B A
KB BT T 2R

Xy MERTIERZ X 2 BEERICT T 5
Sum-Product 18 51%E D KiGEE

REHE PO B2 HEBUR

YR K

5% BEES 2T A TENE
YEEHS 21W2033H

BA Ve B

202342 H 17 H



Bk

2.1
2.2
2.3

3.1
3.2
3.3

4.1
4.2

5.1
5.2
5.3

HEE
BEXH

TR A
Al
A2
A3
A4
A5
A6
A7

IEL®HIC

BEBETICHSLERE

BEFEETIL . Lo
BEORE . . . .
WERAFSILER ..

Sum-Prodcut {88 EDER

SUERFERER . . . .
T2 I R=TTT7
Sum-Product 7V VXL . ...

EEROEEZZRE LT Sum-Product 8%
SOREDEEE
FRZRIE

ESHREDIREE

FFERERD
FFERER20 . . . .
FFERER 000 . . . . o

Feo

Y—23d—Fk

FEHILDPC RSO . . . . . .
v INVEROIRE . . .
FEEEZER LRV Sum=Product 5D XX 70 r7on . ... ...
FTEEERLZWV Sum-Product 8% . . . . .. ...
FEEEE L2 Sum-Product 85 DX X075 6 . L.
FEEER L Sum-Product 85 . . . ... ...
YR MAPIER .o

=W NN

o1

18

18

18



A8 frsfbr— A
A9 EEEATAIIHS

ii



1 EL®IC

BRIGEFEDO—2 LTy MAEENDHZ. 7y MEFrIdarya—-2d@EIcBwn
T, T—RENEBRILEDICHEILTED =D —DEEZET B LW EEHETHS. 7
XN T =23y FeMIN, Z2LDEREX Yy -V 25 L, ZOREIEE
Ty MO %, A7y MEEEAET 5 LBEORZEMTERTOERSHHEEI N Zeh
2R, BERRENRIFERT S e HKS. Ei, BEREOEREL T2 L H
Kz7cD, 2y b= LO—HIHEEIELTLEoGETDH, o ERH LEEE
15 2R VI FMbH 5.

BHEDT Y MBETIE Ay FOHIEBERZRNEFRPIND SN TWE., ZRUIIAT,
Anantharam and Verdu [1] &, 237 v FEFROEMZERZ LN TE D LIHEMHLTVWS. D
EFD Ty FOREBHRBORIICE®REEZ 52T, ZEHIFET L7 v bOMRTIHE
WEG2 e TEZDTHS. Ny MEGBZITIBRE R Yy M7 — 7 NTIIERA 22 LRI
DZELRHLERIKOBE R R ELTLE WV, 7 v b ORFEFREIEER » ZER e TR
Ko TLEILDESHRTOMDITIENNEL SN, ZLT, MYE[ESNLBEFE»HTE
REEHMERST 2T, ELLTEMELLET 2 ZEAARREEINATVEIDTHS.

RESDRWVZED T v b OXEHRICERE G2 ROR—Y — "REBITHS 2T LD
BERAREE, X [1] TRk onTwa. BEERNRFFE(EIZEAL T, Coleman and
Kiyavash [2] 13,37 v FEFRZ AW 4 STOBERIRFEERRICN LT, RO D 2 EE1KE
FARESWRICNET 2 28T, BERERIOLVITESL — N 2ERT 2 EHAEOH 2755
i, EEREREILTBY, KEE ) 7 4 MARS (Low Density Parity Check Code, X
T LDPC HE LWL %) & Sum-Product 5EZ AW 2 HIEERREZELTVWS. L
L, BFEBRZITS DI HERFFM ORI ER S ATV S, ZAUTe L 3] T, &g
ENTWAFEOFMEZSHICRELTWS. 20b TEHIE, UK [4] K TRHSERED
WG EICB 2 1SR OFHTi 21T o 72.

R TIE, WK [3] TREINLFiEE D L ICHERERPIEVWEGEICE T 21E5R D RO
HEZITV, EEMREEZMEEL . 2O, HENRE LT, @EKEELIEL AR LERD
Sum-Product HEEDR D EREZHET 2 2 LIk o T, WEROTEEFE TS 221k
SESRROZZMR L. ZOMR, HEHERMIRVIEGEICEVWTIEADRESIFEAEL,
WIS 2 R & A% L72KED Sum-Product B EEIEREL B W T 2SR X /2.



2 BEBRETICHSLER

RETE, AR THR L § 2B E0 2 EREOBIEE TV EAWTREL, HEEAN
5. TOETNZ, XHR 5] THRORATWEETFTLERLTHS.

2.1 BERETIL

AV R—=Fy bDEIRIF Y VT =7 TIIEBRORERENFNENDOZEE ATy b ER
BHNCEET 2. S0 vy MIEBOY — %@ ) BN R BRNCEIE T 2. <7 v b2k
BEIPOHREL T2 HIHNICEIE T 2 ETOREIX, MO —FREEFELTVWE 7y +O
B, $RhbEAY b =2 LTORAEEREWKTFTS. 22T, —HOREZEHFEHEHL
THERD Ay b= 2RI LREBITHIC AT o LTREIN S, AR TEERLD
T DML F BTN AT 6% >V TNRE—F — N FIFO BT AT L e BT, %
D7z, = "DBEFIEEEICEE L2837 v M OIEFE B S Wiz — " oRnic+
DREBRF2—DPDDERETS. T2, —=NFF X—& 1 DIEEDTRIHE S WLIRREE T
Ny PR S, ZOXDBRGEBITHIS AT AKX ZEEHRETLER 1ITRT.

WE, Oy MEEFIET Y boHITERE AN TEEZITS. LiL, RIFETIE T Y
MERTHERE LS Z L ICERAEREL 20, 7y MdERE ANT O v FORERBO
ATHEEZITS. bbb, FHEHRTIE, EEINZ X vt — I 2RI UG
BALREETS. 2LTC, BEHRTEIELL A7y FORKEBREI S X v —Y%EET

BEIEK
*a- || y-n ]

1 EfERET L



2.2 BEROEIE

WEBIAHEGIETH 2 21, BEROHIBZNLEIOAS - B2 ZHYTHE 2 Z2 W
5. 5 THRVBEREIEIS 2 L Ebhs. ThRBEL, AHEOBERICIITEYD
%2 LR TRY.

£9, 7y MRERE AW TIERE% 2 BERICH T 2 H% L BB OBGER 2 1R
T EEENIRRERGEE R LTV B, RERENCEID - T 3 R 5 DRENEERICEE L]
v b OB TR L, BE S I Tw 3 RENGEEKR T X b8 v M E RS
B2 R LT\, oy, di(i = 1,...,5) o7 v FAGORMBERY L, 4 & d 2zhzh
Ry FOFIERZ, HERZE 35, 7y MR &, THEEBICATEN, —THR
XN TS d; \BER» XN 3.

