 1 eli e 1 eli 1 1 1 1 e
SO"VD<K) • e 1 e e 1 0 1 e e 0 1 1 1 e----------------------_.._------------------+
XESTIM(() • 1 1 1 1 1 1 1 1 : 1 e 0 0 e
.,!() • 1 1 i 1 1 ! 1 1 1 1

Fig. 45b. Code 1, v=4.
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12. CONCLUSrON.

The essential features of binary R=! convolutional codes in the

class~ 1 have been calculated. A comparison between the characterisv,
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 1n

terested reader the decoding procedure becomes accessible.

The program is completely variabie in that sense that binary R=!

convolutional codes of any constraintlength v in the class ~ 1 can be
v,

ana1ysed. With some modifications, which would not be all to radical,

the program cou1d be changed in such a way that other binary R=! convo

lutional codes can be analysed, even convolutional codes of rates R~~.

The program a150 opens the possibility of complex theoretical cal

culations on convolutional codes on the computer.
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Fortran- notntion of the variables used 1n the theory:

Variable

class L 1
\/,

constraintlength v

Fortran vers ion

claas T(NU, 1)

NU

connectionpolynomials
_1:: iC(a)-.Oc.a ,n=1,2n 1= n, 1

degree of the D (a)-polynomials ~
n

polynomials D (a) = ~o d . a
1

,n=I,2
n 1.'" n,1.

k=L-1
length of the datasequence [x(a)]k=O

k=L-l
datasequence [x(~)]k=O

som \I + L.

som v + ~ + L

C(N,K), N"I,2

MU

D(N,K), N=I,2

TWONU

TWONUI

XL

Xl (l , K), K'" I , XL

NUXL=NU+XL

NUMUXL=NU+MU+XL

K"'I,NU+I

K=I,MU+I

k=NU+XL-I
product [Cl (a)x(a)]k=ü

. k=NU+XL-l
product [C 2(a)x(a)]k=ü

NOISE(N,K), N=I,2

XCI(K), K=I,NUXL

XC2(K), K=I,NUXL

K= 1 ,XL

Y(l ,K), K= 1 ,NUXL

Y(2,K), K=l,NUXL

YIDl(K), K=l,NUMUXL

Y2D2 (K), K= 1 , NUMU}{L

SOMYD (K), K= I ,NUMUXL
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d [z (",) ] kk==NOUXL-Isyn romesequence ...

state S. = [ 0 , s.(a) ] where
1 1.
-I

2:: k
Si (a)= k=-v si,k a

-I

statenumber 1= 2:: s. k 2-(k+l) , i=O,2V-I
k=-\) 1.,

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

base-state number b

specific outputvalue Zo

outputvalues ziO and wiO for the transition

NIC2(K). K=I,NUXL

N2CI (K), K=I,NUXL

Z(K), K=I.NUXL

S(I,J), J=I,NU

1=1, TWONU

SB(K). K=I.NU

NRB

ZNUL

ZNULZI(I) and WNUL21(I)

of the syndrome- and w(a)-former for S«I+I)/2) [00] .. S(l)

with i=2k • k=O.2v- I
-1

state transitions: i=0,2v-I

Si [O.O]~ SZi

[0.1] S
Si ~ Zi+1

S [ I • 1] S' '" Sb
i • 2i+1 \'J

Si [1,0].. S; i ~ Sb

parent-states with their transitions and

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

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

1= I, TWONU

TT (I , I) [ 0 , 0 ].. TT (I , 2)

TT(I, I) [0, I]~ TT(I,3)

TT (I • I) [I, I ].. TT (I • 4 )

TT (I • I) [I, 0]. TT (I • 5 )



. - 3 -

parent-states: i=2k, ~=O,2v-I_1

Sp2 = S!i+2v- 1

Sp3 = S!i <9 8Hb- 1)

Sp4 = 8!. v- 1 4l S!(b- I)~+2

transitions :

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

TRANMX(I,I) = TRANMX (1+ I • I )

TRANMX(I,2) = TRANMX(I+ 1,2)

TRANMX(I,3) = TRANMX(I+ 1,3)

TRANMX(I,4) = TRANMX(I+ 1,4)

S 0,0 5
pl~ i

5 0,0 S
p2- i

5 1,1 5
p3- i

5 1 ,1 S
p4- i

S 0,1 5
pI -. i+1

S 0,1 S
p2 -- i+1

S I,°
3 - 5 . IP 1+

S
I,O

4 - 5 . IP 1+

TRANMX(I,I) 0,0 8(I,J)

TRANMX(I,2) 0,0 S(I,J)

TRANMX (I , 3) _1_,_I 8(I , J )

TRANMX(I,4)~ 5 (I,J)

TRANMX (1+ I , I )~ S(I+ I , J)

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

TRANMX(I+I ,J)~ 5(1+1 ,J)

outputvalues: ~I ,0=0 dl,O=1

5 0,0 5
ziO wiO wiO TRANMX(I,5)=ZNUL2I(I) TRANMX(I,9)1- .p 1

5 0,0 5 ziO<91 wiO wiO TRANMX(I,6)=I-TRANMX(I,5) "p2 ----+ i

5 1, I 5
ziO@zO wiO wiO TRANMX(I,7)=ZNUL2I(I)41ZNUL "p3- i

I , 1
ziO<91~zO TRANMX(I,B)=I-TRANMX(I,7) "5 4-- 5. wiO wiOp 1

0, I - -5pl- 5i +1 ziO w
iO

wiO TRANMX(I+I,S)=I-TRANMX(I,S) TRANMX(I+ 1,9)

So,1 5 - -
zwel 1 wiO TRANMX(I+I,6)=I-TRANMX(I,6) "2- . 1 wiOP 1+

1,° -
8 3-5. 1 ziOizO wiO wiO TRANMX(I+I,7)=I-TRANMX(I,7) "p 1+

S 1,0 S -
zi09}I@zo Ww wio TRANMX(I+I,S)=I-TRANMX(I,B) "p4- i+1

metrievalue of state S. at time k: M.(k)
1 1

metrie-eombination at time k:

m (k)={M
O

,MI , ••• ,M. , •. ,M
2

v-·1 }(k)
-e ,e te 1.C ,e

steady state metriccombination, i=0,2v-I:

MTCOMB(I,K)

MTCOMB(I,K), I=l,TWONU

1=1, TWONU

S5MC(I), I=I,TWONU
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Survivor S (k), at ti~e k, of the two parent- SURV(I,K)
p

stat es of the state S.• (p E {pl,p2,p3,p4})
1

specific transition [nI (a).n2(a)]k(p,i) at time TRANS(I,K)

k of the survivor S towards S..
p 1

transitions 00,01, la and 11: TRANS(I,K)=ü,I,2 and 3

outputvalue [w(a)]k at time k, for the transi- PATHRG(I,K)

tion of the survivor S towards S.
p 1

the decoded path 1n terms of the states at STATE(K), K=I,NUXL+I

time k=O,NUXL

k=NUXL-I
the transitions [nI (a),n2(a)]k=0 corres-

ponding to the decoded path.

transitionpairs 00,01,10 and 11.

k=NUXL
the outputvalues [w(a)]k=O corresponding to

the decoded path.

NESTIM(I,K)/NESTIM(2,K),

K=I,NUXL

WESTIM(K). K=l,NUXL
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ii.K.. EI:: i'iJ\WPR
Gkf
EDIT
P10aa
.i>JULL.
C . 'nilSIS TI1E AAW ?IWGRAN WHERE ALL :\i.ECESSARY CALCLLATI01IJS TI'.l\E
C PL.ACE. ALL SUBFJöUTWES ARE CALLED Am ThE C0MPLETE DEC0DWG-
C P:l0CEDUPE 1S PRWTED 0UT.
C AS INPUT TI1E PP.0GRPH ASKS i-INE b'Y LINE:
C 1..J0 <1HE NU1l3ER 0F 1HE C0DE ~,lHS:'J USliJG WE TELE1YPE)
C i\iU
C C< l"K)
c C<2iK)
C XL .
C X(K)
C .-JkjISE( l"K)
C NklISE<2.K)

C ************************************************************c
C

li'JTEXiER XL" XL l"XU("ZNUL.. n.leJ;'JU.. 1\oi0j-JU1"X1 <2" 15)
Ii-JTEGER C(2.. 7) .. D<2~ 6) .. X( 15) .. N01 SE<2.. IS) .. Z<21 ) .. Y< 2" 15) .. ~'J2Cl <21) ..

1 N lC2(2D ..YIDl<2l)~Y2D2< 21> "XCI <2l> .. XC2<2l>" SB< ó) .. S< 16.. 6) ..
1 l::IJLU...2l< 16) .. I,Á'JLU...2I <16) .. TT< 16.. 13) .. TRANl1X< 16..9) .. d( 16)" TIHC( 1ó)"
1 SS'IC< 16),,:I'rC~H5< 16,15)" SURV< 16.. 15) .. PA11-iRG( 16.. 15) .. T?A~S{ 16.. IS)"
1 81 TS( 15) .. STATE( 15)" TJESTI;·j( 15), N=::STIi'1( 2, 15)" S0.LYD< 15) .. XESTld( 15)"
1 DECIÖUT< 16.. SC)
p~ XD< 16) .. YD< 16)
CALL 1N0UA( 'l~0= ' .. q)

C REA!) ThE NU'lBUn~F TI~E C0DE.
READ< I" q) ,\l0
CALL 1'N0l..lA< '[IJU= ' .. 4)

C READ THE C~DE' S"C0NS'tMl;-JTLENGTh ~'JU.

?EAD< 1.. 5) -~JU

lIlUl=1'JlJ+l
NU2=Nt}i-2
i..JUHN 1=~JU-l

Nei'JU=2**l~ü

1\ol~Ul=2** C'IJU-l )
CALL ~1I0UA('C<1.. K)= ' .. 8)

C READ TIiE PeJLYN~1IALS CW;K) "l-J= 1.. 2 Ai-JD K=l .. NUI.
READ<l .. ó) <C<l .. K)"K=l ..NUD
CAi..L 1!J0UA(' C( 2",0 = ' .. B)
RFAI)< 1.. 6) (C<2"K) .. K=! .. ,-JU1>
CALL 'IN0UA< 'XL: '~q)

C REJI.D THE LEl-JGTI-l-XL 0f ThE I::i\.TASEQU~\iCt: >~(K). (l-JU+XL iMT GR.EATEr.
C THSJ 11>.

!'EAD( 1.. 5) XL
XLl=XL+l
;'JLD<.L=LoJU+X1..
L-JUXL 1=i-JUXL+ 1
GALL TI~~UA<'X(K)= ' .. ó)

C REA!) TI-lE Dt'"1TASEOlZ~CE gOO"i{=I"Xi-.
READ{ 11 ó) (X{K) .. i{= I"XL)
CALL TN0UA('N~lS~(1~~)= ',,12)

C HEAD TIiE l-J01SE-SEQlJEl'JCES i\j0ISECJ.. iD .. ~-J=1 .. 2 ANC K=l .. XL.
REAl)( 1.. 6) üJliJl SEC 1.. K)" K= I"XL)
CALL 1Nk:iUA( ';'J0ISE{2"i()= '-"12)
READ( 1.. 6) W0ISE{2.. 1{) .. K=!.. Y.L)

4 F0~~T{3A2)

5 F0~-Al=l.T( I 2)
6 F0H1AT(1511)



............................................,....••.._.*.
THIS rORTRAH UlDEO-DISPLAV PROGRA" SHO~S VOU TH[ COM

PLETE 5vNDRO~-DECODINC PROCEDURE or BIHARV ~-1/2 co~vo
LUTtOHAL CODES Of CONSTRAIHTlENQTH NU-a.3 AND ~ IN THE
CLASS TCrtU.l).

THIS CLASS COHSISTS OF CODES FOR UHICH BOTH THE FIRST
AKD LAST STAGES OF TH[ ENCODERS SHIFTREGISTER ARE CONNEC
TED YITH THE TYO ~D-2 ADDERS ••••••••*t.l.ll••,••*••••,•••••*•••••'*.'*'••'*.".***'.t.

AS INPUT TH( PROGR~ ASKS THE CODES COMSTRAINTLEHGTH.
lTS COfIECTIOftPOLY1'tOftIAlS. TH[ DATASEOUENCE AT TH[ EHeO
DER SIOE MD TH( HOlSES[QUEHeE-PAIR ON TH[ CHANHEl.

TH[ CODE, 1" TERl'IS OF THE T&IO CONNECTI~LVNOfUALS
~'(). "-h2 MIJ) lC-l.HU.l Of DEGREt ~L Mv JE CHOOSEf4

A TAlL&. IH THIS TAlLE ALL POSSI8~ POlVNOAIALS
tWJE IUH F'ACTORIZED IHIRREDUCIILE POLvttOftIAlS IN ORMR
10 HELP THE: USER TO COHSTRUCT A NOH-CATASTROPHIC CODE.

TH[ J)ATASEOUEHCE )( ClO. IC -1. XL Of lENGTH )(t. AT THE
eNCODER INPUT ~ IE CHOOSEH FREELV UITH T~E RESRICTION
1*T >Cl. ) 1 AffD THAT stm HUXL-NU+Xl < 16 •

TH[ HOlSE-$EQUEHCEPAIR tiOISE(N.IC). N-l.2 AND 1C-1.XL •
MY AlSO IE CHOOSEH FREElV•

AT rIRST ALL THE ESSEHTtAL DATA REOUIRED FOR THE OECO
DII'tG PROCOUAE. IS PRI"TED OUT.

- M .-GLYIIOfIIALS D<H.IC), M-l 2 AND K-l,fIJ+l. OF DEG'PEE
~<NU WHICH SATISF'Y C<I.K).6cl.K) + C(2.KlID<e.() - 1.

- TH[ COIlES lAS( STATE 51(10, K-I.HU.
- TH[ SPEelF IC OUTPUTVAWE ZNUL.
- TH[ COMTIlUCTIOtt f1F THE CHAflt(L-SEOlJEHC[S VCH.IC J, H-l.2

MD K-l fInC1. AT THE DECODER SIK.
- TH[ ~SEaua.cE ZU~l. (-l,HUXl OF THE LHAU'HA)

FOMER.
- TH[ STATE-TAll.E UITH TH[ autIJ 5TA!~.!L THE FO\.II 5TAT[

TltMSITJOHS MD M FOUIt SYHDROfIlE-UUTP'UTS Z FOR TH(
~lTIOHS ...1 11 AHD 18 RESPECTIUEtv.

- THE PltlREHT-STATE MTRI)( YITH TH[ 21*,.U STATES. TH[
FOUR JlMENT-5TATE5, THE FOUR SvttDROfE-OUTPUTS Z ANti
TH[ C!tJTPUT'UAUJ( '" •
FOR THE EU9t-t4U"IERED STATES ~ HAVE THE F'OUR PMfHT
STATES FOR TH[ TRNtSITIONS te.".11 AND U,t AND F'OR
TH( ODD-f'tlJltIERDED STATtS YE HAVE THE FOUR ..AREHT
STArts FOR TH( TRNtSITIONS 91.91.1t AHD 19 MSPEC
TIU€LY.

- THE ~TRIC~LUE TREE~TRIC(I), 1·1.2I'"U ÀT DEPTH HU.
- TH[ STEADV-STAT[-~T~ICCO~'IH~TIONS5"CcI). I-I.2"NU.

H[REAFTER THE CO~PL[TE TRELLI5-DECODING PROCEDURE IS
SHOYN. STARTIHG WITH TH[ STEAJ)v-STATE-~ETRIC
COf'IUNATIOH AltO THE SVNDROtIESEQUENCE Z(10 •

OCH TII'tE K A COfltPUTE SECTIOH OF TH[ TAUUS IS SHO&JM.
IN [ACH SECTIO" FOR EACH STATE I. THE rOUO&lING DRTA
ARE INDICATElH

- THE HE'" ,.ETRICUAlUEt PRINTED Itt THE SPECIFIC HODE.
- TH( sPECIFIC NODE C~TATE). COttHECTED IolITH lTS SURVI-

VCR IV A SOlID BRANCH FOR ,. PATHREGISTERIIT e, AHD
t'l' A DASHED BIMHeH FOR " ~THREGISTERIIT 1.

- THE $PECIFIC TRAHSITION (88.el.11 OR 1.). PLACED AT
TH( LEFT SIDE OF THE tiO»E.

EACH SECTI0t4 IN TH[ TRE1.LIS CNt JE GENERATED BV TH[
USO IV A CARRIA~ RET\.IIN.

AT TH[ EH~L TH[ DECODED PATH tH THE TRELLIS IS SHOUN
IV MAHS Ut' " OOUILII'tG 0iF TM[ SEP(RliIlTE IfMHCHES

IH CONCLUSIOH THE ESTIMTD DATASEQUENCE XESTIPI<K).
K-l.XL. IS EVAlUATED.
FOR THAT PURPOSE THE FOI.LOWING OUTCOftES ME PRIHTED
OUT BEttEATH TH[ TRELLISI

- NESTI"Cl.l). K-l.NUXL
- HESTI"(2~Kl, K-l.HUXL
- WESTI"CK) - HESTI"ll,K)l;Cl,K) + HESTIftC2.K)SDc2.K)
- SO"VD(Kl - V(1.K)SD(l,() • V(2,KllD(2.K)
- ~ESTIft(K) - SOftVD(IC) + YEST1ft(K)

IV CiIVINCi A CARRIA~ RETURft TH[ TAILE OF rACTORIZED
POLVHOftIALS IS PRI"TED.

Fig. 42a. Introductory text.



- 6 -

C CALCUl..ATE ThE PR0DUCTS N0ISE< l"rD*C(2"K> A-JD N0ISE(2IK>*C< l,,}O
C lOF Lfl.JGm NUXL.

CAL.L PR0OC1'O<L" NU1"N01 SE" 1" C" 2IN IC2>
CAL.L PR0OCT<XL,,;-..JUI:'NIOIS~2 ... C~ I"N2CD

C LI00P 9: mE N0D-2 St1'l 0F mE P~bUCTS AB0VE FIOR>l niE SYNDR0N~trr

C PtITSEQUENCE Z<K)"K=l"NUXL.
00 9 K=I"NUXL

9 ZeK)=XIOR(N1C2eK)".:-J2Cl<K»
C L00P 10: t1AKE A TW0-DU1El'JSI0NAL A.T:ffiAY 0trr 0F TIi.E 0NE-DlMENShliJAL
C ARRAY X(K>" IN 0RDrn 10 SATI SFY lliE F0R1AT 0F mE SUBR0UT1NE
C PR0DCT.

DtfIO K=I"XL
10 Xl< l"K)=X'(K)
C CALClLATE mE lOU1PlITSEQUENCES X(K>*C( 1,K) AND XOO*C<2"K) 0F lliE
C ENC0DER.

eAU: PR0OCT(XL"NU1"X1" 1, C" l"XCl>
CAI..L PR0DCTCXL"NUl"X1~ I:' C~ 2:'XC2)

C L00P 11: MAKE mE LAsi rJU Bl TS 0F 1HE N01 SE- SEQUEHCES EQUAL ZSR0.
00 11 1=1,,2
00 11 K=XLIINUXL

11 N01 SE<IIK)=O
C L00P 15: CALCULATE 'mE PECElVED LINE-SEQUENCES Y( l"K)=X(K)*C( 1,,1-0
C + NlOlSECl"K> .AND Y(2IK)=X(K)*C(2"K) + NI01SE(2"K> 0F LENGTI-i :JUXL.

D0 IS' 1=1,,2
D0 15 K=l'NUX1.
Y( I"K)=X0}t(XCl<K)IWi'ISE( 11K»

15 Y(2:'K)=X0R(XC2(K),N0ISE(2,K)>
C ElJALUATB niE P0LYN0HIÄLS D(I'JIK)"N=112 0F DEl3REE L'lU.

CAl..L DP16LYN( I "i-JtJ., CI1'll)" D).

CALJ,.. DP0LYN( 2:' NUl C:'MtL D>
MU1=MU+-I
NLMUXL=N Ut-MU+XL

C CALCtLATE TI-iEP~DUCTS Y( lIK)*D( 11K> AND Y(2.IK>*D(2IK) lOF
C LEI"G1H NlMUXL..

eAU. PR0OCT(NUXL"MUlI YI 11 D" 11 Y10D
CAU. PR0DCTCNUXl."MUl, YI 2:, 0:, 21 Y2D2)

C LIOk'P 16: CALCtLATE 11iElR' SlM M0Ir2.
00 16 K=l"NU1UX1.

16 S0MYD(K)=X0R(YID1(K)"Y2D2(K»
C CALCULATE !HE BASE-STA~ SB(K)IK=I"NU.

CAU.. BSTATE( C"NU" SB)
C CALCUL.ATE mE SPEel Fl C 0UTPlJIVALUE ZNLL lOF niE TRANSI TI 0N lOF STATE
C S(B/2) T0V1NIDS TI-iE ZEPJ2l STATE 5(0) WI TI-i INPU1B1 TS 11.

ZN{L=O
D0 20 K=2"NU

20 ZNLL=ZNtL+C( l"K).SB(K-l >
elF ZNtL IS EVJ:}J 11iEN ZNlL=O aSE ZNlJ..= 1.

IF <ZiIJLL. EQ. «ZNtL/2>*2» GióT0 25 '.
ZNLL=1 ".
G0T0 30

25 ZNtL=O
3J CfltJTINUE
C EVAL.UATE niE STATE-MAi'RIX S<I"J)" 1=1" 1'W0NU AND J=I"NU. <IN F0RTRAN
C A ZER0 INDEX Hol iW' 'AFffiAY 15 N~T ÄLL0\t1EI), HEI-JCE S( I~J);l=I"J=l"NU
C H0L.DS mE ZERe STATE 00000••• 0 0F LEl>lG11i NU>.

CALl. STA'IMX(NtJ" 5)
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C Cru.CLJLATE TI-iS PR0DUCTS NiOl SEC l .. }{)'t'C( 2.. ,0 Ä'Jl:;' "~~JI 5::::( 2.. ,O*CC l .. ;~)
C lOF l..El~GTI-i NUXL.

CALL PI1JdOCT(XL.. ~~Ul .. i~01 SE" 1.. C.. 2.. i:~ 1C2)
CALL PP.0DCT(XL"I'JU1~ilJl()lSL2"C .. I .. :'~2Cl)

C L0~P 9: niE i'10D-2 SU·i Of TI-ië: ?t;:;UDUCTS AB~lVE F0H'i TIE SY0JDRld1E0UT
C PUTSEQUENCE ZGO"i~=I .. iJlDCL.

DJ 9 l(= 1.. tJUXL
9 Z(K)=X0R(NIC2(K)"W2CICK»
C i..00P 10: !-iAla; 11 TI.J0-D!i·lElJS10NAL f.....9?JN 0UT 0F mE ;:;t'JE-Dli·jfi\lSI0j'1Ai..
C .u...R.."..AY X(K)" IN 0RDEK T0 SAT! SFY THï:: F~m'iAT ióF TI-IE sUEip..0t.rrINE
C PR0DCT.

DJ "la K= 1,,;Q.
10 Xl CI,,}()=XCz\)
C CALCULi\TE; TIiE 2i\.ITPUTSEQUEl\lCES X(r;)*C( 1.. 10 .;lJD XC:\HC( 2"h) 4JF T.-!~

C ~\lC()DER.

CALL PR0OCT(XL"NUI .. Xl" I .. C.. I .. XCI)
CAU. Pn0DCTOa.jNU1"Xl .. 1.. C.. 2 .. XC2)

C L\é.~P 11: i'iAl{E niE LP.ST (IiU BITS ,:;;.- 1':.{;:: NJISE-ScQUS~C:::.s :::OUi-\L Z=::: ...
D~ 111=1.. 2
D0 11 i\=XLl ...\lUXL

11 iJkJISE(I .. ID=O
C L00P 15: CALCt..l.P.TE mE: RECE:IVLD Li.~:::;-SEQUE:~CES YC 1.. :O=X(;\»;:CC 1.. :1:)
C + N01SECI .. X) A'W Y(2.. K)=XCiO*C(2.. t{) + :oJJISLC2"iD 01'- LE.\ÎGTH .'JUXL.

00 15 1=1 .. 2
~ 15 l{=I .. iJlJXL
YC l ..i\)=X~RCXCl Ci\) ...Jd SEC I .. K»

15' YC2.. K)=X0R(XC2c;O .. ;oJtjISd2.. K»
C EV.c.LtIATE: T.-1':::: ?0LY.\Iû.lAL.S D(r.;.. :o .. ,J= 1.. 2 JF C::J3?i:':i::, . jij.

