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CHAPTER 1

ENCODING THE DATA BLOCK CODES

The basic unit in the Telidon system is the byte. The bytes
always use their high order bit to give them an overall odd parity.
A data block with no further protection is encoded in what we will
call here mode M = 0 . We call this mode PARITY-ONLY. Encoding
consists of deciding the parity of the 7 data bits and setting or
clearing the eighth bit (b8) appropriately. For a byte B we will
write this as

give B odd parity;
an instruction which could be implemented in many ways. We will
indicate a method using a look-up table below as part of a more
complex decoder.

The second mode, M = 1, is the PRODUCT CODE. The 27 odd-
parity data bytes are EOR-ed together to‘produce a byte O. We want,
in fact, the complement of O so it is best to start with
g=(11111111). Then ¢ is added as the 28th byte of the
data block. Let Bj be a byte of the data block for j = 0,1,..., N

and N = 27. Then the encoder can be written as follows:

.

o+ (11111111 = (255)

for j =0 to N-1
give Bj odd parity
o+0 @ B,
J
-~
BN o}

'Figure 1. PRODUCT encoder; M = 1




et g

R

We note that B will automatically have odd parity and that since
g starts as (255) the "longitudinal parity checks" are odd as
well. This agrees with BS-14 1 . The symbol ¢ stands for the
exclusive-or (EOR) of bytes.

The third option for the data block code is a Reed-Solomon
1-byte-error correcting code we call C . This is mode M = 2.
The symbols of code C are bytes. Since-the bytes all have odd
parity, there are only 128 legitimate symbols and we take these to
represent elements of the finite field GF(27) of 128 elements.
This means that we can conveniently add and multiply bytewise.
Addition  is exclusive-or. Multiplication is more complex and
this is the source of power for code C (and all other algebraic
codes).

To encode a set of N-1 data bytes BO, ceay BN—Z with

code € we must caleunlate two more bytes BN—l’ BN . By definition
we have
Bp®By -or By, @By, @B =0
N-1 N
By®B,8 ... By B " @BrE =0.

Here * represents multiplication in GF(27) and the symbol B

is a particular element of GF(Z?). This element B is a root

of X7 + X3 4+ 1i (This is an arbitrary choice of a primitive
element of GF(27); a different choice would give an essentially

. -1
equivalent code.) 1t is more convenient to work with v = B

which is a root of X7 + X4 + 1. The defining equations can now
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be written

By®B @®... ®B_, ®B _, ®B =0
N N-1 2 _
Boy@Bly @ oon +BN_2Y @BN-ly +BN—0
We should clarify the field representation. We have found that it
is best if the bit b8 1is used to fix the parity of the byte and
not be used in the field representations at all. (We then repre-

sent (b8, b7, ..., bl) as b7Y6 + b6Y5 + .. + bl . This is not

. dmportant however, except in calculating the logarithm and expomential

tables in Chapter 2.)

To encode we calculate 0 and T :

N
T = BOY ®"'®BN-3Y ® BN—2 .

Then we solve the system,

By 1 ® By = 0
B @ B = T z
N-17 % Py Y
for the check bytes BN-l and BN. The solution is,
By, = (0 + Tvz)/(l +Y)
N-1 :
B, = 0 @B

N N-1

as with PRODUCT code we start with ¢ =(255) so that B, gives

N
the same longitudinal odd parity checks used in PRODUCT code.



. We see that we must have a way of multiplying by <y and YZ and
. dividing by 1 + vy in the finite field GF(27). This can .be

accomplished in a variety of ways. We will use a pair of look-up

tables each 128 bytes long. These tables store logarithms and

exponentials base Yy in GF(27) and are discussed in Chapter 2.

o+ (11111111)

T« (00000000

for =0 to N-2
_'give Bj odd parity

. G*‘G@Bj

_T*—Bj @ Ty

By < @+ YD)/ @+ )

give BN—l odd parity

By« 99 By,

Figure 2 Code C Encoder; M = 2
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"CHAPTER 2

FINITE FIELD ARITHMETIC AND ENCODING CODE C°

The key to speed in the implementation of a Reed-Solomon code
is an efficient method of carrying out the finite field arithmetic.
Addition is not a problem with our representation of the fielé since
it is the exclusive-or of bytes. We have selected look-up tables
for multiplication .in the finite field as a very quick easily
handled method which can be incorporated into a microprocessor based
teletext decoder in a straightforward way.

Every non-zero element of GF(27) can be written as a power
of vy . This gives us two functions LOG and EXP which behave
much like the classical log and exp functions. The base is Y and

we have

L0G(y))

I
[N

EXP(3)

il
=<

Of course LOG(0) is undefined. Also, Y127 = Yo =1 so j in

these formulae can always be taken so-that 0 < j < 127. (In fact
we allow j = 127 as it speeds up tﬁe decoder.) The function LOG
is calculated by using the binary representation of Yj (L.e. the
byte which represents Yj) as an offset from the top of the LOG

table. The integer j is stored at the calculated address. Thus
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"LOG is a table of integers between O and 127 which are indexed by

the field elements. The zero element (offset) does not actually
represent a logarithm but we will need this location later so we
leave it in. The EXP table is also 128 bytes long and at offset j
it contains Yj for j=0,1, ..., 127. As mentioned above, the
first and last entries are the same.

To actually construct the tables we have to be precise about
the way that bytes represent field elgments. Thg fielg GF(27)“ has

a basis -{Y6, YS, «.o5 Ys 1} over GF(2) = {0,1}. The relation

y7 = 74 + 1 allows us to calculate successive powers of y in this

basis. For example

y 7 _ YA +1

Y ¥ - Y5 +y

Y 9 _ Y6 + Y2

YlO _ Y7 + YB = Y4 + YB +1

NS . e e

le - Y6 + YS + YZ

Y13 = Y7 + Y6 + y3 = y6 + 74 + YB + 1 etc.

‘(.

So each field element is represented by seven bits. We will attach

~a zero at the left end of the seven bits to make a full byte (of odd

or even parity). This byte is used as an offset from the start of

the LOG table to find the position of the log of the field element

base <Yy . For example, Yl3 = Y6 + Y4

+y +1 = (01011001).
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Now .this byte is binary for 89 and in the 89th byte of the LOG
table we store the integer 13 = (0 00 011 01). The EXP
table is constructed in the opposite way.  The jth entry'is'the

]

byte representing Y~ .

