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TE@ Lo COMR, B~B~E H, FAOHEANT X 10° & THZ 5T LHTE ko

EERE
BERER
BR
Z <
031] o0
0 |09 15
IR SRS

B21 F~xzs bLORRE

2.2.2 EHAOFFEHROHE

75 H, HysE5xbhrets, ThZthmnbi, jHEOF~Zbr2RBUTHALO
GF(Z)LDﬂ&ﬁFWﬁ?&iFW&&éiﬁﬁﬂ&?FW@EUE@#%A“&%
4o 2 TGF ( 2) @ 20ERKERT H, 750 j BOFI~7 b »OFHOES



BweEkBLDE JEACHNI P vORBUFOHE B, (w)ERTo Ny )7 4 RE
TR O 4 AOFIN 2 b VOB BENZ b A &% D AHDHI~I P vORTFFLCHFEL WO
’C‘y miﬁﬁsﬁféj?—éo

4

i=0

czTtR(2—1)OHERLIY A, A, BHICEKELZY, TNLN5376, 25

40’
60LRE Do COBEND AR, Hy fTFICET 2 j BOF~7 + v OHMOES THE

THCERLLY, ROXOSTERINL,

A,, = 22B,(2) +16 B,(4) + 10 B, (6)
A, = By (1) +B,(3) (2—-3)
Agy = B, (0)

zzTtX(2-3)0B,(2)0®/kHE, H 750 2@OF~7 b v %R, T OHMH
EL 2052602 - ERDBISBRFFOHTSHD, 1+6+ ;C,=22 &%
bo FikiC, B,(4), B,(6) OBEH, 575|055 2005~ 7  vOMBETNENLESH
15 IV6035E515 00k 2 —-2LubL5%BUFFORTHY, Thth4+4X

,C,/2=16, ,C,/2=10,%%, %%,

B,(2)+B,(4) +B,(6) =,C, (2—4)
WX (2—-2)ARDIOI>CERIN S,

N,=8216+12B,(2)+6B,(4) +B,;(1)+B,(3)+B,(0) (2—5)

52 b0 cERBON) T4 REFIINLSL N, 2RO HICE, RAFZOEX>F M eFH
TohkEv»en [ 4], AHTOMBEOBE, R(2-5)2oROLIFVERNIN,

7 a5 4 FORTRAN TER L 720

223 #& E2
Hsiao DEK TR#E%Z, T2bb )7  REFTINTOIBEROMBBIR IO IOD

5HLbTEH ADOHEFHB N, &RAD (72, 64)BE~I v I/HHBRE, N,=8392<¢txz



éttﬁbﬁokoC@lﬁ&ﬁ%@ﬁ%,E%K%ﬁf&mHzﬁﬂ©B#W)@ﬁﬁ
BREDLZEMLDND, BOhk 3OOFFO H, TFloFMazMOoF»s, thith
WHTHLIOERUIM2 2R T o fTHIOTUHELINIOESIRTNTETHHZ LI,
Bohrk H, THOFTOEHSTNTETHE, 20O L, (a) OH,F 751 Hsiao OF)
D—>[ 31 E%MTah, H, FHOFE @S+ KEABRLADIDLE ;T bo K
2.2 T/ARYT H, F78Iid, M2 1 CRINDFEERLELTL KL %Z V.

AT REFTIIGORBEROBHA RN O ZTRIE, N, =8175Td5%

£9% (72, 64 )BEA~I Y I HFBERRKOLNTWAB[ 4 o

01111001 11111000 . 00011111
11110010 11110100 00110111
11100101 11101010 01100111
11001011 11010101 11001011
10010111 10101011 10011101
00101111 01010111 11101010
01011110 00101111 11110100
10111100 00011111 11111000

(a)

(b)

(c)

X2 2 Hsiao OBHTHEER (72, 4)EENI Y THEDH: 75



23 BEECyY FMOBRYREEOFUWEENI VY I/FSO—ERZE

231 HBiEy bEBAKES, 4EBY OREE

BE~S v 7BBICHLT, iy b eBAXSERYVORBEEPD, !, #ivy
PEBAKABRY OBMELPD,! L RT, HBERnOBENI ¥ I/HFE505 Y 74 &
EITFIHERO & 5 KFET,

H:[ho’ hl’ ......... , h ] (2'—6)

SV FARETHHKENT, Fi~2 b, (0=i=n—1)%8% ) @EOH~7
FADFINRBENZ b bibLd2FX7 OBV FOEIEDLEOEE Nji&%ﬁ*o
TCZT, Bivy B3 ERIVOBRNERHE TS, Fivy PEFL3ERIO
BhSz—v%e, LTh, AFSHALKHL, a+e€, 2HOFEFEDIKATE ( 3

23 vz b)FhCLE, M23KRTLoOK, ate, tABSEDOEREL Lok

distance 2

23 BENIVI/IRSORSHLRYGEH RHEL RITE

o

EEBRT A, TaAbLDL, Hiy PRI ADERX4OXI e BEEL, ate]
=bol s LicHL, OO RBRY A2 - @, ORYFOKE, Fi Ky
P21 O, € OFiy PUAOIEO 105 2@ REHEOM ,C,IKFE L,
AEmAKH L IHSEDORUF AN I BHEET 2, t4, iy FEFAKIER
VRELABEORE, iy b 10k®L, (n—1) 0 2EEESEEOH

L C, KELV, 2T, RRADBRILT 2,

n



PD3l:1'—3C2XN41/n_1C2 (2—-7)

Ric, BiE€y P EBLAERIVOBEHEEFTE TS, Bi1 vy P EFAKIERD %
R#ETeold, M23LDh, BEARL4LDOHEICy b H1TEHLS2REHEe, BEE
THCLEEBET S, COLORBY A x> ORUFOPIN, ' KHL», i
Ey FPEBARAERIBELZBEOHKE, Fivy b1 0ok, (n—1)FE»5

3EERBEPAOK _,C, 0B LV, Lo TRRABHILT 5,
PD,i=1-N,' /,_,C,4 (2—-8)

Eivy P EBARIERIVAER) OBRIEERE, wWIFRIN, !, Tabb Y57
A BREFFIHOE i 52 E2  AOF~2Z b OFHINBRZ bt %bLohFlxs ba
DRUEFOKRIIEET 5,

232 RNUTARETHIOBRSLIVRBILEENIVIFS
R(2-7)%I0(2-8)0FARHEDABN, @&, GHELLAFSTEAL v } {7
KREZZEEHED, SML b L, GHILOLFCLI>T, H£iKDOWTON, 8E% >
T B, LenoT, BOYBRHBEREFGORANE Y bKDnTlE, N/ s, IzEzeiHol
S KEAMILThE LV, 23 ), BEOFI~Ir bKDOWTN I aEeHD ) 7
4 BRETINOBEIEIIREIN B,

HTwr, (18, 12)BE S »s7FE50HExRT, <) 74 BETIHERXO L

5 TR 4,
(101111110001100000))
111100011101010000
111011101011001000
H= (2-9)
010110100111000100

100001111111000010

100000100000000001 ]

COR, EX4OFBEHEN, @126 L%2b, N, 0OfHEROLICE B,
N4i=:(1% 30, 31, 31, 31, 31, 14, 30, 31, 31, 31, 31, 13, 31, 30, 31, 31, 14 )
(2-10)

cOLEDPD, »IUPD, OHEEREE2 1ILCHRT,



21 £y hMIE i ZBATE, dERYDBELLBEOMRYMUEPD ',
PD,'0st&EH, SUT BREFIUNBKX(2-9 )D&

S

PD,! [ PD,! ey MIBEI (0=i=<17)

0691 09790, 6, 17
0338|0956 |1, 7, 14
0316 | 0954 | 2, 3, 4, 5,8 9, 10, 11, 12, 13, 14, 15, 16

W(OHLDHEBEDOBEN S v /BB KOWT, N, 0ffHERE I Ca—2%Hn
TRk, TOHR, BHEZBENNI Y I/IFE2RO005 208 TE Ak, TCTZTRFR
(n, kK)FBLE, HEFEFKKk/ 2y bOT — 2R 2EBETETNLEIDOEREL,
F— 2 (0=i=k—1)DON, 02 bBIOIDL2EBNINE O L OF(SM2
EET)RNIETNIDOHE NI, ThEEE220TRT, S 74 BEFTHHE, FIx27
N 2EBEBELTERLA, ERX4OFSHEHLN O, RBEON,OEL 4 1%~