ZZT, WAl dy WEHT 3. B dy, RRERERERETR T di+dy ¥ B, T T, KR
Ve dy 1, 87 v DA dy ISEERD S S 2 e 2R T, W d, TEERD SN
Ny M, B 3 GREBICANEINT AT v b BY —ATUIS N TH S &
NizbDTH 5. fit-T, Bl d, TRIEK»SHAENZ 87 v M, Bl & TAh SNk
2y M RO d TREBRSH I ENr v P I TRWI B S, THMEE
FICRERDZ VWS TH 5.

d, d, d;

2 Rl & R R O B 1R



23 BEBATSLERE

RN, FEEIIFRFEROM N TH 5. RHFETIEH (1] LFETL, v Mol
FREHNEFESZRD LS ITERT 5.

TE 1 HEBRIEAEENY Mo = (11,29,...,2,) L LTHRINS. HEEIFES
ERETHLE, B0 TEDOF 2 — LR Y 2 1 k &H (k> 1) 0B
3. FFESIE M HOREHEEH TV L, ZhALREHECERINTEREINZ LT
3. HERICL o TOZEEL I, F—nhoOMKMERTHS. HEROEEMDHERE
YBL. RBOMEPE ZHLOFEE T e B8L. ZOX5RHER (n, M, T,¢) HEr
VI, ZOHEOFEL— % (log M)/T LEDH 3. HE(LL— b L IZBAIR S DI
HEEARET 2 HHEEEL TV, BERACTIE log FEAMEERT.

WEICBWT, FEL— A REVZ RO LNZ LFARICEBSHRTIELLEEINS
ZEDEHBEEINTWS., Lo T, GAONFELL — MW LTIELLEETES X
I REEWREZEILRFER SRV, ZOWEDWTH [1] IKEDWTH [4] TRD &
SWCERINLTVS.

E&R2 5Ly —1 RIEMRFAIREL 1

log M,
liminf —5=" > R (1)
n—oo n
. n
g, >0 @
i en =0 @)

872 &S BEOH {(n, My, Tn,€n)}32, BHET 222 TH 5. BREBERE
C = sup{R| fF5{tL — b RIZZEMRATHE }
LEDD.

AL TIE, BV — b 2EX TEESWREERLEBMIES 2729, HAOL—M A Z2EB L
BIBIBZEEEULNIRT

EE3 TFEbL—1F RAEHL—F XN TERARE 21X

log M,
liminf A2 > R (4)
n—o00 n
n
i — >
am e 2 A (5)
nh_{réc €, =0 (6)

4



YR B XS REFBD] {(n, My, Ty, 6,) )2, PIHET B L THE. 0<e< 1 LRBEED
ZBWT RAHAL — b A TEREARE 205, ML — b A BT 2 BERER LT,
C(\) ERF. ThbE

C(\) £ sup{R| 5L — b RIZHI L — PATERATHE }

YiED .
LEDERDD L TRD & 57 2 DOOEEHH D O L ATk [6] IRER TV 5.

FE 1
C() = Aog £, A< (7)
EIiE 2
o -1
CfngaffC(A)fe i (8)

3 Sum-Prodcut EBZEDEE

RO D 2 BEKICB VT Sum-Product BE5EZZ0FFHEAT 222 3#HE LV, Zh%
20, RETEELEEERICBT 2EANZ Sum-Product E5#EEZRL, 4 BTHIELE
BLGEICHRET 2MERICOWTHL2ICT 3.

3.1 FMFHIRER
EHIECHOBIERC B 234007 Sum-Product 5 OFHEFICOWT, BRI

ZRHOTHHALTWL.

FEah H@ERANEEEINEY VARL RS Y VAL 2, BERISEEINVESRTE
BENETVRLEZES VRV y LEL. 20L&, eI OEERN ¢ HPEEFE N
12, WERDPOEREINEERT y 22ET 250 MR W (y|x) 13,

W(y|z) =Pr{Y = y|X =z} (9)
rREZEMHKS.

ZOBEKIC L TR 5 OFSELEFETI22ERS. 22T, o= (11,12,...,T5),
Y= (Y1,Y2,..-,y5) LT 2L, [FEE z 2BERKICAT LBCRIEE y B S h 3 iR

Woyle) = [ Wilz) (10)
i=1,2,3,4,5

5



tRIN5.

WEBICANINBFESE I —EOHIEHZL2b00mhs I, 22 TiEfile L
T, WEEREMS5 T

1 +29=0 (11)
To+x3+24=0 (12)
T4+ x5 =0 (13)

Dz il DR T 5. T ORlFNIIATHIE VT

1
0
0

ERTZEHNTES. 2o &N (14) £AD 3x5T5% %0 7 4 REITHIE WS

—fRIEEHO AT e MNE R 2720, HEHRTREZEHZBHLD & THEHERHE
TEIREDD L. ZEFE y 2B L72d & THRFMN SR Pr{X® = z|Y® = y} KL R
% X5 BIFEEE « BN 21057 B RKERERIESTE ( MAP BS51%) Wi, Tk
T EHERIE,

1000 o
1110 |x| a3 [=0 (14)
00 1 1

L5

_Pr{X’ =2V’ =y}

Pr{X®=z|Y’ =y} = i E— (15)
_ Pr{X® =ga} - Pr{Y® = y|X° = x}
N Pr{Y® =y} (1)

LERTILNTES. 3L, y BENSALETHZ S Pr{Y = y) WERE B3, %
Fo, PRI TRESNS LU, Pr{X = o) bERL RS,

MAP @25 EBICITES £ T 5 £ TNTOMFEIECH UTERIEN SHREFHE LT tug
BHRV. COFERENRT 701, ¥V ALET MAP BT 5 5 EAH HR T
3. COFMEIEY VAL MAP @8 LIHZN TN 5. BIAIZZ(EE y IO LTRES v HL
vy BHEET BB EAIEN EHER Pr{X, = 2,|Y0 = y} BRAMLT 2 21 ZRDIUL I,



I T, C2MS5iE0HRE LT 2 LRI EHERIZ,

Pr{X; = 2|Y° =y} (17)

= Z Pr{X5 :xl...x5\Y5 =y} (18)
x2,T3,L4,T5

= Z ]L{a:eC}Pr{XE’ :xl...a:5|Y5=y} (19)

T2,23,T4,T5

— PI‘{X5 = CC} PI‘{}/5 = ’y‘)(5 = w}
. x;; . HeeC) Pr{Y5 =y} (20)
1 1 5
= IC| Pr{Y? = y} Z fi(ze, x2) fo(xe, 23, x4) f3(T4, T5) HW(%‘\L’,) (21)
x2,T3,T4,T5 i=1

