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1. Eesearch on Inverss Systems

Previoﬁé vwork performed under this grant has demonstratsd the
fundamental connection between properties of convolutional codes and
inverses of linear sequential circuits. A by-product of this fesearch
was the development of general inverses for linear sequential circuits
(ISC's) and.continuous dynamical systems (CDS's), This wofk is reported
in the following Jjournal article, preprints of which have been furnished
to NASA but reprints of which are not yet available:

M. K. SainAand Je Lo Massey, ”InYertibility of Linear Time-Invariant

Dynamical Systems," IEEE Trans. on Auto. Control, AC-1lL, April 1969,

pp. 141-1L9,
This paper shows how to construct an inverse, where one exists, for
aﬁ m-input LSC (or CDS) such that each cutput of the inverse when cascaded
with the original system is one of the inputs to the original system
delayed by L time units (integrated L‘tiues),
“During the period reported here, the investigators have shown that
the techniques in the above paper can be extended to apply tb the case
when each of the inputs is recovered with individually the least delay
(the least inteération) rather than with uniform delay (integration).
This work.will be publishéd as: A . -
M. X. Sain and J. L. Massey, "A Modified Inverse for Linear Dynamical
Systems," to Be presented at ISEE 8th Adaptive Pfocesses Symposium, Penn. .
State Univ.; Nov. 17-19, 1959, |
Preprints of this article will be furnished to NASA in phe near future.
2. Simulation of the Jelinek Sequential Decoding Algorithm

Our last Quarterly Progress Report reported some preliminary results



based on the computer program being develoved for the UNIVAC 110?.computer
to simulate the new sequential decoding algofithm proposed by F. Jelinek
in the following report: |

F. Jelinek, "A Stack Algorithm for Faster Sequential Decoding of
Transmitted Information," Tech. Rpt. , IBM T. J. Watson Resszarch Center,
Yorktown Heights, N. Y,, 1969,

Our preliminary work had led us to peséimistic conclusions regarding
the decoding speed for this algorithm éompared to the Fano algorithm when
both are simulated on a general purpose digital computer such as tte UNTVAC
1107, However, further programming simplifications together with a
valuable suggestion which the‘investigators received from F., Jelinek
ha#e caused us to change this conélusion considerably. A new version
of our Jelinek simulation program has just been completed which we con-
sider to be about the best possible that ean be done on the UNIVAC 1107
computer. Comparison to the results of our Fano algorithm simulaticn
program which we believe to represent comparable programming sophistication
indicates that the Jelinek algorithm can be implemented on a general
purpose computer with a considerable gain in decoding speed when the code

rate is approximately R In general, whenever the number of Fano

comp*®
computations exceeds about 2 or 3 times the number of decoding decisions
on information bits, our results indicate that the Jelinek algorithm will
decode the fréme faster with g?eater savings as the computation is further
incresased., Production runs with the new algorithm are still in progress.
As soon as these are completed within a few weeks, a detailed report will
be made on this simulation., .However, we would already encourage the idea

that it may be very economical in computer time to convert from Fano se-

quential decoding to Jelinek sequential decoding.

/



3.‘ omparison of Various R = 1/2 Convolutional Codes for Sequential Decoding
During the period reported here, Mr. D, J, Costello who has been a
research assistant under this grant completed the requirements for his Ph, D.

degree in electrical engineering. His thesis will be published as the

following technical report under the grant which is now in preparation:

D. J. Costello, Jf., "Construction of Conveolutional Codes for
Sequential Decoding,™ U. of Notre Dame, Dept, of Zlec. Engr. Tech. Rpt.
EE-692, August 1969, _ -

‘This report contains numerous new techniques for constructing good
~convolutional codes as well as several new uppef and lower bounds on
various distance measures defined for convolutional codes, The report will
also include the detailed simulation results for 13 different R = 1/2

codes of merory 35 (i.e. a constraint lengﬁh of 1 + 35 = 36 branches or

2 x 35 = 72 bits.) The remainder of this report contzins an extract from
that section of Costello!s report dealing with this simulation. This data .
is reported here since it may be of use to various persénnel within NASA -

independentliy of the rest of the Costello report .