10G: 00000000 EXP: 00000001
+1: 00000000 " +1: 00000010
+2: 00000001 +2: 00000100

+3: 01100001 +3: 00001000
+4: 00000010 44 00010000
+45: 01000011 - +5: 00100000
+6: 01100010 +6: 01000000
+7: 00011010 +7: 00010001
+8: 00000011 +8: 00100010

The rule then for using the LOG table is to first ensure that
the high order bit is zero'in the byte B whose log we wish to
calculate. Then add this byte, as a rational integer, to the ad-
dress L1OG ( = top of LOG table) and retrieve the logy(B) (in the
7 low order bits at this address).  For EXP we check that 0 < j < 127,
adjusting by a muitiple of 127 if necessary,. then use j as an off-
set from EXP ( = top of EXP table) to find tﬁe byte which represents
Y (in its low 7 bits).

The final table that we need is PARITY. This table allows us

to determine the parity of an arbitrary byte. The alternative is to
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run through all the bits of the block which of course takes at least
8 times longer. The table Parity needs to have 256 bytés'sincé any
byte could appear as the test byte. in fact, only one bit is needed
at each address, set to'l if and only if the offset from PARITY is
an odd parity byte. Our combined LOG and EXP tables have 256 bytes
and each byte has a free high order bit. Thus, we can construct

our PARITY table "on top of" the LOG and EXP tables. We store the
LOG and EXP tables contiguously in memory and set PARITY to be the
top of the combined table. For any byte B we store the parity of B
in the high order bit of PARITY +B. We must remember to always
clear this bit when we use the LOG and EXP tables. This is crucial.

The full table is Appendix A.

Address Memory
PARITY = LOG 00000000
+1 +1 10000000
+2 +2 10000001
+3 +3 011000601
+4 +4 100600010
+127 4127 10100010
+128 EXP 10000001
+129 +1 00000010
+130 +2 00000C10OC
+2;4 +1£6 11001000
+255 +127 6 000O0OQ0

. Figure 3. L0OG, EXP and PARITY tables .
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We will now work'through the use of the tabies LOG, EXP and
PARITY in encoding'code ¢ . First, the statement "give B odd
parity" can be made precise: |

1f {PARITY + B} < 128 then B+ B @ (128) .
Here we use [x] to denote the contents of location x. Now we
can write out the encoder for code C . Again the data bytes are
denoted Bi for i =0 to N-2 and we initialize o0 with (255)
to maintain compatibility with the PRODUCT code.

o+ (255)

T + (0)

for i =0 to N-2

—

give Bi odd parity

B « B,
c+0® B
B« B and (127) * clears high order bits
T < T and (127) * clear high order bit
if T = 0 then skip * don't take log of 0
T+ [LOG+T]+ 1 * T is log(Ty)
T « T and (127)
T<[EXP+ T ] * T is TY

Skip 1 L_r+r®8 *
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Thus far we have calculated

¢ and T .

We must now suc~-

2 :
cessively calculate Tyz, T+ Ty, (0+ TYZ) YBO = Bh»l since

Y

By

This encoder illustrates the rules for using the look~up tables.
Note that the program could be much shorter if larger tables were

used so that much of the checking could be avoided.

3

0. 1/(1 + y). Finally, we giVe-

By-1

= °®BN_1 . The encoder continues;

T+ T and (127)

if T =0 then Skip 2

T+« 127 and [ LOG + T ]

T+ T+ 2

if T > 127 then T + T - 127

T« 127 and [EX + T ]

Skip 2 T+ T @O

if T =0 then BN_l

go to Skip 3

T = (127 and [LOG + T])

if T >.126 then T <« T - 127

By-1

give BN—l

Skip 3 B, +«3B_.@®0

N N-1

<+ (128)

+ 30

+ 127 and [EXP + T]

the right parity

odd parity and set

* done
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CHAPTER 3

DECODING DATA BLOCK CODES

To decode the PARITY ONLY code, mode M = 0, we simply look

at the parity of each byte and declare a failure if the parity is

even.
for 1 =0 to N
[1f [PARITY + B,] < 128 then DF ]
Decoding Failure Flag « 0
go to DONE
DF Decoding Failure Flag <« 1
DONE end

Figure 4 PARITY-ONLY DECODER; M = 0

For the PRODUCT code, we must note the number of.parity
failures, in a variable PFC (Parity Failure Counter) and the index
of the first failed byte. We also calculate the longitudinal parity
check o of the bytes. We start with (255) so that an error-free

codeword will give (0) from this calculation.- Then, if there are

no parity failures and O = 0 then we are DONE. If there is omne

byte parity failure (PFC

1) and © has weight 1 then we

correct a single error. Otherwise, we declare a decoding failure.
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PFC « O

o <« (255)

for 1 =0 to N-1

[ if [PARITY + B,] < 128 then

if PFC =1 then DF
else | PFC <« PFC + 1

BADBYTE « 1

| 0+ 0 @ B,
1

if PFC=0 and 0 = 0 then |DFF '« 0

go to DONE
if PFC =1 and weight (o) = 1 then DFF <~ O
i <« BADBYTE
B, « B, ®0
i i
L_go to DONE
DF  DFF <1
DONE END

Figure 5 PRODUCT Decoder; M =1

Now we come to the decoder for code C . We will firsf outline
the decoding method. Suppose that an érrqr corrupts one byte Bi
by adding an error pattern E. Thus Bi.C>E is received while Bi
was sent. (Thus E contains a 0 in the position of each correct

bit and a 1 in the position of each error.) At the decoder we

calculate,
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o= BOG) “.®;(Bi® EiE @BN @ (255)

=
il

N N-1 N-1
B,Y @ BY "® ... @(Bi@) E)y ©®..8© B .

So we obtain in fact

o =E

N-i

T =EYy & .

To correct the error we express O/T as a power Yj of vy . Then
i =N -3 1is the erroneous byte and we correct this byte,
B, « B, ®0 .
i i
The determination of j is accomplished with LOG table.

If there are two erroneous bytes say Bi and Bj then we find

(if the error patterns are Ei and Ej),

a
i

Ei C)Ej

N-i. N-3
EY @EY .