C~ DP0LY,H l .. iv:r" C.. i'iU.. D>
CALi.. [P0LY~J<2.>;JTj.. C.. hU.. [:)
~'îU1=i'm... 1
:Jl.I'lL!XL=:J lrt-i-i U+XL

C GA:..ClIl...AT::: 11'11:: PR0GUCTS 'f( l"'\);~LC 1.. :';) i\.VL YC2.. JO*iX2,,:O ,oF
C LEJoJGTrl NU·lL1XL.

CALi.. pmr;cTc'~UXL ... ;Ul~Y .. I .. D.. l .. YID))
CALL ?:1ODCTG~t1XL .. :'jUl .. Y.. 2 .. D.. 2 .. Y:::(2)

C i...1ó0? 16: CALCUL.O:;T::': Th::.:r;~ SUl ..liVu-2.
IXJ 1Ó j'~= 1...JU'jU'1..

16 SId'lYD(K) =XiOECY 101 <:-0 .. '(2D2 Co,) )
C C.pLCTJLATJ:: mE dA.Si:-STAT~ S~(}~) .. j'::: l ...JU.

CAU.. 3STATE( C"NTJ.. sm
C CALCULATE TI-iE SPEel Fr C 1Û1ITPUTVP.LF:':'" Z"JUL JF Th::': TPANSI TI0.j ,jF STMTE
C 3(13/2) T01.,jA-:::'DS nc: l~:)i :';TAT~ S( U) '71 Th !i";Pl,.;Y01 TS 11.

Z:-'Jll..=O
W 20 j{=2..NU

20 ZL"ll..=ZNli..+C( l .. h>*SBCi\-I)
C I r Z:.~UL 1S E.V~J 1B8\l LoJUL=O ELS;:: ZiJl:L= 1.

IF (WUL.EQ.«2..Jt..iL/2)*2» G0T0 25
7..:.JlL= 1
..:i~TiO 30

25 ZNT.L=O
30 C0i\JTINUE
C J::VALUHTE THE STATE-l'JATRIX S(I .. J) .. l=l .. T,JId'JU A.~1.) J=l ...IIU. (li~ FiJRT::<A\l
C A ZERió UDEX 1111 kj A:~lAY IS l~iOT ~IÛWED.. riBJC':: SU .. J) .. l=l .. J=I ....JU
C }-iIC.LLS ThE. lEP~ STATE 00000••• 0 0F i..'sv.:iTh .,jU).

CPU..L STAT..1XC,;'ojlJ.. S)
C EVALUAT::::' ThE lc,Jt.JTPL'1VAi..m:S l.fU....2l(l) r .... [) ~r.'JlJl-.21(l) ~i=1 .. :.;.~.~T_! .. 2.

CAU... ZW.lllJl-.<'JL'~~,jTJ .. c .. D.. S.. Z;'HJL2I .. ~Jl.JT...L21 )
C C,,",.jS~UCT niE '8A'~SITl\(),J TfGi...:::'.

CAi...L TP.A:"di.. U:.i.. l.U.. D.. S!3.. S.. Z.~;U~21 .. WlJl...L21 .. TT)
C EVAi..UATE TriS FIVI.JP. ?f\::{Ek!' S'!'ATi.S 0<;(" ihCH STATE S( 1) '.,n TH niEI ~_

G PAqTlCUl..A.'::J. TRAl..jSlTl~ioJS AoW iJt.J'TI'UTVAi...TJi.S 2,(z\) AIlD '...J(:\).
CAi.L PS1HXCJUli"lU.. ZioJUL.. 53.. Z.~::;"21 .. ',.J;>JLJL21 .. iJl S.. T?A.oi·lX)
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C CP..LCLWJ.T~ T:--i.:': ,:~T:--:L;-·,7;'-.J...i_~,,:;= \~? T.-i:"; S7;\TSS S< 1) [,7 S.::?i.: ./..:':1-.1
C 3TJ=>PTlNG Hl Th ,,(}) =0.

CALL T~~'.iC"JU.. Sö.. TT.. i-;)

C GI VE nu S i'jET~I CC0U.2Ii\U~.TU~J '1:ii ,J{~'iE TRJC.
W 45 1= 1.. TI..i0,Jlj

45 ~1C(I)=~<I)

C Ci.J...ClJLATi::: lliE STEADY STATE ä:::Tmc c.1:11:31l'liATli.:JiJ 5$",C(1) .. 1=1 .. 1\'M'Jl-.
CALL SS\lCl'illGJU.. ZNUL" TPJiN;'D~.Ili .. SS'iC)

C CALCUL.ATE illGH TId~ IC: lliE NE\,! l·lETRlCC;jl·i.ï3I1JATLj~J i·jTCJdH<l .. iO ..
C 'niE SURVIViJRS SURV<I .. :O .. '!HEIR TPA~SITI rjl~S 1'FAi-JS<I .. iO AiJD TI-i2::
C C0R.~PI:Ï\jDING 0U1Pt.rr\JALtJES F0R \,,!(i{) r ..J PATI-iRG( I .. K) •

CALL DEC0D(iJU.. XL.. Z!'JlL.. Z.. SS-1C.. T?,Ai'Á'i)V1TCiOL-ill.. TPA~S .. StRv.. PAm~G)
C E\JAi..UATE TrlE DEC0bED PA1H liJ TERi-lS 0F mE NEl $TATi::C-{) .. TH::':
C TRANSITllZiN Te 1HAT STATE, NESTIN( l .. iO ;;-JEST1i'H~K) f'-uvD nu::
C C0R.9.ESPk1WING (óliI'PUlVALUi:: WESTl;'1(lü.

CALL DC?A11-I(NU.. XL.. NTC~.-8" PA11iRG..-SlJ";1V.. TPAJS.. STi\TE, BI TS..
1 i-.jESTl~'l.. 'vJESTIi'n

C L00P 90: EVALUATE 'IEE ESTH-1ATED llCl.TASE:QUEHCE.
00 90 1(= l .. 1-JUXL

90 XESTW GO =X0R( SI2i·lYDGO .I \.JESTI.1 (10 )
C L0li:JP 95: AS 'IhE SURVIV0RS AhS TH~ DSCHlAL VALUE 0F ThE l3l:,J.f-'\~

C :1,EpRESENTAT10iJ iJF nu::: STAT::'" \'IE ~'lUST SUBTRACT TI-i:: \ii-lLlfi:: 0i\iS.
00 95 K=I .. NUXLl
00 95 I=l .. 1V01.JU
SURV( I .. K)=SURV( 1.. 10-1

**********************************************************
0U1PUT PP.0GFAl'1
'!HE C0i-lPLETE DEC0Dl;'JGPR0CEDUR.E IS P:-UNTED IàUT.
T'rlE CIci1?LETE T~I 5 UP TIJ TE'JE K=NUXL 1 S Gl VC-J ,IN iHE F0FH
tUF C0Lt.l'ioJS AT EACH TlJ'1E K.. TI-iAT C\Ói'JTAIiJ THE .'E::r::uCC&mlNATI0N
i·lTC0dB<I"i{) .. '!'HE SURVIV0RS SLSV( l .. i() .. mE 0U1PUTS 1," IN
PAmRG(I~;'D Ai.'JD niE TRANSITl0'.JS T?A-JS<I .. h:).
mE SPECIFlC DECiÖDw PATI-i IS bjDICATED i,.1I'!H P.T ~CH TV1E K
mE 0UTPUTS ZeK) A;iD ,vESTIi,j(K) .. 1HE .'.JaT STATi: TI."iE K+ 1 A-JD
niE TRAJSI TI u~s Th 1H.AT IJE\,' STATE.
AT LAST TIIE EST1NATED mTAsmur'::-.Jc2 XESTI1'l(i() IS ca/jp'p'p'.E.D
vII lli mE 0RIGIN.AL DATAS2Q18JCE XOO.

*******************~****~************************************

'..mITE( 1.. 102) (D( I .. K> .. K=l .. i'lUl>
102 F0R--lAT("D{I"K)= '611)

'JRITE( I; 103) (D<~.. j{) .. K=l .. ;'1Ul>
103 F0Ft-1AT('OC2.. K)= '6Il>

''''RI TE( 1; 104) (SEnO" i';= 1" iJU)
104 F0~U;T('SB(K) = 'óll)

~JRITE(1;' 105) Zr.JUL
105 H1R'1AT('ZNUL = '11/)

'.TP.l TE( 1; 106) (XC! (K) .. K= 1.. :'JUXL>
106 F0R--lAT(/'XC1(K)' .. Tll .. '= '2011)

\YRI TE( 1" 107) <N0ISEn;'K);K=I ...JUXL)
107 Fl2lH'lAT{-';-.J~ISE< I .. JO= '~on)

H~lTE( 1;108) (Y( l .. K>~K=I .. iJUXL)
108 FiORMAT(-' ---------~--'----~----------+ '/

1 'Y(l"IO ".I 'Tlf,,": '2011/) ,
f,ffi1 T1::( 1;109)- CXC2(iO ,Kc l .. NUXU

1109 F0R~T'/'XC2'K)·.. Tll .. '= '2011)
WRI TE( 1" I 10) W~l SEC '2;}O ;K= 1" Ntw..)

110 F!óR1AT(':.JI2lISE(~K>= '20Il)
\l~ITE( 1; lIl> CY(2,,:O;K=1 .. NtD<L)

111 FIOR'lAT(" ----------..--~--------------+ '/
1 'Y( 2"K)" ..-Tfl,,-"::: '201 flY -
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~1TE( 1; 112) (NIC'2CiO"i\.'="' 1".~t.."<L)
112 F1t.lR1ATU';-J1C200'"Tll,,'= '2011)

iN?I TE( 1" 113) (.J2Cl (jO ,,1{= I;Nl/Y-L)
113 F0R1AT<'l~2ClClO'"Tl1,,'= '2011)

',\fR! TE( 1; 114) (ZeK)" ,{= 1"NÜX1..)
114 F0RMATC'---------------------------+'/

I'Z<K)',,1'll,,-'-::i "'20111>
QRlTE{J" 115) <?lDl<K)";(=I,, •..JUIUXL)

115 F0RMAT<i"YlDlCK)'"Tl1,,'= "2511)
WRITE{}" 116) CY2D2CK)"R= l;ivU1UXL)

116 F~RNAT{"Y2D2G-o'"Tl 1" -'= '2511)
WRI TE( 1; 117) (Sei'ND<K5 "K= 1" >jUXl..)

117 F0R"lAT(' --------------:..-----------------+, /
1 'sa'lYD{f{) , "j1"1,,',= '2011)
ORI TE( 1" lItD

118 F0RMAT(/'STATE-TABLE:'/)
D2J 120 1= I" ïW0NU

120 UHlTE( 1" 130) CTT(l"J)"J=I" 13)
130 F0Rt'lAT<l3" '-'" 41 3" IX.. 41 3" IX" 41 3)

',Hl TE( I" 13 r) ,
131 FIóR'lATU •PAt'J:1-JT- STATE i1ATRI X: • /)

D0 135 1= I" TIMJU
135 WMlTE<1,,140) TTC1"1)"(T~~1X(I,,J),,J=I,,9)

140 F0Pi'lAT( 13" '- •" 413" IX" L.:13.1 3X.I 11)
'.,.!Rl TS< 1" 14n -(TIHCCI)" 1=1" T\·!01VU)

141 F~~lAT<I'TR~{ETRIC(l)= 'ó411)
1.ffi1 TE< I" I42) (SS..lC<I)" 1= [" TIthhJu)

142 FIC~'lAT< ' SSl'll,;{ 1 ) = '641 1)
~l TE< 1" 143)

143 F~f!l'lfrr<l'DEC\(jDL..jJ SChD·.i::')
C LI<:.ItP 1SO: 1i~ iJ~mi.:t TIJ rAC1LI :ATE. '!'HE: C'L.k'JSTRU(;Tl"h..j <.Ir Th::::: LAYiJl1T
L. <:iF TriE DEC16Ulï~G SCii3·jE" ':"H~ AII?,AY ;;'::':CvDT 1 S UTF,0:" lXS;).

Dló ISO l=l"T'~lÓl\iU

DECIéITJT<l" D="'lTCló';i3<I1 1>
[)kJ ISO :.= 1" l>i\..JXL.
DEC0UT{I,,/~K-2)=MTC~{1IK+l)

DEC0UTC1"4*K-l)=SURV<1,,K+l)
DECIOUT{ L. 4*K ) =PATIiRG<I" g.+ 1)

DECIOUTC 1:' L1*K+ 1)=TPANS( I"K+ 1)
150 C'i'J TIN TJE'
e Th::l~LH3EP. óF CIÓLU';'~S <Si::.CTllbl,;S) :::''=',:ALS nll%....l.

JnAX=4*,V LJXL 1-3
LIt. 151 l=lIYw'oó.\iU

151 :..r::tI TE( 1.. 152) (DEC\(jlITCl .. J) "J= 1.. JL.J:.x)

152 FlOR1AT<lI,,4X,,39C212,,2Il»
\.JRlTE(I"I"56)- CZ{K),,1{=t..iJU<L)

156 F'1RNATU , DEC0Di::D PÄl1i: ~ 1/' Z.{iD ;;' 14.1 1915)
W'R! TEe 1" 157) (l,JESTli'!(i\)""K= 1".~1J.-"'<L)

157 FL6R'lATU'vlESTId(K) =' 1 i", 1915)
',!RI TEe 1.1 158) (STATEOO;K=l"N1JXLl>

158 F0R'lATU' STATEGO ::: 1" 20( 12" '---'»
\.oIR! TE( I" 160) WESTUJ{ 1;'10 .. 1(=lli~lOO..5

160 nml'lATU'!IiESTIH< l"K) =' 14...1915)
\'1RITE< I" 161> CliSST1l'1{2;rO .. i(=1,,;J1L\L)

lól FlóR'lAT('NESTll'H2"K) ::'J.4.l1915)



- 10 -

WRl TE< 1; 162) ( S0~WDüO ~ K= 1~ ;Jloo...)
162 F0;:NATU' Slc1i'lYD<iO =' 2011>

WHITE( 1" J64) (~JEST1i1(iO;i'=l ....JtD<L)
lM F0R-1AT('~lESTH'iC-\) = '2011)

wm TE( 1; 166) (XEST1N(J(J ..1'= 1.. 1.Jtoo...>
166 F0~1AT<'---------------------------+'1

1'XESTIi·mO =' 201 D
QRITE( 1.. 168) (X(iO"'\=l .. XL)

168 F0PJYlAT(/.. 'XCiO - • 2011>
CALL EXIT"
END

C l:l'JD 0F k:HITPUT ?R0GP.AI·j

C ********************>i<***************************************
B0TTic:Jl:l
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/ MAINPRO /

~
INTEGER XL, XLI,XLK,ZNUL,TWONU,TWONUI,XI(15),C(Z,7),D(Z,6),X(15),NOISE(2,15),

Z(21 ) , Y(Z, 15) , N2C 1(21 ) , NIC2 (21 ) ,YlD I (ZI ) ,Y2DZ (21 ) , XC I (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,IS),SURV(64,15),PATHRG(64,15),TRANS(64,IS),BITS(IS),
STATE(15),WESTIM(15),NESTIM(2,15),SOMYD(15),XESTIM(15),DECOUT(64,50)

1
jREAD NO,NU I

1
NUI=NU+I
NU2=NU+ 2
NUMINI=NU-I
TWONU"'Z....NU
TWONU1=ZII.(NU-I)

J.

/

READ C( I ,K), K=I,NUI
C(Z,K), K=I,NUl
XL

1
XLl=XL+1
NUXL=NU+XL
NUXL 1=NUXL+ I

1

I READ X(K), Kal,XL
N01SE(I,K), K=I,XL
N01SE(Z,K), K=I,XL

r
CALL PRODCT(XL,NUI,N01SE,I,C,Z,NICZ)
CALL PRODCT(XL,NUl,NOISE,Z,C,I,NZCI)

1
9: K=I,NUXL
Z(K)=XOR(NICZ(K),NZCI(K»

1
10: K=I,XL
XI (I ,K)=X(K)

!
CALL PRODCT(XL,NUI,XI,I ,C,I ,XCI)
CALL PRODCT(XL,NUI,XI,I,C,Z,XC2)

1
11: 1=I,Z

K=XLI,NUXL
N01SE(1,K)=O

1
IS: 1=1,2 >K=l,NUXL
Y(I,K)=XOR(XCI(K),N01SE(I,K»
Y(Z,K)=XOR(XCZ(K),N01SE(2,K»

!A
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A

CALI. DPOLYN(l,NU,C,MU,D)
CALL DPOLYN(2,NU,C,MU,D)

I
MUI =MU+ I
NUMUXL=NU+MU+XL

CALL PRODCT(NUXL,MUI,Y,I,D,I,YIDI)
CALL PRODCT(NUXL,MUI .Y,2,D,2,Y2D2)

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

CALL BSTATE(C,NU,SB)

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

NO

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)

.B
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13

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

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

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

90: K=l,NUXL
XEST1M(K)=XOR(SOMYD(K),WESTIM(K»

95: K=I,NUXLI
1=1, TWONU

SURV(1,K)=SURV(1,K)-1
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m! EO SUBI
tie
EDIT
PPIOOO
.1~t.Jl..L.

C *********************************************
C StJBR0UTINE PRlài.>CT
C reE PR0DUCT llJF 'Nlil BINAR'f Pl6l..YN~·U.ALS A( IAlI'D .. IA=I .. 2 AND
C BClBlN), 18=1,2 Iilf DEliREE. 1'1 A\lD N (N A~D N N0T EQUAL 0NE> ..
C IS CAl..CUL.ATED AND El'JTERED IN TIiE ARRAY PRfi!lD(K),K=I,M+N-I.
C A( IA,M) liAS niE Ck'EFFI Cl ENT C0R.~OlNG T0 niE Hl GHEST DEGREE
C AT 'lliE LAST P0SI TI 01.\1.
C B(I~N) HAS 'lliE C0E:fFICIENT C0RRESP0NDING 1'0 niE HlGiE$T DEGREE
C AT !HE l'IRST P0SITI0N (SCIB.. 1)=I).
C 'lliE DaiREE laF ACM) C0RRESP\dNDS 1'0 lHE T0TAL. l..J:lIIG'm Ic'l' 'mE SERl ES
C i/;}F CIllEFFICIENTS.. E.V~ Il' A .-JlMBER 0; F1RST C0EFFlCl1:l\4TS 15 lER0.
C (1) lNTR0OUCTI~\1 .. P?(1-3)

C ******************************************************.*****••••
C
C

SlI3R0UTINE PfWDCT(M, N.. A, lAl B.. 1B.. PRidD>
C IA AND IB ARE INTaiE:R FWIJ-NtMBERSI IA=I,2 AND 19-1 .. 2.

INTEGER A( 2" 15) .. B(2, 7) , PR0DC 21 ) .. NPRl1lD< 21 )
C L16i/lP 201 SINCE B(IB,1> IS Al..WAYS F..QUAl. T0 @.jE" WE lJll..L FlRST
C MAKE 1HE PR0DUCT EQUAL TIO ~l..YNlii11AL A<lA..K),K-l"M.

[)(O 20 K= l"M
20 PReD<K) =A<lAl K)

I'1Nl=N+N-l
eSTART NtMBER 0; lNTm-lEOlATE ZERló' SI NRZ.-l.
50 NRZ-l
e L~P 601 'mE SUCCESSI VE SHI FTS PND MiOo-a ADDI Th'I'JS ARE CAARl EO 0UT.

00 60 I=2.. N
C If B( lB" I )=0 G0Tk: 55.

Ir (B(IB"I).EQ.O) G0T16 55
C LOOP 51: IF B(18,1)=1 'JE TAKE 0VER 1HE FlRST NRZ P"'SlTl~'JS lOf
C AC IAlK) IN niE NnI PR0DOCT.

oe 51 K-l"NRZ
51 NPR0IXK)oA( IA...K)

XSErJ1N-NRZ... 1
C LOOP 52. ADD 1'10D-2 1HE 0Vl::Rl.APPING PARiS 0l' 1liE ~l..D PR0DUCT AÄ~D

C A<lA,K).
D0 52 K-KBEXilN,M
}(N=K-NRZ

52 NPR0D<K)=X0R(A(1A,K)",PR0DCKN»
J<BEGIN-M-t-l
KEN[)aI M+l-1

C 1..00P 53& TAKE 16V1R 1HE TAIL 0f THE I6LD PR0DUCT.
00 53 K-KBmlL'J,KEND
KN-K-NRZ

53 NPfWO<K)=PR0D<KN)
c ~"'~ 54. niE ~D PR0DUCi Bl::.C~'IES rut:: NEW P~DUCT.

00 54 j{=I ... h.E~D
54 P~D<rO=NPRlóD(;{)
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C INI TlAL VALUE NF!Z= 1 ~\jD P~C"'fD.

NRZ:&l
GtoTIà 60

C IF niE LAST BIT BUb"i~)=O ül{)TI/) 56 F"'R SPECIAL CASES.
55 IF C(1. EQ.i-j) .Al'JD. <su3" l\l) • EQ. 0» G0T0 56
C 1F BC 1B" 1)=0 A\jD 1 1S Nk:'lT EQUAL 1'0 lil" INCREASE NRZ WI1l1 0L'JE ,'\~D

C PR0CEED.
NRZ=NRZ+l
G0TIO 60

56 CllNT1NUE
C L01è:1P57: MAKE 1l1E FIRST I'IIRZ BITS ldF 1HE .'.Ja! PRilDUCT EQt.JA,i.. ZER0.

Dê 57 K= I"NRZ
51 NPR0D(K)=0

NRZ I=NRl+ 1
C LIà0P 58: SHIFT 1HE k'LD PR0DUCT .'JRZ Po...ACES.

Dó 58 K=NRZ 1" l'1N 1
KN=K-NRZ

58 NPR0DCK)=PR0DC~~)

C L00P 59: THE k:'lLD PR0DUCT BECI&1ES 1l1E NE.V PFWDUCT.
D0 59 X= 1"N.:1I1

59 PR0DCK)=NPR0DOO
60 C/(4\JTlNUE

REnJRL\J
El'JD

C El'JD 0F PFWOCT

C *******************************************.********************
C SUBR0UTINE IP0LYN
C GIVEl'J NU AND 1HE PidLYN0.'11ALS CCi'J"K)" N=I"2,, K=I"NUt-l, 0F DE-
C GREE NU.. reE P0LYN0il1ALS DCN"K)" N=I"2,, K=l,,;wjUt-I, lOF MINIMl1"1
C DEXJREE NU" lJHICH SATlSFY C(l)O(l) + C(2)D(2) = 1, ARE
C Cti.lNSTRUCTED.
C 1l1E C0EFFICIENT lijF HIGHEST DEG~E IS B01H F~R ntE P0LYN0-
C MIALS C(N.. 10 AND DClIl.. K) L0CATED AT 1HE LEF1N0ST PI:1S1 Tl0N.
C N=l ----- D< l"K>
C N=2 ----- D(2"K>
C (1) lNTR0DUCTI0N" PP(2)

C ***************************.*********••********************
C
G

SUBR0UTINE DP0LYN(N"NU"C"MU" D>
INTEGER P"SIQ~"S"'M(2)"A(8)"a(8>,C(2"7>,,DC2,,6)

NU1=NU+ 1
Nl]2--NU+2
NUVllN 1::r{'IIU-l
NU11N2=ioJU- 2

C L16IOP 5: CALCtJwH10N IS CARRIED 0UT lJITh HELP ~F THE REGISTERS
C ACiO" K=I"NU2 AND BCK)" K=I,NU2. WE START WIiH ACK)=CC 1";0 ... K="1"NlIl
C AND B(K)-C<2"K)" K=1"NU1.

00 5 K=I ..NUI
A(K)cC( 1"K)

5 B(K)·C<2"K>
C IF !JE WANT T0 ~CLLATE P0L.YNlii"11AL D< I ... K) G0ING Wl ni CC l"i()" 1l1E
C VALUE 0F niE PARAl"JTER P( -1) CSEE BERLEXAMP" C0DINû 11iE~RY, PPC 36- /l4)'
C SH0lU..O BE EQUAL 10 ZERid AND lF WE WANT 10 CALCUl...ATE D<2"K) GIdHm
C WI1li C(2.. K) iHlS VALUE SH0LU..D BE EQUAL 'TI'l illl-JE.

