ERACGR-DZTECTING CCOL5 FOR COVPUTER
DATA COMMUNICATION SYSTEYS,

F. B. Yood

{rie, “bztract, and Illustrations for a talk
en OJocember 1R, 1962, at a3 Jofnt weeting of

ol =ptors of the Institute of Radio tngineers
i} Zroup on Radio Fregquency “nterference

e fonal %roup on IZpace CZlectronics and
zietry, Palo Alte, Califorania,

Tiis raser i3 a survey on the higtery and application of ervor-
ciin; codes for computer data communication systems. The sudjock

*.

tneraduted by a non-technical explanation of error-detection and
Soove-zorrection processes with some historfcal data on the
omaticnf eoncenpts such as Galols fields and the electranic
L Zhwaniogy 2 .. computer arogramming upon which the practical usz of
sl oore uzpendent., The techniques of choosing a code to match ine
Loror statistics are reviewed, first using empirical error statistics
i second using 2 nofse model.
ing enjincer is usually confronted with meager error staticiics,
Tocaatgues oV yraphfcally plotting whatever inadequate error douwn i35
~iaabha2 are ililustrated as a method of finding & confldence interval
Loowne fnadequiate data and for determining what further data on

cocar statistice would be useful,



NWOTE ON STATUS OF DATA IN THIS FAPCR

LGonr codes or recommendations for standards are Inciudec. Thne Coudd
oo circuits used as examples are taken from publiished referencos.
v resuits o7 computer simulations of error detection using ¢ric
o oamerican Telephone and Telegraph Co. of from cata of M.I.T Lincoln
c.soratory, only the material released for pubitcatfon by the coriginai
cource i3 used.

NOTL ON SWPAALTS

wansfs i upon understanding error Jetection codes from severai
Jitierent viewpolnts such as generating polynomiais, from Galois
Tiolda, Iinear equatfons, binary arithmetic, group theory, shiti
rocicter logic, and matrix algebra, Ia the evaluation of codes
wac empnasis 18 unon techniques of interpreting error statistics
Lal computer simuiation of error detectfon. A method of replotting
waca irom different sources for different conditions I8 used to
iilustrate ways of comparing different codes.



)
s,
Y]
ad

01

[y

Liat of ¥Flip Charts.

Titl

[

Title

Outbhine

Pletorlal Sketen

S(fgff'mf,

Sancle waveformse: N-olse, 3Signal, S+N.

Yolse Probabllity Curves for : Thermal Noise (Noraal)
9~d1 Imoulse Nolse (Log-neorusl).

wolese 0421 (Gllbert)

Outlme - Fyvor Defetiom

Llet of NMalor Steps in Cyelic Code 'ineory.

Outhine ~Msdnematica l Comempts

Analogy Between Zrror Correcting Code and Linear Equatl-

o
i)

(chat. of 7) ~ni Zxaaple of Hammlng Code.
facosing Dist nce
Gnalols and GF(p)
GF(3) ~n1 Definitlon of GF(p™)
GR(3%)  3%+1=0
GF{3%®) 3%-31-1=0(z0d 3)
Maltiplicotion Vector 4§ Lo GF(22%) for Q+l=3°®
Binary Multiplirotion @Q°3%=Q41
F2 dback Srift Reglster Logle Q%=aQ®+by+c
Transoosition of Hazning Code to Fit Cyclic Code on Fon.
¥Matrlx Code Generator
Cireu t Reallzatlon of Matrlilx “enerator
Alt=srnetlve Realization Ceflned by Reduced Llirn=ar Zguatioins
Matioly =2nd Dlvide Circults.
Non-3Jystenatice Ceodlna .
Systematice Codlng Circult,
San le Sune of: Codling, CThecking and “rror iocetlon.
¥aior Zv-~lic Codes: Craaracteristic EKquations,

Quibpe i Quegdipms
Tuerctions on Code S-lectlion.



Jutline nf itroc2iure,

Tlotting Trror Jtotistics,

Replotitlneg of Dnata from AIZE CP61-~1130

nzg of Data from ¥IT Linecoln Laboratory

LRUEL v, 49, p, 105G-

Samnle of an Incoaplete Test(Illuctrates wnst
To Licit

Features Froa Trheory Can Be Us# !
Txtrapolations Frow Inco.uplete Data)



BINEISAS
NOLLYDINOWNOD
LVd
HHLOINOD
=04 5HdOD

NI IS
IR

EE N G Y



OLT DT TINES TO Y p Ty ey
P N fadan

R P N N

NN TT T NTTTN T O T TET AT
xﬂ.ﬁf\m‘”r[ K [P S AN -,‘.H mﬁ[ﬁ_ﬂrm‘ykrﬁoru
ITRTTT T AT T AT Ty