~
I

1f bytes- i and j show parity failures or are otherwise identifiable,
then the exponents N-i and N-j are known, then we can calculate
E, and E,:

1 J

. N—t * ’ N—- —t
E, = (oY Cen/y oY )

E,
J

c® E -

Thus we must count the number of bytes with a parity failure. If
there are two such then their indices are passed on and we perform
erasure decoding while if there are 0 or 1 bytes with parity viclations

then we perform single byte correction.
P g y
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In fact, there are other places in which the decoder should
declare a decoding failure. 1In the case of one byte cofrection, the
calculated byte index may not cérrespond to the byte with parity
failure (if there was one) or fall outside 0 ... N then we declare
a decoding failure. Moreover, if one of 0 and T is zero and the
other is not, then we declare decoding failure. 1In the case of two~
byte erasure, if Ei or Ej is zero then again declare. decoding
failure.

In this decoder we still store N-i instead of 1 4f there
is a parity failure in the ith byte. We will describe the algorithm
in pseudo-code below and then give the look-up table implementation.
An jmplementation of the look—ﬁp table decoder in BASIC is in

Appendix B.
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" Figure 6 Code C Decoder; M = 2

PFC <« O % parity failure éounter
o + (255)
T <« (0)
For 1 =0 to N
If parity (Bi) = 0 then

if PFC = 2 then Decoding Failufe
else PFC +« PFC + 1
Bad Byte (PFC) « i
end 1if
end if

O+« O0C ®Bi

T*-T.Y@Bi

0 then Done

if o0=0 and T
if PFC < 2 then

ifo=0 or T 0 then Decoding Failure

j + N-log, (t/o)

if j # Badbyte (1) and PFC = 1 then Decoding Failure
if j > N then Decoding ‘Failure

Bj + Bj @ o

Done’

endif
i « Bad Byte (1)
j « Bad Byte (2)
N-i N-i N-j

Ee @y +1)/ & +y D)
if E=0 OR E =o¢c then Decoding Failure
B, « B _®E

i i

B, « B,®E®0C

| |

Done.
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- Figure 7 Code C Decoder, M = 2: look-up table details

DFF « O

N « 27

PFC « O

o + (255)

T + (0)

for i =0 to N

[ {f [PARITY + B, 1< 128 then
[:f PFC = 2 then DF
else FC « PFC + 1
[gAD BYTE (PFC) + N-i
0'*'0'@3:1
T+ T and (127)
. if T = 0 then SKIP 1
SKIP 1 |+« (127) and [LOG + T]
T+ [EXP+ T+ 1]
T+<1 © Bi

\/ L_
+ 0
« (127) and o
T < (127) and T
if o0o=0 and T =0 then Done
if PFC = 2 then ERASURE

- arenrf Fifbsote in §

AL

SINGLE BYTE 1if 0=0 or T=0 then DF
" T+ ((LOG + 1] and (127)) - ((LOG + ol and (127)) *T is now n-j%
if T <0 thenm T+ T+ 127 '
if PFC =1 and BAD BYTE (1) # T then DF
if T >N then DF
j O+ N-T
B, <« B.® F

o L
go to DONE

-t
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. go to SKIP 2
c < BAD BYTE (1) + (€127) and [ LOG + 0])
if ¢ > 127 then c¢ « c-127
c + (127) and [EXP + c]

SKIP 2 c+c @ T
if ¢ =0 then DF
A« (127) and [EXP + Bad Byte (1)]
B+ (127) and [EXP + Bad Byte (2)]
A< (127) and [LOG + (A®B)]
C+ (127) and [LOG + c]
E « c-A '
if ¥+« 0 then E +« E + 127
E + (127) and [EXP + E]
If E=0 or EV= o then DF
j « N-Bad Byte (1)
i + N-Bad Byte (2)
B, «B @E
Bj « Bj @ Bi ®E
give Bi and Bj the odd parity

go to DONE
DF - DFF+«1
DONE  END

*

c is oy

n-j

n-1i

c is oy + 1%

Y*3 %

EEI

NOTE:

A®B+4 0>
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CHAPTER 4

BUNDLE CODES - ENCODING AND DECODING

A bundle is a collection of h + 1 data blocks of which the
first h actually contain data and the final one contains check |
bytes. The data bytes are encoded in Vv vertical codewords each a
codeword of code C . Since each such codeword has two check ﬁytés,
the vertical codewords each contain two bytes from each of the h + 1
data blocks in the bundle. The two bytes from the ith vertical code-
word occupy positions i and i+ v éo as to be as far apart as pos-
sible (an aid to correcting bursts).

The data blocks of the bundle are first encoded with ore of the

data block codes depending on the encoding mode EMODE:

EMODE CODE ON DATA BLOCKS
0 Parity only
1 PRODUCT
2 c

The vertical codewords are then encoded with code C (MODE 2).
In fact, these two passes could easily be done in one pass through the
data. After encoding the data blocks and the vertical codewords, the
vertical checks form the (h + 1)th data block. This daté block is
automatically PRODUCT encoded if 14 vertical codewords (v = 14) are
used. In this case the vertical codewords encode the horizontal check

bytes. On the other hand, if the EMODE is 2 and code C has been
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used ﬁorizontally, ehcodiﬁg the horizontal check bytéé will not give
us a codeword of C as the (h + l)th~data block. In th;s case onl&
13 verticals are used (v = 13) and the horizontaliéhecks are mnot
encoded vertically. We must encode the (h + 1)th data block with
.code C separately at the end of the encoding when EMODE is 2.

Our model for the encoder is that the data bytes are stored in
memory with "gaps" left to accomodate the check bytes once the& aré
calculated. We remarked above that it would be straightforward to
process -the bytes one at a time, say as they are entered, and to write
the check bytes in their appropriate places. This could be done by
effectively running v + 1 encoders in parallel - one for the current
data block and one for each vertical codeword.