P=N-l
C 1liE VALUE 0F TIiE PMW'1EiER PIS PLACEn AFiER ACK) AI'IJD ntE C0MPLE
C NENT 16F nu S VALUE AfTER B(}~>.

AG'>JU2)=P
B(NU2)=1-P
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C 'mE 'Nld C~1MA'S K0Nr"iA ~IlD ~~ku\lB.. ,~ECESSARY FIIJR neE SHIFTING 0PE
C RATlI2l\J ARE PLÁCED AT iHE i...AST BUT 'iIiE P~SI Tl\Ói~.

K0f"iwIA::sNU 1
KI6."i1B=NU1

C mE STAR1'lNG VALUE l&F mE tdPERATING VARIAaLE SIGl\J IS SI:.."T T~

C 0 (EV~N) .. IF :11= 1 AND SET 'N 1 (0DD)" IF N=2.
SIGN=P

C IF A NU1BER 0F FlRST BiTS IN A(K) EQUALS ZERd TI1El-i A(K) MUSi BE
C SHIFTED 1liE LEFT U.JTlL THE FlRST BIT EQUAL Tl3 li:tllE IS EWCii'lliTERED.
C THE C0MMA i:1UST BE SHI FTED A:II EQUAL l'.JtMBER 0F PLACES.
C !HE LAST P0SITl~IlS IN A<K) clUST BE FILLEn UP WITH ZER0'S.
10 lF (A<1).EQ.1) G~T0 20

KldMMA=K0!1MA-l
elF 'IliE ca':IMA liAS REACHED TI1E Fl RST P0SI Tl 1!1.\J TIiEN WE ARE READf
C AND THE P0LYN0MIAL AGO AFTER !HE Cid'1r"'iA ~1A IS 'THE DESlRED P~LY

C i'.J0MIAL. D(!\l"K) IJl TIi 1liE C0EFFl Cl ENT 0F Lic}lJEST DEGREE 0 AT THE LEFT
C j'llc:1ST Pk:iSl TlIdN.

IF Ci{0l·lNA. t;Q.O) G0T0 45
00 15 l=I .. NUI
AC 1> =A<I+ 1)

A(NU2)=0
G0T0 10

C IF A rm'1BER 0F FIRST dI T5 Uil BGO EQUAi..S ZEFM TI-iEN B(K) i'jUST BE
C 5Hl FTED 'N 'IliE LEFT IN THE SAL'1~ "1Ai~IIER AS A<l'O.
20 IF (B(I).EQ.l> G0T0 30

Kfl.('ll'1B=X0Mr1B- 1
C I F mE C\li:·jNA HAS PEAOiED THE Fl RST P0SI Tl0:'J niElIl \JE ARE READY
C AND nu: PIOLYN,*,l1AL. .8(iO AFTER THE OdL'31"'iA KIt:i'lNB IS TIiE DESI RED
C P0LYNlét1IAl.. D(.'J.. K> WIn; niE C0EFrICIENT 0F L\{)'JEST DEGREE 0 AT
C mE LEFiM0ST P0S1 TlltloJ.

1F (xa1t·1B. EQ. 0> G0 T0 50
00 25 1= 1"NUl
B< l)=B( 1+ 1)
ö(illU2)=0
GIOTIà 20

C THE VALUE ióF' TIiE VARIABLE SIGN IS DETEFMINED BY ThE PLACES ;OF

C Uit:. 'rJ0 Ca-lL'lA' 5 K0i'1l1A AND K04·h"lB.
30 IF «KlOMMÄ.EQ.Kl3L"1'1B).AND.(SICilIl.EQ.O» G0Ttd 35

lF «KIOi·jNA. EQ. KIOl'1l1B) .ALIID. ( SI Ci'.J. EQ. 1» G0T'~ 31
IF (K~'o'!NA.\.iT.KIO~1i'lB) G~TIO 35
IF (KldNNA.LT.Ka'li'lö) i,JtdTIà 31

C LABEl. 31-33: 0PE:RATl01'.J F0R SlGN=I·
31 51GN=1
C L~IOP 32: ADD 1liE Ck'1-JTElIJTS IUf REGISTER AOO F'Jwd THE FlRST Pid
e sITla\l UP TI1 A\JD INCLUDING ïrlE P0S1 TIldlJ KII1'111Ao1 1'10D-2 T0 TIiE
C Cl.:1~TENTS k'F REGl STER B(K> IN TIiE $Pi'jE P.AiIJGE.

L0 32 }{= 1"K~'1t'1A
32 B<K)=X~R(A(K).. B<K»
c LI2l0P 33: AnD !HE CI6NTElJTS lOF R$ I STER B<K) FR0l1 P0 SI T10N Kfc1'Jl'lB+ 1
C UP TICi PlLIID lNCLUDING ïrlE l.AST PlöSI TllÖN.. Nlc'ID-2 TIO Th:':: Clc'NTENTS ~F

C REGISTER A(K) IN THE ~1E ~~GE.

Kk:'l~'lB 1=Kfei'IMB+ 1
00 33 K=X0Ml'181" NU2
A(K)=XIOR(A(X),3(K»
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C AFTER THI S ir:lP~.TH1i~ '.vE i'lUST Fr FST CHEGl< UP ~'J THi:: .ill.';B;:R .oF
C nRS! Zffik;' S.

G0~ 10
C LAdEJ- 35-37: I::lPEFAThU FIJ:1 SIGi~=O.

35 SH1oJ=O
C i...i6láP 36: ADD 'TH::' CltJioJTElliTS IÓF HioUl STER B(K) f?Jól'~ THE npST piJ
C SI T1"l\1 UP T0 ArJD UCLUDI,~G THE PI() SI Tllá\i K0~·li''IB.. ,;hóD- 2 T0 'TH:::::
C C~:NTEl\iTS i&F REliI STER ACO 1.\1 TH!:: S~'iE AA\JGE.

Dö 36 K= I .. Kt&lNl::i
36 A(i{)=XitJR(A(K) .. ö{K))

C l.."-iOP 37: AGD 'THE Ci2'l~TE:.JTS IÓF RiliISTER AOO FRlIJi'! PoÖSITl0i-.i r.:~'Ji'J.ATl

C UP TI6 AND IloJCLUiJLJLi nu:: LAST PIvSl TlIÓ!~...'1IOL-2 'fl(j ThE: Clti\lTEi>JTS 0f
C RlliI STiR i3<i'\) h~ TriE S.~'IE: r-A~3E.

Kid'jj,'lAl =K~i'JL'lA+ 1
~ 37 K=i\IO!'~'iA1.. ,'JU2

37 B(K)=XIÓR(A{K) .. 0(h))
C AFTI::R nu S ióPERATl iÓ.\J l,J:' ".UST Fl RST Ci-li:CK UP JIJ ruI. ;'Jtt-iD::F tOf
C n RST Zi::RIÓ' S.

G0TI& 10
C i...lI:'0P 46: 1loJ \ORDER TIÓ liAVi:. l1-iE CIOl:,;Ffl Cl ElJT ióF' hl GhLST DEGREL AT
C TEE LEFiNIóST PiaSI Tl0i~.. llit: P0LY,~0dIAL A(K) AFTiP '!hE C0"j..i{" j:o.'1'1H
C ;''ll]ST GE REVERSEG.
45 W 46 i\= l .. NU

.\IU2t~=NlJ2-h

4ó DCN.. K)=A{IJU210
LlkJTIó 52

C i...lOléP 51: hJ Ic:iHl.Jill Tl! HiW:::; TH:t. C0:::FTl CIl:1.JT k>F HhiE::ST DSli~EE AT
C ThE i...EFTNlaST P0S1 Tl ió"' .. THE ?(óLYI'Jidi·HAl.. 300 t;FTü1 TriE Cii\'};'!A I~o..1·;o
C bUST BE ~E.\'E.RSE[j.

50 Do 51 K=l~im

i'liU2K=NU2-K
51 DCLoJ .. }\)=6C\lU2:0
52 ClcJr~TWUE

C LIól/:iP 54: 1i~ JRDER T16 DETffi'U,'J::; ThE OI::liPEE ..lU i.:JF TriL P16LY,-JId·HAL
C D(,-J .. l{) .. wE nUST FIRST CALCULATS mE ;\lU1BER <::IF FIRST ZERIJ'S.
C AS TIlE l'1Axn:ll'j VAi..UE I6F DE:G~E.t: dU 1S I::QUAL Tl/:l .~U·il.~ I .. Tht: I;'JI TlAL
C VALUE IÓF NU 1S mUiIL T~ Wl'a,\ll.

i'1U=NU'l1N 1
00 54 K= 1.. NU·!1o'J 2
IF <DCN.. :O.LQ.i) 1.i0TIó 55

54 L'lU=NlI-I
C i...IoléJP 56: TIiE FlitST ZER.i.!l' S A:~E Da~TED Ai\JD ThE PIOLYI'li\1tOO lAL DUJ.. IO
C BECIÎ:t'1ES THE TAIL 0F ThE'PIóLY:JiI.hlIAL CALCt..JL.ATED BE.F0P.E.
55 !'lUI=MU+l

~ 56 K=I .. l·lUl
Ni1K=NU-i'lU1 +h

56 D(,oJ.. }{)=DGoJli.Ji·jlO
RETURN
DJD

C END tOF lFiOi...YN
----I
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C ********************************************************~**
C SUB~UTINE BSTATE
C 11iE BINARY P.EPRESEIoJT.f-'\Tl0L~ 0F THE CIcmES BASE-STATE IS E.~TffiED

C IN THE A~Y SBCl)~ I=I~NU.

C (2) STATE TABL~ PP(Lv 5)

C ************************************************************
C
C
C
C

.
*************************************************************
Sua~UTINE STA1MX
niE STATE11ATRIX S( 2**N~NU) I S C~i'JSTRUCTED. mE l'lATRIX ClONiALNS
1liE BINARY REPRESEI~TAT10N 0F THE DECll1AL VALUES "'F THE 2**NU
ASSTRACT STATES.
(2) STATE TABLEJ P?( 7,8>

*************************************************************

17
20

c
C
C
C
C
C
C
C
C
C

SUBR~UTI~E BSTATECC~NU,SB)

INTEGER S0M,SB(6),C(2,7)
C TIiE LAST SHIFT IóF THE BASE STATE IN TIiE SYNDR01V,E-FII:lR-IER HI2lL~S:

C C(2" lHC( 1, I>*SBCNU>=O. SINeE C( 1, 1>=CC2" l>=I~ l;JE HAVE.
C SBCNU)=-C(2,1).

SBCNU)=-CC 2,1>
NLMIN 1=rJU- 1

C Lló0P 15: vJE SHI FT THE BASS STATE FRkh'1 LEFT Tit ~l Gi-iT INT0 THE.
C SYNDRi&1E-FióRNER AND CALCULATE AT EACH STEP K mE C0NTRIBUrI~N

C Tkl THE 0UTPUT ZeK), WHIGH r-1UST BE ZER0.
l)2j 15 K=l,NU1INI
SeM=O

C L00P 10: !JE CALCULATE TIiE P?SóDUCT iGiF mE SHIFTill aAS!::: STATE AlIiD
C A'JD THE LIè:J\I!ER PftLYNII:li'llAL CU, iO •

Dö 10 I=I,K
L~t.Kl=NU-j{+ 1

10 S~1=S~~SB(NUKI)*C(1,1+1)

C TIiE i\lEXT CIóEFFl CIENT SBG'JU-K) IS CALCULATED.
Nt,K=NU-K
SBCNUü=-C(2,K+ 1)-S0l'l

15 C~\IT1NUE

C L0~ 20: IF SB(K) IS ~\IEN THB~ SB(K)=O ELSE $BCK)=l.
00 20 K=I,fJU
IF (S8(K).EQ.«$B(iO/2)*2» Gk3'J'l(:l17
SB(K)=1
GlGiT0 20
SB<K)=O
C~T1NUC:

R.E:I'URN
sm
END 0F BSTATE

SUBfU:'UTINE SiA1MXCNU, S)
INTEGER TW0NU,S(16,6)
'IV/AiJtJ=2**i\lU

C u,~ 10: nu. UP 1liE STATE "lATRIX WITH ZERld'S.
Dlr:l 10 1=1, TWIONU
00 10 J=I,NU
S<I~J)=O

10 CWTINUE
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C mE ALG0RIThN I S BUILT UP F1lOM TIiE TlOP TItil niE B0TT'IN, AND ma.}
C mE HIGHT T0 niE LEFT 0l' 1liE STATE MATRIX. mE LAST C0LtNN
C Ca\lSISTS (dl' 1HE SEQUENCE 010101010101 ... 16F LEl\lG1H 2**NU.
C 1liE LAST BUT 0NE C0LU1N IS 0011001100110011 •••
C mE LAST BUT 'N0 ClÓLU1N IS 000011110000111100... A.\ID Sid F0RTI-i.

00 20 J=I.,NU
Kr1AX=2**CJ-1)
Dió 20 K= 1.}<MAX
U1AX=2**CNU-J >
00 20 L= 1.1...l'1AX
1=2**(NU-J+!>*K -L+l
S<l.J)=1

20 CWTINUE
~

END
C ENI>_~E-_S_TA1MX _
C -'SlJBR0UTINE ZWNlU..
C mE 0lTIPl!IVAl..UES Z JWD 'lil F0R 'niE 'fRANSITllil'-Js 0F mE STATES
C 5(1) T0VlARDS mE STATES SC 21) F0R 11iE 81iPAI R 00" ARE CAL-
C CtLATED AND EN'I'EREO IN 'niE ARRAYS ZNUl.21 (I) AL\lD \r-JtL2I ( 1).,
C 1=1,,1W0NU,2.
C ( 3)' STATE;'DIAGRAM" PP( 11-13)

C ****************************..****************************
C
C

St.BR0UTINE ZWNtL(NU,Mu" Cl 0. 5., ZNUl.21" ~tL21 )
lNTfX)ER TWa-Ju" CC 2" 7)" IX 21 6). sc 16., 6) I ZNtL21 C16).~tL21C16)
'NiNU=2**NU .
D0 40 1=1.TWliINU,2
ZNtL2I(1)=O
WNlL21CI)-O

C L00P 3lc CA1..C1.LA.Tlelli 0F 1HE C@JTR1Btrr1~S (di' THE C0NTENrS 0F 1liE
C SEPERATE REGISTERPLACES 0F niE LIÓ'WER P0L'YNIél'11AL CC I.,K).

D0 31 K=l.NU
IHALF= (1+1)/2

31 ZNlL2I<I>=ZNlL2lCI>+C( l"K)*S<IHALF"K)
C IF ZNtL2l<I> IS EVEN niEN ZNlL2I(1)=O aSE ZNlL2I<l>=I.

Il' (ZNUL21Cl).EQ.«ZNUL21(1)/2)*2» G0T0 32 -.
ZNUl.21 (1 ) =1
G0T0 33

32 ZNUl.21Cl)=0
33 CeNTINUE
C U~0P 34: CALCl1l.ATI0N 0F niE C0NTRIBUTlraNS 0l' lHE C(il\J1»JTS 0F ntE
C SEP~TE RmlSTERPLACES 0l' mE L0\JER P0L'YNa1IAL DC2IK).

00 34 K=I.MU
IHALF= (1+1)/2
NtMtK=NU-MUi-K

34 WNtL21 Cl) =WNlL21 Cl) +oe 21 K)*SC IHALl'" NtMtK)
C IF WNUL.2I(1) IS EVEN mEN ltt-JLL2I(1)=O aSE WNUL2ICl>=I.

IF (WNUL21(I).EQ.(C~UL2ICI)/2)*2» G0T0 35
WNUL2I< I ) = 1
G0T0 40

35 WNUL21 (1)=0
lIJ C~TINUE

~

END
C END 0F ZWNUL

C ***************************************************************
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c *.*.***********~***********.*****************.*********.**.**
C SUBIWtrrINE TRATI3L
C GIVH" lHE STATE-L'o'IATRIX 5(1"J)" mE BASE-STATE AND 'mE 0tJ1'Ptrr-
C SERIES ZNt.n..2I< 1)1 1=1" TW0NU" 2 AlIlD \lÄIJt.lL2Hl)1 1=1 .. ïVI2INU" 2" iHE
C TRilNS1Tl~TABLE 15 C~STRUCTED. 'mE FlRST CidLlMi'\j CI2JNTA1NS iHE DE
C CIMAL. STATENU1BER. IN niE !\lEXT .F0UR C0LtM~S 1HE NE.'W STATES F0R ThE
C ~\JSITIli1\lS 00"01,, 11 ANO 10 RESPECTlVEI..Y ARE INDICATED. THE CliJR-
C RESP@IIOING ~UTPtmJALUES Z JWD " ARE 10 BE FI2lU\lD IN 'mE lAST El GliT
C CkLU1NS.
C (2) 'STATE TABLE.t ?P(7,,8)

C ******...******************.********************************
C
C

Sl.IBR0trrINE TRATBL(NU"t'lU" 0.. sa, SI ZNLL2I" 1ltNtL21" TT)
U~TEIJER 'N~lJl"S0M" SB(6)1 $SB(6)"ZNtL2l (16) .. llNlL21 (16)1 S( 16" 6),

1 TT( 16" 13),,0<2,6)
'NI2NUI=2** (NU-1 )

C L00P 201 niE tPPER HALF 0F niE TRAi\ISITlaJ TABLE IS CfliIJSTRUCTED.
I)ó 20 1=1" 1iJ0NUI

C IN lHE FlRSi C,",LlM'J 1HE DEC1dAL STATEl.'JU·lB;::R 1 S PW'.CED.
TTU" 1)=1-1

C niE SEClil-JD ClóLU-1i~ C0R~spa~DS 10 mE TAA'\JSI Tl0l'J S< 1> T0lJARDS
C 5(21) F0R A\J lWPUTPAlR 00.

TTU" 2)=2*1-2
C niE nURD C~LU1.\I C0PRESPIä.'WS Tfó 1HE TRANSI Tll2Jl\j SU) T01,JA.QDS
C 5(21+1) f0R A\J lNPUTPAIR Ol.

TTC 1" 3) =TTC I" 2) + I
C L00P 10: THE STATE SCl) C~IlVERTS INT0 THE STATE S<2I+I)+SCB)
C FlOR AN lNPUTPAl Ril. TI-iE DECINAL. VALUE 0F 1111 S 110D-2 SU-1
CIS ENTffiED 1i\l THE VAAIABLE Sel'l.

Se\1=0
00 10 i{=I"NU
SSBCi{)=X0RC$BCK),S<2*1"K»

10 SIdl1=S0i'1+$SBCi{)* C2** CNU-K»
TTC I , 4) =51.:11

C TIiE STATE S<l) C01\JVERTS lNn1 THE STATE S(21)+$<B) F0~ AL'J HJPtrr
C PAIR 10. niE TRANSIT10NS 11 AND 10 0NLY DIFFER IN TIiE ~IGiT-

C i10ST BIT, HENCE n-iE C"'NT~-JTS iOF niE FI FTI-i C~LU1" AtU: 'mE
C ca·JTENTS 0f nu:: F\ÓURni C0LU1N PLUS 0NE.

TT( I" 5) =TT( I" 4)+ 1
C lHE ldtrrPtmJALUE ü,\itl.2I Cl) C0RRESPIÓL>lDING 're '!HE TRANSl11 raN "'F
C STATE S(1) TiólJARDS 11-iE STATE SC21>" HAS ALRE'ADf BEE1'J CALCU-
C LATEn. THE C(c1\jTEl-JTS 0F C0LUiNS 7,,8 AND 9 CAN DIRECTLY BE DERIVED
C FRIo1:1 "!'Hl S VALUE ZNUL.2lC 1> •

TT(I,,6)=U>lUL2IC2*1-1)
TT<1, 8)=TT< I" 6)
TTCI,,7)=1-TT(I,,6)
TTU" 9)=TTC 1, 7)

C 1HE 0tTl'Pt.m1ALUE WNLU..21 (I) C"'RRESPláNDlNG T'" TIiE TRAL'lSI110.-11 "'F
e STATE 5 (1) T0WARDS TIiE STATE S ( 21 ) " HAS ALREAIJf BEEl\I CALCU-
C LATEn. '!HE Cfà\iTEl'\lTS 0F C0LlJ'1NS 11" 12 AND 13 cm BE DERIVED FlM"1
C nns VALUE WEN WE KN01,J 1liE VALUE DC I"MU+ 1) 0F TIiE P0LYNav11AL
C O(I,,}{), K=l"NUI •

. TT(I,,10)=WNUL.21C2*I-l)

TTU" ll>=TT<l" 10)
IF CD(1"LviU+l>.EQ.O) TTCI, 1l>=l-TT(l" 10)
TTC1" 12)=1-TT(I" 10)
TTCI,,13)=1~TT(I,11)

20 CI2i\JTINUE

------f
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C L':lIdP 45: mE C~~Tl:1JTS iJF TrlE L~WER HALF IW 1HE TRANS I TI0.:-.J TABLE
C CAi-J FASILv BE DERIV"'r.D FRllM mE Cfe1\JTl:1-JTS 0F niE UPPER HALF.

00 45 1=1, T\"IáNUl
I 1V~\IU=I+TW0iIjU1
TT(l TWI/l\IU, 1>=TTCI, 1>+'N~J:-JUI
D0 30 J=2,5

30 TT(Ii\1~U,J)=TT(I,J)

C L00P 35: 1HE LIóWffi HALF 1S Trl:E; CIóMPLEl'1!:l1JT lOF 1HE UP?E."R HALF.
00 35 J=6,9

35 TT(ITW0NU,J)=l-TT(I,J)
C LI00P 40: 1HE L0\o1ER HALF IS EQUAL TIO 1HE UPPER HALF.

00 40 J=10, 13
40 TTC I TV/làNU,J)=iT( 1,J)
45 C"'NTlNUE

RE1'tJR-J
END

C END lOF !RATEL

C ***********************************************************.*
C SUBR0UTINE PS1NX
C mE PARENT-STATEl'1ATRIX 1S C0NSTRUCTED. IN EACH R~ "'NE CAN
C FIND niE STATE I AND lTS F0UR PARENT-STATE5I niE "'UiPUTS
C t F0R mE ~-JSITI0~S 01,01, 10,10 A~D 00,00,11,11 RESPEC-
C TlVEi..V. niE LAST C0LU1N C0PRESP0NDS WI1H '!HE W-~UiPUT.

C (3) STATE DIAGRJlM.. PPUl-12)

C ************************************************************
c
C

SUBIWUTINE Psn1X(i\lU,L'lU, ZilJtL.. SB,ZNUL21 .. TJNUL21 .. 0., S.. TRANl'DO
INTEGER ZNUL.. P3(6),SB(6) .. ~~UL2I(16) .. WNUL21(16),~~CI6,9)
lNTffiER TW0NU, DC 2,6), SC 16,6)
n.rliioJU= (2**NU)
i1Ul=f'1U+ 1

C U:l0?10: FILL UP WE ClOLUvlNS 5,6.. 7,8 A.\JD 9 lOF TIiE 0DD R0\tJS.
00 10 1= 1.. 1IJ/3NU.. 2
TRANMX(I,5)=~VUL21(I)

TRA,'JNXCl .. 6)=1-ZNUL21 (1)
TRA:JNX(I,7)=ZNUL21CI) + ZNUL
lF C1"RAJl·D(<l,7).EQ.2) TAA\Jï'1)(CI,7)=0
TRAI:-JI·D« 1, 8) =l-iRANNX( I, 7)
~>Jl1X(1,9)=\olNUL2I(I)

10 Ckf-JTINUE
C L"'0P 20: FIu.. UP mE C0LU1NS 1,2,3 AND 4 I1F ThE. IÓDD RIdWS.

00 20 1= 1, ThrröNU, 2
C S(Pl>=SCl/2).

~~D«I,I)=(I-l)/2

C S(P2)=S(?1+2**C~U-l».

1FA,\Jl'IX( 1.. 2);:: niANMX( I .. 1) +2** (N.o- 1)
IHALF: (1+ 1>/2

C Lk:H@ 15: S(P3)=S(1/2) + S«j3-J)/2). (MiàD-2 SU-i)
00 15 K=2I NU
IÛ'llN 1=K-l

15 P3(K) =X0R( S( 1HALFI iO I SBO\l-l1l'Jl ) )
C L.00P 161 niE DECIlvtAL VALUE lOF TIiE BINARY REPRESmTAT10l'J 0F
C TIiE PARENT STATE P3(K) IS CALCt.Ii-ATED.