B, 2L, fl(a:1,x2) £ ]].{331 + X2 = 0}, f2(5€2,$3,$4) £ ]l{l‘g + 23+ x4 = O},
fa(zg,z5) = 1{zy + 25 = 0} 2BV, F/, |C| & Pr{Y® = y} ZEBE D TRA(LRKE
2R BRIQEBER W, Lo T,

5
> Alwn, @) fawa, 3, 24) f3(24, 75) H W (yi|z:) (22)

X2,T3,L4,%5

PRAETZ E5% 2 ZRDIUI I V. ZOEKT, DBETEZORD Z ¥ &M SR
CRERZ 2T R, ZoRFE B

5
Y. i@y we)fo(wa, ws,xa) fa(wa, xs) [ Wwile)
i=1

x2,%3,%4,T5

= W(yi|z1)

X Zfl 3?1,962 yz\xz)

x Z fa(wa, a3, w4) W (ys|aes) W (yal2s)
r3,T4

X Zf:), x4, 25)W (ys|zs) (23)

CEZMZADILNTED. ZOLE, SMMOZERE W HOERIZ—HLTW3.

32 I7U0R—=037

3 (22) KOWTAHEOFRN MBI SN2 & 51T 5 2 LR BN, BB
5% My, Ly, (x0), FEVEEATSE% My, (20) LB . BRI,



M’»L'l (xl) £ W(yl‘xl)Mfl—ml (xl)
Mf1—>$1 ('1‘1) £ Zfl(xth)sz—nﬁ (.232)
T2

MT2—>f1 (IQ) £ W(yQ‘IQ)Mf2—>I2 (IQ)
My, g, (22) £ Z f2(@2, 23, 24) Moy p, (03) My, (24)

T3,T4
May—s g, (3) & W (ys|as)
Moy, (24) = W (yalza) Mgy 0, (24)
My, (€4) 2> fa(w4,25) May s g, (5)
x5

[I>

Moy 5 (25) = W (ys|os)

eBL. ek, R (22) 2R3 DE5Y ) —METRT e AAEEE 5. R,
V) —DED SRIAD > THBRBREERLIEZ S 2 2ICE R (22) R 2HEL 2o
TV, VYV—METREHTZZiwckh, X (22) ZHRINCHZ 2 Z L DAREL R 5.
To,. .., 05 WDOWTHAOBEEEITO &, ZRZTARA~T D XS5V —EEEH L
DTES.

M, 1 (x1)

X3 z1 #Be52vV)—



M,5(x3)

M, 5(x2)

M4 z BB T2V —

Mx4(x4)

X6 x4 Z#RE3T2VY— X7 x5 B 52Y)—

DETRENZ5 DDV Y —=IZBWT, EroRARICH2 > TRHRELTW 2RItk b5
B ERHDPRES. i, M3~TOYV ) —ETXTRUMEEZF > TW5a. BRIIZE,
R — P —Fezheh Ly PGB L THEZET YOV ) —bM 8D K5Ik
5. TDTI 7T 7 IR=TF7705. B — K5 — FARANOFE & B
J = RO — FHANOFREZ#EDIR LTS 2212k D, 5 ORISR Z 501 % K
H 3RS, {FonLHFEafHERWTY YRV MAP BE5 2TV, ZHUICk->T



fy f f3

K8 7rrR—=U57

Bonly rRAb e —RHfEEEL 5. —RHEEEL XY 74 BT e ofEE D, L
ZFOMERD 0 THI—HRHEEEIITEETH B ZIThD, BERI»OZEFICHIZA
5. Z5 TR, —RHEEBIEIRERE L3R THE L TAMOEHEZITS.

3.3  Sum-Product ZIL3U X L

FwnT, UETRINZZNHEFIEE —L 3 %. Sum-Product 513, LDPC 755 &t
DRWREBESZRETIAEEFEEIATWS. DIFIC, —f&H7% Sum-Product 85 DAL
HFIEE 27 v F1Zih>TRLTWL.

ATv71
K =R TOUHEEITS. M8 TRLAETZ 77 X—=277 70 FIEER — F, T
B — Remdh, RV 7 4 RETHIOITLINHIE L TWE. B — F o 1%, B —
R ARy —=—V%mEL, B —F f 3 — R, XA v Ee—C%mETS. DT
12, B — Fe B — B 2 UEFIEEFHENTRT.
T/ — LR

BRI — R a, OB —F f; NDXvt—I%

Mo, g, (z) = H Moz, (1) (24)

aEN (z)\ fi

ELTEAETS. XD M, o, (zp) &, 2 — fi AANCBEZINIAy - 2R LTE
D, zp DB > TWBZERLTWS. AT, 7727&%—2757ZHLT, Kb/
WXy E—IDRDID 270 T3 bDOLMNOBDOERE N(fi) £ £T

10



REE/ — RALIE
B —F fi OB — F oy ANDRX vt =%
Mo (@)= [ fiB) I Mes(d) (25)
N(fi)\zr bEN(fi)\zr
CLTEETS. B/ — K I8V TE, fi D/ —FroELNTERAy -
B —FOEZEAS. B &, VT4 BRETHDIFIBICBWT, 127 oTWATOHEEG
RLTWV3B.

ATwT2

FRERDER ) — FIC Ao TEREX v —YOREZHEL, FUNEIHERD 5.
KT ESHEEDOHE

BR) — K ap LT,

Mxk (l’k) = H Ma—mk (xk) (26)
a€N (zy)
ZEET 5.
—IHHEES VR By %
Iy = arg max My, (zx) (27)

LED D, —RHEE S VARV ZAART D O —IRHEEFETH 5.

ATv73

2Ty 72 TRD SN —HHEEEL %) 7 4 MEITFIORE L 2. b LZOFERM 0 THR
W—FHEERBIIFSIETH 2 Zichkh D, HERPOZEHFICHAIEINE. 25 TRITAEZ,
—HEEERITEE L 3R T, HERT Y 7 1SR D A E R D ET.

4 BEEROEIEZZELT Sum-Product 5%

3 B CIIEREBRERK I % Sum-Product ES5EOFIEEZHAL 2. AETIZZDOTFIE
K-> T, LBDOD 2 BIERICEIT S Sum-Product BEIERIEH LZBROBEE L L Z DOfFEHk
HEERT 5.

4.1 EIEOLE

AWMF TS RO H 2 BERICH LT Sum-Product 52 Z0EEHAT 2 2 21
TERWV. ZOMAEZHHAT 5.