The encoder has subroutines for each of the data block codes so
that the code used can easily be selected by the EMODE. The ver#ical
codewords must then be formed. This involves stepping through the |
data blocke approximately v at a time starting in bytes
0,1, ..., v-1 of block number O . The complication is that if
'EMODE = 0 or 1 then the vertical codewords cover all the bytes so we
siﬁply compose our code word by moving through the data in 14 byte
increments. When EMODE = 2 we must first increment by 13(= v) and
then by 15 so as to skip the check bytes. What we require then is
an encoder (and later a decoder) for code (¢ which accepts a start
address then increments by 1 for horizontal encoding, by 14 for
vertical encoding in EMODE O or 1 and by 13 and 15 alternately in’

EMODE 2. This has been accomplished by passing the code C _encodér
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a start address v, a shift SH and a toggle TT. After each byte

is processed the shift changes to TT-SH.. The values used are:

Case
horizontal

vertical,
EMODE 0,1

vertical,
EMODE 2

SH

1

14

13

TT

2

28

28

TT-SH

1

14

15

The encoder then has the following structure.

SH< 1/ TT+«2 }/ L+ 0N+l

for v=0 to h*N Step L

on EMODE gosub ENCODE PARITY, ENCODE PRODUCT, ERCODEC

TT « 28 J/ L =2*2 /) SH + 14 ;

if EMODE = 2 then SH + 13

for v=20 to SH-1
[ENCODEC

if EMODE = 2 then

SH+1/) TT + 2/ L+ M1/ u= hiL

ENCODEC .

We have already discussed the encoders for the three codes. The only

change is in ENCODEC. The form of this encoder has to change to ac-

comodate the new variables

is the following:

SH, TT

and L.

The.form of this encoder
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A+v * start address ¥
k+0 : *‘byté counter *

s+ 255/ T+ 0

LOOP process byte B(A)
A+ A+ SH
SH <« IT - SH
if k=1L -3 then CONTINUE

k+ k+ 1/ go to LOOP

CONTINUE calculate check bytes

put them in B(A) and B(A + SH)

An implementation in BASIC is contained in Appendix B.

The bundle decoder works much like the encoder. The decoder

moves through the constituent codewords in the same order except that
the last data block is not treated any differently than the rest.
There are several additional parameters to consider for decoding.

First, the decoder has a decoding mode DMODE which is set.by the

teletext decoder. This is 0,1 or 2 depending on the level of
coding which the teletext decoderAcan and wanfs to use. The décoder
first determines EMODE (from the packet structure bytes) and then
uses the mode min(EMODE, DMODE).

| The decoder also uses the nuﬁber of missing blocks NM, a para-

meter passed to the decoder by the prefix processor. The missing
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data blocks are written as 0 so tﬁat they will producé parity
failures for the decoder. If NM > 1 then declare decoding
failure.

The decoder returns a flag to indicate if it recognized a de-
coding failure. Note that decoding failures in the horizontal code-
words are not recorded; in this decoder (although a decoder might,
if NM = 0, set such a block to 0 and attempt erasure correction).

The other major change in the decoder is that we must calculate
the real address of a byte before we can correct it. This leads us

to the formula
A = v+ TT*% [i/2] + SH* (i mod 2)

for the address of the ith byte in the vertical codeword which
starts with byte v. For a horizontal codeword the formula is simply
A= v+1.

The outline of the decoder is as follows.

if NM > 1 then DECODING FAILURE
SH < 1

TT < 2

L*N

L1<+«L+1

MODE « min(EMODE; DMODE)

for v=0 to h#* Ll Step Ll

[on MODE gosub DECPARITY, DECPRODUCT, DECCODEC
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; ' ~TT « 28

SH « 14

L2 #+h-1
if EMODE = 2 THEN SH = 13
for v=0 to SH -1
DECODEC
if DECODING FAILURE FLAG (DE) = 1 then
DECODING FAILURE
In féct, DECPARITY ié.ﬁothing since the parity could only signal a
decoding failure in a horizontal codeword and we ignore these.
DECPRODUCT is a straightforward decoder and DECODEC i1s variation
of our earlier code (¢ decoder with the changes noted above. All
these programs, as implemented in BASIC are in ‘Appendix B. A

complete demonstration program is listed in Appendix C.
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FARITY =  LOG
1+ 1
o2 b2
4z + 3
o4 + 4
R +o5
+ 6 + b
¥ b7
+ 8 + 8
+ 9 + 9
+ 10 + 10
b1 + 11
412 + 12
b 13 + 13
+ 14 + 14
o1s -t
416 + 16
+ 17 + 17
+ 18 + 18
+ 19 + 19
+ 20 + 20
'l':n. + 21
22 + 20
+ 23 + 23
+ 24 + 24
+ 25 + 25
+ 26 + 26
+ 27 + 27
+ 28 + 28
+ 29 + 20
+ 30 + 30
+ 31 + 31
+ 32 + 32
+ 33 + 33
+ 34 + 34
+ 35 + 35
C 4 34 + 36
+ 37 + 37
.+ 38 + 38
b 39 + 39
+ 40 + 40
+ 41 + 41
+ 47 + 42
+ 43 + 43
4 a4 + 44
+ a5 + 45
b 46 + 46
1'. 47 + 47
% 48 + 48
+ 46 + 49
+ 50 + 50

00000000
10000000
10000001
01100001
10000010
01000011
01100010
10011010
10000011
01111011
01000100
10101110
01100011
11110011
10011011
00100101
10000100
00000111
01111100
11111000
01000101
10110100
10101111
01010101
01100100
10001010
11110100
01011101
10011100
00010000
00100110
11010000
10000101
00110010
00001000
10001110
01111101
11000001
11111001
01110001
01000110
11011000
10110101
01101011
10110000
00111111
01010110
10111101
01100101
11001000
10001011
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128

129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
130
151
152
133
154

155

156.

157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176

177

178

’ . -‘. 4- . +
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TARLE FOR LOB;EXP.AND_PARITY

CENGTUDOE =X

[Eray s
= O

[
rJ e

13
14
15
16
17
18
19
20

2

22
23
24
23
26
27
28
29
30
31
32

33

34
35

36 .