- Lo L LY NS DIV

R ST e e TUYATATT
H et

F O R B W Sl

oD IOz

LIt ol odan Ay
T L peN TN T
TVT TS Ty T

Lol Lol

JEINATICD



P Qh_/m_

NOISSINSNVY L
40 ALTIGYN3Y 33LINVYYND OL A34IND3Y S3A03 40 NOILYNTIVAI

& SION O INY S¥O¥NT

—0O -0~ O
-_0 -0 0 —
O e O e

e
SHE NOIIYWIOINI
Sl ONILD31I0-A0¥NA
SLIE ONILOINIOD-HOAYI



ESION % IVNOIS

m&ﬁhmwm
CTNT TLTNTAT Y AT TAT
OOV DI ATNGD

=D LA NO0



4

» ON

0b

Yo (LX<
09 9 a1 xwm_om,
Bl -I.m L2 m Jm i
038 -
Qr.:
09-+  3SION !
| TYWHIHL
open IZZMOZ/
uqp :
X

3SION
3SINdWI

-

A TVWSHON-991 "

-




P
.+

SIS

)
R}




AdCIESIH LHOHS

o I A TS e T ey T
a0 R A -l\H A

T N TT YT N
SASARD

e - \|||)414}¢JJ,HLH_”
Al DTN UL NI e LTLAD 55

P R Sh Ry m.. l1__..\rl.1:l,.ﬂ,,

[ L RN A

A
IR T P O

[
0

kS

by
lh

T
+

]

T



SWsJICalT, 17,80y
UCI1ooddo D nHU.Hpi”uq
AN PeZ
SWaJICG31U 5 DoZTU NS
S1ED U»)H,_.Jm_:u.rﬂm\w. ,Q

._.)) ).. :3 f
..uG.!.._‘ "

TaI8Us D)

1D .HQQ rdigl
"ML bag S;ﬁ .
U DLI1% U0E
Ty ' juspusds
SEElelelg “wcgs

BSUHMU .Hm_m..&., I
Uo11023a07

rTT 6T

L d i vl

UOSIEs 5
FIBIEN

UCT UBINY
abueis
TONCE UBY
R Useld
shuRIA
ustdatg
UBWIIING
ouT b:%s:

NTIT Y TN

il LSl

AdTS

SR

ay

[ Bt

o o)

[ ITA

()

BN
PR

[SQ T

[N

S
—! oy

4

d

_t

=1



|
3

W
.
[

3

> DE MIT @HONGTH

> (1) NAID XDy
5 = 10 OMNIEODLLYS

>

Ad AYVIIE

> AW HOLDEA

TVIINONATOT
ONILY=THED
A

SdTHIA SIOIVSD

N

SNOLLY YD

"UVHENIT LAMVANNGES

7
Sdd 3000
AVOLLVYINEELYIY
HALLVNEALTY

dd00
DMNIMNIIVH
"AINGA

=1

e _

.

HAOD OTIDAD
JO HIAPVEE

JJIAIT
o

(
HOODEJ

AIdLLTION

A~

W
cleleloluic!



L s oplp ?u o by 4 mato (gl (B

98~ 2 p s b x e w9

\MW - N\@i mub X \A_Q + x:;@w/m_,sﬁ_ﬁuﬁ.\w

Yo mm&u+\/\§+xvﬂ + MD (P
S =z A4 xig e mn (£
S = 2% fba xTqE M
ic = Z'p+ Kb+ x.ﬂ,”@h + D \/



no

- 1"‘JI

—r

{

- —_—
——rm

mo &
“u Wn
(i i
N
7>

o
2
it
X

-
(Vg
i

2

J
o
)
™
N
P TW—\\
i
o~



010
10V

b




‘(h49 Y3IA0 w NOISN3WId @9 an3id SIGINI

1

1 YN Of N

1

e ELULD.

CANIWIT3 o 40 134 v

F)49 o siN3WI13 VNG ER & ERIL d
40 @34 S D FHL L g 010Q0W Sy 3IDILNI

gany) Siow 139H3¢ 1O S3SSY) angisIY
40 IVHINONATOd 3781510344
Ny O1NA0W (D19 ¥3A0

SIWNRY 40 'AT734 3HL

L T TS S
] ol o1l O

s+ e710
@49 30 ?duox3
A ey \ﬁ\?\»\)

10 VS WOLI3A VY .u.H_

b0 - 1rQ - 4+ O |- _

TSI TSI T N S S T S

e O R e (231 — 1181)
©19 37 T SIOWD ILSIVAS

)k



d‘m\wuqr?\ I +
(e /) © =
(£47) | =

AL

17 00



J

L

(W

—

;+{

&

e

j‘,.‘-l’f\

Mo, 14



Q

O

1

o O

i /|

O Q

o o O O

o o T -

i P T
O O = 0
-.-....-Q —

O - O -
X X X

— O O 0 o o
o O 0 O QO

Vol

I

+ 110

Ol

i

L 1O

X

Ofu

H

Q7= Q+ |

O\

-
—
———
—}

N 1S



f

\ e e 5 Hae

NEXNEE



Iy

/ﬁT ’ .,\ :
\ =
m, ~
N ﬂw
| | i
) | L ~3
N
1 ! \ P’r
| g
~ ) _.\
e
- | Qn\
| ) G
AN 4
M\/\‘