Sy bRERLE,

%22 BYRBENEY VBICRTLD, RBGBENIVIFSOEKH

(n.k) |SM2| N, A ) F 4 B EFTH U N
H|38 7 41 11 44 13 47 50 52 21 22 55 25 59 61 31 1 2 4 8 16 32
(22,16)| 80 égg] i
N.|50 40 50 50 40 50 50 50 50 40 50 40 50 50 S0 S0 40 50 50 40 50 50
67 69 70 73 74 76 81 82 8 87 88 91 93 94 31 97 98 100 103 104 107 109 110 47 112 115 117 118 121 122
Hljge127 1 2 4 8 16 32 o4
(39,32)| 212 dggg)
{167 167 167 167 167 167 167 167 167 167 167 167 167 167 106 167 167 167 167 167 167 167 167 106 166 168 168 168 168 168
N4'l168 166 105 105 105 105 106 106 166
67 69 70 73 74 76 79 81 82 84 22 87 8 25 01 93 o4 97 98 35100 37 38 103 104 41 42 107 44 109
H 110 47112 45 50115 52 117 118 S5 56 121 122 59124 61 62127 1 2 4 8 16 32 64
(55,48)| 802 (gggg)
;|408 408 408 408 408 408 408 408 408 408 401 408 408 401 408 408 408 408 408 408 408 408 408 408 408 408 408 408 408 408
N 41408 408 408 408 408 408 408 408 408 408 408 408 408 408 408 408 408 408 401 401 401 401 402 408 408
131133 134 7 137 138 11 140 13 14 145 146 19 148 21 22 152 25 26 28 161 162 35 164 37 38 168 41 42 44
H|176 49 50 52 56191 193 104 67 196 69 70200 73 74 76 208 81 82 84 88 224 97 98 100 104 239 112 115 117
118121122124 1 2 4 8 16 32 64128
(72,64)| 814 (3‘{3.1,1
442 442 442 462 442 442 462 442 462 462 451 451 473 451 4T3 473 451 4T3 473 473 453 453 475 453 475 4T5 453 475 475 475
N.[|463 481 481 481 481 407 451 451 473 451 473 473 451 473 473 473 460 478 478 478 478 463 481 481 481 481 407 488 463 463
463 463 463 463 491 491 491 491 496 500 496 476

K220RLARFEZFEON, B, BREOHALLENT, 02~20% R ERESE
2 TWnb, AHILOBBHENREVWEERBOBELOENRRE VW, N, #KE 20l
HEELTO3, 4EBIVBREEA TS, 22 ), HFELELLTORBELHELY Y
P OMERGE N L—F e A7ORRKRKCD 5,

ey ad, 775 (HITAC-Mv ) —x ) FORTRAN%R Y v 7 34 TH
T l7o

4 —



2.4 £ & &

EETH, BE~I Y I/FRE0200BEEERE LA, 1 0d, FEHROKHMK
NTHBLO R NYTF BT EROBIEAI Y 2HBEOO LT, 3EHRD ORITEEE,
AFBYORK L BEXE L HNOHFRECET IR ETLL, HFLEREDOFH W (72, 64)

BE~I 785 LT, SHE#EEHAVT, COL228F5%kbk, stBd Ak >T

il

&, Y T4 REFHIFTLIERIORINFIRZ b AnEETELC EEFAL, BN
BEREBEOERE DL Lo

Fh, FAVEMMEENALT — 22 Oy tORBRIVBHEEE (T HLOZBIE
NIV IFEEBE Lk, £F, NI RETHOEEZFALS ¥ v VMIBBORIK
HEEZERM LA, W{(OorOHFERIAL, sTEEEZAVT, RFLZFSERWE Lk,
T, BECY POBRIBHELFSEKORIBHEEZ Vv -« X 70BRKEH T
EER L7,

2.5 sEIE

C1] ®, #4&, £F, WE “FS5HEHR I=FH, 1975F.

[2] W.W. Peterson and E.J .Weldon, Jr..“ Error-correcting ;;odes," 2nd
Edition, MIT Press, 1972,

L3] M.Y.Hsiao, “A class of optimal minimum odd-weight column SEC -
DED codes, "IBMJ. R& D, vol.l4,pp.395-401, July 1970,

4] %ZHK, B, “BREZ2BE I I7FS5KD2nT, " GE#W(A) . vol.58-A,
1n0.6,pp.325-330,1975 45 6 A .

[51 C.E.Sundberg, “Properties of transparent shortened codes for memories
with stack-at faults, " IEEE Trans. Comput.,vol.C-28,n0.9,pp.686-690,
Sept.1979.

(6] F# P, “BCREYRZETHEHSEESFISEC-DED F5HRIKEF]
FEEBOEEK, "E%#% (D), vol.J66-D,no.9,pp.1070-1077,1983 4 9 H .

(7] ¥k £H, &H “BIBRETETREZAE) Y RTL0LrT7F o yF 0L
O—FtE, "EE#H (D), vol.J69-D,no.2,pp.148-158,1986 4£ 2 .

[8] &, LK, &, “ Hsiao DEKRTEHEE % (72, 64 )BE~I 85,7

fE%% (A ), vol.61-A,no.3,pp.270-271,19784 3 A .



L9l B, FE, “7v#+RIETERSO—EMILE

J68-A,no0.1,pp.100~-101,1985 &1 A .



BIE 774 VYFESRLVCKEIFSD VLS| @ &ES]

31 F &2 M &

%%b%’IIE?T’P%@—OVDE;%&JBﬁH& LT, "= VT4 2Z2BBTFLNL, ~"—FT 4 X
TR, F-20fFEMRMEABENELELT, "X MRIFTEFELALELEAVWLN 5,
N NEYFTEHEE A - VT4 2703 b e -2 HVLSIFy T KERT bRDK
&, ROz :LeZERBTILENRSDL, O~ - Vv THE(F vy 7EE), OBRSKH,
OFEMIN2EE, @RS (HE, EK, V179 )OEHE, 2ERETLIhE,
S5, 1fEOVLSIFy 7 THEHBOBFREH (v —VE) WG T s E, K
HOHLBEET AT )X a2EBTEILERD S,

KETE, 23, S—XMVEIFTEFBELT7 74 ¥HBE (ERZEAGR=(xC +
1)Xp)%E25[1—-3 Jo 774 YHF5E2ERT B4, EELLTERAZIL
LOHR—BHTHE, BF, BHLHNOFER oG v~ FE(RL-1 }) IV +HE
{, BEEOLFEBHIEIA -1 0EB2ELTEINn, TOA—1 0 OEPOEBFEETHE S
TNV OHLBREINTVWSE [4, 5], 22T, BEZEANRpR T LB EREY 7
P v x% (LFSR ! Linear Feedback Shift Register) OREFE, pOAHe 21T >~
TN FTBETLOSNE—CRREATCEREBERL, #—10"2—-rD%beOFEHKREIODO Y 7
bR ER L CEBORHEMERAL6], TOBBHEL, ~—Fv 2 T7HEBHLZL (¥
ZJhLvYRE + I Vs ), BEOLA(FAEEn>vas— FERL ) THESRH
Hwn, 2k, HEOEEI, BEKOHE T T CAhTRE, I LK, COESEE, —K
D=2 PRYITELBFE~ILET L,

BETLIHESEDIEEUR L LT, 32y b 774 Y5 %2, Hard Disk Controller
(HDCH)~NEHB LA [7, 8], HDCH1 6ty b ~=A4 2 mary . —20FEALULSI &
LTHEIhAIDOTHDE, w4 7nara —2FLLS T KERIETESMEZERLT
584, FTPO~CQORBEB+ERB L THITTILENS D, CCTEETIHEEENH
LTnd, BEENHEAORE, HDCKP T 2B IVETEREORFHRENE6700 + 7 >
2B bR ok, Thid, HDCE2&H ( 129k}t 5> vy 22 ) D5 2%KBELEZ N, TOX
Sl o3y b ABRETDNARE L & o7,

t 7k, FIALSI TRIEEDOSI~A 27T -T2 F B SBTHL, 2O H %

&xETEL9, 10 ], BEE[11JEOWTIERT %0



32 774 VYRESOVLSIMEEFTEORE

321 77AVYHSEBYITEET L

754 ¥FER, RACZER+ERZEX T rKEHETH 51 ]o
GR=(x“+1)px (3—1)

2ZT, pXEGFQ Lo s ROFEMEERNTH 5, pHOAME e & T5, £EL,
edcxEIULZN, COFBOHFERnE, c&eDRNIABHLCM(c,e ) TS
o CORGORERDOEE (c+0), BHAKEKkEI(n—c—d)&s%b, 3L,
c=b+d—1%IV, é=bLtnoFEHrmrIhhid, TOHFBEREIbETTD -
2 RV E1M@MEIIETE S, 250, RTd (Db )LETT, bIbhREWASA—2}IEA
bxmiEcEs[2],

774 YRS EREBECERT 554, F5Endn’ K, FHRAHE kI k' CEHEILL T
FERINLOBEBTH 5, GHLLTIBEROH (n'—k/ DA (c+ 6 )KFLW,
M31@VLSIFy 7EEIETEETrEOWTRLAMTS® S, VLSIFv 7 Ekid
77 AXYFEOTYy I LI UT IS HREBAINTnE, T—20FEAIH IV
TALLBUTOL S K T hbhbd, 774 ¥FEx2ya -, EERAI2T — 20K
eyt efdml, EEFBFRNEERT I, 2EFEFFRNE 771 YHFEO/FETETH
b, Z2EX( x4+ 1 )P IV pHNTERIND, TEEBL, BRIWFELLVWELER
MFEKI DV FRNEELET S, T—20HA M LEK, VLSIFy YA ELEEEL OXE