37
39
39
40
41
42
43
44
4%
44
Y
48
49
50

X

10000001
00000010
00000100
10001000
00010000
10100000
11000000
00010001
00100010
11000100
10011001
00110010
11100100
01011001
00100011
11000110
00011101

10111010

11110100
01111001
11100011
01010111
00111111
11111110
11101101
01001011
00000111
10001110
00011100
10111000
11110000
01110001

01110011,

11110111
11111111
01101111
11001111
00001111
00011110
10111100
11111000
01100001

01010011

10110111
01101110
11001101
10001011
00010110
10101100
01011000
00100001
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[
wl

93
94
]
96
a7
o8
G99
60
61
62
&3
64
69
66
67
68
69

-2
4

71
72
73
74
7%
76
77
78
79
80
81
82
83
84
89
86
87
88
89
0
%1
P2
93
P4
99
96
97
28
??
100

52
93
94
9%
ub
w7
a8
o9
60
61
62
63
64
69
66
67
468
69
70
71
72
73
74
79
76
77
78

79

80
81
82
83
84
85
84
87
88
89
?0
91
P2
?3
94
@0
?6
97
98
99
100

01101000
11110101
01011010
01011110
10101011
10011101
00110111
00010001
11001011
00100111
11101101
11010001
00010110
10000110
01110111
00110011
11010100
00001001
11011100
10001111
01001111
01111110
11100000
11000010
00011001
11111010
00101101
01110010
10100100
010001113
11100111
11011001
00101010
10110110
01001010
01101100
10010101
10110001
00001101
01000000
11110000
01010111
11101010
10111110
00111100
01100110
10101001
11001001
00010100
10001100

179
180

197

211
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181
162
183
1684
185
186
187
188
189
190
191
190
193
194
195
196

198
199
200
201
202
203
204
2038
206
207
208
209
210

212
213
214
215
216
217
218
219
220
221
ey

222
223
224
225
226
227
228
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[
A

53
54
)
Y
G7
us
59
460
61
62
63
b4
69
b6
&7
68
69
70
71
72
73
74
79
76
77
78
79
80
81
82
83
84
89
86
87
88
89
20
21
@2
e3
P4
E4v]
?6é
@7
98
P
100

110060010
00010101

10101010

11010100
00111001

01110010

11110101
11111011
01100111
11011111
00101111
01011110
10101101
01011010
10100101
11001010
00000101
10001010

00010100 .

00101000
11010000
10110001

01100010

01010101
10111011
01110110
11111101
11101011
01000111
10011111
00111110

01111100

11101001
01000011
10010111
10101110
01011100
00101001
11010010
10110101
01101010
11000101
00011011

00110110

11101100
11001001
00000011
00000110
10001100
00011000
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101

107

103

104
105
106
107
108
109
110
111
112
113
114
1195
114
117
118
119
120
121
122
123
124
125
126
127
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101
100
103
104
165
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127

7
4

4

4

N NGO D W=

22
L

28

S=
A=

01101111

01101061

10111071

11110110
01010011

01011011
11001110
01011111
10011000
10101100
00100011
10011110
00011111
00111000
10100000
00010010
10111001

11001100

00100001
00101000
10010011
11101110
00111010
11010010
01001101
00010111
10100010

‘This mrodram

look us t
at 4128

1

4000

FOR I= 0O
X=I1GOSUR

+ 209
+ 230
+ 231
+ 232
4 03X
+ 234
o235
+ 236
+ Q37
+ 238
+ 239
+ 240
+ 241
+ 242
+ 243
+ 244
+ 245
+ 246
+ 247
+ 248
+ 249
+ 280
+ 251
+ 282
+ 253
+ 254
+

boadl song
295

‘TARLE MAKER

ables.LO6G

TO
28

127

B S S s e ol i T S I

101.
102
103.
104
105

106

107
108

109

110,

111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127

creates the LOGyEXFy

10110000

113100000

01010001
00110011
11100110
11011101
00101011
11010110
00111101
01111010
11100101
01011011
10100111
11001110
00001101
10011010
00110100
01101000
11000001
10010011
00100110
01001100
10001001
00010010
10100100
11001000
00000001

starts at 4000y
zrnd FARITY 2t 4000.

‘entry in the EXF table.
FORKE A+4+128+4+I-5+128%(1-F)

X=5:60SUR

28

‘entry in the LOG table.

FOKE A+S»

I+128x%F

‘Male S the mext rower of

7

E=5X%2IIF
4

S»=128 THEN S5=(§

-1

NEXT I

‘Enter the LOG of 1.

FOKE A+1y128

END' 7 erd of TARBLE MAKER.
F=0

FOR J=7 T0O O STEF

IF

RETURN

Gamma .

OR 1439)-(S AND

F=INTC(27U) THEN P=1-FiX=X-INT(27J):

A-3

and FARITY
EXF starts

145)

ROUTINE to calculaate the binmarwy raritw of X296,

NEXT ELSE NEXT



Appendix B Implementations in BASIC ' | B-1

This appendix contalns lmplenentatlons in, BASIC for same of the more.
.mportant algorithms of the text. These programs try to stay close to machine language

Petate ey

rmepmaind

1
2
v 3
11
"4

VNG

10
11
12
13
14
15
16
17
i8
19
20
21
22

23

24

e

pigw’
26
27
28
29
30
31
32
33
24
35
36
37
38
39
40
41
42
43
44
A%
46
47

Ne=07

techniques.

FRC=0:5=2850T=0FOR I=0 TO N
IF PEEK(FARITY+ER(I)) < 128 THEN IF FEC=2 THEN 4% hL“E‘HFC*PFC+

BALNRYTECFFC)=N-I

S=(S OR R(I))—(S AN R(I))
T=T AND 127!IF T=0 THEN 8
FEERKCLGHT) $T=T AND 127
FEERCEX+T4+1)

(T OR EB(I))-(T AND EB(ID)
EXT I

ERR=$

5=8 AND 127:T=T AND 127
IF 8=0 ANl T=0 THEN 47
REM SINGLE RYTE CORKRECTION

i n n

T
T
T
N

IF FFC =2 THEN 224

IF 8=0 0OR T=0 THEN 4%
A=FEER (LLG+T)Y AND 127
R=FEEK(LG+S) AND 127
A=A-H ’
IF A<0 THEN A=A+127

IF FFC=1 ANDI BALRBRYTE(1l)
IF AN THEN 43

IT=N-A

x A THEN 45

BCI)=(R(I> OR ERR)=(E(I) AND ERR): GOTO 47

REM DOURLE BYTE ERASURE

A=FEERK (EX4+RADRYTE (1) IB=FEEK(EX+RANRYTE(2))