11



S UARNL x; R L TR LEDE LR 4;(v1,. .. 2) (i=1,...,5) £ §5. &
512, A%y FAEERL M EINERLE di(i = 1,...,5) £BL. 2T, BB
REERICAN LS LT, ZEHy IS NIHRW 225, Bl a)(x)) S8
2 BEEB AT v FHAASENSD LT, K4l dy T v FASEERD S SR B
RIZ W(di|ay(z1)) %D, EHITZDHK, HEERD SEEBRICKA dy(x,x0) 187 v b
DA ENT S T, KAl dy TEEKD SEEBEALN SN BHRIE W(dy|dias (21, 22))
ERB. W(623|622&3(a:1,m2,x3)), W(cf4|623d4(x1,x2,x3,m4)), W(ci5|d4d5(x1,x2,x3,x4,x5))
WOWTHHEBRICEZ 2 Z 22K S.
LR, COZe2BELDL, o) DY YHEL MAP HE D7D DL SR,

> hl@n, o) falwa, w3, 2a) fa(wa, 25) WP (dy, .. dslan, . .., ds)

= W (di|as(21))
X Z Fi(@r, w2)W (da|dyag (2, 22))

X Z fawa, w3, 24)W (ds|daaz (21, 2, 3))W (da|dsdia (21, 72, 73, 74))

x3,%4

X Y fa(@wa, w5)W (ds|dads (21, w2, w3, 24, 05)) (28)

y£XN3. Sum-Product 55175121338 (22) TRLE & 51, BREHET 27010%
GRIOZH L W NOZHA L TWRIFIUEE SRV, LaL, R (27) TRLFRORH
TH—HLTELT, RN EHEOFEAREY Y —METH S LATERV. fEoTH
SDES5KT 7 R—25 7 bIEEET, KD Sum-Product MEHEE 20 FMHT 2 =
ARV,

42 REE
RIEICHERE L 2RI LT, Uik [3] TIIZEHRE O L DRI RKIENFET Y > AL MAP #E
BNV RNVICEEIZ 22T, V) —MEZH I ZRELTVWS., B E S
Z TS SRR,
W (d1 | (1))
X Zfl(xl,lfz)W(Cz2|dl&2(f1,172))
X Y folws, w3, 24)W (ds|dads(#1, 2, x3) )W (da|dsia (#1, &2, &3, 24))

x> fo(wa,w5)W (ds|dads (i1, &2, &3, &4, 75)) (29)

12



rRIND.

ZIZTIE, BB OWT 2y, .. 05 ZRRBE 3, .., 84 WEZHZ 2. ZHUTKD,
BRRDOEE W AOZEBDG—HL, V) —HEr# DORMENED IO, DLEXD,
EELEAIE IR IT BT 5 Sum-Prodeut BEE L [FRRIC, X (28) DBHZUTD X 5 12—H D
R EBICEEZWRA -2 T, BRMEZHETE2A L LTERTEL X5k o .

My, (1) £ W (dala (21)) My, 5o, (21)
My, 0, (21) = Z fi(z1, 22) My, 1, (22)

Mo, 5, (v2) 2 W (da|d1a2(21, 22)) My, sz, (22)
My, oy (w2) &Y fal@o, w3, 24) My g, (03) Moy 1, (24)

T3,T4
My g, (3) = W (ds|daaz (21, 2o, 23))
Moo g, (4) 2 W(dald3aa (1, o, &3, 24)) Mgy, (24)
My, —a, (24) £ Z f3(1’4,175)M$5_>f3 (x5)

zs5

1>

Moy g, (w5) 2 W (ds|dads (1, B2, &3, 34, 25))

ZAUTED, YU —HEERH 2K S X512k B 7%, Sum-Product EEEDFIEIC
HOXEBE T2 ZeAAREE oz, R [3] TIREZHZ 228 LT, OO RIEN
BTy 2L MAP #EE SN YRV ERS 2 e BERENT VWS, 2T, AT
b OREFHEE TR LESHROMEEZ1To 2.

5 ESM4EDIRILE

AT, REEEEE L Sum-Product 5% L ELEEE R LW Sum-Product 185
%k OEBWREZ BMEES 2. 2 2T, @ EE R LAV Sum-Product 851k 21X, @EHK
ZEEURE AR LD & TERINTKRD Z@EITFICA LT, Sum-Product 185 % #H
L7zbD%iET.

B EEENEWVTEZHWT, ¥Rl MAP 5 ¥ Sum-Product 5 0B S5
RED LEBIREE ¥ Sum-Product 5 ICBWTRELZE R T 258 L LRWVWEEOESHEED T
BMGEEZITY, HEAZED. B, FEEREMILBOMEREZFEMICTS. H=
12, MEREZ EEOBEIRIEDT 2720, FEEEIRVWEEICEIT 218530 MRzl
ET 5.

13



5.1 ﬁ"?un

5, HEEENEVISEICBWTY VAL MAP 5 ¥ Sum-Product 85 DEEE D i
BrUBL7-b02K 9IRS, 22T, 551317080 7 4 &SI Z D OREEZMEHL
oo ZOMTIE, L — PR ELJESR D HERPRIFIUIESHRIRVWE NS, £
ZT, 5ty — bR UEGEICBIT 2185 D fERZ IR L 72FC, Sum-Product #5 D
HERO RIS VKL MAP HE XD EL Ko TV AR FAERTE 3. 2 kD, ¥ VK
v MAP 185 & HART Sum-Product 85 DHRENEL R oTW0WB e 0h 5. RRE L
T, 4B TRLA XS Sum-Product 85 %2175 BICKERIOETESHZ, FRkOX L iE
BR2b0%FELI-2enEZONS.

ESRRY HER(571317)

1.E+00
1.E-01 L
1.E-02

1.E-03 )
e ® Sum-Product{E =

ESRY ER

1.E-04 oY RILMAPIES
1.E-05

1.E-06 ®
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

FEL — Fbit/s]

0 FFEERE 5 LD DEEH

14



X5, FEEBENSEWVIEEIC, Sum-Product EEICBVWTHELZERBT2HE5EEL
BRWBEOESHREZ R L0 %2 10 1277, L — MR USEIEBIT 21EE5H
DHERZ IR L 2B, SlREZZER T 2580 ELZE R LRWEE X DR Ro TV AERT
HHERTE S, kD, EEEFET 2 I TESEHENIES RoTWd I ehnhd.
X, MMCZBELEY YRV EERT 25EE 2 E R L7 Sum-Product 85 OMWHEI BN
LEZLND.