-



1. Brief Description of the Simulated Sequential Decoder.
In order to testlthe codes ponstructed in this chapter
along with other known good codes, sequential decoder was
simulated on the Univac 1107 at the University Computer

Center. Two simulations were made, one for a BSC and one for

a Gaussian channel. Each program consists of four parts:

2 main program DECODE for reading in data and prinﬁing out
results, a subprogram RANGEN for génerating random ncise,
a Subprogram TABSET for convertiﬁg the random noise into tabular
form sﬁitable for the sequential decoder, and a subprogram
SECO for the sequential decoding algoriﬁhm. Special thanks
are due to Dr. K.Vailravan, -who pfogrammed both the RANGEN
and TABSET subprograms, to Mr. John Geist and Mr. James Wruck ,
for their numerdus contributions to the efficlency.of the
programs, and to Mr, J. Chang and Mr. Johir Brennan for .the
preparation of’ the Gaussian program.

Each subprogram was written in assembly language to
maké the prdgram as fast as poésible, whilelfhe_main program
vas written in EORTRAN to facilitate the input—output. Input

information needed for the operation of the BSC program is as

follows (for a complete discussicn of sequential decoding para-

meters, sce Gallager [25]):
(1) channel error probability p;

(2) *the memory m of the code;

-
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(3) the generator of the.code being teéted;
(4) the threshold increment.H of the sequential
decoding search; X = CONMET x & where A is the
true threshold increrment of the Fano algorithm}’
(5) a constant CONMET used to spread the difference
| between the metric values; CONMET = 8 was vsed
in all the simulations reported here.
(Q)~ bins for the number of computations.
Rcomp and the metric valués are thep computed
from p and CONMET. The threshold increment;Huséd.in the
producfion runé was.determined ekperimentally. The Valué.of
A which optimizes thé:bound on computation is known to be 2 [3].
Since CGNMET was chosen as 8, the “optimum" H is 16. |
However, through testing a single code for different values
of H, it was determined that choosing .H to be 32 was a
better choi?e from both a computational and probabilitj of
error standpoint. These resulfs are shown in table 6.12.
Each production run cénsisted of 1000 frames of
256 branches{blocks Qf infofmation digits) each for a particular
code and a particular channel erroﬁprobability p. A frame
was cul off and considercéd to be "erased" if it reached
50,000 computations. If a frame was decoded perfectly, it
took (256 + m) computations since 256 information blocks
generate (256 + m) transmitted blocké and the algorithm would
count one coﬁputatioh for each correctly decoded block. Hénce
the“computational bins are just numbers.inclusive between
.(256 + m) and 50,000 which record how many frames reached or
exceeded_that number of computations for decoding. Usually
13 computational'bins were chosen for each production run.
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- In the Gaussian program the signal-to~noise ratio

Ep

No must be read in instead of ﬁ,'whefe Ep 1s the energy per
information digit and Ng is the noise power spectral density.
Then the procedure outlined in Jacobs [%3] is followed to
compute the metric values needed by the Sequential decoder. .
Output information available from thé-BSC érogram
includes the following:
(1) the actual branch metric values and Reomp 3
(2) for each decoded frame:
(a) the number of computations;
(b) tﬁe number of decoding errors;
(c) the last bfanch decoded if the frame is erased;
(d) the received sequence; |
.(e) the decoded sequence;’
(3) for the entire 1000 decoded frames:
(a) the number of erased.frames;
(b) the number bf'incorrectly deccded frames;
(¢) the number of correctly decoded frames;
(a) the distribution of coﬁputation into bins.
Clearly the total number of error digits can be easily cal-
culated ffom (2b). When the number of computations reached
50,000, deéoding was'terminated and the frame declared "erased".
The output then recorded‘ﬁéw Tar the search had p:ogressed in
the code tree when decoding was terminated. The printout of
the received sequence and the decoded sequence for each frame

is optional in the program.
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For each computational bin; the nuﬁber of frames
"which reached or exceeded that amount of computation is re-
corded. For example, the bin labeled 50,000 always contains
éhe number of “erased“ frames, and the bin labeled (256.+ m)
always contains the total number of frames. |