A=A AND 127 1R=R ANl 127
IF 6=0 THEN C=0:G60TO 31

C=FEEK(LG+S):C=C AND 127:!C=

IF C»127 THEN C=C-127
C=127 AND FPEERK(EX+C)
C=(C DR TY)-=(C AND T)
IF C=0 THEN 4%

C=127 AND FEEK(LG+C)

CH+RATIBYTEC(L)

=127 AND FPEER(LG+({A OR EI)-(A AND E)))

E=C-AtIF E<0 THEN E=E+127
E=PEERK(EX+E) AND 127

IF E=0 OR E=S THEN 495
JEN-RANBYTE (L)
I=N-BANRBYTEC2)

E(Id)=(R(1) OR E)—-(E(I) AND
R =(R{J) OR EX)-(R(JY AND

E) ‘ :
EY!R(JI=(E(J) OR S)—-(H(D) GND s)

IF FEERKC(FARITY+EC(IN =128 THEN EB(I)=E(I) OR 128
IF FEERK(FPARITY+E(J))128 THEN B =E(J) OR 1238

GOTO 47

FEM DECODING FAILURE (IF)
DECFAIL=1:6G0T049?

REM DONE

8 NECFAIL=0:160T049

f At
-1"49

ENT

PROGRAM B.1 : A decoder for code C.
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20

22

48
29
30
31
32
33
34
35
36
27
+ a8
3%
40
41
42
43
A4
49
A4
A7
48
4%
S0
a9t

=
o

53
54
S
oJoJ
" 4,

PROGRAM B.2 : An encoder for.the Bundle Code

TRnCOaer e e "

SH=11TT=21L=sN+1

FOR U=0 TO HxL-_ STEF L

(N EMODRE+1 (GOSUR 14.1% 28

NEXT 1) )
TT=28L=28R 21 SH=LALIF EMODE=2 THEN §H=13
FOR U=0 TO SH-1

GOSUR 28 INEXT U

IF M=2 THEN SH=131TT=2iL=N+1U=H¥L{GOBUR 28
RETURN “end of encoder

‘FARITY ONLY encoder

I

FOR aA=U TO UENIGDSEUH SHINEXTIRETURNM

¥

FROTDUCT encoder

S=2559

FOR a=U TO U+N—~1

GOSUR S518=(% OR RB(AY)I—(5 AND EB(A))INEXT
BE{U+NI=GA=LUEN

RETURN

‘COnNE C encoder

K=0ta=U ‘COUNTER AND START
S=2T51T=0

GOSUER 348

S=(E 0OR B(AY)}-(S AND EBI{A))

T=T AND 127:1IF T=0 THEN 3&

T=127 AND (FEERKA(LGHTI4+1):1T=127 AND (FEEK(EX+T)
T=(T OR B(AX)-(T ANDI EB(A))
A=ATBHISH=TT-5HIIF K=L-3 THEN 39
K=K+1160TOD 32

T=127 AND Ti8=127 AND &

IF T=0 THEN 43

T=127 AND FEERK(LGH+T)IT=T+211IF T»127 THEN T=T-127
T=127 AND FPEEK{(EX+T)

T=AT OR S)-(T AND 5)

IF T=0 THEN E(N-11=0:G0T048
T=(127 AND FEEK(LG+T2)430

IF Tx12é& THEN T=T-127

B(AY=127 AND PEERK(EX+T?
BLATSHY=(RIAY OR S)-(B{A) aND 5
GOSUE S5ia=nt5HIG08UE 85

RETURN 7~ ENDO OF COLGEC ENCODIER

fogive HA) odd sraritw

Fs

IF FPEER(FARITY+H(A) <128 THEN BOAI=(R(A)Y OR 128)-(E(A) AND 128)

G T IR A



PROGRAM B.3 : A Decoder for the Bundle Code.

‘HeCOHET s s s o0 b 00 e
s

AR SR

IF NMx1 THEN 80 ‘LEC.FAIL.
SH=1:1TT=2:L=NiLi=L+H1

FOR U=0 TO HxL1 STEF L1

M=EMOLEIIF DMODE<EMODE THEN M=DMODE
ON M+1 GOSUR 17,22y32

NEXT U

L L[]
YT NG

11 FOR U=0 TO SH-1
12 GOSUER 32

12 NEXT U
14 RETURN ‘ENI OF DECONER
15
16 * ,

17 ‘PARITY DECODER
18 *

19 RETURN
20 ¢
21
22 ‘FRODUCT DECORER
23

4 FFC=018=255

B-3

10 TT=2818H=14L=2%H+1 !IF EMODE=Z2 THEN SH=13

W= FOR A=U TO USNIIF FEEKC(FARITY+E(A))<128 THEN IF FFCrO THEN LE=1:!RE

TURN ELSE FFC=1i{BANRYTE(1)=A
26 8=(8 0OR RB(AY)I—-(S AND E(A)) INEXT
27 IF 8=0 AND FFC=0 THEN DE=0!RETURN

28 W=0!{FOR Q=0 TO 7i1IF S=INT(27Q) THEN W=1INEXT ELSE NEXT
29 IF W<l THEN DE=1!RETURN ELSE A=HADRYTEC(1){EB(A)=(S OR R(A)I-(8 AND

B(AY) IRETURN
30
31 7
32 ‘COINE C DECODER
33 7
34 FFC=0:8=285:T=0:1I=01A=U
35 IF FPEERK(FARITY+E(A))
T, DRYTE(PFC)Y=L-I
36 H5=(8 OR EB(AYY—(S AND E{A))
37 T=T AND 127!IF T=0 THEN 40
+ 38 T=FEEK(LGHT):T=T AND 127
39 T=FEEK(EX+T+1)
A0 T=(T OR BCA)Y-(T AND E(A))
o Al A=ATSHISH=TT-SHIIF I=L THEN 44
42 I=I+1:60T0 39
43
. 44 T=T AND 127
45 ERR=S
‘6 8=8 AND 127:T=T AND 127
7
48
49

128 THEN IF PFC=2

IF 8=0 AND T=0 THEN 82

‘ gingle bute correction
IF PFC =2 THEN 59

50 IF S=0 0OR T=0 THEN 80

THEN 80 ELSE FPFC=FFC+11EA



’51 A=FEER(LGHT) AND 127

ey
v an

53
54

55

)
-

58
59
60
é1
b2
63
64
65
bé
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83