HFEF NEZTRb, COLE, MERAFT ( TORMBEEC IV, FRAF RN &R BT

[

b, VLSIRO 774 YHSF 2 —x@, BYTEREIOBHEAT, F XH5Fx
EHEILT 5,

77 A XBFEOEBILOFEAN3 1 cLadoTHBT S, 3, 7741 ¥HFEF2
—FERRC LA oT, v¥ Fu—4a8 (X, S,KNEFET 5,

SO(X)EF*(X) mod x%+1
(3—-2)

S I(X)EF*(X) mod p(x)

SEFEF XN (i+1)Ey PEL<A—2 PRI BREZTATVWLEES, KAV D

D, KL, FEEFE1IEY FET D,



VLSI Chip

' Fire code encoderé send Code

Write: '

Data’ 1

—» :
Read ! Fire code decoder ;
Data; [Erpror Position i Syndrome [ :
I i | Correction Pattern B(x) SO(x), Sl(x) ;

31 VLS| Fy 7ELBYSTEETL
S o(x=x i B(x) mod x¢+1

. (3-3)
S ®¥=x"'Bx mod px
RIC7 74 ¥HFETa -5, S, S | k)25, BOIMEL LB N2 —rBxEX
Wh, COEET AT Y X4, 3.22 L1323 TRN%, ZEHFHSF "(x, BOE
i, BV 2-ryB¥brnE, TOF—2FRNBELTTE S, X (32 ) OFtHEA,
BEOLFSRTEH|TES, c2TH, (x°+1)%KBEENLT5LFSR%LFSRO,

pXNEBRZERX% T 52 LFSRELFSR1ERT T LT %o

322 #XDO77AVYHSESE

kD7 74 ¥FEESECONTHRBKHAT S, (n’ , k' ) KEHLIhL7 7
A XYHEOHESELELT, ROSBEIVDOFENMLLATK S,

(D1) XEHFSOHEHEZFALAHFE[L3]

(D2) v>»VFe—-—2O@RBELFBLTYyr PRI EEI I EHHIEL4]



(D3) “HEACREREE" M5 HELS]

FE(D1))oHREE, R(3—-2)klLAiaBoTyy e —a%25t8 LA LFSRO
ELFSRI%ZMAEKI>Y7 + LT, i EBRERDIFETS L, TOHEKIALE, RK
vz MEHE {n—(c+s)}ETHY, BLEZEZ -V 2T7E (cts)y POLFSR
[lognlTey b v 2Thd, CORFEE A~V T784% <, BEFEREHEL
EFEE LA TINVWEVWIFIALS S, Lo, REHEPOF -1 024K LTEHL T,
EEBHMARVWEVWIREAR S 5,

(D2)DFEE, v Fo—a%stETsBr, EBEx" " 2FBLTLESH
ET»5, OB, LFSRO &LFSRIZFERKy 7 b3, | LBXEXRkDE, TOF
FEE, 7 MAKEFEEY KETRIIRICERTE LAY, EERHOGHETTEE
T 5, L5L, LFSRO % XU LFSRIOARHEDO EM2, EHELIhAFERY KKHE
LTREZDL, CO®D, BHOBHILLAFRERIMIET b, EHREFEROmE
EArLEELEL2L, BFELERAOBIKE, Read Only Memory( ROM ), Programmable
Logic Array(PLA)®» 2 nidv o x22 FOBAINARERZF TAEE LB TH 5,
LoT, VLSI~o@EA [ 12,13]Lno8A0 05, REBEHE, v4 7 v bRET, HE
BEOCEHTLTLIEFZAERTEZ W, bBE2 -~ — VY27, BHEAEROWEEE
K4, c¥v b Loy POLFSR, [logn']l Ev b hvr2ThAb,

(D3 )oBEEHERZ, “FEACELKEHR" TR Ty 7 PEAKERBICES THE
Thb, v7 FAHEHEK (c+e )ATEE, BIGBi 2RO B, ROFHEL

PCROMLEND L,
i=A XeXr +tA XeXr, mod n (3—4)

2ZT, ry 1, EEAZALFSRO, LFSRI ©0v7 FEHKTSY, 0=r, c,

0=r <eZ@id, £k, A,, Alﬂ?ﬁiitﬁf?ﬁfc’f%%(fééo
A XetA Xc=1 mod n (3—-5)

Ay IUA BERSHARCL > T—BCRELMHETH), Mo TEHALTHF T L
BURETH B, COFETH, R(3—4 ) 2FHET2HEI [lognl £y ORKAR

HEBRLETDHD, "~ Vv 27 (F v 7HEAB)BKRKELCE>TLE 9,

tTralgaowys tdess,



323 7,4vBEOVLS| MEESE
L TEVLSTHEROBEEERET 5, Thbb, HEOHBALINIVEL K,
FhicHiG LTy 7 FREIEZR ST T EBATET, 2o~ —Fov 2 TE8 P TANnwT 74 F
HEDREETHH, COBBEL, HHOEHLLABERLHLTS, ~—Fv 7
OEFEZLK Y7 NABOBRDBTETH S, T4, ROM, vox22 ORI~ RmE
ZFTEBHTAORML TW 5o
K (3—1)TRLASERLEREERLET 27 7 1A YHBEOHBHEORED (0 —

1t

i=}

n) ¥y bEA -0 EBBELTIV, COWMPOY 7 PAKEEKRT A LKLY,
VALE | Ot BRHEERBLECT LT ENTE S,
CORDBROERCER L,
1) ZEKX(x“H1)0FPEcTH S, chid, LFSRO%2 cBv 73+ 54&, TLO
NE—VYRRLZ EEBHRT D,
@ ZEXpNOAWMEeTH»s, zhid, LFSRlZze@v 7 T 5L, T L —
YHREDT LEERT S,
B 771 FYHEORBEFNrery bl EOT vy 2 KHETEE, FEICANT
Ry JEA—n 0T — 2k E T,

UESHEBID, FEEFROLE(n—n' ) EY DA -1 0T —20D5bL, eD ]
B ( jETFER)OY 7 V%2 4EMBT A2 LE, LFSROOA % 5 5EHEP (FTERGEHER)
o7 b3Thcliciidss, BRALTOBITEE, v> Fa—a8x S;xKx®
RFELT, *hFh (x°41), pNTHELALEOEREE LD, Ald je=pck
WrhITRRKOEHET L E, RABHKYILD,

x €8 (=xI¢TFC8 (X mod xC+1
: (3-6)
x1¢8,x=8 (X mod p

B, j, ¢, eBEsbhds, FFERI>TROLIENTESL, LAMH>T, B
3o TP=(je—fc ) katBELI-TROTHE, xP &S KHECRFLT(x+1)T
BETAR, S, S,N0o¥0rorxICEREL, TAEA(x+1), pTH
Bl LERULERICE 2,

B32@, 774 YF508BLLLARETZe2rlANTS S, M3 2KFRTIHNK,

KEFSOUEEHWABERE(FA(DL ) ) Tt@d {n—(ktct+ o) |AORIF%



all "0" data Sector Parity
data bit
k C+Jd
< > <
LCM(c,e)
< >
<'_e——'> e o o <_e.__>< e >« € >
s 1€ >
C cC (C c ¢ C
D = 2 S s -
< Q >
< BC P> P=je —BC

32 ERt771MVYHSOREFE

v NBMLEEEL, FLT, COMIRpXNOBIe #j AHFELET S, 2T, KAMBK

-

biIro,

i=L{n~(k+c+e)} e |t
(3—-17)
=n/e— [(k+c+d) e]

—%, x1® %S WEEBLT(xC+1) THETLE, HES (WEkld, T4

bbb, KRR LD,

S’ O(X):—: X je S O(X) mod x¢+1

fl

xje_’&CSO(x) mod x ¢+ 1 (3—8)

xpSO(x) mod x¢+1

TLoJavombEce®Et,



T, Pid, M3 2THRT L9 jex cTHRELALEDHELE TS S, KA HILD,

P=je mod ¢
={n/e— [ (k+c+6),/ e 1} Xe mod ¢ (3—9)

=c—{ [(k+c+d)/ el Xe mod c}

LeedoT, R(3—9 )XE>oTP%25t&E LTy %, LFSROZPE ¥ 7 }F Thid,
LFSRO, LFSRIZFEBIK je[dl>7 b LAz & &Hflilcz 5,

Brtewads, N(3-1)2EHZRAET27 74 Y HFEOEMLAFT CHL,
KO3 =Ty 7IRE>THRIME I LB 42— BROFENTE B,
[27v71] ZEABF Wb, R(3-2)KlirsT, ¥ Fa—a$ (),
S WEEHET B,

[xsv>72] LFSROOA%PH>ZIL, § WeRDB,2027v7MH, 8 ),

S Wi x1® & REL, ThER (x°+1 ), pTHRELAZ LICHNL, KR THRINS,

S’ O(X)E X jeSO(X) mod x4+ 1

xpSO(x) mod x%+1

i

(3—-10)