In the Gaussian program, additional outputiin-
formaéion about the channel is avéilable. |

In the RANGEN subprogram, a library subroutine is_
<used to generate a noise sequence.distributed according to ’
fhe channel error prbbability p for the BSC program. In
the CGaussian program, the noise seéuence is distributed
according to the guantized channél model given by Jacobs [331.
TABSET herely converts the noise seguence into tabular data
for use by SECO.

SECO is the actual sequéntial decoding algorithn.
- The version used is thoroughly discussed by Gallager [257.
A flow chart for SECO is shown in figufe 6.7.. It is always
assumed that the all-zero seguence has. been transmitted. Since
this was known to the programmer, SECO was always biased to
1oqk out on a 1 branch before looking out on a 0 branch in
case the metric values on the. two branches ﬁére tied.
(Hefe the discuséion pertains only to R = % codes, in which
there are ohly two branches emanating from each node.) This
undoubtedly resulted in slightly more computatioﬁ than would
be reguired normally, but of course this dgficiencﬁ was cémmon
to all runs and would be expected to have no effect on the

comparison between different codes.

-3
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A computation was counted as a "forward look",
"i.e., every time the decoder looked forward on a branch,
and at no other time, a single computation was counted.
éaoh computation, inbluding the calculation of the parity
digits, took about 100 pnsec of computer time.

The . QFCO algorithm is Cdpable of handling both

syvtema1lc and non-systematic codes with m£72. Programs

actually available are for R = %, R = ?’ and R = % only.
However, only results on R = L codes will be reported hbre,

2
since they are sufflclenuly rupresenuatlvc of all rates.
Also, data was taken for only three values of p and one
value of g%. These values are very t&pical, though, of a
practical randomly distributed space channel. For p = .033,

1 .
i.e., R=% = (0.9) Reomp» €ach production run of 1000 frames

took about 2 minutes of computer time._ For p = .045, i.e.,
--1—- " r 13 [a] ) =3

R = 5 Rcomp’ each run took about 4 minutes. For p = . 057,

i.e., = ? = (1.1) Rcomp’ each run took about 20 minutes.

And for .Eb = 2 op 3db, each run took about 5 minutes.
No
2. .Comparative Analysis of Codeé. _

In appendix A charts are given which ha?é complete
inférmation on 13 different codes. A name and number is
assigned to each code for identification purposes, and the
meaﬁs of construction for each code is briefly explained.
Simulation results are given for the four channels described
above. Not all the codes were tested with p = .057, since

the computation time was so long
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-An interesting comparison can be drawn between code 1
(from algorithm Al) and code 3 (from aigorithm A6). Note
that there are fewer error frames fqr code 3. This appears
to be due to the fact that dFREE is larger for‘Code 3, since.
dgp is the same for both codes, and substantiates the previous
statement that d is a more important parameter than d

_ FREE,
for sequential decoding.

¥FD

Also compare code 11 (éhe non-systematic code
from algorithm A9) with code 12 (from Forney [28]). The
non—éystematic code is clearly superior in number of error
frames, althougnh it has more erased frames. For the noisiest
BSC, p = ,057, code ll_makeS no decoding errors while code 12
incorrectly decodes about 10% of the frames. However code 11
erases about 15% more frames than does code 12. But of these
frames it éppeérs that about half of them were incorrectly
decoded by code 12. iMassey [32] has termed this a "fools
rush in where angels fear to tread" phenomenon. The slight
computational advantage of code 12 o?er code 11 is clearly
due to this phenomenon. Since code llAis_more easily im-
plemented than code 12 and it has tbe-"quick look" property,
we can conclude that it is far superi§r to éode 12 in system
performance as well as system complexity. 1In fact,‘code il
did not make a single décoding error in all four simulations.
To the author's knowledge, code 12 is generally considered the
" best m = 35 systemafic'bdde available for sequential decoging
The performance of code‘ll verifies the eaflier statement fhat

better results can be obtained for non-systematic codes than

10
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for systematic codes when used with'sequential decoding
~(since more free distance is available for non-systematic
codes).

i - Finally, compare. the performance of code 2 with

code 1. This indicates the advantage of usingllonger codes.
However, encoder complexity increasés with code 1engtﬁ, which

is an' important consideration in many applications.