(f
)

=2 1 = 1 et d )

&

— L T - 1 - —~
o= Lo - L0+ T 20,1 = ()¢

Lo XL N AN A

Lo

_, “ = T o e N
g = Q.U.TUM.UT . M..w UTh \\VLT .,x

N RO

. ,/. i ! . : - ‘ _ i ‘.._ i ..H



4
H
C,/ o
= — 0o o
\ X










ey S - O

S
_ ¢ ~ y A A T A
o1 e
«\\M\M_L_f_orv yoo\gxow \05_
kS S NON O 40 (5r190)3G) /N
| 0 Ol | O 9% .MX+NX+X
| OO | e
1010 GA b At
OO0 oX A
ol | KT ET om0,

\\ \ \ /\ \ 4 Q L m QU
ﬁa v _,_\V ERR AR



G

KOO OOV~

QSN
OSSO~~~
S~CT~

S

~
S
~NND
‘\.\\QQ

NSNS O

[~ QO~Q

tlal B

QDDA
QO™ 0\0\0!
O~Q~0O~ U~
DN NO0OQ ~~
SWSNOQ0O >~

Q~ N F D

C

Q\va\n\gbl

~ O =0 O~
Q=-0~~~00

»]OR}—>

SYSTF_MgT((g. COD,LNG
_ G
F(x)= PO<)+X G

A

P

N

Np, 23



MAJOR CYCLIC
CODES.

HAMMING (SEC): m™hod.
n=2"1 @(T)=0
SEC;DAEC: (m-n3T order
for $[11 [G\T+1]=0
FIRE BURST: ,
[6@][T +1]=0
MELAS BURST: m,em,
é(‘_f) = 4'(1){&61):0
BOSE-CHADHUR |- HO®UENGHEM
¢(I):7T¢,{(I)

(=1 -
B b T, Glr) e T
vy

No.,1¢



YLVA SLEZTTZROONT HINOS

— T Tiat T < :
NOTODMNIT-AI T2eT "2NAL

CS0T0r BEI TO0Md
A

i

. LIV/TEI 1261 (LOO
(0211-10<) HEIV
A

|

SLOVA

OIS LNO HZHHANES
OL VIV 48,/ 140d
L1OTdEY OL M0OH

Y
S R

L1

CODE
CHANN
UND. ER

R A

HHAdEDOES

7

IO SHOLILSEND



T T T TR e T TETANTTT T ATT
LGS TV I A

SINLERE IERE

DITEEARNOD 'L LTOD
SHOILSHSTHOD HO
SATING NOLLOHIAET

¢HACOD HOIHM

SV T T

Sl ALTE VvV ANV MOH

€-n

AMELEAS NOILVOINAWNGD

S0 NdN0D SAgISNDOD



b :1\41.11.1

TNT T w/ﬁD.
oA Jead s f I.IL(\_Ip[l 1
Dugalid e e

2 S SCHIVINGG ON

HILY (¥)d Ad GHOIAA
Q],)_GQW.1I4.,4

EEDVEEMIN HOdHE

MHEM r “QHB( oLLHd

B e G At e i I

A0A=H EIYINNIS



I

'

pe—

L J [N

’

~



CH ANNEL




[ - - . . . - - - - P . - - . - -
SRR R SR RN SRR =y 2 v P -, e
1 + :
eemd ] B SRR SRR N S
WS S . — - - - - [ —

S

5

O N O O OO SIS O

P ! 1

T .

et e

T i ) T T . . B ST * AR S . N : T ”.. ,J
. - .- e e - - . - . . . - o+
. . . S L : . .- . -
- Lo . . . - - . PR
N T " i
- v . - F . . : M. - o

. omAn



DVRNS
TINNYHD

(4

811

(199 pkuspyolq)

Tommnﬂc 1013 v.mhmuﬁum.cav Goud NmoT

Wi

. ﬁ*. PRt R e B .\_\.rf()u

i Qt_cwu

(s119) yibuaq 2019
- AO@MU Aﬁ [, } ﬁlmN «a Tl s et
K N 3ZIS :
g7 w.asqm.\.
e L mz_w 3002
- A= 7 T WooNw | T
y 17 J wog , (9510°0) |
g7 k aNNo4 ty
ot USRS AL V4 I 434dN &
e 11 (v%Z 000°0) va
.0.“.@(
/+eoe _
)
& b (v16£00200°0) . L /
\? 5
a,_\o / suoid 2 = () -
//7// .. .
SN //,/, i
et , S S memm (660000000 70) &5..\
S|

4 Vi