S, _xjeSI(x) mod p(x)

I

S,(x) mod plx
[x59 73] R(3—-10)KCx  %%ET2, T2bb, REOBELZTAED,

Bo(x)ExiS’O(x) mod x©®+1
(3-—-11)

Bl(x)ExiSI(x) mod  p(x)
COAF 7T, BiWEB, X FL kot ZORKO i BBRIMBELET, FK
T, Bolx)=B ()BfRY ~2 - BEERT,RIMNEBIE, EHLLZz-HFSFEORH
Db jey bOF 7y FEFD, XTF v T3 REPENT, Y7 VAHKiI BFRAEDY 7 b A
—CEEQEMATI B (WEB W—KLabrokcs s, SIERREIRIBFEELLL

HETF 5, QOEE, M3 2rKiRxkT Lo, RRXTEINL,

Q=[(k+cts) el xe (3-12)

{1
i

AOAIE 1 LFRY 2 — v BMEHET

y\_f:B X Ty 7.VCJ; b’ %Eﬁ%F*(X) 7‘7‘[‘9,



22, BEILABEEHERIAGERy 7 FAEHscld, 27 v 72K EABHER(c—1)EHO
vy bE, XTFvTIRELEHERYy 7 MAK( Y7 P A - ) EMLALIDOTH 5,

KRB ILT 5,
sc=c— 1+ [ (k+c+d) " elXe ( 3—-13)

3.2.4 B ]
RKOZHEALERSERN LT L7 74X FELDODNT, 3230EBEEEHALLZH
2T, RAOLZEREE % 5,

G=(x2+1) (xT+x2+1) (3-14)

2EN (x M+ x2+1 )W, EHREESTHY, Bile=((2"—1)T23, T,
HEEnE, ®RXNTEIN L,

n=LCM(21,2047)
(3-—-15)

=42987
METZOREIE, 32y +Tdb, CO77AYHFBE, EXZ1 1y rETO~—x

PEYE 1MEETEETE %,

COoBBEOHEEALFSRAKOFI 423 3KRT, 2O LFSREKE, “ FEAOCHEHS
FE” #BEWAIESHEELFALER TS5, M3.31E, LFSRO L LFSRI1ZL%Z>Twh,
LFSROM@, 21 B0 —5—E%THY, FEX( x4+ 1 )0KEEF T2, 11
BOLFSR1E, ZHEA( x M +x2+1)0KhExF258%KTH»5, LFSRO, LSFRI
A1 1BERLEERBF WEAN LTV,

M3.3KEnT, —HHEEKCOMPE, LFSROO Tl 1€y b ELFSRL #¢
v MBER—H L TwanEsrHETAOB TS, ¥ oHEE O0—-DETE, LFSRO
OEfI1 0y A —n 0 EshHETLEBTSL S,

25y T 2RFIBYZIMNEAKPRIVRT Yy I3 RETE Y7 bt —SAHEQE, ¢
=21, 6=11, e=2047%%h®#nxX(3-9), (3—-12)KRALT,

P=21—{[(k+32),/20471X2047 mod 21 }
(3-16)

Q=[(k+32),/20477X2047



LFSRO
ENB

LFSR1
ENB

33 7rA7HBFESH74—FAAy s T7 ML XRSEKOH
G{X)Z(x21+l)(x“+x2+l)

LR bzENTE B,

TrAYEEE T4 R Vv AT LARIGETARE, T4 220 va—-FERLE,128
254 b, 2563 b, e ThLIENE N, TOLE, k=RLX8t v P EZ B,
nwlonora— FERDOWT, R(3—-16)%HAVT, v7 tEABP(=xFTv72)

v 7 b A—~EAHQ(RTF v 73 ) kEtE LAME, £3. 1 KFF,

K31 BETIBRBEICKTDV 7 MAHKBP (AT v 72)EvT7 had—
NEKQ(RAT 73 )0HEM, G(x)=(X? +1) (X" +Xx2 +1)

RL P Q
128314} 11 2047
256 1 40914
512 12 6141
10214 13 10235
2048 15 18423
4096 19 3.4 799




33 — %O/ —RMEBYITEUBRFST~DILE

331 #ES7)LI3Y X L

ZTTH, 771 YREOBRBEE RO - X VRYFTEXAFE~LIET 5, KK

Wk

DEHEXNEEMZHAL T A2 -2 PRIVFTEFBELCONVWTEL 5o

h

G(X):(xc—f—l).rfl P; (x) (3-17)
J:

CCT; P] (X)@&ﬁ 5] s }%E@e] @%&é%%glﬁﬁ&j&éo foCL; e] @C%%UD

VoZzn, F5Enk, n=LCM( ¢, € s €o, , eh)&&éoiﬁ;(B—l?)

TERIIEZFEZE, EIdHUToN—=xEIeHEHL, EZ bl‘pl—l\_#ﬂpj (x)&E HEWnic

Eu, "S- BEIVEIMEFTETEL[4], XL, c=2b+d—1, b=d +0d,+

F o, &%, N(3—-17)THELINL ~—2 P RIFTEFFZ L, EXROEEFHER,
7 A YRS EERE UTORFERMOA TN D,

(D1) XEFSOWHEEFALAHE[3]

(D2) v>reo—20BKEERRBLTYy7 VEKEZEBAS I DL HE (4]

(D3) “HhBEAOCRKEE" 2HVWLIFHELS]

ChOLOBRERE, 7741 ¥HFFERNTLIESELFAROERN, RAEFD, B, X
MIEDONTEERT B, ~Thoh#ES322H(D1)~(D3 ) tFALEHKL D,
BFLIVLSI{bKBEL TN DE EETL %9,

FZT, JZ23\TCHRLAIFAYEBECHTAIFLEEELAROEBEHEOEE
HBERET B, Tabb, LFSRO (BZEKX(x®+ 1)), LFSRj (BRFHENp; (x)
KL, *hFhUTovy 7+ BEBTELC LEFET 5,

n—[(k+m) ¢l Xc
(3—-18)

n—r(k-l-m)/ej—l Xej
7rTAYRELOENE, Ale; ORUSKEBENSLTLTHD, e, e, ,
eh©5Eeh%i§i§U’, %Eiﬁph(x)’&:%ﬁtfc LT LFSROY 7 b2k 5 &L T
y—BiErEbrn, R(3—-17)24EREEA LT IKAFEOREFIEGZE, 7 71

YHEOESELEFE, KO3 XT v T L bk b,



[25v71] ZEASF W25, > Fa—a8x), 8§, , Sy Bt

BT b, RATERINL,

*

SO(X)EF (x) mod x€+1

(3—-19)
Sh(x):F (x) mod ph(x)
¢ OFEE, LFSRO, LFESRL, oo , LEFSRh~F ' ®EANT AL TH
Thbhbo
[=x5v72] LFSRhzXE#¥:L, LFSRO, LFSR1, - , LFSR(h—1)
&.%h%h’ PO’ Pl' ......... , Ph—l@:/7}\l/’ SIO(X), S/](X)’ ......... , S/h—l(x)

ERO DB, HAOv 7 VEAME, 32307 VEHKPOEYLERCEL T, LTOL
SicEINS,

P0=C“{r(k+m)/eh'IXeh mod ¢ }

P1=el—{ r(k+m)/eh—|Xeh mod el}

(3—-20)
Ph_lzeh_]—{r(k+m)/eh"| X e, mod e, _, }
D=5y 7Tk, LFSRO, LFESRI1, o , LSFRh%E, T -Th, [_(k+m)/
eh—| X e Bl 7 bLlAkTECHEST 0
[Lx5v>73]1 LFSRO, LFSR1, --ee , LSFRhxRFK > 7 b L, By UE
i ERY SN2 - BEEET L, T2bbh, KXNOBEELZTZ 9,
Bo(x) ‘z‘xp0+iS’0(x) mod x©+1
Bl(x) Expl+is'l(x) mod pl(x)
......... (3-21)

Bh_l(x).—z X ph—l“S’ h_l(x) mod ph_l(x)

B, () =x1 Sy, (x) mod py(x)

x%y73mxmf,vyb@ﬁiﬁ%%077bj~ﬂ@ﬁQ%@zf§,%m,&m,

--------- y ByX#—HLadokclt, FTEREZRIIZRELALLHGT 2, TOHE,



QOMEE, 3.230X(3—12) LRAKKEL T, KATERIN L,
Q=T(k+m) e, T Xey (3—-22)

MED3 x5y 7ickh, R(3—17)%ERMBARETILAFS KL, ZEH
SF X b, BIMEBI &BY 2 —-yBRAFIETE 2,

332 M o)
crTl, —BOA—x VRVITEXARBSORE2ET T, BRELAESEEZAKNIC
HEHT B KR TERINLLZHXNEEL bo
Gx=(x%%+1)
X (x12 4 x4 +x+1)
X (x4 x%+ x"+x%+ x> +x+1) (3-23)

X (x4 x4+ x84+ x+1)