11
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(&) Channel H Total Error ! EBrased
- ‘ramne S,
Computaticn: e Frames Sc,ﬁSError Bn.){:esl?QS
N 3 i ! | '
#irames | ' [ l _
with #0 2 N 1 ‘
’ ot ~ .
(5) Chamnel H oral L Egg}oprs _ brased
Computation:” __°_dotal EYTorT Bits: -
M Lo |
Wth #C 2 N ’ - 3|
FEY O Total E T EY .
(6) Channal H FREREs rf or n;gglgg L
Computation: ota ]‘P Error Bits:
LJ . o i -g i
#ETanes ! ! -
with#czn || J ]



: :VMemOI‘Y = 35

B 'Code Noo 5

Generators:

Rate

~ T L RN

Code Name Max»wwm WQ\O\\:\"' CQAQ_, S

>y5 +€mq+\c

2 T

Normal Form (Octal)

Read-—in_ Form (Octal)

;-'+oo 000 000 0Oy
4 736677 773 575

Known Distance Propertiess: - S e T
AR o de. =13 : free e
,".'A.:._-...__»;Nature of Constructlon° A‘So” H\m A7

Simulation Results: =~~~ o S

(1) Chamnel Ggoss: £%.<2.0 H&? Fekals looo Erior - 3. %%:gaed 2

'Compuuatmow . - Total Error Blits: o

N l20.2 400 450 150D 1600] 7001856 1100011200 11500 [H006] 0K |25 K

#Fr'ames o X R 1 w e .

qith‘ug 2 N 1000 (474 1902 [809 {652 {539 [414 344 278!402 6526 | 3

(2) Channel RS p:.03 H 32 Foaass 1000 SLOD Brased - o

ComﬁubatLon" o’(.JE Error Bits: o -

N 1292 1400 15501700 i $5p 11000 1500 [2000 2<Jo}§"ub 10% {20k {50k |

#Fra“&”o ‘ i ~ |

. > 1000 [878 [372 |95 1121 |89 |36 1911749 310 |0
with #C 2 N | : I
: Tot

' (3) Ch'mncl BsC. p = OHS H 32 ¥%ram 00 giﬂng %1?23?(31 —y .
Computation: Total Brror Bits: 4o
x N 1232 {400 [550 00!85011000 1500120001250 0150701 19k {20k [SOK] |

IFrames - '
with #C 2 N 1'0001‘?‘“ 24 115|527 |205 | 140 [ 1o )ss '25 Y ! ]

(4) Channel H ' TOt‘?']; Error ‘."%ﬁ%“-

- Computation: Frames F[‘B?:ai Error OB, S e

N P [ | _ I
- #Frames , ’ T ' ,

with #C 2 N : | : ‘

- (5) Chamnel H___ f#Qtal Error Frased
Computation: ¢ T AT v Biter ——
N oot l |

- #Frames i '

with #C 2 N | }

5 401‘ : Total Error - Erased
- (6) Cha nel H Framés Freme . Frames
. Computation: : ‘obaL Error Bi ts:

#Frames ’ i ! 7 -

with #C Z R 2 s L ’

' ’ . / . . T S |
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. 'Code No; C

Memory = 35 ) Rate

Cweneratozl:s °

s

4.‘..

el Code Nam° Max\mum We\q\wjr A xmr\j“

= - V,S ewma 1ic - i
{ TYPe S + % | B

~Normal Form (Octal)

A T
00000000 OOD

56374423651

Read-in Form (Octal)

Knoxm Distance Properties:

(a7
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v S dm =13 I -7 Tfree”
<o, Nabturs of Corfstr'uctlon: ACl:)o{_r\ 'l' _o,f: codé; "o 'Sf'
. eimulation R Results: ,—"’“ L o n L
1) Chamel Gaoss: /m - 2.0 H 32 “F‘ggg?és 1600 %;gggs 6 Erased .7
. Computation: Total Error Bits: o
N 1292 400|450 15601600 1700850 1000 li200 11500 4000610k |25k | -
- #Frames hMQﬂP7smfd] u21 (335 (267|207] es |17 | 1) |
.V«!{i—h ;uC 2 N O)_; | [} (K775 C) \_) 4 35 67 0 b l\ J
() Chamel BSC _p=033 W32 FRLAL 00 Bror, o Erased o
CC*D’)u’La’LlOTL“ - ’f‘o%enf]: Error Rits: o
! 1262 1400 15501700 1850 [16001150012000 17900 15000 lok {20k fSok ] | |
#Erancs hooo| 203 a3 /12286 |3: | '
with #C 2 N !;00() 7013851193 1127 : 3{- 20 |17 8 ‘ 2 O O
~{3) Chamnel RSC ' p= 04S  u 3y L&Ak nnp BEEZOL, 7 Frases 4o
- uomputations ...‘,, - Total Error Bits: 72 .
. N }/37 DD ISSD |7 IS'SOHOOO 150612000 12500 (5000 | Jo k 20k 150K
S e STarnes . ~
wiiasc zw oo 77 |53k 427 [sst 210 i1 [ |83 |22 12 [ 4
(&) Chamnel H - Total Error raseg
Computatici: Frames ?E%‘aj. E’rro; B%.’Easlr.‘es T
N . T T
) w{t'ﬂ #C 2 N , |
.. (5) Cha*x nel H OE%]*S - Error rased
- Computation: R ¢ gpmﬁs Error ?n%gcs
N R b .
7EFTanes i , :
'wl._t » F0 2 N f ' O U S ’ ' . . ’
Y - ~ Tot 1 r
(6) Chamnel B R R Praced
Computations = T fotal eror Bits:
N Lo i 15 i
#IFrames ’ i ! ,
- with#czw J
T =



¥ simulation Results:

# Tamnes

" Code N'o“.‘,' 7 o Code hame Bala\qcec{ Coc{e,

. ) — : . 1
Memory: 35 | ._’Rate = 5 - I‘ype Sys+ majr\cu

General_oll5° . " - . _ i
- Normal Form (Oc‘ta]) A . Read-in Form (Octal)

.qooooovoooooo..

65312544651 5 L.
i(nmm Distance Properties: - ' S
- : | Angn 213 o * IG free = 20

Q5 Chanmel Gannn t Etes 208 32 #ERLs 1000 FESE, 3 Brzsed s

' Cgmpu;aulon' L v Total Error Bits: 33
N 1292 1400 1450 500 leoo [706 1550 1100011200 1Soo 4000l ok [25K

- with #C 2 N J1o00 ijcm 2141665 537|410 33%T2@3 193 ¢z 12 | 1o

 €2) Channel BSC ! ps 033 32 Fotal 1000 E:TEOL Erased.
. Gomputation: " Total Error Bifsrio
TR 1242 1400 [ 556 TO0IRST 160811566] 20002505]5050] 1ok |20k | Saw |
¥ &I‘ai"ﬁs ° -
t:‘z.t}‘ #CZ N "°°°|330137‘5,l‘f3’125 85’33 21{lsjl6 3]0 o
T [=5
(3) Chamnel BSC' p=045 32 Rl jpoo BEISE, 12 Brased o
. G’)u')h'l al.Lr)L—l L &Otd Erlﬂor B1+—S" ’03
- N Iinz‘M 01850 1700 185011600 xu#&omsoo 5000 10t [Zok |50k
FEramnes '
with 20 2 3 1000]99 |743|506! 47l3u4| 206 151 ] 116 58 |25 14 | 2
(%) Channel H ;21'“1 Error ras
: Cemputation: ' TS RS irreT B?Ltgsir?es
N ) R | [
P T
with #C 2 N i ! ‘
(5) Channel - . b3 'gggr%}s ' Brrqr B Eraglgg
-Computation: : T ?{%SE M Sgare Bg%sc“ —
R P T T [