TRANi'1XCl,3)=0
00 16 K=2.. NU

16 ~~(1,3)=T~~MX(1.. 3)+P3(~)*(2**(NU-K»
C S(P4)=S(P3+2**(NU-l».

1FA.\JMX( 1" 4) =TPPNl-lX( I, 3)+2*'" CW-l)
20 C0l~Tl.-JUE
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C LlOli:lP '~O: 1EE: Clà;~;~'::NTS JF TIiJ:: EV.::N ~01JS ~.s Svt.l..Li..!\TiU.
Di6 40 1=1" T\!l<l.J'},,::::

C L00P 30: 7áS PAF.L"\JT STAT~S 0F ThE STATE $(1+ 1) ;->P.:S mE Sfi-lE r~s

C THE PAm:\ÏT STAT2.S 0F ThE STATi:: SU).
00 30 J=I,,4

30 ~~'~(l+I"J)=TP~~~(I"J)

C LOOP 35: THE IdU1'PUTVALUES C0RqESP0NDl.\lG T0 niE TBi\\JSITI oJNS ~\?

C mE STATE SU+ 1) ARE mE crlNPLS'jENT ~F nIE TRA.IlSI Tl0N5
C T0 niE STATE S( 1).

00 35 J=5,,8
35 TRAl.J!v~(1+ I"J)= l-TRAL-J,'~<I"J)
C IF D<1"NU1>=O" \JE HAVE THE IÖUT?UTPATTERII 0110 A~D 1001" as:.:::
C WE HAVE 1HE 0tnPUTPATTffill 0011 .MIJD 1100.

lF (DCl".'lU1). EQ. 0) GIOT0 36
TRAi\Jl'D<( 1+ 1" 9)=7P.Ai\lhX( I .. 9 )
G0Tk5 40

36 TP.Ai:..l"IX( 1+ 1.. 9) =1- TRF.;JNX ( I .. 9 )
40 Clà\lTlL~lE

:U:TIJR.1l
dm

C ~JD lOF PSTi'~

C ******************************.*******~*.**.***.*******••***••
C SUdPJOlITUE TI'....ë3'IC
C STARTUli VI Th 1HE ZER0 STATE ',,]1 Tti dETRI C ,.j( 1)=0" ThE TB.EL.LI S
C IS ?BJ~IP.ATED '1'11 TH TPAJSI ThfJS Z(K)=O TlLi... i\ DiPTI1 ;>JU-1
C ~JHERE EXACT'I...Y 2**"JU hE.TRI CS A~E ~CEUi AJu GALClfLl\T::.L.
C (7) ThE STEAIJ'{ STATE. d~TRl CC\.1.'iUliJATliÓl'J" PP( 25-26)

C **************************************.***********************
C
C

SUBFMUTli'JE T?2S·;C(L-JU" S3.. TT"Ij)

INTEGiP DIST.. PLP.CEJSl"S2"D~TH"BEGTUP,,~IlG~l~
1,\lTillER SB(6)"TT< 16"9),,h( 16),,;\)1ü( 16)

C i...(c,~.p 10: Fl nST TIiE DECINAL VALUE: 0F TIU:': 13h~AT::Y ?.ti'Pt...s:J\ÎTi'.TlIV~~

C IlF TI-iE BASS STATE IS CPLCUi.ATE.D.
;'JR3=0
D0 10 i{= l .....ni

10 i~RB=I'JPE+SBCK) *< 2:><* ü~{j-i\) )

C TI-iE FIHST T'W;Q STATES l!iHICH Ci:"'J BE. P.EACHi::C FRk'Ji.. T.~S ll:..:'(i) STt'\TG
C S(O) F~R A,J 0UTPTJT ZOO=O.. APJ:. S(O) ANL S(13-1)" i}ITI-i TFA'JSI-
C TlIuJS 00 A1JD 11 ?2iPE:CTIV2LY. h~JCi TI-iEI? i'lETRICS A::\E. T'LSPECTIVE
C LY: l'i(O)=O fiNi) b(B-1>=2.(Il\l riÓRTPAIi IT IS iJk:JT i-îLL0WED T0
C START ~1I TI-i A ZERI:J Il'JDEX LJ A..J AFffiAY" HE'JC~ lij ThI S PP.0GRA·j
C lJl:::' }-l.AVE ThE VALUES d( 1) =0 AJF ii( 3) =2) •

N( 1>=0
d(NRB)=2

C l~ ThE A.QFAY NIOOO 111E!\lEW Fk:JU\lD STATENU'm~S F0~ EACH STEP 1("

CARE STIOP,ED.
NfO(1)=l
N0(2)=LIlRB
DEPni=NU- 1

C L0klP 40: F0R !:ACH STEP L WE CALCULATE niE NB.J SERIES 0F 2**L
C STATES AL~D iHEIR ['lETRIC-VALlTl:.S. l

D0 40 L= I" DEP1H
C TIiE NU-IBER IclF NElJ PAL RS lOF STATES IS CALCtJLATED. FlOP E)(A\olPLE
G WIn; L=3 WE HAVE Bl:1iTUP=5 fl:"JD E;o,JDTUP=8: K=5,,6,,7,,8 Ai\lD TIiE f0UR
C Nal PAIRS ARISIi\lG FP.0N TIiE PFEVliOUS FIiJLND STATES I=Nk:'(5),,;";0(6) ..
C NlZl(7) ~\}D N0(8) ARE DETE.t:l.!'llNED.

BEGTUP=2**(L-1)+1
i:N DnJP=2**L
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00 4G n=BEGTUP.. El-JDTtJ"P
C lliE NV<T Ntl"lBER 1 1S 111l::: DECll'LeL VALUE i{jf lliE ?RSVl0l.1S F01Ji-JD
C STATE.

I=N0(X)
C I F TTU" 6)=0 'JE HAVE TI-!E TRA.\IS1 Tl 0NS 00 AND 11 .. CiJR.!=lESP.oNVI.'JG
C T0 DI STAi'JCES DI S1=0/2 A1~[) PLACSS pw\CE:=2.. 4 ruR TI-lE .\JUJ STATSS
C SI A\lD 52.

IF <iT(I .. 6).LQ.O) G0T0 20
C lF TT<1 .. 6)=1 W~ }{AVE Thl:: TRANSITllÓl-JS Ol PND 10.. CI2lRRESPlÓt'JDl(~ll

- C T0 DIST=I/l AND PLACE=3/S.
PLACE=3
0151=1
G0TfO 30

20 PLACE=2
D151'=2

30 CkilJTINlJE
C 51 AND S2 ARE TIiE Th/kl NE.'I/ 5TATES.

Sl=TT<I .. PLACEH 1
S2=TT(I .. PLACE+2)+1

C iHE MEmICS 0F 1HE: !-JE'1l F~U-JD STATES SI Al'JO 52 Af'1Z DETER'1Ii~ill.

M(SI)~1(1)+(2-DIST)

f1( S2) =l'-l( I HDI ST
C mE T'W0 NE.IV FlilUIlD STATES SI AND 52 A.t:\E fl\iTERED IN TI-!E CIÓU\lTlNG
C AR.~y NIO(l{).

l\lIO(2*K-1)=Sl
N0(2*i()=S2

40 Ck1\lTINUE
RJ:.l1JRIJ
END

C END lOF 'I'REE1C

C *************************************************************
C SUBR0UTlNE SS'1018
C WI1li 1HE HELP tOF mi:: NATRIX TR.Al\ll"JX(l"J) ~JHICH CIONTAlNS ALL lN-
e F0R"lATl0l1l ABI6UT TI-lE PARENT STATES AND niEIR T?PN51 TI01\15.. WE CAN
C CALCtJl..ATE!:ACH i"EU 11ETRIC-Ck1'lBINATliON F0R zoo=o 0~ ZO';:)=1.
e SiARTING lJITI-l 'mE HETRlC-CI2NBII-JATI0L~AT DEP1H 2**{NU-2> .. CAL-
C CULATED IN SUBFWt.rrINE TREEHC" THE NEXT 2*:..JU METRl c-ca'1BINATl iONS
C ARE CALCULATED F0R ~~SITl~~S Z{K)=O.
C lJE CAN BE SUHE TI-iAT AFTER 2*NU STEPS mE STEAlJ(- STATE-m:iRl c-
c ca'lBINAT11áN SS1C(K) IS F0tNC.
e (7) niE STFAlJ{ STATE MEiRICCarlBINATl0i'J.. PP(26.. 27)

C ***************************************************************
C
C

SUBR0UTINE SS1Q'lB(NU" ZNUL.. TRAl'Jt'1X.. I'1" SSNC)
INTEXJER DIST"PLACE"PLACEl .. Z.NUL.. 1\1~U.. Pl"P2.. ;1( 16) .. TRAii'JX( 16" 9) ..

I SSMC(16)
TlJCiflJU=2**NU

C AFTER 2*NU STEPS WE. CA\J BE SURE THAT mE STEAI1f STATEMETRIC
C Cll!MBINATlW 1S FlOlliD•

. i<l'1AX=2*I\lU
"-"'-. -----I
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C L00P 20: EACH STEP K DiE N:ëJJ i'1ETRICC~1Bl.'>JATl0N N< I) ,,I = 1., T'J0NU
C F0R .AN 0U1PUT Z(K>=O IS CALCULATED.

D0 20 K= 1~ Xi'lA)(
D0 20 1= 1~ 1\11i1'>JU

C 1HE VARIABLE t'LACE STAi-JDS F0R WE PLACE IN WE PAhI1'JTSTATE
C MATRIX WHERE DiE PARENT STATE tOF TIiE STATE SC 1) :x S L0CATED.
C 1HE INITIAL VALUES lOF DIST AND PLACE AP.E SE:!' T0 ~\JE.

Pl..ACE=l
DIST=1

C IF THE FlFni C0Ltl'I;'J 0F mE PARElJTSTATE MATRlX C~'\ITAIi'JS A 0NE
C \JE 11UST TAKE THE PARENT STATE IN 1HE SEC0ND <PLACE=2> CliLlN.-J
C C0RRESPl2I-.JDING TI2l k\J 0U1PUT Z(K)=O.

IF C1'RANMXCl, 5). EQ. 1) Pl..ACE=2-
C IF lHE FlFni C0LtMN 'C0NTAINS A Z:ElW, WE TAKE WE PARENT STATE HJ
C mE FIRST (PLACE=l> C0l.t.MN C0P..RESP0NDING TiO AI~ !OUTPUT ZeK)=O.

?1=!RANMXe 1, PLACE)+ 1
PLACE I=?l..ACE+2+ZNUL

C IN 0RDER T0 DETE1t'1INE mE NEXT PARENT STATE P2, WE HUST FIRST
C DETER'11NE WHERE '!HE NEXT ZER0 IN '!HE PAATl CtJL.AR RIOW' 1 IS L0CA
C TED. lF ZNtL=O~ THIS ZER0 IS ~CATED AT PLACE1=PLACE+2 AND IF
C ZNu';=l AT PLACE PLACEI=PLACE+3.

lF epLACEI.EQ.5> PLACE1=3
C I T MIGli! 0CCUR "mAT '!HE VALUE 0F niE VARIABL.E Pw\cE1 GETS TIiE
C VALUE 5 ePLACE1=2+2+ 1), li'J T"rlAT CASE WE SH13ULD C0U'I1T N0D-2
C FlOR 1HE VARlABLE PLACE.

P2=~\JMX(I,PLACEI)+l

C THE 0DD-NlMBmEO R0WS C0RRESPli1l\!0 T0 THE SER! ES lOF TRANSI TlI(JN$
C 00,00, ll~ 11, A\lD HENCE A Dl STANCE Dl 5't'a0/2.
C mE E\1EN-Nt1'lBERED STATES C0RRESP~ND T0 niE SERIES 0F TPAN
C SITlaJS 01"01,10,, la.. .AND HEl\lCE A DISTtll.JCE 0IST=1/1.

IF «1/2>*2.NE.l> D1ST=2
C TriE SURVIVIOR lOF nit: TW0 PARE:-JT STATi::S PI A.'\ID P2 15 DE:!'ER'JlNED
C AND M( 1 >=N( SlJRV1ViÖR)+DISTA-JCE.

IF «N(PI )+(2-D1 ST» .LE. (!-1(P2)+DI ST» G0T0 la
L'1( I) =N(P2)+DI ST
G0TIO 20

10 M<I )=h(PI)+( 2-DI ST)
20 C0NTl:\I UE
C L0lóP 25: niE STEAIJ'{ STATE METRl C C~1BINATI 0N IS E.-JTERED L\I TI-lE
C ArffiAY SSNC(l), 1=1 .. Th'lJim.

D0 25 1=1, 1W'1Ó1~U
25 SS~C(I)~~<1)

RETtJll'J
END

C END 0F SSMO'1B
C ******************~~~~********************~******************
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C SUBR0UTl~E DECk'JD
C EACH STEP K=I,,;-.JUXJ.. ~lITH 0UTPUT Z(K)" F'0R EACH STAT::' 1
C WE CALCLLATE:
C niE l'iETRlCV.ALUE HTCId1B<I"K)
C !HE T~~SlTI0N Te STATE 1" TPA~S(1"K)=00,,01,11 0R 10.
C !HE SURVIV0R 0t.rr I3F niS N0 PAREi.~T-STATES PI AND P2I SU:lV< l"K).
C niE 0UTPlTI'VALUE F'0R WOO IN PAniRG( l"K).
C (4) NETRlCEQ~TIic;i'JS Ai-JD DECtlDING-Al..GiÓRIT1'M,,· PP( 16-18)

C ***************************************************************
c
C

SUBRlOUTINE DEC0DCN U" XL" ZNlJl..." Z" SSMC", TRAt-i'lXálTC0i'1B" TRANS" SL'RV"
1 PATIiRG)

INTEnER Xl.."1W'01\iU"PLACEJPLACEI,, DlST"Zi'.JUL"Pl"P2
INT.EXiER TRÄi\i:-lX<l6" 9) "Z( 15)" SS'1C( 16) "HTC0;vlB( 1fu 15)" TRANS( 16.. (5)
Il~TEnER SURV( 1Ó" 15)", PAniRG( 16.. 15)
ThTlà'JU=2**NU
NLOO..=NU+XL

C L0101' 10: WE STA.~T Wini niE STEAIJY STATE i'lETRlC Cié1·jBINATl0.~ SS·lC(1).
00 10 I= 1" iW0;'JU

10 i1TCI2i1BCI" l>=SSl'1C( 1)

C 1..01öP 40: 1HE DEC0DlNG PRl2JCEDUHE 1S CARRIED IOUT.
D0 40 K= 1,~'.Jt.D<l..

D0 30 I=l",iW0NU
C MAKE THE INI TlAl.. VALUES ~F' Dl ST AND PLACE EQUAL Te 0~E.

PLACE=l
Dl ST= 1

C IF' 1HE FlF'TH Cl2lLU1N lOF nIE PARENT STATE MATRIX CiàNTAINS A 0illE
C WE i1UST TAKE mE PARENT STATE IN nIE SECf2IND (PLAC.8=2) C01..lt1N
C IF Z(K)=O ~D niE PA.RE'1T STATE IN TIiE FIRST C0LU-1N IF ZOO=I.

IF (TRAN~~(I",5).EQ.l) PLACE=2
PLACE=PLACE+Z(K)
I F (PLACE. EQ. 3) PLACE= 1
Pl=~~(l,PLACE)+1

C IN 0RDER T~ DEn:R-IINE TIiE SECIO.'.JD PARE'JT STATE P2, WE HUST FlRST
C DETER1INE WHERE TIiE SEC0ND VAl..UE ZOO IN TIiE PflRTlCUl..A..9 Pkjl,J I 1S
C LióGATEDolF Zi.-JUL=O TIU S VALUE IS niE C0RRESPlÖNDING PA.9ENT STATE P2
C AT PLACEl=PLACE+2 .AND IF ZNUL= 1 AT PLACEl=PLACE+3.

PLACE1=PLACE+2+ZN UL
C I T l'1IGHT 0CCUR TIiAT THE VALUE 0F TIiE VA.'RIABLE: Pl..ACE:l BEC0.\jES 5
C (PLACEl=2+2+ 1)", W 1HAT CASE WE SHiOULD CiGU'JT r1t2l.c-2 f'0R mE
C VARIABLE PLACE.

IF (PLACEl;EQ.5) PLACEl=3
P2=~~(rIPLACEl)+1

C mE 00D-i\JlYlBERED R0\t!S C0RRESPIO:.JD 1'0 mE SERIES iilF TRANSITIIàNS
C 00" 00, 1'1, 11 AND 'mE EVE1'.J NU-1BERED R01JS T0 niE SERI ES
C 01,01~10,10.

IF «(I/2)*2).NE.I) DlST=2
C niE SURVI Vl.1R l.1f 1HE TW0 PA.~T STATES PI AND P2 IS DETER'II .'JED .
C A.~D M(l)=.'1(SURVIV0R)+DlSTAIlCZ.

If «MTC~(Pl",K)+(2-DIST».l..E.(MTC0MB(P2",K)+DlST»G0T0 20
C IF I IS 0DD WE HAVE Dl ST::2 AND A TRANSI TliOl'J TRANS<IIK+ 1>=3 C0R
C RESPIiI'J Dll-JG 1'0 11 AS lTS BINA.tr{ ~RESs.JTAT10N.
C IF 1 IS EVEJ'J WE HAVE DlST=' AND A TRANSI TIIóN TRANSU"jH 1>=2,
C C0R.1qESp0NDWG TIJ 10 AS lTS BINARY REPRESENTAT10N.

HTC~( I",K+ 1)=NTC~'lB(P2, iO +Dl ST
TRANS(I,K+l)=DlST+l

C niE SURVI V0R I S IIlBVhH.lSLY P2.
SURVU"K+ D=P2
G0T0 25

--·----1
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c
c
c
C

32
LiJ

c
c
c
c

c
C
C
C
C

20 ~1TCili'113(l .. KTI )~"lTC~'1B(Pl .. iOT( 2- DI Si)
C IF 1 IS-IZlDD \.JE HAVE DlSr=2 A"JD A TRANSITI0rJ TRANS(I"K+1)=O..
C C0R.~aJDINü Th 00 AS lTS BINARY REPRESENTATI01'J.
C IF I IS EVaJ WE HAVE DI51'=1 AND A T?A\JSITliM TF.AiJS(l .. l{+l)=I ..
C C0R.l:l.ESPIàl\lDING 1'0 A TRANSl Tl0N 01 AS 1TS 3l~JA.~ REPRESlliTATI kl~.

TRANS( l ..K+ 1)=2-01 ST
C THE SURVIV0R 1S 0BVI0USLY Pl.

SURVCI"KT1)=PI
C . 'mE 0U1PIJI'VALUE WCK) C0RRESP01JDUG TiO 1HE CALClLATED i?A\I
C 51 Tl e4J 1S LI2lCATED IN 1BE: ~"]IiJTI1 CIÓLU'~J 0F TI-iE: RiO\J I liJF TI-lE
C PA.fIDJT STATE dATRIX.
25 PATHRG<I .. X+ D=1'PA'Jl'lX( 1" 9)
30 C~\lTlNUt:

C Llb0P 31: ruE .'Ui-.JIMU1 II'J nu:: i'EJ.J FlJU-.JD METRICCiJi·lBINATIIÓÎ'J
C .'lTCa/ill( l,,}O IS Dt;lE..'"i'lWED.

l'IIN=t1TCIà~1B( 1,K+ 1)
11'lAX=~.J~)NU-l

00 31 1= 1.. lHAX
31 IF CNTC0.'!B(I+l,,1\+1).LE.hLJ) N1.\I=NTClilMB(l+I .. K+1)
C L00P 32: TIE rmJUIU'l IS' St..T8TRACTED ~M ::ACH ;'lSTRI C HJ ru:::
C C(ä1BINATlIdi~.

00 32 I=I"Th'01\JU
i1TC0NB<I .. K+ 1)=NTC~'113( 1 "K+ 1)-i-lIiJ
C0NTI.Ilt/E
RETlJR'J
a-JD
f ..m IóF D~0[;

******~*******~**********************************************
SUBR0UThJE OCPATI-i
niE PAThHI ST0RY 1 S DEDUCTED FRJdi'l nIE A.1iRAY S SURV<l" i'0
PATIiHG<I .. K) AIID TF.Al'JSCI"K).
~"E FIRST DETER'HiJE ThS STAT::: 1 AT TU-JE K=IJlJ.."<L \VI TH ZERI2l HET?l C
,'lTCkA'1B( 1"l-JUXL) A:'IID STN~T CALCl]J...ATING l3ACKi.JAEDS.
ïriE ARQAYS STATE<K)" 131 T5<;0 AlJD TJESTVJ<K) Ci.:Ji,jT.i\lL~ ThE PATh
HIST.uRY Il,j F0Rl ióF 111l::. ST/\T..:.JU·i13SR AT TL·j:::., ;~+1 .. THE TFA\iSlTI0i\i
BI TS<IO AT TI,-lS t( AvD n{:~ 0UTPUT ,TJESTU(iO AT Tl.-iE K.
TIiE TPAJSITl~iJS l31TSO{) A.q[ TF'A~SF0RjW U'!'i TIE. 13I1PI\iRS
.>JESTIi-1( 1"J{) ",JSSTlr1< 2"rO, WEERt:: ;\iSSTU( 1~1\) IS THE Fl?ST 131 T
f'~I!;:: _NSSThl( 2 .. i,) TI'il:: S:.:.;c0[..,jl) m T.

*******************~********~*************************~******
C
C

SUBR0UTlNE DCPAThiGJU.. Xi.... "i TC.~;'.B"!='ATIinG.. SUFI:" TIl,;;JS.. STAT.::J I.' lTS"
1 iJESTld.. I.Jl::STM)

r;JTEXiZR XL.. XLi~ .. i·jTCj()i'm( 16.. 15)" PAniRG( 16.. 15) .. StRV( 16.. 15) ..
1 ~>JS( 16.. 15) .. STAT:;:( 15) ~ iJL TS( 15) .. l'JESTIl-j( 2" 15) .. \.JESTl:'j( 15)
lJlDCL=i\jU+XL
:JUXL 1=:JlJXL+ 1
iJ l.J)<'L'11 =iJ tD<L- 1

C LlilCATE TIiE nRST ZS:i0 l,c;T?lC LJ nu.: C0i'lBlNATl0ill dTCi/i'lBC I .. }\).
1=0

10 1=1+ 1
IF C;'iTC01-il3<l .. i.,jlDQ.+ 1). EQ.. O) (iI()T0 20
GkJTi(:; IQ_
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C WE STAPT 1,·11 Th niE ZERkJ STATE STATS( 1) .e h.j Fió?T:<J:....j 0 6SClJi·Jl.:.S I)
20 STAT::::( 1) =1
C TriE. LAST STAT:::: IS TH::: STATi. t'hIC:-l nAS A Z~~Ri2l ,·'::':~TF.IC.

STATS<i'JUXL+ I )=1
C niE THAi.JSI Tliûlli Th ThAT STATE 1 S F0U\iD HJ IT'.Al'JSCl, •.jUXL+ l).

BI TS<i.JUXL)=TRl\JS( 1,!'JtJXL+ I)
C Thi:: 0lITPUTVALtJè IS F0U'JD hJ Thi:: ARRAY PAniRGCI ,:JUXL+ l).

'."ESTHj(NUXL)=FA1HRG<I,f·~tlXL+I)
C Litll6P 30: TIl::: ?Am Hl STIÓRY 1 S LJiTl::P.dliJED.

D0 30 K= 1,NlrilioJl
XLK=NtJJ<L 1-}~

C '!HE l'JEXT STATE AT Tld::: i{-1 BEC0LZS T.'iE SUPVI VidR iOF ïHE prE
e Vl0US STAT::' AT TWE K.

I 0LD= STATE( XL.~+1)
STATE<XLK)=S~JCI0LD,XLK+l)

C TI-iE al TPAI ~ AND 1"riE 0UTPU1VALUE C0RRESP0iliDli.JG Tic? TriS PAATI
C CULAR 'fAA\lSI Tl0i'.J I'..RE ENTEPEn IN BI TSCK) Al:JD lJESTId(K) ·~.ss

C PECTl VEl..Y.
WEW= STATEO<UO
BITS<XLK-l)=~~S(lNEW,XLK)

'iJESTlN<X1.K-l) =Pl\THRG( liJ EU, XLK)
30 Crà\lTli'JUE
C Lk:iié'JP 40: ThE TP.Aï'JSI Tl0NS BlTSOO =0, 1,2 A.\ID 3 Ar(E; TRAiJSFIàP
C !'lED INT0 THE VAi...UES ;JESTl"':(1 .. iD/;·~ESTI;·'1C2,lO=00 .. 01 .. 10 .pl'JD 11.