K (3—-23)0ATLRHDbNL 4BOLEXZIEK, p ), p, &, p,&), py& &
KTo polxh pix, p,,, pWOERE, ThEh, 22, 13,23,89Td5%
(2], AEEWRX, n=LCM(22, 13, 23, 89)=585442 T»3, COFE
E, BI11€y +2TOS—XPRIEI@EEITETE S, HIK, p,WET—-Vv1IHFS
[2]2ERTHLHEA L L THLRTVE,

B34, R(3—-23)24AREZHERN LT IKEFSOESEELARLANTSD 5,
— X HEOE COMP X, LFSROO Tl 1y F LFSRIOTFA1 1¢¥ v+, LFSRI
OFff1 1€y b ELFSR2OTFfze vy b, LFSR2OTFfL1 1vwy b & LFSR3,
Ey PER—BLTWwanrEorHET S, ¥oiHERKEO—DETE, LFSRO © LA
11y b ELFSROO EAfL €y b2 FXTOEILHETLIERETD S, 3MHO—%K
HEERR & tomHBERTNTTr - 3hits, ToORKOoY 7 PEHEBED ME I
%, FLFSRORENH Y 2—-BEET,

ATy T2RENT, ¥v7 b ORBELEHEA®p WK LALEDY Y PEKP,, P,
P, U7, 73R FETHY7 +4—~BEQOMEE, X(3 —20), (3—22)
CENhFhc=22, m=56, e; =13, eg =23, e3 =89, k=RLX8%

RALTKRDAHBZENTESL, RLEVaI—VEZET, W{DohOoVva—-—FERDVT,



LFSRO  Pg(x)

3

fli S IlJ Ll
11-bit COMP 12-bit O-DET
| TJI

LFSR1 pﬂx)

] O
11-bit COMP |

LFSR2 ) (x) L pO(X)=X1222+111 |

Px)=X"“+x" '+ voe 1 x4 |
11-bit COMP p,(x)=x hx? e xTux ex+ 1
I T Pa()=x! bx7ex 0 +xv |

LFSR3 p3 (x)

= * F(x)

X34 KEOFSERSMEEEDHE
Gx)=P ()X P (x)X P ,{x)X P 4(x)

Py, P,, P,, QeFAMLAGIEES 2 CFRT,

R332 RTy720CkFdy7 b@%ﬁzpo, P, » P, ERXRTw 73Tk
33527 bA—-"AHQDHEF, £EHZEHEAMNN(3-23),
ATy 7200827 POBESZIAKXEZ p; )& LIzHE,

R P, | P, P, Q
12854k 9 0o | 16 1157
256 20 9 3 2136
51 2 19 3 3 4183
1024 17 4 3 8277
2048 13 6 3 | 16465
40096 5 | 11 3 | 32841




3.4 VLS| 7atyHY (16EY kY43 EILSI| )~NDEH

3.4.1 "= FF4Rzaryta-ZVLSI~NDEH

BREL A7 7AYHFEOVLSIMEHESERY, ~—FF 4 R2 2>~ e—35 (HDC)

7, 7~NEHALk, COVLSIZ ety ¥id, 16y bvA42u7 vty HAEALL

SI+LTE%EINnAZ[ 7,81, HDCWHZWIE, ECSP ( Error Correcting

Satellite Processor) &MEFN 2B b HIHE xS H, 32 b7 74 XYFEO/E

W/ e, X 0°16¢ s b CRC ( Cyclic Redundancy Check)a — FOERK/

MEEFCE Y0 774 YHEERSERNE, 3.240K(3-14) AL, KRNTEK
AhzszdyorHnk,

G(x)=(x2+ 1) (x!! + x*+1) (3—24)

35K, HDCOF » 7BEE%*75R~T. BEEFOHAHKAM, ECSPIHLTLHAT

%5, HDClE 2564 bOF —2-37 7% 2ENELTHDH, va—FERL2256

SAMCHLTHE, <47 v7 w52k B0nTFy 7THECTEIVETER R RO T L
MNTE& 5B,

3.5 16w h=43YEABALSI| (= KFy4RX2ar kR=-F)DFy7FH

— 30 =



#%33KKik, HDC%A#LUWKECSPO~—VF Y xT#TE757T. ECSPOEFH,
F v 7EMEE, CROBELZSARLRIOTDD, HDCOMETFH I 129K 7oA
2THY, Fo 7 EEL6 23mTHDb, TOSHLECSPREFH3I625 b 5 VA XA
(28%), v 7HEHHE252m*°( 4.0% ) e EDHb, T, RIFTELCLEAZ~A 7 ®
TR FTLADAT v THIE, 130277 (24 ME)TH%, ECSPE~<12
BT RS AEMARBETRE6745 P 5y v R4 (5.2% ) THh, BT v £ AR

2 #km CMO S (Complementary Metal Oxide Semiconductor )TH 5D,

%33 N—FF4R220ba-FHIVBYHIEHW(ECSP)DN—FIT7HET
IH B|ECSP |hETLE ECSP+ HDC
=4 ZurymsSoa | =4 snTns T A
£ F K 3625Tr. 3120 Tr. 6745 Tr. 129KTr.
(%) (2.8%) (24%) (52%)
F v 7 EE 2.5 2mm? 0.5 8 mm? 3.1 0mm” 6 2.3mm?
(%) (4.0%) ( 09%) (4.9%)
AT v 7T — 130 - 2048
(%) (63%)
7 a -k A 2emCMOS

3.4.2 997»%77—714XVLS|®E§E

<4 ayBAULSITE, KBENEULAEHROLSIZREEL 2T EZ2b2WT L
BdbH, £EZE, "—FVF 4 RZarbr~—5, Juy ¥4 F 4 ARZITY IR -5, %
sy b =23 e —SERBFLhb, ThbidwhwFhd, vV 727 —-2%H/5LS
I1t»%, chboLSIkWL, @AKHRELZO TR, BHDLNET X POETRE
FTHE N, 22T, HBEHCHERATESA <A 70T -7 27F +%BEL, HDC % &
MOBAMRELTIEHELAL 9,10 ],

B3.6i, »YT7rq4r2—-—7x24AVLSIKEENCHEHATESA <A 20T —%7F
I7F %R T o CO=A0T —FT27F +OFHE, 1{@DOKernel Processor (KP)
EHHD Satellite Processor (SPONERBHICEMINTWEIRICH S5, KPEAH
NEBOREBEMCEER -+ Of#H2 22 08WATH S, KPA~A4A 277 ays
A THIEINL oW HERE, HOBHEEBCTGL T, ~1 27 a7y e s/ 740
EELGTHMTE B,

SPiE, ®F (FI2iZ20Mb/S)DY ) TAF —20EEH, B LIEHRL &%
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\\ 'tControl
AN
A 4 N\ X
N\
Semaphore RAM \ Parameters
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; + Processor
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y g 'd

B3.6 YYTLAYY -7 zAAVLS I OHB~I1 07 —-FT7F %

PLROWHTDE, COHAHE, PLACI> THIBEINATWS, HAIEEECKEL
THRETLETLERD L,

2%, KPELSPUEEXRBI vy 7 TERT A, HlHEr LU 7 2 -20%ELE
THhlLko ThabbL, 52— (F—2EAE)RAE2F v 2 2= CHKHL, HIEE
S(EE /BT E)E, 2=y 27 @#EE ( Semaphore )EBL THT AR5 LS5KCL
o TDEHRKP—SPA Y2 —7xA4A2%FMFTHEicEh, KPESPE, En
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HETTCEBLENVIZNREY Dok, DI~ 70T -5 27 F v k<43 vFil

LSI—HDC—~#FHALA, HDCO ¥ v 7EEHIFK 3.5 K/RL %o,
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F o FTEEOEFHICHL, WTHTHB, 34, RESRALCYZ7FF » AERERT %o
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»+r—5VLSIDHS B b, 2k, YV Tr4vs—-724RVLS IO
HELonTdR~N%k,

5.6 BEXH
(1] &, #&, 5%, WME, “F5HERW" = =rH, 19754,
C2] B, B#E, 5#, “HS5ER, "BRE, 19734,

[3] S.Lin,“ An Introduction to error correcting codes,” Prentice—Hall,

1970.

C4] S.Lin and D.J.Costello,“ Error control coding, Prentice—Hall,1983.

[5] R.T.Chien,“Burst—correcting codes with high speed decoding, IEEE
Trans. Inf. Theory,vol.IT-5,n0.1,pp.109—-113,Jan.1969.

(6] =Hg, B, L¥, “GHL7 71 YHFBORBELVLSIZ nty ¥y~OIRA "
E%% (D),vol.J68-D,no0.12,pp.1998—2006,1985 412 A .

[7] T.Funabashi,K.Iwasaki ,K.Mino.rikawa,H-Yonezawa and T.Cantrell, “2 micron
CMOS VLSI hard disk controller inteérates data buffer and error
correction, ” WESCON, 24/3, pp.1—7, U.S.A., 1984.

8] T.Funabashi,J.Tatezaki and K.Iwasaki.“CMOS hard disk controller



with data buffer and error correction,” Hitachi review, vol.33,
no. 5, pp- 251—254, Oct. 1984.