- B4

(=FEEK(LG+S) AND 127

A=A~ ' ,

IF FFC=1 AND BADRYTE(1) < A THEN 80
IF A0 OR AxL THEN 80

A=L-A ,
A=U+TTRINT(A/2) +SHX (A-2XINT (A/2))

BCA)=(R(A)Y OR ERR)-=(R(A) AND ERRKR): GOTO 82
/ double byte erasure correction
A=FEER(EX+RALDRYTE (1)) {B=PEERK (EX4+RALRYTE (2))
A=A AND 127tB=R ANDI 127
IF S=0 THEN C=0:!607T0 6&é

=PEER (LG4G) {C=C AND 127 :1C=CH+EBANRYTE(L)
IF Cx»127 THEN C=(C-127
C=127 AND FEERK(EX4C)
C=(C OR T)=(C ANI T)
IF C=0 THEN 80
C=127 ANl PEEK(LG+C)
A=127 AN FEER(LGH((A OR R)-{(A ANL R)))
E=C-A!IF E<0 THEN E=E+4127
E=PEEK(EX+E) AND 127
IF E=0 OR E=§% THEN 80
I=L-BAUGRYTE(1) {I=U+TTRINTC(I/2)4+5HX (I AND 1)
JEL-RADRYTE(2) $ J=U+TTXINT(J/2)+SH)X (J ANU 1)
B(I)=(R(J) OF EX=-(R(J) AND E) _
E(I)=(R(I) OR E)—=(R(I) AND EDIB(I)=(E(I) OR S)-(RB(I)> AND 8)
IF PEER(FARITY+EB(I))=128 THEN EB(I)=R(I) OR 128
IF FEER(FARITY+R(J) X128 THEN B(J)=R(J) OR 128
GOTDO 82
/ decoding failure
DECFAIL=1:G07T034
‘ decoding done

TECFAIL=0:60T0O84

RETURN



PROGRAM B.4 A démonstiation'ﬁmogram for the complete .

® : Bundle cncoding and decoding. B-5

1 REM THE RBUNDLE CODEC

» 2 CLEAR S123IIIM B(SH00)

3 GOsSUnR 18

- 4 XXX meros XXX
5 FRINTROs "<SHET FARAMETERS SDEFINE TEXT*
& FPRINT"A-LTER BYTES OR REMOVE RBLOCKS*

e 7 FRINT®<ESNCODE RUNDLE -— MODE S $EMODIE
8 FRINT"<DFECODE RUNDLE -~ MCDE$" s DMODE
? PRINT"<Q=ULT"

10 FRINTSTRINGS$ (32 =")3%
11 A$=INREY${IF AS="" THEN 11 ELSE ON INSTRC(L:"SAEIR*yA%) GOSWER 18,32
r41vy83939
12 GOTO 4
13 7 DISFLAY RUMILE
14 FOR I=0 TO HIFRINT@E192432%T L3 1IF NM=1 AND MINDEX=1 THEN 16
13 FOR J=0 T0 NIFRINTELZG+INIZ24JyCHREBCIENLSIY AND 127) 5 INEXTIFRINT
16 NEXT
17 RETURN
18 “SET FARAMETERS ANF NEFINE DATA BYTES
192 CLSIFRINT SAXKEE sebur 2O0ENNXN" IFRINTIFRINT
20 N=27IN1=28 ]
21 INFUT"LENGTH OF RUNIDLE“§SHIH=MH-1
22 INFUT "ENCODING MODECOy1s2) ¢ sEMODETINFUT "HECODING MODECOyLey2) 00 5
IMODE ~ . .
23 FARITY=4000!LG=4000EX=4128
24 N1=N+13NM=0
20 RESTOREIREAL E%
26 CH=R$IFRINTIPRINT*one momemt rlesse"
27 FOR I=0 TO H-=131FOR J=0 TO N-EMOLE{R(ISNI+D)=ASC(LEFTS(CSy 1)) 0H=RT
GHTS(CFy LEN(CS)Y~1) $1IF LEN(C%)=0 THENCE=RS
- 28 NEXT Jr1
¢ 29 DATA *MARY HAD A LITTLE LAME AND FOUND THaT IT WENT WELL WITH MINT
SAUCE ,MYSELFs I FOUND THAT IT WAS TO0 GREASY.®
- 30 GOSUR 13
H 31 RETURN
: 32 “allterations XIoockIk
33 PRINT@Oy"zlterations...cs”
. 34 INFPUT “RLOCK » RYTE » ERROR"§1sJ¢95
35 INFUT "§ MISSINGsMISS.INDEXS" MMy MINDIEX
36 A=T¥NI+JIBAY=(RB(A) OR S)Y—(B(A) AND 8)IH05Ur 158
37 IF NM=1 THEN FOR A=MINDEXXNIL TO MINDEXXNILENIB(A)=0IG0BUE 158INEXT
i 38 RETURN
; 39 ‘ENI
> 40 ENI
. 41 ‘encoder..s.o”
- 42 PRINTEOy "ercoding® IPRINTIFRINTIFRINTIPRINT
" 43 SH=11TT=2¢tL=MN+1
: 44 FOR U=0 T0 H¥L-~L STEP L
: 435 ON EMODE+1 GOSUR 52y54560
46 NEXT U
3 47 TT=281L=2%H+218H=1a{IF EMUODE=2 THEN SH=13
; 48 FOR U=0 T0 SH-1
49 GOSJE &0 INEXT U
S0 IF M=2 THEN SH=1:!TT=2=N+1IU=HXL $GOSUR &0