De. 40 ~{=I .. NllXL
NESTI~l< l,k)=Q
l\jESTI~'l(2~:-0=0
I F CBI TS(l{). EQ.l) NESTIh( 2, i{) =1
IF (3ITS(X)'-EQ.2) i'JESTHl(lnO=1
IF (BITS<K)'-SQ.3) G0Tk:i 35
G0TI:l 40

35 NESTH'i( 1..10=1
NESTH1(2,K)=1

LiJ CIONTlNUE
C L0làP 45: nIE F0~TPÁ'J VALUES t'..ns TFA'\ISLATED EJT0 EEAL VALUE.S.

D0 45 K=I,NUXLl
45 STATE(K) =STATSCi<)-1

RETUBJ
sm

C I:1-JD 0F OCPA'Ili

C ************************************************************
.a0TT~"1
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/rS;SROU1'INE Pl\O~CTCM, N, IA, B, IB~nöD>7
/---- --

INTEGER A(Z,15),B(Z,7),PROD(ZI),NPROD(ZI)

zo: K=I,M
PROD(K)=A(IA,K)

NO

?

57 :K= I ,NRZ
NPROD(K)=O

58: K=NRZ+I,M+N-l
NPROD(K)=PROD(K-NRZ)

NO

52: K=NRZ+ I ,M
NPROD(K)=XOR(A(IA,K),PROD(K-NRZ))

SI: K=I,NRZ
NPROD(K)=A(IA,K)

53: K=M+l,M+I-l
~ NPROD(K)==PROD(K-NRZ)

~--.
/54: K=I,M+I-l > 59: K=I,M+N-I

~_R_OD_(_K_) -----1r-- P_R_0--4D>-(K_)_=_NP_R_O_D_(K_) ---'

,- - - - - _. -

1 --------
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PRODCT(M.N.A. IA, 0.1 B.PROD)

CALL PRODCT(XL.NUI.NOISE.2,C.I.~2CI)

XL=9
NU=4
NUI=5
NOrSE(2,K)= 0 0 I 0 0 I
C(1,K)= I OOI

0 0 o 0 I
1 0 0

*
0 0 I 0 o I I I

0 0 I 0 0 I I .
o 0 I 0 0 I J

+N2CJ (K)= o 0 0 I 0 0 0 I I

K=1.9 I
PROD(K)=NOISE(2,K) )
MNI=NU+XL=13

50 NRZ== I
60 1=2

C(1,2)=0 --~ 55
55 (2F5)A(C(I,5)~0)

NRZ=2
60 1=3

C(I,3)=0 --.- 55
55 (3~5)A(C(I.5)~0)

NRZ=3_._.
60 1==4

C(I,4)=1
K= 1,3 }
NPROD(K)=NorSE(2,K) . .
K=4,9., 1
NPROD(K)=XOR(NOISE(2,K),PROD(K-3»

K=10.12 }
NPROD(K)=PROD(K-3)
K= 1,12 }
PROD(K)=NPROD(K)
NRZ== I

60 1=5
C(1,5)==1
K== I I 1
NPRÓD(K)==NorSE(2,K) J
K=2.9 1
NPROD(K)==XOR(NOISE(2,K),PROD(K-I»

L=9 (decoding delay)
v=4 8
[n2(a)]=[OOII00111]0=

2 3 678= a +a +a +a +a
5 4

[CI(a)]=[IOOII]O= a +a+1

4 2 3 6· 7 8[n2(a)C1(a)]=(a +a+I)(a +a +a + +a

=(4, I .0) (2.3.6.7.8) =
=u/tl. I0 • I I , 12 •.1, 4 ,,-l,jI, 9 • 2 •..2 •.fI, 7.I).

2 4 7 9 10 11 12=a +a +a +a +a +a +a

=[00 la 100 I0 I I I 1] ~2

PROD(K)=[O 0 I I 0 0 I I I]~

NPROD(K)=[O 0 J]~

I 0 0 I I' I
o 0 I I 0 0

NPROD(K)==[I 0 I 0 I I]~

NPROD(K)=[ I I 1]12la
PROD (K) ==.[ 0 0 I I 0 I 0 I I I J I] ~ 2 .

NPROD(K)=[O];

Ol I 0 0 I I I
00110101

NPROD(K)==[O I 0 I 0 0 1 O]~
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K=10.13 1
NPROD(K)=PROD(K-I)
K= I. 13 1
PROD(K)=NPROD(K)
NRZ=I
RETURN
END

NPROD(K)= [I I 1 I]:~

PROD(K)=[O 0 I 0 I 0

1,2,3.4,5,6,7,8.9

iOOllOOlll
i001:100111.

---+-------f-----€e
001110101 I

1=4

I , 2 , 3 . 4 . 5, 6 , 7. 8. 9,1 0,1 1,l 2

1,2,3,4.5.6,7,8,9101112

001101011111
001100111. 1=5

OOI 0 1 001 0 1 I

I , 2 ,3 . 4 , 5 . 6 .7 ,8 . 9,1 0,1 1,1 2,1 3

When the last bit B(IB,N)=O 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-J 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,MUl,Y,I.D.I,YlD\)

I' 0

1 0

1 J 0 O~

o 0

o I 1 1 0 0

\100110
o 0 ~

II

o 1 1 1 0 0 1 1 o~ I!l
o I 0 0 101 0 I 0

YIDI (K)::: [0 0 0 I 0 0 I 0 1 0 I 0]: 2

[Y I (~)DI(~)]=(~+~2+~3+~6+~7)(~3+~2):::(.,2~3.6.7)(3,2)=(~.%~6,_.IO.3,~,t.8,i)=

=(3.6,8,10)=[000 I 0 0 I 0 1 0 I 0] ~2. NUMUXL=12

XL=5
NU=4
MU=3
Y(I , K)= 0
D(I,K)= I
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SUBROUTINE DPOLYN(N,NU,C,MU,D)

INTEGER P,SIGN,SOM(Z),A(B),B(S),C(Z,7),D(Z,6)

NUl=NU+l
NUZ=NU+2
NUMINI=NU-I
NUMINZ=NU-2

r - - -
I
I

I

•I
I
I

A(K)=C(I,K)
B(K)=C(Z,K)

KOMMA=NUI
KOMMB=NUI

.- - -
I
I
I
I

•

NO

YES

A c

YES

YES

YES

r---
I
I

j

--_ ..•-_.__.-..- -- '-'-'._ ..
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i

(KOMMA=KüMMB) 1\ (SIGN=O) ? YES

NO
YES (KOMMA=KOMMB) A (SIGN=I) ?

NO

KOMMA >KOMMB '1 YES

NO
.; ...YES KOMMA <KOMMB '1

32: K=! ,KOMMA
B(K)=XOR(A(K),B(K»

36 : K=!,KOMMB
A(K)=XOR(A(K),B(K»

33: K=KOMMB+I,NU2
A(K)=XOR(A(K),B(K»

37: K=KOMMA+I,NUZ
B(K)=XOR(A(K),B(K»

;'"

SI: K=I,NU
D(N,K)mB(NUZ-K)

YES

r - - 
I

I

I
l,
I

I
I
I

I

'-----------.1 10 t4------------'

46: K= I ,NU
D(N,K)=A(NU2-K)

l----i'f

56: K= !,MU+!
D(N,K)=D(N,NU-MU+K-I)



}

DPOLYN(N.MU.C.MU.D)

NU=4
C(I • K) = 0 0
C(2.K)= 0 I
N=I
NUI=5
NU2=6
NUM1NI=3
NUM1N2=2
K=I 5 }
A(K)=C( I .K)
B(K)=C(2,K)
p=O
A(6)=0
B(6)=1
KOMMA=5
KOMMB=5
S1GN=O
A( 1) == 1 --t- 20

20 B(I)=I --. 30
30 (KOMMA=KOMMB)I\(SIGN=Or --.. 35
35 SIGN=O

K=I 5 1
A(K)=XOR(A(K).B(K» J
K=6.6 '}
B(K)=XOR(A(K).B(K»

10 A(J )=0
KOMMA=4
1=1 5 }
A(1)=A(1+I)
A(6)=0
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A(K)= 0 0
B(K)= 0 I

A(K)= 0 0
B(K)= 0 1

A(K)= 00 I 0 0.0 1
B(K) = I 0 I I I. I

A(K)= 0 I 0 0.0 0

B (K) = 0 I I I. 1 0

B(K)=OO I I 1.11

A(K)= I 0 0,0 0 I J

10 A(I)=O
KOMMA=3
1=1 5 }
A(I)=A(I+ I)
A ( 6);=0

10 A(I)=I --. 20
20 B(I)=I --. 30
30 (KOMMA<KOMMB) --. 31
31 S1GN=1

K=I 3 1
B(K)=XOR(A(K).B(K» J
K=6.6 1
A(K)=XOR(A(K).B(K» J

10 A( I )= I --. 20
20 B(I )=0

KOMMB=4
1= 1.5 '}
B(I)=B(I+I)
B(6)=0

20 B(I )=0
KOMMB=3
1=1 5 }
B(1)=B(I+I)
B(6)=0

A(K)=
B(K)=

B(K)=
A(K)=

o 0,0 0 0 1
o I I 1.1 J

11.1001
() 0.0 0 1 1



20 B(1)=1 --~ 30
30 (KOMMA=KOMMB)A(SIGN=I) --~ 31
31 SIGN= 1

K=I ,3 1
B(K)=XOR(A(K),B(K» J
K=4,6 }
A(K)=XOR(A(K) ,B(K»
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B (K) == 0 I I, I 0 0 1
A(K)= I 0 0,1 0 IJ

A(K)= 01,10 I 0IJ

B(K) = I 1,0 1 I

A (K) = 0 I 0, I 0 1

1

l
B(K) = I I, I I 0 j

la A(l)=1 --. 20
20 B(I)=O

KOMMB=2
1=1,5 .}
B(I)=B(I+I)
B(6)=0

20 B(I)=I --~ 30
30 (KOMMA>KOMMB) --~ 35
35 SIGN=O

K=I,2 .}
A(K)=XOR(A(K),B(K»

K=4 6 }
B(K)=XOR(A(K),B(K»

la A(I)=O
KOMMA=2

1=1 5 }
A(r)=A(I+ I)
A(6)=0

10 A(1)=1 --p 20
20 B( I ) = I --~ 30
30 (KOMMA:KOMMB) A (SIGN=O) -~ 35
35 SIGN=O

K=I 2 1
A(K)=XOR(A(K),B(K» J
K=3,6 1
B(K)~XOR(A(K).B(K» J

B(K)=
A(K)=

A(K)=
B(K)=

1,10001
OO,IOI}

O,IOIO}
1, I I 0 1

B(K) = I, 0 I I Ol 1
A(K) = 1, 1 Oor

B(K) = 0 1,0 I I 11 1
A(K)= 1,1 0 Ol}

la A( I )=0
KOMMA=I

1=1,5 1
A(I)=A(I+ 1)
A(6)=0

10 A( 1)= I --.20
20 B(1)=1 --. 30
30 (KOMMA<KOMMB) --1" 31
31 SIGN=I

K=I 1 1
B(K)=XOR(A(K),B(K» J
K=3,6 }
A(K)=XOR(A(K),B(K» ___

10 A(I)=I --.. 20
20 B(I) =0

KOMMB=I

1= l,S 1
B(I)=B(I+ I)
B(6)=0

20 B(I )=1 --4P 30
30 (KOMMAaKOMMB)A(SIGN=I) --. 31
31 SIGN=I

A(K)= I, I 0
B(K)= I 1,0

o 0 1
I I l



K= I I I
B(K)=XOR(A(K),B(K)) )
K=Z 6 1
A(K)=XOR(A(K),B(K)) ~

I0 A( 1) = 1 --- ZO
20 B( 1)=0

KOMMB=O --- 50
50 K=1,41

D(I,K)=B(6-K) ]
MU=3
K=I ,2
D(I,I)=I

55 MUI=-4
K=l 4 1
D(1:K)=D(I,4-4+K) ~
RETURN
END
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B(K)= 0,0 1 I Ol 0l ]

A(K)= 1,1 I )

D(I ,K) = I I I 0

D(I ,K) = I 1 1 0

MD=3
3 ZD(I,K)=( I I I 0 )=( a + a + a ) ....-----.--- --------I--~

C(Z,K)=( I ° I I I ):( a
4

+ a
Z

+ a + 1 ) ••----------------~
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INTEGER SOM,SB(6),C(2,7)

SB(K)=(SB(K)/Z)-Z ?

ISB(NU-K)=-C(Z,K+I)-SOM

L _

r--
I
I

l SOM=SOM+SB(NU-K+I)~C(l,I+I)
I

,
I

I

I
I
I

IL _

r--

I

A

r - - 
I
I

I

I

,- - -

,
I



~JATE (C,NU, SB)
NU=4
C( 1, K) = I 0 0 1
C(Z?K)= 1 0 I I
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C(Z,I) C(Z,Z) C(Z,3) C(Z,4)

C(l,l) C(I,Z) C(I,3) C(I,4)

o 0 0 •.

o 0 0 .•

NU

t=O C(Z,NU) 6l2::" SB(K)~C(I,K)
K=I

NU

t=1 C(Z,NU-I) Q) L SB(K)"C(l,K-I)
K=Z

NU

t=NU-1 C(Z,NU-NU+I) e ~ SB(K)~C(I,K-(NU-I»

K=NU

t=3 C(Z,!) Q) SB(4)C(I,I) = 0

~=Z C(Z,Z) lil SB(3)C(I,I) lil SB(4)C(I,Z) = 0

t=1 C(Z,3) 6) SB(Z)C(I,I) el SB (3) C( I , Z) lil SB(4)C(1 ,3) = 0

t=1 C(Z,4) lil SB(I)C(I.I) Q) SB(Z)C(I,Z) lil SB(3)C(I.3) la SB(4)C(I.4) = 0

NUMINI=3

SB(4)=-C(Z, 1)=-1

K=I SOM= SB(4)C(I,Z)

K=Z SOM= SB(3)C(I,Z) + SB(4)C(I,3)

K=3 SOM= SB(Z)C(I,Z) + SB(3)C(I,3) + SB(4)C(I,4)

SB(4)= -C(Z, I)

K=I SB(3)= -C(Z,Z) -SB(4)C(I,Z) = 0

K=2 SB(Z)= -C(Z,3) -SB(3)C(I,Z) -SB(4)C(I,2) = -I

K=3 SB(I)= -C(Z,4) -SB(Z)C(l.Z) -SB(3)C(I,3) -SB(4)C(I,4) = 0
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10: 1=I,TWONU
J=I,NU

5(I,J)=0

1

I

A
I

I

I
I

r -

I

A

L _

.- - - - - - -

A
I

I

-~- - ..



STATMX(NU,S)

NU=3
TWONU=8
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1=1,8 ....

J=I,4 all elements zero S(I,J)
sfI J)=O
J=I (first column) 0 · ·
KMAX=2*-( I-I )=1 0 · ·
K= 1,1 0 · ·
LMAX=2•• (3-1 )=4 J

0 · ·
L= 1,4 -------------- 1=2 ~1-1+1=8 S(8,1)=1 I ..

31=23"1-2+1=7 S(7,1)=1 1 · ·1=2 ~d -3+ 1=6 5(6,1)=1 1 · ·3 5(5. })=I 11=2 .1-4+1=5 · ·J=2 (second column)
KMAX=2ll1;:Il(2-1)=2
K=I 0 · ·LMAX=2f<.(3-2)=2 2 0 · ·
L= 1,2 -------------- 1=2 111-1+1=4 5(4,2)=1 0 1 ·21=2 .1-2+1=3 5(3,2)=1 0 I ·K=2 1 · ·
LMAX=21lb11. (4- 3) =2 2 1 · ·
L= 1,2 -------------- 1=2 -2-1+1=8 5(8,2)=1 1 1 ·1=22.2-2+1=7 5(7,2)=1 1 1 ·
J=3 (third column)
KMAX=2lUI (3-1 )=4
K=I
LMAX=2l....t (3- 3) =1 1 5(2,3)=1K=I, L=I------------ 1=2 .1-1+1=2 0 0 01K=2, L=I ------------1=2 lf2-1+1=4 5(4,3)=1 0 0 11
K=3, L=I ----------- 1=2 .3-1+1=6 5(6,3)=1 0 J 01
K=4, L=1 ----------- 1=2 ~4-1+1=8 S(8,3)=1 0 1 1

1 0 0
1 0 1
1 1 0
1 1 1
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SUBROUTINE ZWNUL(NUtMUtCtDtS,ZNUL2I,\~UL2I)

INTEGER TWONU tC(2 t 7) , D(2.6) tS( I6 t6) , ZNUL2 I ( I6) , WNUL2 I (J 6)

I
I=l,TWONU,2

31: K=I,NU
ZNULZI(I)=ZNUL2I(I)+C(I,K)~S«I+I)/2,K)

NOZNUL2I(I)=(ZNUL2(I)/2)-2 ?

r--------"
I

•I
I

I

I

I

34: Kw::l,MU
WNUL2I(I)=WNULZI(I)+D(2,K)-S«I+l)/2,NU-MU+K)

I
j

I
IL. _

WNUL2I(I)=(WNUL2I(I)/2)~2 ? NO

WNUL2I(I)=1



ZWNUL(NU,MU,C,D,S,ZNULZI,WNULZI)
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I ~ 3

NU=3 000
MU=Z o 0 I ~

C(1,K)= r 0 1 0 I 0
C(Z,K)= I I I S(I,J)= 0 I I '1

D(I,K)= I I I I o 0 S

D(2,K)= I 0 0 I 0 I
/

"
TI-lONU=8 I I o . r
I=I.TWONU.2 I I I [l

Example 1=5: ~

o

o

NU
ZNULZI(I)= L C(I ,K)~S(I ,K)=O

K=I
NU

ZNULZI(3)= 2= C(I,K)~S(2,K)=1
K=I

NU
ZNULZI(5)= 2:= C(I ,K)~S(3,K)=O

K=I
NU

ZNUL2I(7)= L C(I ,K)~S(4,K)=1
K=I

005,.-.. s.
~ ~ 1

.,

"

Example 1=5:

State-table: TT(l,J)

o 000 0 I 2 3 0 I 0 I 0 I I 0

I 00 I 2 3 0 I· I 0 1 0 I 0 0 I

2 OIO 4 5 6 7 0 1 0 1 1 0 0 1

3011 6745 10100110
1----- "'-' . . -'---"'- ..:::._------ -=-- _

4 100 0 I 2 3 I 0 I 0 0 I I 0

MU
WNULZ1(1)= L. D(Z,K)ll!S(l,K+I)=O

K=I
MU

WNULZI(3)= L: D(Z,K).S(Z,K+l)=1
K=I

MU
ltJNULZI(S)= L D(Z,K)"S(3,K+1 )=1

K=I
MU

WNULZI(7)= 2: D(2.K)-S(4,K+I)=0
K=I

·510123010101

6 IlO 4567 1010

7 III 674 5 0 I 0 I

I 0 0 I

100 I

o I I 0
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SUBROUTINE TRATBL(NU,MU,D,SB,S,ZNULZ1,WNULZ1,TT)

INTEGER TWONUI,SOM,SB(6),SSB(6),ZNULZ1(64),WNUL21(64),S(64,6),TT(64,13),D(Z,6)

1=1, TWONUI

TT(1,I)=1-1
TT(1,2)=Z-1-2
TT(1,3)=TT(1,Z)+1

j
I

!
I

,- - -

lSSB(K)=XOR(SB(K),S(2-1,K»
SOM=SOM+SSB(K)-(Z•• (NU-K»

TT(1,4)=SOM
TT(I,5)=TT(I,4)+1
TT(I,6)=ZNULZI(Z.I-I)
TT(1,B)=TT(1,6)
TT(I,7)=I-TT(I,6)
TT(1,9)=TT(1,7)

TT(I,IO)=WNULZI(Z.I-I)
TT(I,II)=TT(I,10)

(D(I,MU+I).EQ.O) ? TT(I,II)=I-TT(I,IO)

TT(I,12)=I-TT(I~IO)
°TT(I, 13)=I-TT(1, 11)

A



,---

•I
I

I

I

I

I
I

I
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A

ITWONU=I+TWONUI
TT(ITWONU,l)=TT(I,l)+T~ONUl

30: J=2,5
TT(ITWONU,J)=TT(I,J)

35: J=6,9
TT(ITWONU,J)=I-TT(I,J)

40: J=10,13
TT(ITWONU,J)=TT(I,J)

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

State-table; TT(I,J)

230

456

674I I 1

I 10

101

7

5

6

I

2

8

7

3

4

5

6

o 000 0 I 2 3 \ 0 I Ol! 0 1 1 0

1 00 I 2 3 0 1 I I, 0 I 0: I 0 0 1

'2 010 4 5 6 7 0 1 0 1 111 0 0 I

301167451010,0110
t--'--t-- 1---'-'- ·-t-- -_._--

4 100 0 I 2 3 I 0 I 0 i 0 I I 0
I

101011001

710101001

501010110
Example 1=4 :

NU=)
MU=2
C(I,K)= 0 I
C(2,K)= I I
D(I,K)= 0 0
D(2,K)= I I I
SB(K)= 0 1 I
TWONU=2iU·NU=8
TWONUI=2~.(NU-1)=4

TT (4, I )=3
TT(4,2)=6
TT(4,3)=7

K=I,3 }
SSB(K)=XOR(SB(K),S(8,K»

o
1

----$
SSB(K)= I 0 0

NU
TT(4,4)= 2: SSB(K).2.~(3-K)=1.22+0.21+0.20=4

K=I

TT(4,5)=5
TT(4,6)=ZNUL21(7)=1
TT(4,8)=1
TT(4,7)=0
TT(4,9)=0
T1'(4,10)=WNUL2I(7)=O
TT(4,11)=0
D(I,3)=0 ---~ TT(4,11)=1
TT(4,12)=1
TT(4, 13)=0

LOOP 45:
TT(8,1)=TT(4,1)+TWONUI=7
LOOP 30:
TT(8,2)=TT(4,2)=6
TT(8,3)=TT(4,3)=7
TT(B,4)=TT(4,4)~4

TT(8,5)=TT(4,5)=5
LOOP 35:
TT(8,6)=I-TT(4,6)=0
TT(8,7)=I-TT(4,7)=1
T1'(8,B)=I-TT(4,8)=0
TT(8,9)=I-TT(4,9)=1

LOOP 40:
TT(8,10)=TT(4,10)=0
TT (8 , 1I) =T1' (4 , 11) =1
1'T(8,12)=TT(4,12)=1
TT(8,13)=T1'(4,13)=0



---------------------
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SUBROUTINE P5TMX(NU,MU,ZNUL,SB,ZNUL21,WNUL2I,D,S,TRANMX)

INTEGER ZNUL,TWONU,P3(6),SB(6),ZNUL21(64),WNULZI(64),TRANMX(64,9),
D(2,6),5(64,6)L-- _

TWONU=2lUINU
MUI =MU+ I

r - - - - - - - 1=1, TWONU , 2
I

I

TRANMX(I,5)=ZNUL2I(I)
TRANMX(I,6)=1-ZNUL2I(I)
TRANMX(I,7)=ZNUL2I(I)+ZNUL

•I
I NO
I
I

I

I
L. __

YES

TRANMX(I,S)=I-TRANMX(I,7)
TRANMX(I,9)=WNULZI(I)

r - - - - - - - 1= I , TWONU, 2

TRANMX(I,I)=(I-I)/2
TRANMX(I,2)=TRANMX(I,I)+2*~(NU-I)

IS: K=2,NU
P3(K)=XOR(S«I+l)/2),K),SB(K-I))

!
I

I
I

1

I
I

I

I

I

I
L __

16: K=2,NU
TRANMX(I,3)=TRANMX(I,3)+P3(K)-(2•• (NU-K))

TRANMX(I,4)=TRANMX(I,3)+2u(NU-I)
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A

I
,-------

I=I,TWONU,2

YES
D( I ,MUI )=0 ?