ESR Y R (55131T)

1.E+00
g s 88
1.E-01 'y $
°
°
M 1E02 °
] oo
=
ay  LE-03 ) -
Hlf‘ ° e EEEREBLAW
® e
™ 1.E-04 O REERT D
°
1.E-05
°
1.E-06 °

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
FEeL — b bit/s]

10 FF5EEE 5 Sum-Product 85 g

15



5.2 FF53ER 20

FEEREZRKEC LIS, Sum-Product BB ICEWTHEEZEZEE T 25 ER LRV
BEOESHREETHR L 02K 11 1IT7RT. 22T, 205817080 7 1 BiEfTHI%
bOMFS M LL. fFEtL— M2 FEUHEICBT 21EE5R D ERE R LB, Rz
E 8 L7z Sum-Product 8% 2% & & L&\ Sum-Product 85 & DKL 72> T 3k
THMHETES. Zh&D, FEERL OREFEMKICGGEZE R T 2 2 L CHEEMRENE <
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H8 A Y—X3d—K

GLBERICIER L. 7 v 75 4

Mersenne Twister with improved initialization,
http://www.math.sci.hiroshima-u.ac.jp/m-mat/MT/MT2002/mt19937ar. html,
(ZHd 2023-01-30)

A.l1 IERI LDPC S DA

//1ER] LDPC FFS DB : 20 5l 8 17
#include <stdio.h>

#include <math.h>

#include <stdarg.h>

#include <float.h>

#include <stdlib.h>

/7N, p)=(Hit, #) ,r={E%

int 1 = 2;
int p = 5;
int r = 4;
// (p*r)* (p*1)
int n = 160;

char pcm[160];

int matrix(){
FILE *fp;
fp = fopen("testl.txt","w");

int column = p*r;
int i = 0;

//0%pfAXaty B
for (int a = 0; a < r; a++){
//111. .. OFID 000 KAty FAZH?
for (int b = 0; b < 1; b++){
for (int ¢ = 0; ¢ < a; c++){
//111. .. OFHID 000. .. Z5EH
for (int d = 0; d < p; d++){
pem[il = 0;
i+=1;
¥
}
//000... DED 111... Z5Ed
for (int e 0; e < p; e++){
peml[il 1;
i+=1;

}

/758 - CoDE + 1 DE )

for(int £ = 0; £ < column - (p*a + p); f++){
pem[i] = 0;
i+=1;

/* {T5IRT */
for (int k = 0; k < n; k++){
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//175)847
if((k % (p * r)) == 0){
//fprintf (fp,"\n");

//fprintf (fp, "%d,", pcm[k]);

/* 75IAD 1 OMEZTRYES «/
int matl[pxr*1];
int m = 0;
for (int 1 = 0; 1 < n; 1++){
if (pem[1] == 1){
mati[m] = 1;
m += 1;

/* I5IAD 1 ORIBZERR */
for (int i = 0; i < p * r * 1; i++){
if((4 % 10) == 0){
//fprintf (fp,"\n");
}
//fprintf (fp,"%d," ,mat1[i]);

/* 1T5AD 0 DIUEZTIES */
int matO[n - pxrxl];
int o = 0;
for (int p = 0; p < n; p++){
if (pem[p] == 0){
matO[o] = p;
o +=1;

}

/* 1I5IAD 0 DEIBERT */
for (int i = 0; i < (n - pxr*l); i++){
if ((1 % 10) == 0){
//fprintf (fp, "\n");

//fprintf (fp, "%d,", matO[il);

fclose(fp);

int main(){
matrix();

A2 SvwI7ILERAVIIERK

/1>y 7 IRV 20 51 8 1T
#include <stdio.h>
#include "random.h"//ELEERK

/* UIERI LDPC fFS D&M TIERLL 7175 */
int row = 8;

int column = 20;

int count = 160;

int pcm[160] = {
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};

//0 D&

int

};

mat0[120] = {

5,6,7,8,9,10,11,12,13,14,
15,16,17,18,19,25,26,27,28,29,
30,31,32,33,34,35,36,37,38,39,
40,41,42,43,44,50,51,52,53,54,
55,56,57,58,59,60,61,62,63,64,
70,71,72,73,74,75,76,77,78,79,
80,81,82,83,84,85,86,87,88,89,
95,96,97,98,99,100,101,102,103,104,
105,106,107,108,109,115,116,117,118,119,
120,121,122,123,124,125,126,127,128,129,
130,131,132,133,134,140,141,142,143,144,
145,146,147,148,149,150,151,152,153,154

//1 OHE

int

};

mat1[40] = {

0,1,2,3,4,20,21,22,23,24,
45,46,47,48,49,65,66,67,68,69,
90,91,92,93,94,110,111,112,113,114,
135,136,137,138,139,155,156,157,158,159

//75AD 0,1 O

int
int

num0 = 120;
numl = 40;

/* 751> v v TINTDB */

int
int
int

int
int

all

exchange (int a[l){
al1l;//1 BEE®D 1 O matl BT ZERES
a21;//2 BIE®D 1 O matl ICHITZERES

int a10;//1 EE® 0 D matl ICHIFEBRES
int a20;//2EB® 0 D matl ICEITZRERES

int x11;//1 EIB® 1 ® pcm ICEITZIERES
int x21;//1 EIB®D 1 @ pen ICE T ZERES

int x10;//1 EE® 0 D pen IZHIT ZERES
int x20;//2 EB® 0 D pen ICHITZERES

int rowil;// M1 DE® 11 DI
int columnil;// F1 DEH® 11 DF)

int row21;// F2 DB® 11 DIT
int column21;// M2 DEH® 11 DF)

X5
¥

int 1;
int m;

// (1 28] 1F5ohh5 F1) 254 LTER
= (double)genrand_real2() * numi;

1 = mati[al1];

rowll = 1 / column;
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columnil = 1 % column;
x11 = 1;

// [2 D8] F5loHh5 Tl 25 V4 LTER
a21 = (double)genrand_real2() * numi;

m = matl[a21];

row2l = m / column;

column21 = m % column;

x21 = m;

// [228] @14 [1 DH] @1 ALTL»RIFNUIIEREEESITS
if ((rowll != row2l) && (columnil != column21)){

x10 = row2l*column + columnli;
x20 = rowll*column + column2i;

//x10 & x20 BWFhb 0 DIFE. 0 L 1 ZANEZX S
if ((pem[x10] == 0) && (pcm[x20] == 0)){

int p = pem[x11];

int q = pem[x21];

pem([x11] = pem[x10];

pem[x21] = pem[x20];
pem[x10] = p;
pem[x20] = q;

//1 20 DENZNOERBESORINEZANEZS
1/0 DERXRBS=ZRY
for (int i = 0;i < numO;i++){
if (matO[i] == x10){
aldo = i;

if (matO[i] == x20){
a20 = i;
}
}

int s = mati[al1];
int t = mati[a21];

//1 20 DERBSEANERS

mati[all] = matO[al0];
mati[a21] = mat0[a20];
mat0[al0] = s;
mat0[a20] = t;

}

//BE¥EIEELA
for (int k = 0; k < count; k++){
alk] = pem[k];

}

return 0;

}

int main(){
FILE *fp;
fp = fopen("test2.txt","w");

unsigned long init[4] = {0x234, 0x456, 0x345, 0x123}, length = 4;
init_by_array(init, length);

int x;
int a[160];

for (int i = 0; i < 1000000; i++){

exchange(a);

