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Some Special Codes 
< 

4.1 ~I%uIu& (Hamming Codes) ' 
d WY .i~arraudr r ~ l u ~ a d h $ i ~ ~ b ~ : : ~ ~ u n ~ a n n ' u ~ ~ w i ~ i  u n i m h  

~ ~ ~ . i f s ' ~ d I f l ~  computer RAM 6uwulblu Marcel Golay 'lug 1949 

LLRZ~GILI Richard Hamming lug 1950 dirnudirnkwu~nu'oas:: 





T A w ~ n A  2 r o d  H2 AB 010 W L ~ ~ U ~ I U ? W ~ U ~ Q ~ C ~ U ~ M ~ I ~ ~ ~ M L ~ U  
2 rrsriobJdon q, orr~uiiw~nCf 1 - 7 r o d  H2 riluRiunug7u 



~wnEainfiidiiYmnnuuorr~~uauda H d b d J i ~ K n d ~ i l ~ u 6  
a ,  a, daoY ~ u $ m ? i u n i n n u i ~ ~ r ~ ~ i i n ' u  2 lu Ham(r, 2) auY @didid 

i j~ i i , ,~n~ i i fYu  2 w"uk~ IC = oo ... 010 ... 010 ... o (hu! r odlu PI 

a: diuvlri~d i URE j) d a ~ m n  x moainiYuyn 7 un?uoJ H 

U H R . J ~ I ~ I L L M ~ J ~  i URE j Y O P U ~ R E L L ~ ? V O J  H $a~~~fiouiYu 
& n uuna M ~ n d  i LLRE j YOJLUTI?~~ H &IJLM!DW<% ~JL?IU'~J\J 

1GY~duiYu ~ w s i t ~ i n C ~ i a ~  4.1.1 L L ~ ~ : H ~ ~ " U O S  H 6as~~mndi~n'u 
w a: 
msuu d(Ham(r, 2)) 1 3 

a4 d a  dn ldmoe2 io~~r~a~ i i au~$~  Ham(r, 2) GA is~~nud i  

aCniiiiYu 3 ~lnn~unind  H Q~rnu~~ninusnuo~ H do 

2 1 uuna t = 1 unu t = 1 l u i l w r r l n i ~ & u u a ~ ~ m  (1.14.2) Iu 

%??%a 1.14 ~siI6 



und 4 ~ K R ~ ~ ~ J I J I J S Y ~ R  153 







(av I a EF, ufir a f 0) 

q' -1 srnnddaonrh a - ndu 7 fir q - 1 r?nr~of LuAmi%nIu 
q - 1  

u t u Jr, n~u~Au~nSlrtluw~~muo~n'uufirn'u R J U ~  rhrnorRfi~rnanu 

a?iuui? n uindljsl ufirilrru:<aqcl d r ~ ~ u  3 motdiacfi~ 

run5n$fis?onoum?rraua H d~udfir~~nuad H ordodlJt& 0 

u~toriio~~ilur~nmofdu1~1inn~uddi~n'u rwnrorfi~lflddnn 

~ n a f d ~ ~ u w ~ n n r u o ~ ~ u ~ ~ n ~ ~ a i d u  U 





I 1. Ham(r, q) tflush- [ ( i -  1)1(~ - 1), (4- l)/(q - 1)- r, 31 

2. Ham(r, q) ~ ~ u s ~ k ~ u ~ ~ d ~ d a l u l s n r ~ f l ~ ~ o f  QIW ~1~118 I 

glad 2 ritodoinsrut~ou~ d r o d  Ham(r, q) Bo 3 = 21 + 1 

d o  t = 1 diuauio~nidciiud4u~o~ sphempcking bound 8 0  
/ n 

q n - r ( ~  +n(q- I ) ) = ~ " - ~ ( I  + {- 1) = q  

u t 
~~r~in'udiu~uni~aaidwoJ spherepacking bound Rduu 

u d 
Ham(r, q) r~usH'81uysni ~ R t a l u l ~ o ~ f l Y ~ ~ f f l ~ 8 i f l ~ f l ~ ~ d  