NO

A
I
I,
'- - - - - - -

r - - - -< J=5,8
I

I
I•

t-----
I

TRANMX(I+I,9)=TRANMX(I,9) TRANMX(I+I,9)=I-TRANMX(I,9)
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PSTMX(NU,MU,ZNUL,SB,ZNUL2I,WNUL2I,D,S,TRANMX)

NU 1 0
TRANMX(S,3)= L: P3(K)-Z•• (3-K)=I.Z +\.2 =

K=Z

v-Ii=2k, k=0,I, ...• 2 -I.

00
SI' IJ S.
2~ 1

00
SH+2V-1 .. S.

1

S~i~SHb-l)
\ 1 .. S.3 1

Parent state matrix: TRANMX(I.J)
_.-.-..... J

I -"- . ---
I 2 3 4 5 678 9

r~
0 000 o 4 I 5 :0 I I 0 0

I OOI o 4 I 5 I o 0 I I

2 010 1 5 0 4 1 0 0 1 1 I
I I

4 3 Ol 1 1 5 0 4 0 1 \ 0 I 0 I
1--- f---- ! I

5 4 100 2 6 3 7 o I I O! I

~ 5 101 2 637 \ 0 o 1 0
I

7 6 110 3 7 Z 6 1 0
o~e 7 I 11 3 7 Z 6 0 I I 0' 1

I

\ 0
01$

P3(K)= I \

Example 1=5 ~

NU=3
MU=2
C(I,K)= 0 I
C(2,K)== I I
D(I,K)== 00
D(2,K)== I I I
SB(K)= 0 I I
ZNUL=1
TWONU=8
MUI=3

TRANMX(5,5)==ZNULZI(5)=0
TRANMX(5,6)=1
TRANMX(5,7)=0+1=1
TRANMX(5,8)=0
TRANMX(5,9)=0
TRANMX(5, 1)=2
TRANMX(5,2)=Z+4=6
K=2,3 1
P3(K)=XOR(S(3,K),SB(K-I»

TRANMX(5,4)=3+4=7
TRANMX (6, 1)==2
TRANMX(6,Z)=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
136 TRANMX(6.9)=0

et~
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SUBROUTINE TREEMC(NU,SB,TT,M)

I INTEGER DIST,PLACE,S1 ,S2,DEPTH,BEGTUP,ENDTUP,SB(6) ,TT(64,9) ,M(64),NO(64) J----.--.--------.-.--------- -r --.. ---.-----
I~ .

1- - - - - - -

I

I

1 NRB=NRB+SB(K)-(2•• (NU-K))

YES

L=1,DEPTH

M(S1)=M(I)+(2-DIST)
M(S2)=M(I)+DIST

SI=TT(I,PLACE)+I
S2=TT(I ,PLACE+2)+ I

NO

,- - - - - - - - -

•I
I,

,- - - - - - -
I

I

I

,
I

I
I

I

I

I

I

I

_.l.. _
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TREEMC(NU,SB,TT,M)

C(I,K)= I OOI
C(2,K)= 1 0 I I
SB(K)= 0 1 0 I
NU=4

NU 3 2 I 0
NRB= 2':.SB(K))I!2."'(4-K)=0.2 +1.2 +0.2 +1.2 = 5

K=1

o
3

5

4

2

3

7

4

2

5

5

4

4

5

7

4

M(I)

I

Ol I
I

I

I

I '0

8 2

",
"

"
"

"11 ,

, ,

"

State table: TT(I,J)

I' J

~
o 00 0o 0

" "

--.
1 0 0 I 4 5 0
2 1 2 3 6 7 1
3 2 4 5 0 1 0
4 3 6 7 2 3 1
5 4 8 9 12 13 0
6 5 10 11 14 15 I
7 6 12 13 8 9 0
8 7 14 15 10 11 I
9 8 0 I- 4 5 I

10 9 2 3 6 7 0
I I 10 4 5 0 1 I
12 11 6 7 2 3 0
13 121 8 9 12 13 I
14 13 ilO 11 14 15 0
15 14

1

12 13 8 9 I
16 15 14 15 10 11 0

K=4
I=NO(4)=13
TT(13,6)=1
PLACE=3
DIST=1
SI:=TT(13,3)+I=10
S2=TT(13,5)+1=14
M(10)=M(13)+1=5
M(14)=M(13)+1=5
NO (7)= I0
NO(8)=14

M(l )=0
M(5)=2
NO (I )=1
NO(2)=5
DEPTH=3
L=I
BEGTUP=2
ENDTUP=2

K=3
I=N0(3)=9
TT(9,6)=1
PLACE=3
DIST=I
SI=TT(9,3)+1=2
S2=TT(9,5)+1=6
M(2) =M(9)+ I=4
M(6)=M(9)+1=4
NO(5)=2
NO(6)=6

K=2
I=NO(2)=5
TT(5,6)=0

20 PLACE=2
DIST=2
SI=TT(5,2)+1=9
.S 2=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
BEGTUP=3
ENDTUP=4
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SUBROUTINE SSMCMB(NU,ZNUL,TRANMX,M,SSMC)

YES

PLACE=}
DIST=}

TRANMX(I,5)=} ?

INTEGER DIST,PLACE,PLACEI,ZNUL,TWONU,PI,P2,M(64),TRANMX(64,9),SSMC(64).

P1 =TRANMX(I,PLACE)+I

PLACEI=PLACE+2+ZNUL

I

+ A
I

NO YESI CP_LA_C_E_'1_=...5_7 .......

P2=TRANMX(I,PLACEt)+1

NO YES

(M(PI)+(2-DIST» ~ (M(P2)+DIST) ?

I

I

I
L _ 1

NO

r~(I)=M(P2)+DIST

I=I,rWONU1- -

I
I.,
I
I

~------



- 51 -

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

C( I ,K)= 0 0 I

C(Z,K)= 0

NU=4

ZNUL=O I I
I .1 ) '< 5' 0 1 3' ~ IC' /I 'l (\ /I, ,~ 10

M(I)=( 0 3 5 4 2 3 7 4 2 5 5 4 4 5 7 4 )

KMAX=2+NU=8

K=I

1=1

PLACE=I

DIST=I

TRANMX( 1,5)=0

PI=TRANMX(I,I)+I=I

PLACEI=I+2+0=3

P2=TRANMX(I,3)+1=3

ODD ----~ DIST=2

(M(I)+0=0)~(M(3)+2=7) --~ la
la M(I)=M(I)+O=O

1=2

PLACE=I

DIST=I

TRANMX(2.S)=1 --~ PLACE=2

PI=TRANMX(2,2)+1=9

PLACEI=2+2+0=4

P2=TRANMX(2,4)+I=11

EVEN ---. DIST=I

(M(9)+1=3).(M(11)+1=6) -~ la
10 M(Z)=M(9)+1=3

1=3

PLACE=I

DIST=I

TRANMX(3,S)=1 --. PLACE=Z

PI=TRANMX(3,2)+I=10

PLACEI=Z+2+0=4

P2=TRANMX(3.4)+I=IZ

ODD ----. DIST=2

(M(10)+0=S)~(M(12)+2=6) --. 10

la M(3)=M(IO)+O=S

I

Parent state matrix :TRA~1X(I,J)

PAAEl\JT- STATE i'iATRlX: lTITO0- 0 8 2 la 0
.1 l- a 8 2 10 1 010 1
3 2"; 1 9 3 11 1 o 1 0 I 0
Ct 3- 1 9 3 11 0 1 0 1 1
r I~- : 2 la 0 6 0 1 0 1 I 1
C 5- : 2 10 0 3 1 0 1 0 , 0

I

rl 6- \ 3 11 1 9 1 0 1 o : 1

c I 7- i 3 11 1 9 0 1 0 :1+jrfm 61" 0 1 0
/IJ 9"; 4 12 6 14 1 0 1 o I 0
;1 I 10- 5 13 7 15 1 0 1 o 1
Il! lI- s 13 7 15 0 1 0 1 0

I
12- 6 14 4 12 0 1 0 1 013 .

I; I 13-1 6 14 4 12 1 0 1 0 1
15 i 14"; i 7 15 5 13 1 0 1 0 0
16 . 15- : 7 15 5 13 0 1 0 1 1

I S' b2-
.,

"1 T ~ <J

•J
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1=4

1(:1 I,' _, Ll'LACE=1 1 state ..OIST=1 --1---1-- ~--_.

TRANMX(4,5)=0

PI=TRANMX(4,1)+1=2
2

PLACEI=I+2+0=3

P2=TRANMX(4,3)+1=4
3 2

EVEN --. DIST= I

(M(2)+1=4)<C(M(4)+1=5) --.. 10
4 3

10 M(4)=M(2)+1=4
,

1=5
5 4 CD '-0PLAC!!:=I

0151'= 1
5 CDTRANMX(S,5)=O

/PI=TRANMX(5,1)+1=3
7 6 (i) I

PLACEI=I+2+0=3

0/
/P2=TRANMX(5,3)+I=I

8 7
ODD ----. DIST=2

(M(3)+0=5) >(M( I)+2=2)
9 8 ,

M(5) =M( I) +2=2 -t-
I

1=6
10 9

PLACE=I

DIST= 1
11 10

TRANMX(6,5)=1 --.. PLACE=2

PI=TRANMX(6.2)+I=11
12 11

PLACEI=2+2+0=4

P2=TRANMX(6,4)+1=9
13 I 12 (0

IEVEN --+ DIST= I
)( survivor(M(I 1)+1=6» (M(9)+I=3) 14 113 0M(6)=M(9)+ I=3

1=7
15 14 CDFLAÇE=I

DIST=I
16 15 G)

TRANMX(7,5)=1 - .... PLACE=2

PI =TRANMX (7,2)+ 1=12

I'LACEI=2+-2+0=4

l' 2='L'I{AN:-1X (7 ,4) +I=I0

aiJD ---. D15T=2

(M(12)+0=4) (M( I0) +2=7) --. Ia
10 M(7)=M( 12)+0=4

1=8
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SUBROUTINE DECOD(NU,XL,ZNUL,Z,SSMC,TRANMX,MTCOMB,TRANS,SURV,PATHRG)

INTEGER X1,TWONU,PLACE,PLACE1,DIST,ZNUL,Pl,P2,TRANMX(64,9),Z(lS),SSMC(64),
MTCOMB(64,15),TRANS(64,lS),SURV(64,lS),PATHRG(64,15)

r
I

r - - - - I == I , TWONU
I
I•I

?
YES

NO
?

YES
I

+ A
I

I

I PI==TRANMX(I,PLACE)+I
I

PLACEI=PLACE+2+ZNUL

NO YESPLACEl=S ?

P2=TRANMX(I,PLACEI)+1

NO

c

YES



A
Ä

D
A

1

c - 54 -

(MTCOMB(PI,K)+(2-DIST» ~ (MTCOMB(P2,K)+DIST) ?

NO YES

MTCOMB(I,K+I)=MTCOMB(P2,K)+DIST
TRANS(I,K+I)=DIST+I
SURV(I ,K+ I)=P2

MTCOMB(I,K+I)=MTCOMB(PI,K)+(Z-DIST)
TRANS(I,K+I)=2-DIST
SURV(I,K+t)=PI

PATHRG(I,K+I)=TRANMX(I,9)

~~=-~ MIN=MTCOMB(I+I K+I

~'COMB(I,K+) )=MTCOHB(I ,K+) )-M~

MTCOMB(I+I ,K+I )"MIN ?

1- 

I
I

1
I
I

A
I

I
I
1- _

1 _

1- - - - - - -

A
I

I

I

+
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DECOD(NU,XL,ZNUL,Z,SSMC,TRANMX,MTCOMB,TRANS,SURV,PATH!\G)

200
312
110
JO 1

r & 9
--_.. :J

J

Parent state matrix: TRANMX(I,J)

..

~TI
0- 0 2 1 3 0 1 1
1- 0 2 1 " 1 0 0->
2- 1 3 0 2 1 0 0 1 1
3- 1 3 '0 2 0 1 1 0

f

PARENT-5TATE i·lATRIX·

)~

ti IHl' K ~tlN= I------- ,

I K=\ K=2 ~state
----

0

--. 20

"I ~I-G) 0

I
I '- '- cc
!

-eI)J I
:2 ->.

,
'-

4 1 3 ei) 10 L 0
i

Z(I)= I

--,. 20

Ó
I:. ~

--~ 20 Q >~~
~ ~ ... -t;

I DEC0DING SQiUIE: 1: ~~;:-

1
, 0 1 200 2 200 1 000 0
.. 3 0011131202111
) 2 2 110 0 110 0 310 0

I .., 3 0 002 1 301 0 202 1
A3&., 5

-----..,,. K

Z(K)= 1 1 0 1

I=Z
PLACE=I
DIST=1
TRANMX(2,S)=1 --. I'LACE=2
I'I.I\CE=Z+I=3
I'LACE=I
I'I=TRANMX(2,1)+I=1
PLACEI=I+Z+l=4
P2=TKANMX(Z,4)+1=4
EVEN --. DIST= I
U1TCOt1!3( 1,1 )+1 =1) <(MTCOMB(4, 1)+1 =4)

zo r'1TCOMB(Z,Z)=1
TRANS(Z,Z)=I
SURV(2,2)=1
PATHRG(2,2)=1
1=3
PLACE=I
DIST=I
TRANMX(3,5)=1 --. PLACE=2
PLACE=2+1=3
PLACE=I
PJ =TRAN:H ( 3 , 1) +I=2
PLACEl=1+2+1=4
P2=TRANMX(J,4)+1=3
OUD --. D1ST=2
(HTCOMB (2, I) +0=3)<(~1TCOM13 (3, I ) +2=4)

20 MTCOMB(3,2)=3
T[{l\NS (3,2) =0
SURV(3,2)=2
PATHRG(3,2)=1

NU=2
XL=2
X(K)=II
NOrSE( 1,K)= 1 0
NOrSE(2,K)= 0 I
C( 1 , K) = 1 I 1
C(Z,K)= 1 0 1
NUXL=4
1=I,TWONU }
,1TCOMB(I,I)=SSMC(I) MTCOMB(I,l)=( 0 3 23)

------:K~=-.:I --__

1=1
I'LACE=I
I)1ST=1
TKAN!'LX ( I ,5) =0
l'LACE=I+I=2
PI=TRANMX(I,2)+1=3
PLACEI=2+Z+1=S
PLACEI=J
PZ=TRANMX(I,3)+I=Z
ODD --,.. DIST=Z
(MTCOMB(J,I)+0=Z)<:(MTCOMB(Z,I)+Z=5)

ZO MTCOMB(I,2)=Z
TRANS(I,Z)=O
SURV(I,2)=3
PATHRG( 1,2)=0



--------------------------~

M1N=XTCOHB(4,2)=1

XTCOMB(I,2)=( 1 0 2 0
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1=4
PLACE=1
DIST=I
TRANMX(4,5)=ü
PLACE=2
PI=TRANMX(4,2)+1=4
PLACEI=2+2+1=5
PLACEI=)
P2=TRAN~X(4,3)+I=1

EVEN -- .. lHST= 1
(MTCOMB(4,l )+l =4)) (MTCOMB( I, I )+1 = \)
MTCOMB(4,2)=\
TRANS(4,2)=2
SURV(4,2)=l --. 25

25 PATHRG(4,2)=O

K=\ MTCOMB(I,l);( 2 I 3 \ )

LOOP 31:
MIN=MTCOMB(l,1);2

1=1 3 }
IF (MTCOMB( 1+1 ,2) '" MIN) MIN=MTCOMB( 1+\ ,2)
1=1 4 7
MTcbMB(I ,K+I ) =MTCOMB ( r ,K+l )-MIN J

----
K=2
1=1
PLAC!'.:=I
IJlST=]
TRANMX (I ,5)=0
etc. MTCOMB(I, 3)= ( 2

MTCOMB (I,4)= ( 1

MTCOMB(I,5)=( 0

o )

000 )

o )
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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
NUXL 1=NUXL+ 1
NUXLMI =NUXL-I

,
I

NO MTCOMB(I,NUXL+l)=Û ?

YES

BITS(NUXL)=TRANS(I,NUXL+I)
WESTIM(NUXL)=PATHRG(I,NUXL+l)

I STATE (XLK) =SURV(IOLD, XLK+ I )

BITS(XLK-I)=TRANS(INEW,XLK)
WESTIM(XLK-I)=PATHRG(INEW,XLK)

,--------

A
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A

NESTIM( I ,K)=O
NESTIM(Z,K)=O

YES

BITS(K).EQ.Z ?

NO

t- - -

BITS(K).EQ.3 ?
YES

NESTIM (I ,K) =I
NESTIM(2,K)=1

• ~E(K)=STATE(K)-I
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DCPATH(NU,XL,MTCOMB,PATHRG,SURV,TRANS,STATE,BITS,NEST1M,WEST1M)

NU=2
XL=2
X(K)=! )
C() , K) = I 1 1
C(2,K)= 1 0 I
NOrSE() ,K)= I 0
NOISE(2,K)= 0 1
NlJXL=4
NUXLI=5
NUXLMl=3
MTCOMB(I,5)=O --.20

20 STATE(I)=!
STATE(5)=1
B1TS(4)=TRANS(I,5)=0 (00)
WESTIM(4)=PATHRG(1 ,5)=0
LOOP 30:
K=l
10LD=STATE(5-1+1)=STATE(5)=1
STATE(4)=SURV(I,5)=3
UlEW=STATE (4) =3
B1TS(J)=TRANS(J,4)=0 (00)
WESTIM(3)=PATHRG(3,4)=1
K=2
10LIJ=STATE(S-2+1)=STATE(4)=J
STATE(3)=SUKV(3,4)=4
lNEW=STATE(3)--=4
1~ITS(L)='I'I{ANS(4,j)=1 (Ol)

WEST lMm"=-~(\"1:11!~<.L(4z.:H::,(}_ ___
K=3
lOLO=STATE(S-j+1 )=S'l'ATE(J)=4
STATE(2)=SURV(4,J)-4
lNEW=STATE(2)=4
BITS(1)=TRANS(4,2)=2 (10)
WEST1M(I)=PATHRG(4,2)=0
LOOP 40:
K=I
~ESTlM( I, I )=0
NESTlM( 2, I) =0
81TS(I)=2 --- NESTIM(I,)=1
K=2
NESTlM( 1,2)=0
NESTIM(2,2)=0
B1TS(2)=1 --- NESTIM(2,2)=1
K=3
NESTlM(1 ,3~=0

NESTIM(2,J)=ü
l31TS(3)=O
K=4
NESTIM( 1,4)=0
NESTli1(2, 4)=0
BITS(4)=0
K=I,5 }
STATE(K)=STATE(K)-I

200
1 1 312

310 0 110
202 1 301

S"
---~-- ..... K

DEC~DED P;'.Trl:

ZeK) = 0

WESTH'l(K) = 0 0 0

STATE(K) = 0--- 3--- 3--- 2--- O·

NESTIl'1< 11K) = 1 0 0 0
i-JESTIi1(2IiO = 0 1 0 0

Sl/:1'1YIX}O = 1110
WESTI~1(iO = 0010

---------------------------+
XESTli'IO\) = "1100

XCK) = 11

NESTIM(I,K)= 1 0 0 0
NESTIM(2,K)= 0 1 0 0

WESTIM(K)· 0 0 0

STATE(K)= 0
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0l<.1 EO DI SPLY
G0
EDIT
PI000
.NUlJ...
C nu 5 PRJàGRAL'1 I5 EXECUTABLE ;1,oJ mE TEl.E1YPE A5 WEl.L AS mE TER-
C MINAL CI/:1'JTFlliL SYSTEl'1 1'-4014-1.
C U'JLY mE TCS-VERSl0N IS PR0VIDED WITIi INTRldDUCT0RY TEXT.
C TIiE USER CAN 'OO'JTR0L 'DiE PACE 0F nIE VARI0US STEPS I~IÏ n-iE
C DE~DING PR0CEDURE BY 11EANS 0F A SIMPLE PUSH 0;-J 'DiE CAR-
C RlAGE RE.ïtJRN KE:{.

C *************************************************************
INTEGER XL"XLl"XI..K"z..'Jln..." '!'W0NU" TIoJ0NUl" X1(2" 15)
INTillER C(~.. 7)~ D(2~6)"X( 15)"N01SE( 2115)" Z(21 )"Y(2" 15)"N2Cl (21)"

1 NI C2(2l>" Y1 DI< 21> ~Y2D2( 2l>"XCl< 2l>"XC2(2l>" SE( 6)" S( 16" 6)"
1 ZNln...2l< 10) "WNln...2I (16)" TT( 16" 13)" TRAhMX< 16"9),,Ï"l( 16) .. TH'IC( 16) ..
1 S5'1C( 16) "N'rC01'1B( 16" 15)" SURV< 16.. 15) .. PAniRG( 16" 15)" TRANS( 16" 15) ..
1 BITS< 15)~ STATE< 15)" \.fES'rlH( 15)" St:l1Yb< IS)"XESTIN( 15) ..
1 DEC0UT( 10" 5O)"NESTll"l( 2" 15) .. lADE( 5)
REAL XD< 16) .. YD< 16)
WRITE<I" 1000)

1000 F0RMAT<~WHEN U5ING !HE TELETYPE ------> MlODE=I'1
1 'WHEH OSING lHE DISPLAY ------> H0DE=2')

CALL Thl0UA( 'M0DE= ' .. 6)
REM>< 1.. 5) M0DE
IF (M0bE.EQ.l) G0T0 1001
CALL INI TT< (20)
eAU. .ANI10DE

C PRINT TIiE lNTP.0IXJCT0P.Y TEXT.
CALL TEXTl
READ< 1,,2)

2 F0Rr1AT(A1)
CALL ERASE
CALL TSEWD

C PRINT TIiE TABLE lOF FAC'ruPlZED C0i-JNECThli.JP0LYNIÓÎ'aALS.
CALL FACP0L
READC 1,,2)
CALL &.ASE
CALL TSENLJ

1001 WRlTE< 1.. 3)
3 F0R'1ATC' ~'J0W GI VE AS !NP1JT:' I)

IF (M0D~.EQ.1) WRITE(I .. I)
F0R-1AT( ''- mE NlMBER NfO lOF TrlE ClODE')
\ffi1 TE( 1;4)

4 F0R1AT(' - niE C0DES C0iJSTRAIi-JTLENGTIi NU';
1 '- mE-C~-JNECTI0NP0LYN0mALSC<N"IO" K=l" 2 AND K=l"NU+ 1 • I
1 ''- TIiE OOTASEQUENCELENGni XL.. vrnE:RE XL > 1'I
1 ' ... mE OOTASEQUENCE X(}{) .. K=l"XL' I
1 '0 TIiE N0ISE5EQUENCE-?AIR N0ISE(~.. K)" N=I .. 2 Al\JD }{=1 .. Xl..'11
l' REl"lEMBER niAT i'.JU+Xl. < 16 I!' I I I)

C ***********************************************************
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nuSIS TIiE dAIN PRIdGRAl"1 vlHl:.HE r.J..L NECESSA.trf CALCl.U\TI 0NS TAKE
PLACE. ALL SUl3R0UTINES ARE CALLE:C Ai\lD 1HE Ci/!HPLETE DEG0DI;\lG
PJWCE'OURE 1S CAARI ED 0UT.
i~S WPUT nu:; PR~liAAvl ASKS Lli\lE l3Y LliIJE:
NIó <lliE NU1BEJI 0F niE C0DE: 1.'lH&'J USl!\lG TIiE TELE1YPE)
NU
C( l .. K)
C( 2:'1<)
XL
X(I{)

N0ISE( l"tO
N0ISE(2IK)

************************************************************

5
6

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C lliE READING 0F TIiE NlMBE.q 0F TI-iE C0DE IS 0MI TTED WHE'1 lliE
C DI SPWW IS USED.

I F <l'10DE. EQ. 2) G0T0 1002
CALL 1N0t)A('}J0= '~4)

C HEAD TIiE NU1l3ElC~F TfU:": Clà DE
REAl)( 1~ 1111> l-Jlà

1111 F~R'1AT(3A2)

1002 CAU.. 1N0UA( 'i'JtF '~4)

C READ lHE CIODE' ÇC0L\js'tP.AINTLE1~Gni i-JU.
HEAO( 1~ 5)iW
l-IU1=Nu+ 1
NU2=NU+2
NLNli'.J1=i\IU-l
'I\112NU=2**NU
TW0NU1=2**<NU-I)
CAl..L TI-J0UA(' C( 1~ 10 = '18>

C READ 1HE P0LYN0AIALS CC;IJ;X)"N=1~2 Ai-jD K=l"NUI.
REAl)( 116) <cc l .. K) .. K=l .. i'JUI)
CALL nJ0UA<'C<2.. K)= ' .. 8)
READ< 1.. 6) <C( 2.. ).0 IK= I., iJUl>
CALL 1!'J0UA( 'XL= ':' 4)

C READ 1HE LElJG11i-'Q. 0f' THE mTASEQUI:J\lCE X(X>. <l\IU+XL ;J.:iT GREATER
C ThEN 11>.