91 K.Iwasaki,N.Yamaguchi,T.-Shimura,Y.Hagiwara,T.Funabashi and
K.Minorikawa, “Design methodology for reconfigurable module-
structured VLSI,”Custom integrated circuits conf,pp.464—467,
U.S.A.,May 1985.

(10 &g, #f&, o, T, 8%l EE, < BEMEVLS IRFHEL ~—F7F 1 2
Zaritmem—-35 (HDC)NOIEAH ., ” BETRBELYERK 7 v Y A2 HEE,
SSD84-56,1984 4 9 A .

(11] N.Yamaguchi,T.Funabashi,K.Iwasaki,T.Shimura and K.Minorikawa,
“A self—testing method for modular structured logic VLS!s,”Int.
conf.CAD, pp.99—-101,Jan.1984.

(i2] C.E.Mead and L.Conway,“Introduction to VLSI systems,” Addison—

Wesley,1980.

(13]  S.Muroga,“VLSI system design,” John-Wiley, 1982.






BAE VIOFFoREEDBYIREEORITE S V5 LRYITERS

4.1 FADBE

MHGEREOM L LK, 175 7 ICEETE 2 RFHEAREHCHEML TV DL, —
F, AMErOBEIREHELTWENW, 20X ZRAO D & T, REEBEOBRAEE
OELAEE->TWAEL1, 2],

LSIEgD®mBEHRETI, Multiple Input Signature Register (MISR) &I
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XovbcenTEL, Thbb, MISRA ai(x) KL THRETH H5 56, Sy Sk
I ,Sm-1 NOBEM2 SK & —KTH, COLE, RABHILT 5o

an(x)+xal(x)+ """ +Xm-1am-1(x) mod G(X) (4—5>

4.2.3 REYYFa—-L&BYKRE
BEY> Y FPo—2aYXeEETS . UREABCEEASEIA TWEWEREEOY 7+ 7



+ % SIGXERT, BREBKEO VY7 F+ %2 SKETHEE,
YXx=SIGK+ Sx)] mod G (4—6)

LEET Do COLE, HEHRHEEBIRO L SICHET %,
YxI=00& & : WREEREICHERELZ L
Z0OLE 1 GHREORCHEESD
2T, BHREABICEERS > T3 YX=0,L%25BE518dY, THhECOVWTEKETE
WA
ZCETHE, ANMBRENN2 -2 ZHAOME L TRLTE L, TOY» b ¥EZ -V %
mXnROFTHELTRBATHCLITRETH D, RAD L SICET,

~N

Ao Q01 Agn-1
A= a4,
(4-7)
L2m-10 Am-1n-1 |

ZHEARRIITINEHIFRALIOOHNEZELETD Y, T nE > ZHERAT S, #iR
EOgciEErgIhzWwl oA NEE 2 -2 HICTFIEFALEL, T5IEF A
OF ifTrefai WEET. THACEHI LI, THACEE N 2 1 OEKEEREL,
wA)EETo w(EFADA) =t0 L&, AR tEBINELAEERET L, k2L, AD
EFAGZTFIAELFTFIEF AD RSB0 BB GREME £ 3,
RYVFIFIEZE=EFADALERT 5. THIEOE ifT2e (x) LRFTLE, KA
LT 5o

e. x=efa, x+a;x (4—-8)

1

A (4-5),(4-6),(4-8) 1 b, RANBHIELT 5,

Y=eq )+ xe; @+ -+x™ 1 ey, | (x) mod GK (4-9)
zeT, tERVRHEPD,, t ERD AALEPM 2EHT 5. w( EFADA )=t
POY (A0 L BEREPD, , w( ERA@A)=t 7D Y= 0 & % 5 fR%E PM, &
EHET Do COLERAVKLT %,

PD ,+PM, =1 (4—10)



4.2.4 GEitzoHME
ZEACGKORYPL6]Ens KT G MmKROFEKLSEROBE, n=2M-1T> 2o
mX nROAPRE S 2 - FTHIAOHRA L, GHHE o BEEERET 20 7751 A
D2MAAy;, Ay BROFHE,

(&#1) k+1=k'+1’7 mod n (4—11)

BT LR, Ay, A ROGSEMTH2EEHT D, 2k, Ay a0 &GS
LS, BIFHEDOHES ey s KOWT I EAIRIKGEHMOUELEHET 5. GSM
WHOWER 4.4 IKRT M4 4WCRT LI, GHEMIEREAAR(AEELLET)OH
ﬁKﬁELTMéoG%ﬁ@%%KééZ&ﬂﬁ9§@ﬁﬁfﬁéhéi5&@E%ﬁof

— aki L I C:_-- - -
-'—----% -‘- am
. :,"k'k ktﬁdb——
kT - R n+l-1
| (-1 N I _
K'-k=1-1' k'-k=n+1-1
k+l =k +1' k+1 =k'+1" mod n
4. 4 GEENYOH
(#WE4.1 )

FTHIADRZB 2B Ay ,Axr HNOEMTHLLE, fTHIAO%ED T AR ORI
BEAE L2 EED Y7 FF v SKE Ay OBABHEBEF ELRREEDY 7 FF 5 S'(x)
LRELLZ B
(EEH )

AR TA OHNHEERFETL, COLE, ANKRELERNQ X, 3K,
------ JAm KDY ba NOIHIEBEREREE D,



ak(x)le ( 4—-12)

Ex B, ANEMISROKBBAKCANENE DL, ¥7FF + S, RN (4-5) &
Y,

S (x)= x kt+1 mod G(x) ( 4 —13)

t&éo Iﬁjﬁmr ak/ll @%\iﬁgﬁgﬁiﬁ‘& Lﬁ&?ﬁiﬁﬁfﬁiﬁTéo

S'x=xk’+t1’ mod G (4—14)
W2 (%1 ) BRILTWwLEDT, KRANKD o,
k+1=bxn+k'+1’ (4-15)

EL, b=—1,0,10nwThsrTdb, Tk, CREMROFELHLLZIERXZ O THEI
HK.‘X_TJL’

x0 =1 mod G ( 4-16)

Td»5bH, & o7T,

S(x)=x k+1 mod G(x)
= x bXntk’+1" 154 G (4-17)
= 8'(% mod G(x)
ki b,

CEMUDO —FlemL, Y27F7F+SX=0&258FhriHT 5,

CH4.1 ]
THIACEWTEAA & a, XCEicd s, EE, HPag, LA, OrNFEET

LGS, bbb,

01
0

A= 10
0 0

DEEEEL D, ThEMISRNANLAZOIE, ag1& a0 0&RBE1IERBEORMO

BEBGHRTEABIBIC LI DITBHELD YL, Y7+ F 5 S®RIT0 &Kk 5D,



(FI#&b b )
R, 2ERVBRHEREZHAET b KL BELXBEETRT

CmE4 2]
THIAZEm X n ROFTFHET B, THARCGEMT % 1 ATHEET HHEILEHLLEOK

B TERIh b,
m{(m—1)n,/2 (4—18)
(EEB)

FIFGIADHADPEEMX n T 5, FEA/K DA TRMGAFHAIC (m—1 ) B GE
itz o, BHMZREm X n X (m—1) TEEL ET B 2B SO 2bh b i,
TAIAC GHS i e 1 AT HEET M2 ELEOHEIN (4-18) TEL LR B,
(iE#ED b )

R, AERIMBELFHET HDCLREHEERT

[#E 4.3 ]
THIAZm X nROFTHNET B F75IAHD L 2 MO GEMET % BU H+ M2 Eb2 0K
BRKXTEIND, ZRL, m>4EF 5,

1/24xm{(m—1)n{(m—2)(m—3)+3m(m—1)(n—1)} (4-—19)

()

B0 GEMYO RO L F OB, BH42LD), 1/2xm(m—1)nTob, 24H
DGHMXDOEI T EZRD2DDOBPELCHTTEL 5,
() RO GEMNE 2 EBO GSMYR GEMETS 84

B0 GEMIIC L > TRNABECHIC2HORAHIEEINT DL, 2HHO A%
e REBAOHE, BDO (m—2 ) @b b2 AREBAOHK __,0, L5 L,
KL, m>4&tF 2, AAORARENICGEMOBFRL DY, ,C,=6ERTEBLT
Bi LT bR B,
(b) BAOGEMNE 2 HEO GHMYA GHET A RS

FHAOHKAD 5 b, RO GEML & GEMOBKICE WRSOKRAM (n—1 ) f@
THbh, HERACOWT (m—1 )EC GHMRAORRHSTE b COBE, RIO G



Eixts 2FBOGHMIELThE*h 2 BICHL O b, ME, (@), (b b RAMED 5L
D,
1/2xm(m—1)n{1,/6X__,Co+m(n—1) (m—1) (1,2 )%} (4—-20)
=1,/24Xm(m=1)n {(m—2)(m—3)+3m(m—1) (n—1)}

(GEBMDD )