diu~u,~ ~ws7z?~ijstu:Souq~ d = 3 rn 



S(fi) = S(0 ... ObO ... 0) 
-r 

=(0  ... ObO ... O)H' = bh, 
u d rda h, ~ o r 7 n r r o ~ ~ ~ u r d d u u ~ a d ~ w n n  i uod H 

t: II axn 3 h ~ ( x )  # o S(X) = bh, ~H?UUIJ b rrne i k~rjgdlG 
X rl QBawniari inuu~wd~u~IIJ dofiawnia~udiu~ci~d i 4 4  

muisnu~u~fion&o~~(A'Iaudi u b WH'n~anqinhu~ddd i uod x 

T a r  r r l  orrAudi (I. 3) naannnn 5 .DQJ H rrar b = 2 dl b WHiroon 

qqn*rr~~(dC( 5 am 221031 r r R '  221 01 1 njih rnnonzhrm 

bra+ x = 221031 Rfi~Ifibiluii~~ir 22101 1 

I 
4.2 3$d?l L. d (Golay Codes) 



f$~lfl L~dluu7% UI u (extended binary Golay code) H% 

lort;indb G = p12 I A 1 rilu~unin46arFi~Cw  do r12 l o  





figid n n n q ~ d u n  3.7.7 mil H = [ A ~ I  rilurunfnC.r7o~au 

nqwflun 
dtgnou ~ i ~ ~ n ~ ~ d d l ~ ~ k ~ ~ d ~ t d i ~ ~  G24 ~iluwy ~ruaa4 4 
4.2.3 \ 

% g ~ d  W c rOudi.rMu mot a m d i  W(C) r f l u w ~ ~ r u u a ~  

4 mjii U c rilunirr?ur~dr#uu~duda:un?uadbun"m~riodir~m 

G fiid' ri rUuun?f( i u a ~ o  mttnnf lo i . rmi~f f  $urt.rnwuh q 

-11 c riluun~lmun?~dduc~ G duIiY5m-h W(C) ~Uuwgqruua~ 

4 rwn:iittn?kfl ) uad G ilriirrcin~ilu 8 rn$a 12 da'ldboistui 



L 1 wwno rier, = 0 uaa44~uina ri urruna rj ddiuau~r~ 1 dodh 

wt(ri + r,) = wt(ri) + wt(r,) - 2wt(rinrj) 

~JLBUWMRIUYDJ * u 4 (i0ld~nfi017~1n~dd c LBWWR~~UUOJNIU 
d 

i~nab~ q ror~un%g G ~riu c = ri + r, + rk iwarain wt(ri + r,) 

uar wt(rk) ~iluwqgrunar 4 6rZw I f i e ~ v y  wr~iiearTufirYud in 

f i i d  ru~?iiidhnin c = clc, ... o, i w  G24 k wt(c) = 4 

i ~ o ~ a i u ~ r ~ a l u n i s ~ ~ ~ i t ~  mardew c l g d  (L I R) tdo L = 
" t  d 

c1c2 ... c,? LLR: R = Cl3Cl4 ... O, slrww arif i~n~fi lsln~fiaw~~o 

ldd 
a J ' a  nsd 1 w~(L) = o aar w t ( ~ )  = 4 ordu~injln3~u~duldlI  iwn:  

~do4aimiain iun3nBriorii~fisl G orvtui~Gdis~~ierCii i h a  
t da ~riiwunu w~(L) = o f i ~ ~ ~ Z w i i a  o = 00 ... o 

nsd 2 w t ( ~ )  = 1 u~: WR) = 3 h . w t ( ~ )  = 1 umrii L Qriflu 

uoalattna~$.wo.s G $4~ilwIdl~l6 L W ~ ~ L L ~ Q : L L O ~ Y O J  G d i i  
arin 8 a3o 12 rriifiu 



oinnqgun 1.12.1 ~niii fi d ~ i lu l iuawr . 'u~uh ozfl 
A d  r t: u n  

fH'H-(n, M, d) fidb~uau~%w-(n + 1, MI d + 1) ~JUU 61~31~011~01 

~ ~ f i  uuo~di~%uuei ~rdi Iu G24 ~JLOUT%~~UUI~ - (~~ ,  212# 8) 