T alns

with ééN ' ’

.. Total Erroz Eras
(6) Channel L . B Tramés ‘&nﬁk F:E‘gﬁgg'
Computation: - L T 5ta) Error Bits:
#Frames o ’ I
with ¢z w | | |
fev e ’ b'/ -_1



CT s T e e

'Code No. % ‘ ' Code Name galanced A ( \O\n \:
Hemory = 35 7 Rate s 7} B TYPe S\as fem;}d’l «
N : . - . -
Generators e » . .
Normnal Form (Octal) . , Readmin Form (Octal)
".LFOOOOooooooo.. T e ' T
732153703632 e . R

. I\nown Distance Properties: L e e e
. 'd = S IT: P SRS

'\'._; - Nature of Construction: Aci g ‘)”\{. 0‘? c.oc\e ' no ' - e - 1::_::.<_:';l.,":' PR

e

Simulation Results: _ - LT e
(1) Channel Gaygg ! /~'~ 201 32 '&’Eﬁés 1006 Error. o frased 3

"Computa*i.lom ~__Total Error Bits: o
' N 292 1Hoo lico |500 “00 7001850 11000 [1200:11500 ool 10k | 25k
#Eramcs

with #C 2'N !ooaf 73]4(0'* 0|64 536|412 324|266 |211 | 54 {21 | &

@) chamer RSC i p-.033_ w 32 fotal lovo Beter, o Eeseed g

Computation: Tofal EFror By 1o -

# N 1292 | 400 ! '*o 700 1250 11000 lroo 2000[2500|5000] 10K . {20k sm; NE
Fraives ] -

with #C 2 N "0001%72 3% 191 [y |87 37 |20 |15 ’ 712]0 o0

- ~ T oy
(3) Channel BSC ! pI.O4S H 32 b%ﬁés 1000 Franes 5 ?«Eiﬁig _6

Computations B : ‘ Yotal Error Bits: gy
- Slﬂ 1292 1400 1550 17001 8S01)000] 1150020501 250015600] 10k 120k 150K T
‘rames ' i l
with #C 2 N bONHQQZ 7%61523f410,53a 203/ I“Hllle S%|30]is | &
(4) Channel ' R ) ;otal Zxror frased
. - FIretul e T
-Computation: ' i e %‘t:ﬁ Error - Blt_%}es )
N b ] '
with #C 2 ¥ , , ’
(5) Channel S E_ -i?%%z?w‘]es prror. Pf:S‘Sx%g‘
Computation: ‘ ' ’E aI EJ..F o7 Bits: -
N TR | ‘
#Framas . ’ |
(HIER #C 2 N
E . Total : s
~ (6) Channel : B Ponids rg‘;‘gror %ggﬁgg
~.» Computation: : : TTTTOTo gﬂ ET‘I‘OI’ Bits:
N i P I
#EFrames , ,
E'_,"_‘.f;'gl #C ; N ! ‘r: I
- / « -
20 vy
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“",“ A Gode Noo 9

S

Memory 35  Rate = 3

Generators:

T el nearirE LS
. _.‘“‘ir\

o~

Code qu\. Bulomceol Bbssqayw 2 Co“g

_Tpr SVS +CVY\6\+] C

Normal Form (Octal)

--HOOOOG‘OOOOOQ. .
,’732%3!5\623

ade

Read-in Form (Octal)

Kno.m Dj.stance ProoarLLeS‘

dmln =13

uf Construction:

T -f"_lg's d

free = ‘20

.o ox;em‘ one o{ Qo%ssan(»‘.s op\’(ma\ coc{es

Simulation Results: -

re

The cOc\Q o}a*mne_o\ by \)sw\_cj AlSOT\H\m A8

e e 20w 22 Btk oo B, - B 5

.6 - o al Ercor 1 S
#’ﬂ N 1292 14061459 | 5001600 17006 | 85011000 lzoc\llsoo 4000l jor |25k