RE:AD( 1.. 5) XL
XL1=XLi-1
~-IUXL=NU+XL
!~UXL1=NL1XL+1
CALL TN0UA<'X(X) = ' .. 12)

C READ 1HE DATASEQT..JfiJCE X<X) .. X=l .. XI...
READ( 1,6) (X(X),K=l,XL)

CALL n~0UA('N01SE(I"K)= ' .. 12)
c READ 1HE N0ISE-SEQUEl-JCES iJ01SE(NûOIl.\l=112 ArJD K=l,XL.

HEAO( 1,6) (1J0ISE( 1,i{)"K=1"XL) .
CALL TN0UA('N0ISE(2.. K)= ',,12)
HEAO( 1, 6) (~01SEC 21K)" iC= T:' XL)
F0RMAT"C 12)
F0~1AT(151 1)
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C CALCUl..ATE 1HE PR0DUCTS N0ISEC 1"K)*C(2"K) AND N0ISE(2"i'i.)*CC I"K)
C 01' LENGTrl NUXL.

CAU. PHlODCTCXWNU1"iIJ0I SE" 1" C" 2,N lC2)
CAL.L PFWrx::TCXL:,NU1~N01 SE:" 2" C" 1" •..J2CD

C UJ0P 9& mE i1lêm-2 SU1 01' mE ?~0DUCTS AB0VE F'ioR'1 TI-lE SOJDR((}1EkJUT
C PUTSEQlJENCE ZCiO"K=l"i-JlD\L.

00 9 K=l"ilJt.JXL
9 Z(X)=X0R(W1C2(X)"N2C1(K»
C UJ0P 10: MAKE i.. 'ThT0-Dli-lENSI0i-JAL i\RF.AY ~trr 101' mE 0~E-DlNENS11cÀ\JAL

C A.P"'QJW X(K)" li\l 0RDEl~ TIO SAT! SFY TriE F0!l'lAT lOF TIiE SUER0UTI iIJE
C P?0OCT.

00 10 i<= 1" XL
10 Xl( I"K)=X(i\)
C CALCtn..ATE; lliE ióUTPtrrSEQU1:1'JCES X<lO*C( l"K) AND XOO*CC2"iO ló1' ll-iE
C z.IJ C10DER.
~ PP~OCTCXL"~U1"X1"1,,C,,1,,XC1)

CALL PllilDCTCXL"HUl~Xl" 1" C" 2"XC2)
C Lli:l0P 11: NAKE ThE LAST' ~JU 31 TS IÖr THE ~-J0ISE-SEQUEHCES EQUAL Z::::RIÖ.

D0 11 1=1,,2
DlO 11 K=Xl..l"l-JUXL

11 N01SE(I"K)=D
C Llr:)~P 15: CALCULATE THE RECElVED Lh-JE;-SEQUENCES Y( IIK)=XCK)*C( l"i~)

C + i~0ISEC l"K) Ai'JD YC2IK)=XCK)*C(2"K) + .>J01SE(2.tiO 0F LE>JGTIi ;JUXL.
D0 15 1=1,,2
00 15 1-(= 1" :-JtL<L
Y( l,,(O=X~R(XCl(iO,,~JiOl SEC l"tO)

15 Y(2"i\)=X0R(XC2(K)"N01SE(2"K»
C 2JALUATE. TI-iE ?iOLYd01'1lALS DCi>J"K) .. iJ= 1., 2 01' DEGREE i'IU.

CALL DP0LYI-J( l"i>JU" C"i-lU" D>
eAU. I:F0LY,H2.ti\lU" C",',U" Dl
l'1Ul=(·lU+ 1
NU1UXL=i>JlJt-l1U+XL

C CALCt.n..ATE 1iiE PFMDUCTS Y( l"K)*D( l"tO J=l.ND Y(2"IO*D(2"K) 0F
C LEl-JGTh NUvIVXL.

CALL PR0OCT<i'liUXL"l'lUl" Y" 1" D" 1" Y lDl>
CALL PR0DCT(1'JUXL"l'iU1" Y" 2" D~ 2" Y2D2)

C L00P 16: CALCt.JLATE TI-!EIR su·j ~'i0D-2.

00 16 K=1"NU1lJX.i...
1Ó SaW1XK)=X0R(Y 1Dl(K)"Y2D2(K»
G Gfl..i...CLU..ATE mE Bf.S;::-STATE' SI3CK) .. K=l .. ;\jU.

CALL BSTATE(C"I\JU.. sm
G CALCLl.ATE mE SPECIFIC 0IJTPUTVALUE ?.!'JUL 01' 11iE 'IT'i\>J51 THJ:~ 01' 5TAT~

C sm/2) T01..,JMDS THE ZERY.l STATE SC 0) Hl TH WPtJTBl T5 11.
Zi'>JUL=O
[M 20 j{=2"i~U

20 ZNUL=ZN1..JL+CC l"K)*Sl:lCi\-l)
C If Z;\ILL IS EVa~ TI-l1:1-i Z!oJUL=O aSE ll\lUL=l.

11' (~~UL.EQ.«~~UL/2)*2» G0T0 25
ZNUL=l
G0TIO 30

25 ZL-JUL=O
30 Ci"NTINUE
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C EVJ\LUATE THL STl\"T'L-;L.~''-j,I>( ;;<I .. J).,I=l.'T\,lli:IlU a.JlJ J=l ..JU. (IN FiJ~'7'!',\.J

C A ZERiO liIlDt)( I;' j\1'J i',,"':;';'l'y IS j~0T i\LL0'h:.0.. Hl:l'JC~ ~;<I .. J).I~I .. J==l..dl:
C H0LI..JS WE ZERiJ STin~ aooa'}. •• 0 IclF LciIlGTI-i NU).

CALL STA1NX(NU.. S)
C EVALUt;TE Tril:: 0UTPliÏVALUiS ZiJu...21(l> AL~D WI:JlL2I<l> .. 1=1 .. TH0lW.. 2.

CALL ZW(.JlLCi\jU.. tW.. C.. D.. S.. ZI\ltJL21 .. YlRL21)
C Ch.,; snUCT 111E: T::W\j SI i1 ~IJ TABLE.

CAL!.. TRATBL(NU..NU.. 0.. SB.. S.. ZNUL21 .. 1;JrJU-.21 .. TT)
C EVALUATE ThE F0UR t:>AFllIlT STAiES lijF EACH STATE SU) IJl Th ThEIP.
C PARTICUi.A>{ THANSI TI0!~S A[\)lJ 0TJTPUTW\LUES ZOO A.'.JD l..JCK).

CALL PS1NX<iIlU"L'lU.. ZNUL.. SB.. Zi.J1.JL2l .. 'w'"-JlL21 .. D.. S.. T:iALi'D()
C CALCUi...L\TE 111E l'iET?l C-VALUES 0F TI-it: STATES S< 1) AT DEP111 i'-lU'lHJ 1
C START1NG WIm H( 1)=0.

CALL TREENCCNU.. ss.. TT.. 1'1)

C GIVE 111IS i'1ETR1CClói'lBINAT10:'J mE NAr'iE TRr<lC.
00 45 1=1 .. TIJ0NU

45 m·1C<l )=NC 1)

C CALCULATE lliE STEAIJY STATE NETRIC C~'1Br;\)ATI0i'J SSi·jC<I) .. I=l .. ThTicJND.
CALL SS1CdBCNU.. ZloJL1L.. TRAii1X.. d .. ss·jC)

C CALCULATE E"JI.Q-i ThlE K: iriE i-JElN l'1ETR1CCa'lBI1..JATl~~.J NTC0i"jBCl .. i\> ..
C THE SURVIV0RS SUHV(I .. iO .. THEIR TRANSlTI0io,JS TIWIlSCI .. K) Ai'JD '!HE
C ClàRRESP0.\lDING 0UTPU1VALUES FIóR l.J(K) 1lJ PATIiRG( l .. K).

CALL DECIóDC!\IU.. XL.. Zl'JUL.. Z.. SS;·lC.. TRAiIli1X.. NTC0:·lB.. TRAl-Js.. Sl..J?V.. ?ATIiRG)
C EVALUATE mE DEC0DED PATH IN TE.~'lS lOF 'THE 11lEW STATECK> .. ~E
C TI1Di'JSITI0iJ Tk:i THAT STATE.. NESTlHC I .. K)/NESTlH(~iO AioJD ThE
C C0RRESP{àoJDliIlG 0UTPlITVAL{JE; VJESTIi1C10.

CALL OCPATHCNU.. XL,,;:·lTQMB.. PATI-iHG..'SURV.. TAA"JS.. STATE.. BITS..
1 ioJESTlN.. i..TESTH1)

C L0101' 90: EVALUATE TI-iE ESTli1ATED ~TASEQUENCE:.

00 90 i{=l .. i.iUXL
90 XESTlN(K) =XIÛRC SieJdYD<IO .. I.]ESTE·l(i\) )
C L00P 95: AS lliE SURVI WRS AP.E TriL:: DECIHAL VALUE 0F TIiE 31.NA..t:r{
C RE?HESE1nATI~oJ 0F TIiE STATE.. l']E «lUST SU'dTRACT TI-iE VALUE fJNE.

00 95 K=l ..NUXLl
00 95 1= 1.. 1Vl0NU
SURV(l .. K)=SURV(I .. K)-1

95 C~oJTlNUE

C *************************************************************
C /OUTPUT ?R0GPA'1
C nu: C0N.oLETE: DEC~D1NGPR0CEDUP.E IS PRlNTED 0lIT.
C TIiE C0i1PU..ïE TRELLI S UP T0 TIME K=NUXL 1 S GI VEN IN ThE F0R'1
C 0F C0Ll1"lNS AT EAOi TIME K.. TIiAT C0NTAIN ntE dl::TRICC0MB1NAThJioJ
C NTC0MBCI .. K) .. TI-iE SURV1 V0RS SURV<I .. K) .. 1HE 0UTPlITS r,./ 1;·J
C PAnIRG<I~K)' AND TI-iE 1'RANSITl0NS TI={ANS(1,K).
C nIE SPEC1FlC DEC~~mED PA'TH IS 1NDlCATED WIm AT EACH T1I1E J(.,

C nIE 0trI'PlJl"S Z(K) AND WESTlHOO .. 'THE NEi.] STATE AT TIHE K+ 1 A.'\JD
C nIE 'T'IWoJSITIWS 1'0 1HAT NEW STATE.
C AT LAST 'THE ESTH1ATED DATASEQUE1oJCE: XESTIM(K) IS ca'1PARED 1\'1 TI{

C nIE 0RIGINAL I:ATASEQUENCE X(lü.

C *************************************************************
C
C

WRlTEC 1, 102> CD( I"K>"K=I",MUl>
102 F0~1AT(~D<I.. K)= '611)

WRlTE( 1;103) CDC~K)"K=I"MU1>

103 F0ll-2AT(" D< 2..K)= 'MD
WRITE(I;104) (SB{K) .. K=I .. NU)

104 F0RMAT(~SB(K) = '611)
1JR1 TEU; 105) ZNt.(.

105 F0RMATC~ZNt.JL. = '11/)
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t.JRlTE( 1; 106) (XCI(iO .. I(=I .. i-JUXU
106 F0R>1AT(/'XCl<i<)'"il1,,'= -'2011)

\ffilTEU" 107) (i-.J01SEn;K);K=1,NLD<L)
107 F0R1AT('N01SE(1,X)= '2011)

WRl TE( 1; 108) (Y( 1,K) ;K= 1,Î'Jl..1XL)
108 F0~~T('------------~--------------+'1

1'Y<l .. K) ""'1'11,"': -'-~On/)
~lTl::( G109) CXC2Ci,,),X=1 .. ;JUXL)

109 F0~1AT(/'XC2(K)',T11~'= '2011)
WRl TEU; IlO) (N01SE(~;j{);K=I" i'JUXL)

110 F0R1AT<-'Niû1 SEC 2" K) = '20n)
W'R1TE< 1; lIl> <Y<2"i{);K=1"i-.JUXL)

111 F0RMAT(~---------~--~---~----------+'/

1 'Y(2,l{) 1'~"'rrr,,-":= '-2""OTf/) ..
1ffil11::( G112) {NI C2(K)"K= 1.. NUXL)

112 F0R1AT(/'NIC2<j{)'"Tl1~'= '2011)
W'RtTEC 1, I13) <N2C1Cl{)~R=I;NUXL)

113 F0R1AT('l\l2Cl<l{)'"T11,,'= '~0I1)

WR1TE(1;114) (Z{K)"K=J,~OXL)

114 F0Ri'1AT(' ----------:..----------------+, I
1 'ZeK) ' .. tn,·':: -'2011/)' ...
li1RlTEn, 115~ ('?1 DlCl{) .. K= 1, .-..JU·lUXL)

115 F0RMAT(/'YID1{K)',Tl1~'= '2511)
'vIRlTEC 1,,116) CY2!)2{l{),R=1;.-JU·1L1XL)

116 F0Ft1ATC'Y2D2(l{)',Tl1"-'= '~5Il)

WR1TE(I;117) (Sa1YDCl{J"K=I .. NUXL)
117 F0R>~T('--------------------------------+'/

1' Sk't'IYD(Ry'-,-rrr..-':i '-2"011")' -
C WrlEl'J-TI-lE TaETYPE IS uSu>, ThE LINE-FEEDS NUST BE anTTED.

1F (i10DE.EQ.2) lvRITE<l,,118)
WRI TE( I" ï 19)"

118 F0RMATCI////////IIII/I)
119 F0~T(/'STAtB~tAeLE:'/)

00 120 1= 1" 'N0NU
120 WRlTECI,,130) (TT(I"J)"J=1 .. 13)
130 F0ll1AT(13" •- •" 41 3.. "IX" 41 3" "1 X" 41 3)

WRITE( I, f3n--
131 F0R>lAT<I'PAPJ:NT- STATE MA'!'RIX: • /)

00 135 1:: I" 1W0NU
135 ',lRITEC 1.. 140> TT(I" 1>" (TRANNX<I .. J)"J=I,9)
140 F0Fl1AT<l3" •-' ,,413.. IX" 41 3.. 3X.. 1 l)

\ffiITE( I" 141) -( 'ffi".C( D .. 1= 1.. n,t0NU>
141 F0RMATC/'T~~ETqIC(I)= '6411)

WHI TE( I" J42) (SS'IC( 1)" I =I .. n,jl(.'l\llf)
142 F0R'lAT(' SSl1CCI) = •6411)
C ThE DI SPLAY-HEQUIRES 1'HE 0ttrPUT-PR0CEDU?E STARTli\JG AT LABEl.
C 1004.

IF (M~DE.EQ.2) G~T0 1004
W'RITE( 1"f43}

143 Fl2lR'lATO' DEC~DWG SCHEl-JE:')
C L00P 150: liiJ-0RDER T0 FAC1L1 TÁTE. THE DES1RED LAY0UT IÓF THE
C DECIZIDING-SOiEME" mE PFRAY DEC0UT IS INTR0DUCED.

00 150 1= I" nJ~'Ju

DECl2JUT( I" l)=i'1TC0NB( 1" 1>
00 150 K=l .. NUXL
DE~UT(1,,4*K-2)=NTC~1B(I,K+l)

DEC0UT(I"4*K~I)=SURV(I,,K+l)

DEC0lJT(I~4*K )=PATIiRG<I ..K+l>
DEC0l~(I~4*K+I)=~~S(I"K+l)

150 Cl/iIJTINUE
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C TIic: l~U1BER 0F r,;LU'Li'::- <SECTJ.0NS) SQUALS L~UXLl.

JNAX=4*NU<L 1- 3
00 151 1=1" 'N0NtJ

151 WRITE<l,,152) <DEC"'tJ1'<I"J)"J=l"Jl'lAX)
152 F0R1AT< 11" 4X" 39< 212" 211»

'NRlTE( I" 156)" (Z<K)"K=I"NUXL)
156 FeJR1ATU'DEC0DED PÄTIi:"'II'ZOO ='141 1915)

\VRITE( 1,,157) (WESTlH<K5"K=I,,:>JlJXL)
157 F0FNAT(/'WESTlM(K) ='1/.., 1915)

WRI TE( 1" 158) (STATE(K) ;K=l"NlD(L1>
158 F0R'lATU' STATEGO =', "20"02,, '--- '»

WRITE(I"T60) <NESTIM<1;K)"K=1~~UXL5

160 FeJR"lATO'NESTlN( l"tO =' 14, 1915)
\ffiITE< 1" 161> WES"IÎ1(2;.i{)~h=I.. NUXL)

161 FeJa1AT('I>iESTlî'H2"K) ='14,,1915)
\!/RITE( 1; 162) (SiJdYD(K5"K= l"iWXL)

162 Fii:lR1ATU , S.àl1YDGO = '2011>
WHl TE( 1" 164) (WESTliol(K) ;K= I"NUXL)

164 Fk:lRNAT('\vESTIN<K) = '~Oll>

WRI TEe 1; 166) (XESTli1(K5"K= 1"I-JUXL)
166 F0RMAT('---------------~---~-------+'1

1'XESTlatK) ::: '201D"
QRITE(I,,16S) (X{K)"K=1 .. XL)

168 F0RMAT(/,,'X(K) = '2011)
C WHElJ USING 1HË TELE1YPL TIiE-PfI.0GRPN ..-jUST BE ENDED.

G0T0 1010

C ************************************************************
1004 \JRl TE( 1" 170)

170 F0RiAT<II'*****************************************************'1
1 lil' ff? GIV1':JG A CAHRlAGE RETURN" niE THELLl SIS DRAW'J 'I -
1 '\01! '1'H IN TIiE fl HST R0W TI-iE STEADY STATE i1E:TIU CCIik"1BI NA- 'r
1 "Tl'i-J. '11 -
1" NOO;ËY GIVWG A CARRIAGE RETURl\l AT EAQi THlE K" nIE'1
1 "K TI-! SE:CThî>J VI TI-! 1TS DEC0DWG [M:\TA WU..L BE SH~.'I)

P.r.AD( 1" 2)
CALL ERASE
CALL A'lJi10DE
C A nECTAiJGLE 0F 600 TAG?011\jTS ~'J hl..:l GHT 1S ~E.SE:::\.rw D::J:::ATI-! TH:::: TR::l.l..I S
C H:i:i 0UTPUT.

CALL 1iJ1:>JOO(0"4095"ó50,, 3119)
C DiE RADIUS R ~F Tht: CIRCLE 1 S ,:l,::lJUSTED TiC niE loJU'lBER ~F Si::CT1;J;-.iS.
C ïril:: MlNINll-1 VALUE <NU=/~ AiW XL=11) 0F R EQUALS LIi-JtJlDT( 1) AiJD
C A\JD 1HE i';.HX11'lUl VALUE Ci'JU=2 AllO XL=2) EQUALS 3*LINWDT( 1) •

R=Lli1liJDT< 1)*<41-2*i~UXL)/ll

CALL TREl.Ll< TWa'JU"Nt!XL" R>
LY=Lli>JHGT( 1> 12
LX=LINWD;( 1) 12

C U,0P 180: PRINT TrlE STE:ADY STATE t'lETRICCa-1BINATl0i~ IN mE ~-J;óDES.
OIO 180 I::: 1" T\J0i1lU
CALL N0VEA(0."FL0AT(I-I»
CALL ;·IeJVREL<5-l.)(" 7-LY)
CALL A\JCH0(SS1C(I)+48)

180 CI2lHll'JUE

C TI-iE 0UTPUTVALUES Z<K)"K=I"iIlUXL ABE 1'0 BE PRH-JTED IN ThE :IIDLLE
C BETWEEl-..J TIiE SECTl i&'~S.

1~1ULT=4096./FL0AT<NUXL+l)

CALL TWli~[kr<o" 4095" 0" 3119)
C d0VE iHE CURSIOR T0\vAtID$ 'DiE C00RDHJATE (10" 600) EB-JEATI-i
C THE TRELl..I S.

CALL 110VABS( 10" 600)
lX=LIl\ÏWOT( 1)
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C TH:::: ASCII VALC'::S l--i;)~~ 11{S FIv:'; CH.w..PACTERS IN TIE:.. iX??ESSli.J ZOO=
C A?.E.. El'JTi:YEü l,J Th'::' n::t:lAY lAD::::( 5) •

IADE< 1)=90
IADE( 2) =i~O
IADE(3)=75
IADE(4)=41
IADE(S)=61
CALL ANSTR(5IIAD~)

CALL M0VABS(I~~U~T-1X/21600)

CALL f.\NCH0(ï:( 1)+40)
C i...~I6P 190: TI-lE VALUES Z(K) ARS PRINTED IN TIlE dl DU-t: l:3E..ïWffi'J inS
C I-JUXLl SECTI0NS.

Dló 190 1\=2Ii~UXL

CAU.. l·j~VABS(K*IX1'lU' ....T-IXI 600)
CALL ~~CH0(Z(K)+48)

190 C0NTWUE
CALL nvIND0{OI4095Io5013119)

c EVALUAT~ TI-lE STARTli\lG P0lNTS 0F Uii:": BRAi\JQiES AT TriE EDGE 0F
G TIiE N0DES.

CALL E:IX;CI R<HI 1iJ0NUINUXLI XDI YD>
C 1..00P 200: Uien TIl'jE x.. FlOR EAGH STATE 1 AT TINE.: K+ 11 lliE
C F'0Ll..0WWG ACTllóiliS T{~~E PLACE:
C TrlE BRANCH Tla THE SURVI WR SURV< I Il{+ 1) IS DRAlJ.'J1 50L1 0 0~

C DASHEDI Dl:PE>JD~'JT 0.-.] TI-lE VALUE lilF' W(K+ 1> li'J PAlliRG<IIK+ 1>.
C !HE NETR1CVALUE HTCiMB<IIK+}) IS PRWTED IN TH=:' N0DS.
C THE TRAi-JSlTI~1J TP,ANS(lIK+}) U 1BE F'0R-j 00.. 01 .. 10 iOR 111
CIS PRlNTED AT TIiE l..t:F'T 0F TtiL:: NlimE.

00 200 K= lli~UXL

CALl.. ANN0DL
RFAD{} .. 2)

00 200 1= 1.. TIV0il/U
C CALCtLATE TIi~ DIHECTl01~ IÓF TIli:: BHAiJCH.

S~~=I-SURV<IIK+l)-l

C CAL..CLLATE TI-lE INbEX I Dl S 0F mE Dl STAl\lCE BEnJEl:J1i ThE T,.,T0

C d0DES.
IüIS=IABS(lFIX(S~~)+l

C CfJ.,.Ct.JL.ATE 1HE STARTING piJINT 0F 1HE 3PA~0i.

XC00R=r~AT(~-1)+XD(lDIS)

YG0l1:lR=Fl..IOAT<-SURV< l1K+ l) )-SlG:J(YD< 1 Dl $)1 SGtJ>
CAl..L i-10VEA{XCi00P... YC00R)

C CAl..CULATE ThE ~-JD P0lNT 0F TIiE BBP.NCH.
XG~0R=r~0AT(K)-XD<ID1S)

YC00R=FL0AT( 1-1>+ SIGN(YD( I Dl 5)1 5Gi-J)
C D?,AlJ TIiE BPilNOiI $0Ll D 0R DASHE:DI DEPElIiDENT 10.1/ TIiE VAl..UE
C lOF' PATHRG<IIK+1).

GAU.. ~(XCIOIÖ& YCIOIÓ& PATIiRG( 11 K+ 1) )
C i10VE T0WARDS TIiE CEN'rRE IàF ruE NIODE.

CALl.. NiOVEA(FUlATGO, FUdAT( 1-1»
CALl.. L'1IÖVREl.(5-U<17-LY)

C PRINT mE METRlCVAl..UE:.
CALl.. Al-JCH0(NTCIOi-1BCl .. i<+ l) +L18)

C PRINT TIlE TW0 GHA.~CTERS AT 1HE FIXED Dl STANCE LHJi..!DT( 3) FRa-!
C !HE EOOE R 0F' TIiE Cl RCl..E.