}
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for (int k = 0; k < count; k++){
if((k % column) == 0){
fprintf(fp, "\n");
printf("\n");

}
fprintf(fp, "%d,", pcml[k]);
printf("%d,", pcml[kl);

}

fclose(fp);

A3 EEZZELAZL Sum=Product 88D X470 5 L

// [(X&270T 35 L] @RBiEEERLAEL Sun-Product 85 (#) 1551317
#include <stdio.h>
#include <stdarg.h>
#include "random.h"

#define ALPHABETSIZE 4//> V7RILEX

int row = 3;

/x ATV RER */
int tprintf(int n, char *fmt, ...)
{

va_list arg;

while (n-- > 0){

putchar (’\t?);

¥

va_start(arg, fmt);

int ret = vprintf(fmt, arg);
va_end(arg) ;

return(ret);

}

/* SRR ek ESROAERS +/
int encode(){

FILE *fp;

fp = fopen("test2.txt","w");

/* FISERERET */
int j = 0;
int rank row;

int index[5] = {0,1,2,3,4};//FBTEETS

for (int i = 0; i < row; i++){
//TTANE X
if (pem[i*column + j] == 0){
//0 12015 j+1,j+2.. FIOHH5 1 ZRDIF TR
int 1;
for (1 =1 ; 1 < column; 1++){
if (pem[i*column + 1] != 0){
break;

}
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//ROD BB > Ti5E

if (1 >= column){
rank--;
continue;

}

//IFIANEZ

for(int k = 0;k < row;k++){
int tmp = pcm[k*column + 1];
pem[k*column + 1] = pcem[k*column + jI;
pcm[k*column + j1 = tmp;

}

int tmp = index[1];

index[1] = index[j];

index[j] = tmp;

for(int k = 0; k < row;k++){
if (k == i) continue;
if (pem[k*column + j] == 0) continue;
for (int 1 = 0; 1 < column;l++){
pem[k*column + 1] = pem[i*column + 11;//{F0D3|EHE

}
}
j++s;
}
/ISR

fprintf (fp,"\n");
fprintf (fp,"void encode(");

for (int j = rank; j < column ; j++){
fprintf (fp,"int x%d, ",index[j1);

¥
fprintf (fp,"int x[1){\n");
/% EROUERE «/
int h;
j=0;
for (int i = 0; i < row; i++){
if (pem[i*column + j] == 0) continue;

fprintf (fp," x[%d] = 0",index[jl1);

for(int jO = rank; jO < column;jO++){
if (pcm[i*column + jO] == 0) continue;
fprintf (fp," ~ x%d",index[j0]);

}
jt+;
fprintf (fp,";\n");
}
for (int i = rank; i < column;i++){
fprintf (fp," x[%d] = x%d;\n", index[i], index[il);
}
fprintf (fp," return;\n");
fprintf (fp,"}\n");
fprintf (fp,"\n");
fprintf (fp,"int count(){\n");
fprintf (fp," int x[%d];\n", column);
fprintf (fp," int xh[%d];\n", column);
fprintf (fp," double al[%d];\n", column);
fprintf (fp," double d[%d];\n", column + 1);
fprintf (fp," int num;\n");

for(int i = rank; i < column;i++){
fprintf (fp," int x%d = genrand_real2() * ALPHABETSIZE;\n", index[i]);
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}

fprintf (fp,"\n");

fprintf (fp," encode(");

for(int i = rank; i < column;i++){

fprintf (fp,"x%d, ",index[i]);

}
fprintf (fp,"x");
fprintf (fp,");\n");
fprintf (fp," code2interval(x,a);\n");
fprintf (fp," transmit(a,d);\n");
fprintf (fp," decode(d,xh) ;\n");
fprintf (fp,"\n");
fprintf (fp," for (num = O;num < %d;num++){\n",column);
fprintf (fp," if (xh[num] !'= x[num]){\n");
fprintf (fp," break;\n");
fprintf (fp," 3\n");
fprintf (fp," HNn");
fprintf (fp," return (num < %d);\n", column);
fprintf (fp,"}\n");
fclose(£fp);
return (0);
¥

/* SE > BEB */

int code2interval(){

}

printf("double code2interval(int x[],double a[l){\n");
tprintf(1,"double ul%d]l;\n",column);

tprintf(1,"for(int k = 0; k < %d; k++){\n",column);
tprintf(2,"alk] = expdistinv(rvariable(x[k]), SRCRATE);\n");
tprintf(1,"H\n");

printf("}\n");

/% EER +/

int interval(){

printf("void transmit(double a[],double rcvtime[]){\n");

tprintf(1,"int i = 0;\n");

tprintf(1,"int j = 1;\n");

tprintf(1,"int k;\n");

tprintf(1,"double current_time = 0.0;\n");

tprintf(1,"int customer_num = 0;\n");

tprintf(1,"double sendtime;\n");

tprintf (1, "double service_end = 0.0;\n");

tprintf(1, "sendtime = a[0];\n");

tprintf(1, "rcvtime[0] = 0.0;\n");

tprintf (1, "while (i < %d || customer_num > 0){\n",column);

tprintf(2, "if (customer_num == || (i < %d && sendtime < service_end)){\n",column);
tprintf (3, "current_time = sendtime;\n");

tprintf (3, "i++;\n");

tprintf(3, "if (i < %d){\n",column);

tprintf(4, "sendtime += al[i];\n");

tprintf(3, "}\n");

tprintf(3, "if (customer_num == 0){\n");

tprintf(4, "service_end = current_time + expdistinv(genrand_real2(), SERVICERATE);\n");
tprintf(3, "}\n");

tprintf (3, "customer_num++;\n");

tprintf(2, "}\n");

tprintf(2, "else {\n");

tprintf(3, "current_time = service_end;\n");

tprintf (3, "rcvtime[j] = service_end;\n");

tprintf (3, "j++;\n");

tprintf (3, "customer_num--;\n");

tprintf (3, "if (customer_num >= 1){\n");

tprintf(4, "service_end = current_time + expdistinv(genrand_real2(), SERVICERATE);\n");
tprintf(3, "}\n");
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tprintf(2, "}\n");
tprintf(1, "}\n");
tprintf(1, "return;\n");
printf("}\n");

}

/* BESEREET +/
int decode(){
FILE *fp;
fp = fopen("test3.txt","w");
fprintf (fp,"void decode(double dep[], int xh[1){\n");

/* BIERITH (FER) */
fprintf (fp," double probl[");
fprintf (£p,"%d] [%d] ;\n", ALPHABETSIZE, ALPHABETSIZE) ;

/x ZMSEE +/

fprintf (fp," int y[");

fprintf (fp,"%d",column) ;

fprintf (fp,"] = {0");

for(int i = 0;i < column - 1;i++){
fprintf (fp,",0");

}

fprintf (fp,"};\n");