Frames ) oo , 1. )
pith Ha oy 100@’6{73 x__ﬁ‘f [9%|648|52(]3495 326 2@2] 1991 57 {14 |10 |,
'(2) Channel B5C . p= 03 H 32 ggt%}n looo Error Erasgcj{. 6
C(.‘anULc..tlon" : anes b= g%aJSB;?O? %T%Sbgc, .
.. Irfh 1292 140615501700 T8.50 [100811<05 5050 2500[50061 10K |20k | SoR] . ] 1
‘-‘ -anl\’_‘ﬁ o M .. -
with 70 2 W .ooo]gtf?jsn lz)gwf 7830 L1711l 712 1ol 6 ]’

. . . N1y T B ‘ .
{3) -Channel BSC: p:.045 ® 32 Fggr%s 606 Friges 4 %'}Zaﬁ%il 3
Gomputation: Total Error Plts*b?é“a"f"
- 3‘4 '2‘17 L 40D1E501700 1850 1160011500 19000 250015000 10K |20k (501
# Pranes )

Wiia #C 2 N 10@0:0102 73%!512,3«1; 307]142{133]105 | 43 | 25 |13 | 3

(4) Charner L H Tota1° Error ed
Computatiun;":?_‘_ _ : Franes %O% 185 ETFOT BlJt%r.xes —
_ M . T | | !

#Firames | P '

with #C z N i ’

- £5) Chc annel -- H otal Error Brased
Cor:putaj_l.on: THARES I&‘%Tﬁ’ E”'*T*"“" %gotges T
. N ; ]

FEranes | T
with #C 2 N ! o i
(&) Chennel H %:gg%ls E«:;‘I‘Of %rasecx
R : T TV e Bt e T'a"lfi
G,Qﬂ”;;t%:%gn S — — - - Tov%fs}zrror Bits
#Frames , ’ ~ I = -
with #C Z N | , '
. - ' . //" . K “'4'
- 2‘i o Y g



Code Wo,- 1o f_"-._‘-‘} Code Namo Balanced @ussqomq Q AC{\OIF\+
Memory = 35 S i - Rate = —;_; - Type ,ys }qu}[lQ
Generators: RN g |
Rormal Form (Octal) - . Read-ln Form (Oc’cal)
-fo0o0600006 000G - -
' .653\372‘1‘%573 I
hno»-rn Distance P“ogercj’ esy ot TR L e T e
_ : e ! b P | < :
dmln L'S S e ,Z“‘ free © 23, -

“oNature of Construction: A jroiit % code ol g T R

rd

¥ Simulation Results:

© (L) Chammel Ggysg | S%N.r2.0H 32 patal IOQO %‘{;gg;‘s ___L...A Erm%gcsl __..L.t.w
.Computation: _ Total Error BJ.Ls- 19
N 232 00 14750 1500 leoo 1700 8501000 0200]1500 14600] 10f: |25k

Ferar es - . :
;:';{E'anl#c W 1000 Q7IJQO/;!?>H’€:GZ S50(40% 1334|256 [185 { ¢ 9 {22 b

(2) Channel BSC ! p=.033 _ ® 22 ol jooo irangs O Rrased o

'Co’nvm ation: Tof Errer Bits: o
‘ N !2612 | 4o0¢ is 0'/00 €50 1062150012000 2506 [Scoo | 1ok |20k S0k ’,
-#lirames .