CAU.. H0VREL( -IF'IX(R) -LIi'JIVDT(3) I 0)
I CHAR1 =48
I01AP2=48
IF <~~S<1IK+l).GE.2) 1CHAR1 =1 CHAR1+ 1
IF (TP.Ai:"IS<l~K+l>~EQoÎ .~lR. TRAi-JS(l,K+}).EQ.3) ICHAR2=1CHAR2+1
CALl... 11.\10i0 Cl QiARÜ
CALL ANCH0<l0iAR2)

200 C~NTINUE
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C Lfó0P 210: TrlE DEC0DJ.::D PAir! IS !L'Jm CATED 11-.1 '!HE TP.aLI S BY A :tE
e D:iA\o11NG ~f TIIE SEPEHATZ:: 13RANQiES AT A SLlGHTI..Y SHl FTED P~SlTl ~J.

00 210 i{= 1"M.D(L
CALL Al\Jl'10 Dt
REA[)Cl,,2)

C CALCUL.ATE 'ruE Dl RECTl0N 0f TI-iE BRA.l\JCH.
SG,\J=STATECK+ 1>- STATEOO

C CALCULATE 1HE INDEX 1DI S j{Jf TIiE DI STANCE BETI.JEEN TIiE TIM
C i'J0DES.

InIS=IABSCIFIXCsrn~»+1

C SHIFT TIiE X-C00RDINATE ~VER A DlSTANCE O.2*XD<lDIS>.
XC00R=F"L0ATCj{-I)+ 1. 2*XD< I Dl S)

C IF A H0RIZiaoJTAL BFA\JCH "MUST BE DRAWN" iHE SHIFT Il'J TI-iE
C X-DIP.ECTl0.\J l"iUST BE SKIPPED.

IF CIDlS.EQ.l> XC00R=FL0ATCK-l)+XDCIDlS)
C SHIFT TIiE Y-C0~~INATE 0VER A DlSTA\JCE O.2*YDCIDlS).

YC00R=-F1..0,ATC STATE(l{» -0. 6* SI liL'JCYD< 1Dl S)" SQJ)
C If A HIé1RlZi&NTl-ü,. BRANQ{ NUST BE URAWN" WE i·IUST
C SHIFt WE Y-e0lóHDLNATl:: idVER A Dl STJ\NCE O. 2*YDC 2) •

IF CIUIS.EQ.l) YC00R=-FL~ATCSTAT2CK»+O.2*YD<2)

CAU. :'îlûvrAO~C0lûR"YC00R>
C ANAL0G0US T0 WE CALCtJl,.ATl0N 0F irlE BEGHJ Pli:llNT" TrlE
C sm P01NT IS DETER11NED.

XC00R=fL0ATCK) - O. 8*XD< 1Dl S>
IF CIDlS.EQ.l) XC00R=fL0ATeK)-XDelDlS)
YC00R=-FL0A~CSTATECK+l»+I.2*SI~~eYD<IDIS)"Sili'J)

I F (1D15. EQ. 1) YCI2lli:lR=- FLIOAT< STATEeK+ 1»+0. ~YDe2)
C CAU.. oosHACXC00P.I YC00R", ~vESTlt1(K»

CAU.. Df\SHACXC00P~ YClû0Fk WESTIHeX»
210 CeNTll\lUE
C M0VE THE CURS0~ T0\JARDS TIlE C00RDlNATE e10",600) BENEA'IH
C TI-iE TRELLl S.

CALL N0VABS( 10" 600>
CALL ANN0DE

C LABEL 271-276: mE LAST Ck:li-JCLUDI.-.JG 0U1PUT IS PRHJTED.
'.JRITE( 1", 27 1) <l-.JEST1t'1( 1", K), K= 1" I'JUXL)

271 F~R'vlAT(//'(,jEST1Ne l,,}\) ;:;; '1512)
"...mI TEC IJ' 272) CNESTH1< 2"JO,1{= I,:JUXL)

272 HJRt1.ATC'iIlESTH1C2,K) = '1512)
vlRITE< 1;273) <WEST1;.JCK}"}(=I,,,l'Ju,"Q.)

273 F0R1AT(/'\oSESTIM(K) = ·'1512)
WHI TEe 1, 274) CS~'lY000 " R= I" ~RW.•)

274 F0R'1ATC'sti'lYD<K) = '1512)
INRI TEe 1;275) <XESTU1(K~J'l{=l"rJUXL)

275 FklFi'lATC' ----------------------------------------'"
1 ,----+ ~ l'XESiIHeK) = ., (512)

\lIP.I TI::n;276) exen) "K= J" XL)
276 F0R'lATO'XOO = ',,1512)
C lliE CURS0R IS DIRECTED 10 A-NEUTRAL P0S1TI0N.

CALL FUJlTTCO",O)
C T0 AV01 D TIiE PRlNTING \1F iHE NESSAGE '0K' !JE BUILD IN AN
C EXTRA CAF'.Rl AGE RETt.JRrJ.

RFAl)e 1",2)
1010 CALL EXIT

END
C ******************************************************************
13ltTT~'l



- 68 -

C********************************~************************~~~*
C SUBR0TJTI!-JE TEXT 1
C 1HE IN'rn0DUCTIJRY TEXT F0R APPR0?IATE USl:: 0F TI-lE: VIDUJ-DlSPLAY
C PRlOGAA1 IS PRliJTED.

C *************************************************************
C
C

SUBRlàUTINE TEXTl
wRI TE( 1" 1)
F0R~~T('*********************************************************'

1 I' 1HlS F0R~\J GRAPHlCAL-DISPLAY PR0GRAM SH0WS YIOU niE'1
1 'Cl2MPL.ETE SYNDRa'tE-DEC0D1NG PR0CEDURE 'dF BINAH'f R= 1/2 C'dN' I
1 "Va.trrl0NAL C0DES "'F C~STRAlNn..ENG1HNt1=2" 3 AND 4 IN 1HE- 'I
1 1'CL.ASS T(NU"l).'1
l' !HlS CLASS 'C0NSISTS lOF C~DES F~R WHICH B0TH THE FI~ST'I

1 'Ai\lD LAST STAGES lOF 1HE E1'JC~DillS StilFTREGI STm ARE CiàNNEC"; 'I
1 "TED Wl TH THE TlJló i10D-2 ADDERS. 'I
1 '*********************************************************'1111
l' AS INPUT nm PR0GRAi1 ASKS THE ClóDES Ci2lNSTRAIN11..5-JGTH" '1
1 'lTS CroN1'JECTI0NP0LYNi2lNIALS" 1liE ~TASEQtJci~CEAT TIiE El'JC~-' I
1 'DER SIDE Ai~D THE NfOISESEQUENCE-PAIR 0N THE CHAi'JNEl.. '11
1" TIiE C0DE" Ii~ TEFt1S 0F mE 1V0 C~ECTllÛi../P0LYi'J\!Nr.ÄLS'1

1 'CW"K)" i>J=1~2 Ai\lD K=l"NU+l lOF DEGREE NU, MAY BE CH00SEl~'1

1 rFP.0f1 A TABLE. IN TIn S TABLE Al..J... P0SSIBLE P0LY.>J1l1IALS' I
1 'HAVE BEE-J FACT0RlZED IN IRREDUCIBLE PlI:lLYNlil'1IALS IN 01i.DER' I
1 'T0 HaP TI-lE USER T0 C0NSTRUCT A N0N-CATASTP.0PHIC CII3DE. '11
l' 1liE DATASEQUI:1'JCE X(}O, K= l"XL iJF LE.oJGnt XL" AT THE t I
1 'ENC0DER INPUT l·lAY BE CH0lêJSEl\l FREELY WI1H 'THE HESRICTI01\l'1
1 'TI-iAT XL > 1 PaND niAT SlN i'JUXL=NU+XL < 16 • '11
l' 1liE N0ISE-SEQUENCEPAIR N0ISECN"K>" N=l,,~ AND K=l"XL , 'I
1 'MAY ALS0 BECHló0SS'J FREELY.'IIII
1 ' AT FIRST ALL mE ESSüJTIAL-DAtA REQUlRED F0R THE DEC0-'1
1 l' DWG PR0CEDlJRE, IS PRINTW 0trr. ' 11
11'- 1HEP0LYi-Jlói'HALS D(,'J,K)" N=1,2-ANDK=l,L'1U+l, 0F DEGP.EE'I
1 ' MU<NU lNHlCH SATISFY C(l,K>*D<1"rO + C(2"K)*D(2.lK> = 1='1
1 1'_ TIiE C0DES BASE STATE SBOO" K=l"NU.' I
1 ~'- TriE SPECIFIC 0UTPUTVALUE ZNtL. 'I
1 1';..' mE CeNSTRUCTllilN I2lF TIiE CHANioJEL-SEQUENCES YW"K)" N=I,2'1
1 " A\lD K=l"l-JUXL AT 1HE DEC0DER SI DE. 'I
1 '- TIiE IÖUTPtrrSEQT,m..JCE Z(K)" K=I"NUXL-0F 'mE W(ALPHA)-'I
l' F0R1E:R.'1
1 ~ - THE SïÁ'l"E-TABLE lJlni THE 2**I'JU STATE~ TI-iE F'0UR STATE-' I
1 r 'fMIJSl TUtJS Ai'JD ntE F0UR SYNORl2K~lE-0tJ1"UTSZ FI2JR '!HE'I
l' TRAi\lSITliii-.JS 00",01,,11 AND 10 ~E:CTlVEl.Y.'1

1 '- TIiE PAP.E'JT-STATEf'lATRIX \HTIi mE 2**hlU STATES, niE'1
1 r F1lUR PARENT-STATES" reE H:lUR $Yi\lmlll'lE-iiltITPUTS Z ,;.../0' I
l" niE 0UTPtnVALUE '.11. 'I
l" FI2lR TIiE WEN-NtMBEnED STATES WE HAVE 1HE FlûUR PARE-JT-' I
l' STATES FIÖR ntE 1'RAL'JSI TlIÖNS 00" 00" 11 AND 11" AND FIóR' 1-
1 r nu:; IÖDD-NU·1BERDED STATES VIS HAVE ThE F0UR PARENT-' I'
1 r STATES ~R nu:; TRANSITllóNS 01,01,,10 Alm 10 RESPEX:':;'I
l' TlVELY. 'I
1 1'_ TIiE MEmlCVALUE TRFJ:METRIC(l), I=l,,2**:W AT DEP1li NU. 'I
1 '- TIiE STEA!1f-STATE-METRICC0l·lBli-JATlIGlN SS'1C<I), 1= 1" 2**;.JU:' 1111
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1 7/1/1/111111
l' HEREAM'ER 1HE C~NPLETE TRELLI s-DEX:0DING PP.0CEDURE IS' I
1 r SH0\1N" STA~TING VlTIi 1HE STEAO'f-STATE-MEiRIC-' I
1 t' C0MBI0JATI0i'.J AND TIiE SYNDR0L1ESEQt)El\JCE Z(K). 'Ir·
1 t' EACH TIMEK A C0MPLETE SECTl0N 0F TIiE TREL.C.lS IS SH0VJN.'1
l' IN EACH SECTI0;\i F0R EACH STATE I" 'IHE F0LL0IJING ~TA'I

1" A~ INDlCATED:' / /
1 .. - TIiE NEW i'1ETRI CVALUE" PRINTED IN TIiE SPEel FI C N~DE.' I
1 .. - 'mE SPEel FI C N0DE (STATE)" C0NNEX;TED VI Th 1TS SU"?V! - , I
1" V0R BY A S0Ll D BRANCH FiÖR A PA'IHBEGI STEROl T 0" A\lC' 1-
1" BY A ~SHED BRAL"J01 Fic3B A PATIiREGI STERBI T 1. 'I
1 .. - 'mE SPECIFIC ~~SlTI~~ (00,,01,,11 ~R 10)" PLACED AT'I
l' 'mE LEFT SI DE 0F TIiE i\i0DE. '11/
1" EAei SECTI lif\J IN 1HE TRELLI S -CAN BE GENERATED BY niE '/
1" USER BY A CAR1ilAGE RETUR\l. '//
1 .. AT mE END, 'mE DEC0DED PA1'H Ii'J TIiE TRELLI SIS SH0WN 'I
1" g'( i'lEANS 0F A OOUBLING 0F TIiE SFPERATE BRA1\jOiES "il
I' 1l\j C0I1iCLUSI0N TIiE ESTINATED DATASEQUI:lIlCE XE;STIN(K)" ' /
1 .. K=l"XL" IS E.VALUATED.' /
1" FlOR· TIiAT PUR.°0SE 'mE ·~LL0VING 01JTC0L~ES APE PRlNTED'1
I" IOUT BENi:A'IH TIiE TRaLI S: '/
1 t'_ NESTH1C1"IO" K=I"NUXL'/"
1 ..... NESTlt-1C2iK)" K=liNUXL"/
1 .. ..; WESTIi'1(iO =" l~ESTlM( 1,,~)*D( I"K) + NESTU1(2"Ï'~)*D(2.. iO '/
1 "- S0NYI;(l{) = Y(l,,}ü*D( I"K> + Y(2.lK>*D(2"l{) 'I
1 '''; XESTlNGO = S0I·1YD<K) + VESTlN(X)' I/I

1 '*********************************************************'///1
1 .. }3'{ GIVWG A CARRIAGE RETURN lliE TABLE 0F FAC'MRIZED'I
l' P0LYN~NIALS I SPRINTEn. '/)
RE'rUR\J
END

C l:1~ [j 0F TEXTl

C *************************************************************
C SUBFlliUTINE FACP0L
C ALL P0LYNIá'11ALS lOF C0NSTP.AINlLfl\jGTIi NU=2" 3" 4 A\jD 6 HAVE BEEL\j
C FACT0RIZED IN lR.qEDUCIBLE P0LYNlct·lIALS.
C TIiEY ARE PRINTED IN TI-IE APPR0PIATE 'WAY.
C *************************************************************
C
C

Sl.lBR0trrINE FACNL
WRITE( 1" 3)

3 F0R1AT< 'FACT0RIZED C0NNECTl0NP0LYN0MIALS F"R BINARY R= 1/2 Cf2INVIÖ-' I
1 'Ltrrl~AL CI,'OES 0F C0i'JSTRAlNTLElIJGTIi 'NU=2" 3" 4" 5 AND 6 IN' I
1 '1HE CLASS T(Nt]" 1>. '/
1 'TIiE N0TATlI&J F0R ·1RESE Cei-JNECTl0NPkLYNfa11ALS IS: '//
1 'C(N"K)" N=I,,2 AND K=I"NU+l WHERE e(N" l>=C(NáJUt:})=I. 'tl
1 "!HE P0LYi~~11ALS ARE 0F THE F0R1 C(N"K)*X**(NU+I-K)"K=I;NL~I"'/
1 'WHERE X I S A F0Rl'1AL PAP.AMETER WHl CH SERVES AS A PLACEH0LDER. '/
1 '***********************************************************'-
1 7//' NU P0LYN0MIAL FACT0RS' / /
1 '2- 101 (11)*(11>'/
1 ' 111 IRREDlJCIBC.E'//
I ' 3 1001 (11)*(111)'7
1 ' 1011 IRREDUCIBLE'/
1 .. 1101 1PREDUCI BLE'/
1 .. 1111 (11)*<11)*(11)'//
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1 .. 4 10001 (11)*(11>*(11).(11)'/
1 ' 10011 IRREDUCIBLE'/
1 ,

10101 ClID* CllD '/
1 r 10111 ClD*(110D'/
1 .. 11001 IRHEDUCrBLE'/
1 .. 11011 (11)*(11>*([11>'/
1 ' 11101 (11)*(1011>'/
1 " 11111 IHREDUCIBLE'//
1 ' 5 100001 (11»1'(11111)"'/
1 .. 100011 (11D*(1101>'/
1 .. 100101 1RREDUCI BLE' 7
1 r 100111 (11)*(11)*<1011)'/
1 .. 101001 I RREDUCI BLE'/
1 ' 101011 Cl 1>*( 110015"' /
1 .. 101101 (11)*( 11)* Cl D*( 111>' /
1 .. 101111 1RREDUC1 BLE' /
1 .. 110001 Cll1>*(10115"'/
1 .. 110011 ( 11>*( 1D*( 11>*(11)*< 11> '/
1 .. 110101 ( 11* )* { 100 11> ' /
1 " 110111 lRREDUCIBLE' / ..
1 .. 111001 (11)*(11>*(1101)'/
1 .. 1110 11 lRREDUCIBL2' /
1 .. 111101 I RREDUC1 BLé:' I
1 .. 111111 (11)*<111>*(111)'////////////
1 7///1/////////' 6 1000001 (11)*(11>*<111)*(111)'/
1 ' 1000011 I RREDUCI BLE' /
1 ' 1000101 Cl 0 11>* ( 10 11> '/
1 .. 1000111 (11»1·( 111101> '/
1 .. 1001001 1RREDUC1 BLE' /-
1 ' 1001011 (11)*< 11>*< 11)*(1101> '/
1 .. 1001101 (11)*(111011>'/
1 .. 1001111 Cl 11>*ClI001> '/
1 .. 1010001 ( 1101>* Cl1 0 1) .. /
1 .. 1010011 (11)*{111>*(1011)'/
1 .. 1010101 (11)*<ll>*{11)*<11>*<11)*(11)'/
1 .. 1010111 I RREDUCIBLE' /
1 r 1011001 (lD*<1101111>'/
1 .. 1011011 I R.BEDUClaLE' I
1 .. 1011101 ( 111>* <11111> ' /
1 .. 1011111 (11)*(11)*<10011>'/
1 .. 1100001 1RREDUCIDLE I /

1 .. 1100011 (ID*( 11>*< fll1 1) '/
1 .. 1100101 <11>*<111>*(1101>"/
1 .. 1100111 I RP..EDUCI Bi.. i::' /
1 .. 1101001 (11)*( 11>*C 11>*Cl011> '/
1 r 1101011 (111)*(111>*<111)'/
1 T 1101101 1RREDUGI BLE ' /
1 r 1101111 ( 1 D * <100 lOf> ' /
1 .. 1110001 <11>*< 101111> '/
1 " 1110011 1RREDUCIBLé:' F
1 ' 11101àl 1RREDUCIBLE r /

1 ' 1110111 <11>*<11>*<11>*(11)*(111>'/
1 .. 1111001 ( 111>* ( 100 11 >' /
1 ' 1111011 (11)*( 101001) r /
1 r 1111101 (11)*<11>*(11001>'/
1 r 1111111 <101D*< 110D '/1/1
1 '********************************************************'////
1

,
WHEN YIÓt1 HAVE CHlóidSEhi A PARTlCUl..AR eelDE, Yii:lU I1AY G1 VE' /

1 'A CA.qmAGE RETURN 1i-J kj R.DER T0 PR0CEED iol1 n; 1L-JPUT' >
R!TtR\J
END

C B-.JD 0F FACP0L
C *************************************************************
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c *********************************************************
C SUBFWUTWE TRELLI
C THE STATE-NU'lBERS 0.. 1....... ".J0NtJ-l ARE PRINTED IN A C0LU-IN
C AT niE LEFT 0F lHE SCRI::EN Ai\JD TI-iE 1V0NUtei-it.lXLl CIRCLES 0~

C TIiE TREll.IS ARE DRA\Vl-J C0LU'1i'J BY C0LU·1l'J Ii.J mE WINOOW
c (x.. Y)==(0-4095.. 0-3119).

C *********************************************************
C
C

SUBR0UTINE TREl.LI (n·J0i-JU.. i>JUXL" R>
li.JTffiER 'IVl~)NU

C THE i~tMl:3ER lOf TAGP1()INTS IN TIiE X-DIR.ECTI~ PlIiD TIiE Y-Dl~Tl..j;-J
C IS 4096 FiIlD 3120 RESPECTIVEl..Y. TIiE TRELLIS CI1JSISTS 0f Nlo'XLl
C SECTI kî~S Alm Thll6iJU ffi1WS.

XMLLT==4096./F"L.0AT(NUXL+ 1)
YHULT=3120;/FL0ATC TI-l0NU)

C ruE APPOOPIATE .SPACE FIàR TIiE maLI S tCl"J lHE SCREEN 1 S RESER\F...D.
CALL DWIND0(-0.5.. FL0ATtNUXL)+0.5.. -0.5-FL0AT(T\~0NU-l> .. 0.5)

C TIiE STATE-NUlBEnS ARE: PLACED IN 1HE ClcJLU1N AT PelSI Tl0N -0.25.
CALL NU'lEEF( 'IVJ0NU, -0.25>
CALL [)\.llN~<O." 4095.,,'0 ... 3119. >

C L0lcJP 20: THE CIRCLES (NiODE$) AREDRAWN SECTlfól'J BY SSCTl0N.
00 20 K==O.. NUXL
XC==(Fl.IóAT(/~J+O. 5)*XNULT
Dió 20 1= 1.. nY'!ONU
Y(;=3120. -(FLkjA'!'( 1>-0. 5)*Yi-H.JLT
CALL Cl~CLE(XC,YC,R>

20 Ce.i,jTWUE
CPll DWINW (·0.5.. FL()AT<IJllXLHO. 5" -0.5- F1.0AT< n.,Tlili-jU-1), 0.5)
R...J:ïtJHJ
l:1'.1D

C ::ND lOF TP.El.LI

C ******************************4*************************~
C SlJBR0UTlNE MI-iBER
C mE DEC1hAL STl\TE.-:~U·lBERS 0" 1" ..... nol0i-JU-l" APE P:liNTEIl Di
C ThE C0LU"lN AT iHE ABS0LUTS P0SrTri3i\l XC=PLACE.

c *********************************************************
c
C

5UBR0UTlhIE L'JU1BERC nl0NU" PLACE)
INTEGER ADE(7)"TW0NU

C lliE U\Jl TV LINWDTC 1> 1 S ATTAQ-{ED Tlil mE INTEGER CHARACTER \.II D1H
C 10iWDT AIlD lHE U\I1TI LINHGTC 1> T'" iHE INTEGER CHARACTER
C HEIGHT ICHHGT.

I QiWDT==LINWrJI'C 1)
ICHHGT=LINHGT( 1)
00 10 1== 1" Th'ldNU
CALL NRC;.JVTCF1.0ATC 1-1)" Q"iIlCHAfuADE)
CALL 11/(JVEA,(PLACEJ - FL0ATC 1- 1) )
CALL N0VREl.( -NOiAR*I CHWDT" -I CHHGT/2+7)
CALL Al\l STRG-JCHAA.. ADE>

10 CIii-JTINUE
RETt..JB'J
END

C END /(JF 4'JU1BER

G ******************************************************
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C STJBP.0UîINE EOOCI R
C lHE: BEGIN- ,AND B-JI:P01~JTS ~F ïHE BRANCHES AT TrlE EDGES
C 0F lHE CIRCLES~ ARE CAl..CtJL,ATED AND E>JTERED IN WE AR-
C RAYS XD( I) k~D YD( I). XD( I) Al-JD YD< I) ARE TIiE HELATl VE
C C00RDI(JATES (IJL Th HEGA.tID 1'0 mE CrnTRE> 0F '!HE LNTSR-
C SECTl0iJ 0F TIiE BR.AN01 A['.JD ThE EDGE 0F A Cl RCLE.
C lHI S 1NTERSECT1l2lN 1 S DETERi'lUJED BY '!HE Ai'.JCiLE
C Q=ATAi,JCY-UH TIX-U.Jl T).

C ******************************************************
C
C

SUBR0UTHJE EL'GC1 Re R" 1YJl2lNU~ illlJXL~ XD" YD>
REAL XD(16)~YD(16)~NURT0R

INTmER 1iJ0i1lU
C CALCULATE 1'HE X-U'Jl T.

DENT0R=4096./FL0AT(NUXL+l)
D0 10 1= l~ 'NIONU

C CALCt.n...ATE lHE Y-UHT.
NURT0R=3120.*FL0AT(1-1)/FL0AT(TW0NU)
XD(I)=R*C~S(AT~~(NUR~RlDENT0R»*FL0AT(NUXL+l)/4096.

YD(1)=~SlN(ATAN(NURT0R1D5~T0R»*F~0AT(Tt10NU)/3120.

10 CWTHJUE
RETIJR'.J
.END

C END lOF EIXiCI R
C ******************************************************