/* BEBICANROEREERIC +/
fprintf (fp," for (int i = 0; i < ");
fprintf (fp,"%d",column) ;

fprintf (fp,"; i++){\n");

int i = ALPHABETSIZE;

double d;
fprintf (fp," if ((dep[i + 1] - depl[i]) < -(1log(%£)/SRCRATE)){\n",1 - (double)1l / (double)ALPHABETSIZE);
fprintf (fp," y[il = 0;\n");

for (int i = 1; i < ALPHABETSIZE - 1; i++){
d =1 - (double)(i + 1) / (double)ALPHABETSIZE;

fprintf (fp," }else if ((depli + 1] - depl[i]) < -(log(%£f)/SRCRATE)){\n",d);
fprintf (fp," y[il = %d;\n", i);

¥

fprintf (fp," Yelse{\n");

fprintf (fp," y[i]l = %d;\n", ALPHABETSIZE - 1);

fprintf (fp," FNn");

fprintf (fp," Nn");

fprintf (fp,"\n");

/*BIERRITS RE) = (FEER)+/
fprintf (fp," gen_prob_mat (sample, prob);\n");
fprintf (fp,"\n");

/* O => OOEEHER */
for (int i = 0; i < row; i++){
for (int j = 0; j < column; j++){

if (pem[i*column + j] == 0) continue;
//tprintf (1,"double Mx%df%d[%d];\n",j, i,ALPHABETSIZE);//tab BIDEZIH//*
fprintf (fp," double Mx%df%d[%d];\n",j, i,ALPHABETSIZE);//7¢
}
¥

fprintf (fp,"\n");

/x O = ODEEFI%fE +/
for (int i = 0; i < row; i++){
for (int j = 0; j < column; j++){
if (pem[i*column + j] == 0) continue;
fprintf (fp," double MfYdx%d[%d] = {o", i, j,ALPHABETSIZE);//i%i?i?i?
for(int k = 0 ;k < ALPHABETSIZE - 1;k++){
fprintf (fp,",0");
}
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fprintf (fp,"};\n");

¥
}
fprintf (fp,"\n");
/¥R DIR L0/
fprintf (fp," for (int n = 1; n < 100; n++){\n");
/*Q = [Ox/
fprintf (fp," ");

fprintf (fp,"/* O = [ */");
fprintf (fp,"\n");
for (int i = 0; i < row; i++){
for (int j = 0; j < column; j++){

if (pem[i*column + j] == 0) continue;
fprintf (fp," for (int x=0; x < %d;x++){\n",ALPHABETSIZE);////%
fprintf (fp," Mx%df%d[x] = probly[%#dl]l[x]", j, i,j );

for (int k = 0; k < row; k++){

if (k == i) continue;

if (pem[k*column + j1){
fprintf (fp," + Mfldx%4d[x]", k, j);

¥
}
fprintf (fp,";\n");
fprintf (fp," HNno");
}
¥
fprintf (fp,"\n");
/x 0= O */
fprintf (fp," ");

fprintf (fp,"/* [ = O */\n");
for (int i = 0; i < row; i++){
for (int j = 0; j < column; j++){

if (pem[i*column + j] == 0) continue;

fprintf (fp," ");

fprintf (fp,"for (int x = 0; x < %d ;x++){\n",ALPHABETSIZE);//¥
fprintf (fp," ");

fprintf (fp, "Mf%dx%d[x] = 0;\n", i, j);

fprintf (fp," ");

fprintf (fp,"}\n");

for (int jO = 0; jO < column; jO++){
if (jO == j) continue;

if (pem[i*column + jO] == 0) continue;

fprintf (fp," ");

fprintf (fp,"for (int x)d = 0; x%d < %d; x%d++){\n", jO, jO, ALPHABETSIZE,jO);//i?
}
fprintf (fp," "),

fprintf (fp,"int x = 0");

for (int jO = 0; jO < column; jO++){
if (jO == j) continue;
if (pem[i*column + jO] == 0) continue;
fprintf (fp," = x%d",jO);

}

fprintf (fp,";\n");
fprintf (fp," ");
fprintf (fp, "Mf%dx%d[x] += 0", i, j);

for (int jO = 0; jO < column; jO++){
if (jO == j) continue;
if (pem[i*column + jO] == 0) continue;
fprintf (fp," + Mx%df%d[x%dl", jO, i, jO);
}
fprintf (fp,";\n");
for (int jO = 0; jO < column; jO++){
if (jO == j) continue;
if (pem[i*column + jO] == 0) continue;
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fprintf (fp," ");
fprintf (fp,"}\n");

}
fprintf (fp,"\n");
}

}
/* REHEE */
fprintf (fp," ")
fprintf (fp,"/* RAHEE */\n");
fprintf (fp," ");

fprintf (fp, "double max;\n");
for (int j = 0;j<column;j++){

fprintf (fp," ");
fprintf (fp,"max = -DBL_MAX;\n");
fprintf (fp," ");
fprintf (fp,"for (int x = 0; x < %d; x++){\n",ALPHABETSIZE);//%
fprintf (fp," ");

fprintf (fp,"double 1h = probly[%d]1][x]",j);
for (int i = 0; i < row;i++){
if (pcm[i*column + j] == 0) continue;
fprintf (fp," + Mf%dx%d[x]", i, j);

}
fprintf (fp,";\n");
fprintf (fp," ");
fprintf (fp,"if (max < 1h){\n");
fprintf (fp," ");
fprintf (fp,"max = lh;\n");
fprintf (fp," ");
fprintf (fp,"xh[%d] = x;\n",j,j);
fprintf (fp," ");
fprintf (fp,"}\n");
fprintf (fp," ");

fprintf (fp,"}\n");
fprintf (fp,"\n");

}

/IFFSEEDE S D DR
fprintf (fp," ",
fprintf (fp,"/*TFSEBOHE*/\n") ;
fprintf (fp," ",

fprintf (fp,"if (1");

for (int i = 0; i < row; i++){
fprintf (fp," && ((0");
for (int j = 0;j < column; j++){
if (pem[i*column + j] == 0) continue;
fprintf (fp," ~ xh[%dl", j);

}
fprintf (fp,") == 0)");

}
fprintf (fp,"){\n");

fprintf (fp," break;\n");
fprintf (fp," \n");
fprintf (fp," \n");

fprintf (fp," return;\n");

fprintf (fp,"}\n");
fprintf (fp,"\n");

fclose(fp);
return (0);

}

int main(){
//encode() ;
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//code2interval();
//interval();
decode() ;

A4 EEZZELAL Sum-Product 85

//5EEEER LA Sun-Product 85 ¥ 153317
#include <stdio.h>

#include <math.h>

#include <stdarg.h>

#include <float.h>

#include <stdlib.h>

#include "random.h"//ELENER

//HAL—k [symbol/s]