4.2.5 175 DMERA

SEM OBV BREKREEL 2anlc, BITIEOHERILEVWIEZLLTEEET Do
mXnROITFIELEFENWT, HFEO , 1, e , (m—2 )FTCET L HEROHFRS
ejjlCML, B(m—1 )fTORBDO b Te;; & GHMELS e ¢ M1 ARG HFLE

FThe FNTO e (KL, RROBIELM/T C & ETFIEO ARBRILE EHT .

m-1j)

(] /+ei

m—1j’  €m—1j j Ca—2)
€] 0
CoLEOHE (m—1 )TOZEANRAEDGCKERT, #HEH41 &KX (4-9),4—-21)
POFAFIERC L A#BEY Yy FPe —2a:DGX xM rzakEy v e —2a@dE L W,
Thbb, RABWIALT 5,
Yx=DGKx)xxm™1l mod G (4-22)
4.5 CATHBED GHERIDOFIETRT o MRILLATIOETITRDGKIE Z 5,

ROBBEIGHEBMLOERLOLARLDICEDLN S,

4.5 5 EDGHRIE(DH



C#E4.4 ]

fiFIE0ES>%Ewe L, BEOGHBMUZEXD GROBELERWILELN — ERGE
iz EBEAEEET AN — E35, COLEDGREZELA LI ATHECHIAD
oI MY T %,

(FE9EE )



4.3 MISRD2,3&8LUV4ERY RHKROEI

4.3.1 EWHZEKICEIS(MISR

By EAMAEMISRELT, GX)2BmROBEBEERNTHLELEEL DL, TDE
FA(X)RFER(2D-1) 0~ v /B EERT B, ~IVIHBRES>2UTO
HAEFLrEE 20T, G(X)RKHK(2M-1) UTORHAP LUV 2HOZHEXN 2 ER
LV, HEBOES LD, HFEELEINL1O0@EKTHSE, MISRIKETT 5 AN
v PRFIOEZ R (2M-1)E LT, UTH#—, 2&, 3F, 4Ery PRVICOVTK
HELRD L,

4.3.1.1 B—RIRELALEE
e;;= 1 Gy i)=Ckg 1)
0 EfEMAO (i, j)
EFT B, coEE, K (4-9)L1D
Y(x)=x%*lo mod G(x) (4—23)
EmB, G(x) ABRELEXNEERLZNLOT,
Y(x)#0 mod G(X)

MBI L, B—RD BT 5,

4.3.1.2 2BRINELALEHE

e;; =1 CGi, id=(ky L) (k1)

0 tibato (i, j)

L1+ h, TOLE,

y(x)=xkotlo+xkitli mod @(x) (4-24)
LB, RO 2DODHE{WCHT 5,
(a) ZEO#E&ﬁeijﬁG%ﬁﬁ@%%

GEMOEZ DL,

k0+lozk1+l1 mod 2m__1]

Thh, £07T,

Y(X)=0 mod G(X)



Exrb, TOo2ERIEREILTCLE 5,

b) 2EOHFRS €, H GHMY TEHE

BEY Y Fe—-aY(x) (=xm! XDGE(x) mod G(x)) HW2E*8HLHERAE
Zh, G(X)F®r#FEN (=2 -1 ) UTO2HLERZERLEZV D,

Y(X)#0 mod G(X)
MDD, CTO2ERY eHRET 5,

HE@, b GEMONBRELA2ERIZRAELTLE 5, MX NROFFFED
ECGEM%x 1ELZTRRT ABEO0HE, ME42LY, 1/ 2m(m—-1)NTH
o 2EBIHFLELBPAEOME, | C,Tod, LoT, 2ERI AXKLEPM,H,

PM,=1/2Xm(m-1)n/__C, (4-25)
Ehrb, n=2"—1%#RALKXN%HE %,

PM2=1/2><m(m—l)(Zm—l)/m(zm_l)C2 (4—26)

4.3.1.3 3ERIDBELAHSE
e= 1 Gi, j)=Cky, 1) (ky, 1) (ky, 1)
0 EkEAD (i, j)
T %5, ZOEE,
y(x)=xkotlo 4 xkitli 4 xka ¥l poq G(x) (4-21)
Lhb, RO2DDHECHT B,
(@ GHEMATZEILHE
Ci, )=k, 1 )k, LHsasmueszrlci—iEthbrn,
A (4-27) &,
Y (x)=xketlea mod G(x)
F0 mod G(X)
Exb, TOIERD T 5,
b GEHMTEEE 2 NHE
* (4-2T)E3HEBEARNE R Do REY ¥ Fr—2Y(X)(=DG(X)XXT™! mod
G(X))G(X) TEBRINDIEVWI CLE., Y(X)nG(X)OfEH ThbT LicE
Lho TZbb, GIX)BERTEAI Y I7BE2CLETHEY(X)EC LRAMTD 5,
G(X) DAPRY(X) OFRBREI VI 1ETREWOT, KX (4-27) »E DN 2%



GO, AECLKEITNILEASOFEBHRLCE L v,
G(X)BERTAHEFEC S LEHXSOFEFHEHE, FE5CO1) 74 REFTIDOF
RZMADOLIBOFIRZ L AOFB0 ERDL LI ABAIAEOLEOHICEL W8],
NIV IFBETE, 2O P EBICGRARLEE, 3EOFI~NI b AL OHRO0 &
ZhHLORBKYDOINZ P reREFER, —BIRCREINS, 2MHEOF N7 b v i 8L
BEOHE C,Td20, EXr3OFBEELIELHLLTONL, LoT, EHIOH
BB,
1/3><nC2 ( 4-—28)
EhB, SHLEERTERT S CHBILMOBYVTHIE O, #HE4.4 X (4-28) &
b,
nﬁx1/3xnc2 (4—29)
E by R (4-29)1F, X U-27)OKELN0 LA AHEEOHEEREL, ¢cOLE3HAD
ERHELTLE S,
HME@, b, 3EBRVZAXTHEOKE, X (4-29)TRINIHLET TS 2o

SERBRIVNBELAIBEOHI CyThbh, KRAMBWMILT 5,

> mn
PMy=1/3Xm’x C,/ C, (4-30)
b, n=2"-1#RALRKEH5,

PMy=1/3Xm° X (,m_;yC,/ 1 (,m_4)C; (4-31)

4.3.1.4 AEBERIBELALSSE
e,;= 1 Ci, j)=C(ky 1)k, 1,0k, 1,0 (ky 130
0 ERmMAO (i, )
LT b, TOLE,
y(X)=xkotlo + xkitl1 4 xkotla 4 xkstls mod G(X) (4-32)
LB, X (4-32)E, 0, 2, 4HOWTFhLrE2ELLERNL 25,
(a) Qs 252N 55BE
X (4-32)0EDE 0L 7Y, TOBRERVERIXLTLE S, TOLOIRAEPOHED
L, ME43TELLND,
b GCGEMxs1HETEENLEE
# (4-32) OALE 2HEY G, 43. L20) LA LBEETCORY 2Rt T 5,



© GHEMXNEELTENES
MEY Y Fe—aY(X)(=DG(X)XXxM™™! mod G(X))H4E%2E ., DG
(X)NG(X) THIYNL2BAOHE, G(X)DBERTI Iy I/ BHECETINLES
4 DOFEFHEHCE L w, G(X)BERT AHBEFEO I LEA 4 OFBFEHL, BFECo -~
VT AREFGINOHAZ b DS L4 EAOHIRZ b VOO ERDLO ZEI>EDRED
BLCELW[8], T%abb, 3MOFNI P ERAT—RBLTHDLIEGOHERD
HTELFLN, 3MAOF~N7 P vOETFFHE, C,@bHFEL, TO0L, Cou@b
E3EDFI~7 b —REBE R D, 10T, EH 4 OFEFHA,
1/4><(nCB—nC2) (4-33)
Exb, ME4 4P LUK (4-33) b, X (4-32) BA(x)THU YN B L O %AEH
DRV HF i,
m*x 1,/4% (_Cy— C,) (4-34)

Ehb, COBELE, 4FBRIVEARALTLE S, BlE@, ), &b, 4FEHRVER

HLKPM, s R0DC ENTE D, 4FEBRIVBELIHEFORE, [ C, Thb, n=
2M—1zRALKRR B %,
PM,=(1/24 Xm(m-1)(2"-1){(m-2)(m-3)
+3m(m-1)(2M-2)}+1/4Xm* X { (om_;Cy (4-35)

~(2m-1)C2) 1 m(2m_1)Cy
4.3 1103 L éE LT, MROFBEEFERXG(X)CE S MISROEIVHRERY & 4.
1 b, Fadl1hdb, B—RBROBLTHREHT LIS, 2EULEOERICODWTH,

100 BB TE AT Enibh b,

41 G(x)DPMRORWBEXDOHEEOMISROB Y REHE

PD, 1

PD, 1-1/2Xm(m=1)(2M=1) /" com_1yC,

3

PD, 1-01/24 Xm(m=1) (2P=1){ (m—2) (m—3)

+3m(m=1) (2M=2)}+1/4xm* X { (,m_;yC,4

—(2m_1)C3} 1 h(2m_1HC,




4.3.2 WBRNIVIFFERZRKXICEICMISR

2Tk, MISRCAWLNLZIANXE LT, RATERINLEZEHRANCONWTER S
L1001,

G(X)=(14+4X)G’ (X) (4-36)
2T, G (X))@ (m—1)ROFEHEHENET S, G/ (X)OBEHPE (2™ —-1) T
BLH, G(x) dm ROZEXREZY, (14X), G' (X)) LI CEREFHEAZNOT,
G(X)DPEBIE (2M ' —1) x50 11], G(X)BIHER I ¥ I/ HBEERT 5,
BRI /7 HEREHBLUTOREFELETERVOT, G(x) FR#H (2M1-1)
UToRHE, 251, 3RZEAZEELLV,

BT, R(4-36)CESSKMISROBRIVRHELOWTHRT 5o 4.3.1HTIE, REH
m, Ao (2T -1)0FHZERNG(X) &AL, c2TR, G(X)ORBEFL
(mTd52, BfEnG (2m! —1) %22, 431 x0T 50EMICET 5ERE,
n=(2™ " '—1)rrrclicth, *OEERITO.