_ with #C Z N 11000’330'37();130(“)8 7313212V |14 |9 |2 6 O

o Tot rased . —
(3) Channel BSC: p: gu< & 32 TRR8Es Jooo BEEOL 3 Fased
Bits: :

Computation: _Yotal Error Bifs: 7
. N iQﬁz Y00 1 5490l 7001%50 uooolifof 704@2500 Seoolio ks |20k | 50K

FErames

ith g 2y Joooad) [740 0 |S06 | 402 '3:/;187 138 | 17 |46 |24 |12 | 7

(4) Channel T : S St Error rased

[ qr'if-vm._.‘. E‘r

. ranes
Computation: otal’ EFFor Bﬂ:s: :

N I ! ;

with #C 2 N ! ,
ey . . S Tota Y o

(5) Charmel SUUREINUNE : U 30 Frines . Fhagsed
COWDUL t Lon: . AR ATN EFTOor Bits:

N b i ' ] T
FErames : o :
with #C 2 N

o — Total Error Erased 4
(6.) C(}Mx}el - e 8 Frames = dTemes Frames . ____
Computation: : - T Total Error BltS' ,

N T [ooe bk I- 4
#Firames | , 4 ,

- with #C 2 N R
’ B A7 E e e e - ~a
g S ,



: Code} No; H T Code Name Non $VS%EW\(‘/\ ¥d C clg
'Mefn.or'y :‘35.‘ S . Rate =“5

- Normal ror:n (Octal) : Read-—ln Form (Octal)

733 533676737..

with #C % N }!ooo %z}%q 835 |67k [567 4453581292 |225] 70 [ 17 |

!

Total
{3) Channel RSC: p.=.04S H 32 I‘ggips 1000 %ggﬁgo O }3521%2‘3 8

win#c 2w 90|91 |785 581 |477|382 240|167 [134] €3 [3¢ |23 |

‘Simulation Results

with #C Z N

b .' o

e rane

TYPe __N(W\- Q\/s)rew\c\ L.

ot oee

|
Ganerators:

53 533676737

Known D}.stance P‘L‘O"QI“L].QS’
min

,.;A.-;;Natu'fé of Construction: A'\ﬁoiri H,\m .Aq '

‘(1) Channel Gauss: *%e:2.0 H 32 0’5%%5 106 Q Fl:gggs o %?a&’lg 5

Oomputation: ‘ Total Error Bits:
S\ ‘ 124 2 1400 1450 1500 1God IT00 850J1000 [1700 0500 14000] 10k | 25K
?:?I'S.LIJQQ

(2) Channel R<¢ p:.033 H 37 E[‘otal 1066, Error 0 Fra ed Q

! Frames T Frames &
» Ccﬂrpua_atlon- , : ’f‘o@“al Error Bifs: 0 :

N 129214001556 17061850 11000]1500] 2000 250015000 10k {20k [S6K

rtﬁam’ds e 1oy ] .
et s lfooo]szsz 405 |223 hi3s a2 |w7|20 |18 | s ERERE

—

ho*'lpvua( ions ) _ Total Error Bits: o
N l/j’) 'qonsst)l?oolgso 10001150012000] 250015000 t0F |20t [SoK |

N e s e e
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(4) Cha*\nej. RQL p =, 057 H 32 Total 1000 Error pasbg
"*rﬁ : 1242 1400 :550 70018506 11000]15001200012500]5¢00] 10K | 7o SOK ~ ]
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. (5) Channel .- _H- fotal Error  PBrased
Computation: K —— frames J'l ei Ei"fé'f‘ BTJ‘_LC‘;C& —
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with #C 2 N , , »
£6) Channel | L u ~  Lotal Error  Erased

: S Pramcs ——— Frames
Computation: . . . ' ,Ffagl N pran.

#¥rameg

—————
SRR,

. e
b e S

~
Ll



‘ ¥ Simulati on. Results:
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- 400 000 000000
'7|"5t173701 317

ra

MOown Dlstancc Provertles"
d ‘n = |4
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Erased

(1) Chamnel Ggyss ' 59 N0 H 32 ’ngﬁ%“ 10 %‘1’23{8 O % ames —..t__
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N 1292 1400 | 1 o'soo ©00 1700 [£50 11060 1]205 1500 000 | Lok |25k
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- K 1292 1400 53017001 850 [1000 5001200012500 1S000] [0 {20k [50k |
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. L}ooopooooooo
.g531'343077\3
Known Distance Propertiess - T A - e
' A N - . < <
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