H1 RETURN “ENU OF ENCONLER
H52 CFARITY ONLY ENCOUER '
fSB3 FOR A=U TO UANIGOSUR 82 NEXT SRETURN
54 PRODUCT ENCODER
. BS 8=250
96 FOR A=U TO U+N-1
57 GOSUR 82:18=(8 0R BAYI-(S AND B{A)Y ) INEXT
U8 BOUANI =S iA=U+NIGOSUR 158
59 RETURN
60 ‘CODE C ENCODER
é1 K=0iAa=U ‘COUNTER AND START .
62 8=235:T=0
62 GOSUER 82 .
64 S=(5 OR B(AI)YI~(S AND EB(AY)
69 T=T AND 127:11F T=0 THEN &7
b6 T=127 AND (FEEK(LGHTI4L1) I T=127 AND (FEEKCEX4$T) )
67 T=(T OR RB(AY)Y—(T AN RB(A))
58 A=A+SHISH=TT-8MIIF K=L-2 THEN 70
69 K=RK+1:607T0 63
70 T=127 AND T:iS=127 AND §
71 IF T=0 THEN 74
72 T=127 ANI FEERK(LGATY» I T=T420IF T=127 THEN T=T-127
73 T=127 AND PEER(EX+T)
74 T=(T OR S)—(T AND &)
.'75 IF T=0 THEN R(N-1)=0:060T079
76 T=(127 AND PEERCLGHTI Y430
77 IF T#126 THEN T=T-127
78 R(AY=127 AND PEER(EX4T) )
79 BCATSHI=(B(A) OR S)Y—-(EB(AY AND &)
80 GOSUR 82:a=A48HIGOSUR B2
81 RETURN “ END OF COIEC ENCONER
82 GOSUR 198:IF FEEK(FARITYROAY =128 THEN EBGAY=(R(A)Y OR 128)—-(B(A) A
NI 128) tRETURN ELSE RETURN
83 FRINTROs *decodins SOOEEREANKONE® LPRINTIFRINTSFRINT SFRINT
- 84 IF NM:x1 THEN 153 ‘LEC.FaIl.
89 SH=1:TT=2!L=N!Li=L+1
86 FOR U=0 TO H¥L1 STEF L1
87 M=EMOIDE!IF DMODE<EMODE THEN M=LMOLE
« B8 ON M+1 GOSUR 97+995106
89 FRINTR32s*decoding Tailure Tlagi"ilE
20 NEXT U
1 TT=2818H=143L=2%H+1 1IF EMODE=2 THEN SH=13
2 FOR U=0 T0O SH-1
93 GOSUR 1046
- 24 FRINTRIZy "decoding Tailure Tlssi*shE
?5 NEXT U "
P 26 RETURN ‘END OF DECODER
@7 ‘FARITY DECONER
98 RETURN
- ?¢ “FRODUCT DECONER

100 FFC=0318=20%



X

© 101 FOKR A=U TO UHNIGOSUL 158:1F PEERKCFARITYHR(A) Y128 THEN IF FFCH0 |
HEN DE=13RETURN ELSE PFC=1RANLYTE (1) =A
102 S=(8% OR B(AYI=(S AND R(A)) INEXT
103 IF =0 AND FFC=0 THEN DE=Q$RETURN
o 104 W=0IFOR Q=0 TO 74IF S=INT(27Q) THEN W=liNEXT ELSE NEXT
. 105 IF Wexil THEN DE=1:RETURN ELSE A=RANRYTE (1) :GOSUR 158IH(AY=(S OR R
(A))=(8 AND E(A)) IGOSUR 158 RETURN
106 ‘CODE € DECODER
107 FFC=0:8=255T=0 150 A=l
108 GOSUE 1%83IF FEEK(FARITY+HEC(A)) < 128 THEN IF FFC=2 THEN 1%32 ELSE
FFC=FFC+1 {BADEYTE (FFC)=L~1
109 5=(S OR E(A))-(5 AND E(A))
110 T=T AND 127:1F T=0 THEN 113
111 T=FEERK(LGHT)$T=T ANDI 127
112 T=FEEK(EX+T+1)
113 T=(T OR BCAYI=CT AND R(A))
114 A=A+SHISH=TT-SHITF I=l THEN 116
115 I=sI+1:6OTO 108
116 T=T AND 127
117 ERR=S
118 8=6 AN 127:T=T AND 127
19 IF &=0 AND T=0 THEN 15%
120 REM SINGLE BYTE CORRECTION
121 IF FFC =2 THEN 131
122 IF 8=0 OR T=0 THEN 153
123 A=FEEK(LG+T) AND 127
124 E=FEEK(LG+S) AND 127
125 A=A-R
126 IF FFC=1 AND RADEYTE(L) <> A THEN 153
D127 IF A0 OR AxL THEN 153
i 128 a=L-A
129 A=U+TTRINT (A/2)+SHX (A-2XINT(A/2) )
T 130 B(AY=(E(A) OR ERR)-(E(A) AND ERR) {GOSUE 153: BOTO 155
{131 REM LOURLE EYTE ERASURE ~
132 A=FEEK(EX+RADEYTE (1)) $R=PEEK CEXABADRYTE (2))
133 A=A AND 1R27:RB=E AND 127
* 134 IF 5=0 THEN C=0:G0TO 138
135 C=FEEK(LG+S)3C=C &NII 127 C=C+IATRYTE (1)
136 IF C»127 THEN C=C-127
137 C=127 AND FEEK(EX+()
138 C=(C OR T)—(C AND T)
139 IF C=0 THEN 153
140 C=127 AND FEEK(LGHC)
141 A=127 AND FEEK(LG+((A OR B)=C(A ANI E)))
‘o 142 E=C~AIF E<O THEN E=E+127
: 143 E=FEEK(EX+E) AND 127
; 144 IF E=0 OR E=S THEN 153
- 145 T=L=RAIEYTE (L) $T=U+TTYINT CI/2) +8HX T AND 1)
146 J=L-BADRYTE (2) 8 J=U+TTRINT (J/2) +8H () AND 1)
: 147 B(I=(B(J) OR E)-(R{J) ANIY E)
i 148 B(I)=(E(I) OR E)=(E(I) AND ED (BCI)=(RCTIY OR $)-(B(I) AND )
149 IF PEEK(FARITY+EC(I) =128 THEN RCI)=E(I) OR 128
150 IF PEEK(FARITY+E(J))<128 THEN E(J)=E(J) OR 128

ot



Q.

152
153
154
135

156

+ 197

158
159
160

A=T1IG0SURISEIA=JIG0SURILE

GOTO 15% ' V

REM DECODING - FATLURE (DF)
RECFAIL=1:6G0TO1SY :

REM LIONE '
DECFAIL=0:60TOLS 7

RETURN

Y=INT(A/N1) ¢ X=A-N1XY
LL=1954X4+32%Y
FRINTELL "X" 5 $FRINTELL y CHRS (B (A)

ANDNLZ27) 7 SRETURN