4.3.2.1 B—EBbInELABE

4.3. 1. 1 OFMMKILL, PD, =1, %5,

4.3.2.2 2BBEIRELABS
4.3.1.20ZBmBEw L, £U-25)kn= (20" 1) #RALTKRXEE S,

PM2==L/2Xm(m—1)(Zm_l—l)/m(zm—l_l)cz (4—37)

4.3.2.3 3BHERDHELLBE

#Ey > Fe -4 Y(X) (SDA(X)XXPL mod G(X))u@, wE(2™ ' -1)
UFThHroBERXR 3B *SCEERE 25, G(X)HECDL 9 2E2BEX A ERLEVO
T, 3EBERDV AT NTHRET 5,

4.3.2.4 ABRBRILELABE
BREYyy Fere—2a2Y(X)WE, 0, 2, 4EILALZERNEAEL, KROIBYCHT 5,
(a) GEMx»s2HTENEHE

BEY Y Fe—-aY(X)=0 mod G(X), tAabzo4ERIERIELTLE 5,



BAEOBEMEL3 TEL LN B,
b) GHEMMENBN1IMALTEETNLBHE
BMEY Y e —aY(X) BRgs (20 1) UTO2HEEULEHAE % 5, GX)
Moo HEA BB LAZVWOT, TO4ERD ZHET 5,
(0 GEMEArFTETNEANES
EY Pe -2 YX)R4EHEEFULZHENEZ S, Y(X) 22G(X) TEY O LHE
OEE, G(X) BERTAERNI Y I/ FELETEINLIEHI 4 OFBEFEHLCEF L, Th
X, BRI I FBEON) T 4 REFTINOHNZ b2 D5 L4 EOHINZ b A OFIA O
ErBLO I EOEOHICEL WL 12], N (4-28) DEHLFEKRKCEL L L, FF
BnOIK~I v /7FELFTEINIES» 4 OFSFHEHA,
1/4X _C, (4-38)
b, 4TELZHERNLERT S GHERILFIOTIIEORK R, M4 4K (4-38) 2 ),
m4><1/4><nc3 (4-39)
Eh b, TOHBBEAFBRIVERALTLE I, ME@, B, @b, 4ERIZRHELE
PM, # Kb, REAN 42—y CAEBRYELZBEOME,  C, THY, 0=
27 1 RALKRR B 5,
PM,=(1,/24Xm(m=1) (2™ ' ~1){ (m—2) (m—3)
+3m(m—1) (2™ ' —2)}+1,/4xm* (4-40)
X(2m=11)C 3} )/ (2m=1-1)Cy
4.3.2HOE EDELT, ik~ v/ BEERSER (X (4-36) )KES CMISROR
VR EERIL2CE LD, R4 200, B—F IUIERIBILTHRET A2, 2,

4FEBOCOWTHE, 100%EBETEZWZ LB b,

®4.2 REMOBERNIVI/IFEERZAKXICESCMISRORY RHEK

PD, 1
PD, | 1-1/2Xm(m=-1)(2™7 ' =1)/ (om-1_;)C,
PD, 1
PD, 1-01/24Xm(m=1) (2™ ' =1){ (m—2) (m=3)

+3m(m—1)(2Mm -2y} 41,4 xm4

X(zm—l_l)c3]/m(2m_l)c4




4.4 #H2BELEMI| SRORE

4.4.1 #2&8{MISR

MISROBIYHMERZ, 43HMTRLALIK, ZERIKCHLTI00KKZELZWN
TEMDD, B 2ERIBUEN100KCELEZNCLEBEEL 2V, SERIK
HEXM EIEDHHEIBEINTEY, 2ERIBEREI100K%5CELEZNWL4],
TCTE, 2HEEBLVEX1I00%mHTEL L2 Y7 FFvEKE — HM2EMISR
— ®RETLH, AFK, SERIBERIBROHICKDL L, W2HELMISREWS
ME%FHBET L, COAKE, M46KRTLOK, 2EOLFSRLEY, hoENE
NOY 7 FAFABRHETHELEZOHCHEND B, BRT -7 ¥YX74TH, #HAEAOLFSR
RO TCHEIFTELET2>TWAH355[13] M4.6 T, MISRG/MISRH
BENENAmEROSEEXG(X) /H(X) KESCLFSRTH D, ThEhvy s+ Fx
SG(X)/SH(X)%4EKT %, 4.2FHOKX (4-5) & [@EE,

SG(Xx)=a,(x)+xa, (X)+++++xM"1a (x) mod G(X) (4-41)

m-1
L%b, 2k, MISRHO Y 7 } FAXRHETH ST EI b, RABKLT S,

SH(X)=x""1a (x)+xm 2a,(x)+++++a_ _, (X) mod H(X) (4-42)
4. 2% L EfKK, MISRG/MISRHIK X A2fE Y~ Fa—-2YG(X)/YH(X) 2RO
BYEET bo

YG(x)=€e (X)+xe (X)++--+xD"1e (X) mod G(x) (4-43)

m-—-1
YH(X)EXm—leO(X)+Xm_Zel(X)+'-°+em_1(X) mod G(X)
HEMEREKRE, YO(X)=YH(X)=00 L2 bx L, YG(X)F#0% 2 YH(X)F#

0DLERIB D EAIZT,



| m- |
XO Xl ?QQQX +

A

> %0 O x b © ° _.Xm—l
a,(x) a(x) a,(x) a__(x)

M4.6 #H2FEMI SRER

4.4.2 HEMMEZzOHMH
ANBRES 2 - FTHAORACT L, HEME NS UEETET o TFAD 2D
a, . A, BROEHE

(&#2) k-l=k’'—1’ mod n (4—44)
e d L E, a |, a s HHEMT22LEHET %, T/, A, » 3,1, THF
s L 0P 4, 27 L, NREZEXRH (X)OAPHEET, HEMIOF %K 4.7 KR T
B4 7R3 oK, HEMGREEDSAR (EL254GT ) OFBICHFEL TN b,



— ?akl ] "" a
~. k'-k
k'-k 'xn - am.bk
Y% >§l ~on+l-T
— 1-1° — L —
kK'-k=1'-1 k-k'=n+1-1
k-1=k'-1" k-1 =k’'-1" mod n

K4.7 HEMOH

B4.4 TRLAGHEENOFIE LUK 4. 7T OHSFMERIOFIL L IHL 2% X 5 CFTFAOE
%5 2HA, FAEBECGEMArOHEM TS L LR %N,

W41, 42, 43KFNT, GEMEHEM, (FH1) e (FHE2)KEEZ®RR
T, MBERBLT 5, 24, HEMOBERZANWTRIGHEEZE (m— 1 ) ~HE1L
THBLEEHMERLLFHY, 20t 0E (n—1 ) FTOLENAERAEDH(X) L&
WELA4KENT, GHBILEHERL, DG(X)%#DH(X)KEE#L2 T, MWEAI
RILT 5o

4.4.3 BFEHZ3BERICESCH2EBIMISROBY BEX
BAEEMHAEY2E(MISRE LT, G(X), H(X)2#IC mKOEHLELZER OB
KoWwTE2 5, G(X), H(X) oA (2T —1) 2 b, HERE(20-1) 0
NIVIBBEERT b, ARy ORI R (2M-1) e LT, MUT#H2EML
MISRIKXG 3 58—, 2%, 3EC Yy FBRBVOHRERARD S,

4.4.3.1 EB—FRbrELABE
4.3.1.1 LA CEHBICL b,



YG(x)=0 mod G(XxX)
YH(x)®#%=0 mod G(X)
&&b, é_gﬁb%ﬁﬁj?éo

4.4.3.2 2EBRYPELLEE

4.3. 1.2 LELEARII DY, YG(X), YH(X)BEZNEFHh 0BT AR 2HE2E L, &
ZL, 2lfe, > e A (K1), (KF2)x2HrTcdznss,
YG(X), YH(X) DD % L3 —FHEH#BFLEED, LoT, 2ERI 2T XCHET S,

4.4.3.3 3HERINELALEE
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