~nor l6~Kwluu~?- (23 ,  212, 7) ~m~unn~ru~uni~f i1~%1'1u 
2 u d n  

~WWU$I n?srw?amU! (puncturing the code) LnLmuTMrmLnn 

o i n n i q ~ o i r ~ g ~  ~ 2 4  aatl G23 



Inunirrdufinnn~aoun73:,~aua ( ~ i a d r i u n ~ i  overall parity 

check) rU'i\dluAv#qndi~ad G23 a7nhadid 1.14.4(2) G23 

~UusQauysd 

~ ~ n m d b n o h q ?  G,, 

sHimndilu 1 G12 r n 0 z \ f i H k ~ n a f ~ - ( 1 1 .  36. 5) ~ ~ O : , L L ~ U R I ? U  

Gll  inh hod id 1.14.4(3) a~rfiu-ii Gll r U u s ~ ~ a u y 7 n l  

n.R. 1973 rinnrirnaiardo Tietavainen UR:, van Lint 

\6rrrrndlfi#uii y ~ ~ ~ " ~ I H E I ~ ~ ~ \ I ~ Q C I  (nontrivial perfect 

code) a:, iiwm2~rcrofrMil a u ~ u s $ a u a u d d ~ ~ o s ~ a ' ~ n  ~[sd~~iifu 

nqwflun 

4.2.3 

s ~ ~ ~ u u r d ~ w  U q rdo q L ~ ~ ~ I ~ ~ u L Q w I - . u ~ ~  ~~dd\u"I+ trivial 

perfect code u97 s:ihmij r n o f r ~ ~ a u w i m ~ ~ ~ o ~  oi~s$auaa~ 
# , I :  di~~iosf l~ lr i~nu~muu 



4.3 %%I ISBN 

10 

z i c  E O  (mod 11) 
i 

1=1 

clo E Z i c  (mod 11) 
i=l  

cil x 6 o (mod 11) unndi60~iju'a~oirslwa7n~finBu 

~ u q l i i  c = c1c2 ... clo ~iluii.r<rrdia ~ ~ ~ r u u y R i i ~ n I $ i ~ u  

~ a n m a i  x = x1x2 ... xlo d a ~ ~ d a u 8 u d i 3 ~ u  c C~~ILLHIJJ q un~5u 
d u 8 d i ~ ~ ~ l j ~ d  j U U U ~ ~ I  xi = c, + a LUO a # o nauu 

9 

nqJun 
4.3.1 

c d I. rKu ISBN m~i rns lsa~Cuuj f  nw~i in In~u~di~~)r lSia  

2. .rlk ISBN m u i m ~ n o ~ u U ' o ~ o ~ n w a i n d ~ f i n ~ i n n i ~  





7. o a ~ ~ a R d $ i W i n l i ~ n a f a o ~  GI, a o R f l i k 4 6 b  sphere-packing 

bound 

8. 94M7 

8.1 n i a n u i n i u ~ ~ n i ~ a n u o ~ a u i Q n ~ ~ d a = : K a ~ ~  Fll 

8.2 . j u n ~ u n i u I ~ n i r n ~ v o ~ ~ u i ~ n ~ ~ ~ w r ~ a Z w  U F,, i I d d  

~ u d  

9. o~~saoaou~idido~du'~i ]udis%~ ISBN M%IW 
9.1 0-13-625007-5 

9.2 0 - 07 - 100893 - 4 



lo. ~ i d i u ? u d o 1 d 8 i ~ u h u ~ d 3 1  P ~ ~ I ~ G I  ISBN P J H I R ~ ? ~ P  

10.2 091981116 

11. f i 4 iu?udo1dd;0~f i i3~  ISBN P m I  x l u d 7 ~ ~ d i l h  
11 . l  0471 ~00105 

1 1.2 007012~x77 