#define SRCRATE (1/2.7182818284590452353602874713527)
//#define SRCRATE (0.9/2.7182818284590452353602874713527)
//#define SRCRATE (0.8/2.7182818284590452353602874713527)
//#define SRCRATE (0.7/2.7182818284590452353602874713527)
//#define SRCRATE (0.6/2.7182818284590452353602874713527)
//#define SRCRATE (0.5/2.7182818284590452353602874713527)
//#define SRCRATE (0.4/2.7182818284590452353602874713527)
//#define SRCRATE (0.3/2.7182818284590452353602874713527)
//#define SRCRATE (0.2/2.7182818284590452353602874713527)
//#define SRCRATE (0.1/2.7182818284590452353602874713527)

#define ALPHABETSIZE 4 //PVRILE
#define SERVICERATE 1.0 //H—ERAL—Fk
#define TRIAL 1000000 //F1TEIHK

/* FERTE +/
double rvariable(int x){

return ((2 * x + 1) * 0.125);
}

/* DTRBAROLRTR «/
double expdistinv(double x, double rate){
if ((1-x) < 0O){
printf("%d %f\n", __LINE__, 1 - x);
exit(1);
}
return(-log(l - x) / rate);
}

/* FERRE#R «/
double sym2interval(int sym){

return(expdistinv((sym + 0.5) / ALPHABETSIZE, SRCRATE));
}

/* FEBDHODHE +/
double expdistfunc(double x, double rate){
return(l - exp(-x * rate));

}

/x RINEEBR +/
double max(double a, double b) {
if (a > b)
return a;
else
return b;
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/* BERAE (BE) : X2T7OJSLEDEN +/

int sample [ALPHABETSIZE] [ALPHABETSIZE] = {
21815697 ,685869,445,0,
450802,21856432,195569,1,
58,69810,22424155,7259,
0,0,55,22493848

};

/* BIERITY RE) = (FXR) «/
void gen_prob_mat(int sample [ALPHABETSIZE] [ALPHABETSIZE], double prob[ALPHABETSIZE] [ALPHABETSIZE])

int i, j;
double total [ALPHABETSIZE];

for (i = 0; i<ALPHABETSIZE; i++){
totall[i] = 0.0;
}
for (i = 0; i<ALPHABETSIZE; i++){
for (j = 0; j<ALPHABETSIZE; j++){
total[i] += sample[il[j];
}
}
for (i = 0; i<ALPHABETSIZE; i++){
for (j = 0; j<ALPHABETSIZE; j++){
prob[il [j1 = log((double)sample[il[j] / totallil);//:BIEERITH (BEE) = (FER) = (W)
}
}

return;

[/ AR TOT S LEIER (ZTH5)
/x FFEER */

void encode(int x2, int x4, int x[]){
x[0] = 0 ~ x2 ~ x4;
x[1] = 0 = x2 = x4;
x[3] = 0 " x4;

x[2] = x2;
x[4] = x4;
return;

}

/x S8 - BREE +/
double code2interval(int x[],double a[]l){
double u[5];
for(int k = 0; k < 5; k++){
alk] = expdistinv(rvariable(x[k]), SRCRATE);

}
}
/* BISHE +/
void transmit(double a[l,double rcvtime[]){
int i = 0;
int j = 1;
int k;

double current_time = 0.0;
int customer_num = O;
double sendtime;

double service_end = 0.0;
sendtime = a[0];
rcvtime[0] = 0.0;

while (i < 5 || customer_num > 0){
if (customer_num == 0 || (i < 5 && sendtime < service_end)){
current_time = sendtime;
i++;
if (i < 5){

sendtime += a[il;
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}
if (customer_num == 0){
service_end = current_time + expdistinv(genrand_real2(), SERVICERATE) ;

}
customer_num++;
}
else {
current_time = service_end;
rcvtime[j] = service_end;
Jt+;
customer_num--;
if (customer_num >= 1){
service_end = current_time + expdistinv(genrand_real2(), SERVICERATE);
}
}
}
return;

}

/x 'S8 */
void decode(double dep[], int xh[1){
double probl[4][4];
int y[5] = {0,0,0,0,0};
for (int i = 0; i < 5; i++){
if ((depl[i + 1] - depl[il) < -(log(0.750000)/SRCRATE)){

y[i]l = 0;

Yelse if ((depli + 1] - dep[i]) < -(log(0.500000)/SRCRATE)){
ylil = 1;

Yelse if ((dep[i + 1] - dep[il) < -(1og(0.250000)/SRCRATE)){
y[il = 2;

Yelseq{
y[il = 3;

}
}

gen_prob_mat (sample, prob);

double Mx0fO0[4];
double Mx1£0[4];
double Mx1f1[4];
double Mx2f1[4];
double Mx3f1[4];
double Mx3f2[4];
double Mx4£2[4];

double Mf0x0[4] = {0,0,0
double MfOx1[4] = {0,0,0
double Mfix1[4] = {0,0,0
double Mf1x2[4] = {0,0,0,0};
double Mfi1x3[4] = {0,0,0
double Mf2x3[4] = {0,0,0
double Mf2x4[4] = {0,0,0

for (int n = 1; n < 100; n++){
/x O = [0 %/
for (int x=0; x < 4;x++){
Mx0£f0[x] = prob[y[0]][x];
}
for (int x=0; x < 4;x++){
Mx1fO0[x] = prob[y[1]][x] + Mfix1[x];

for (int x=0; x < 4;x++){
Mx1f1[x] = probl[y[1]1][x] + MfOx1[x];

for (int x=0; x < 4;x++){
Mx2f1[x] = probly[2]][x];

for (int x=0; x < 4;x++){
Mx3f1[x] = probl[y[3]]1[x] + Mf2x3[x];
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}
for (int x=0; x < 4;x++){
Mx3£f2[x] = probly[3]][x] + Mf1x3[x];
}
for (int x=0; x < 4;x++){
Mx4f2[x] = probly[4]][x];
¥

/*0 = Ox*/
for (int x = 0; x < 4 ;x++){
MfOxO0[x] = 0;
}
for (int x1 = 0; x1 < 4; x1++){
int x = 0 ~ x1;
if (Mf0x0[x] == 0.00){
MfOxO[x] = O + Mx1fO[x1];
Yelseq{
if (MfOxO0[x] - (0 + Mx1£f0[x1]) < 100){
Mf0x0[x] = log(exp(MfOxO[x] - (0 + Mx1fO[x1])) + 1) + (0 + Mx1fO[x1]);
Yelse{
Mf0xO[x] = MfOxO[x];
}

for (int x

=0; x < 4 ;x++){
MfOox1[x] =

0;

for (int x0 = 0; x0 < 4; x0++){
int x = 0 ~ x0;
if (M£0x1[x] == 0.00){
MfOx1[x] = O + Mx0f0[x0];

}
if (MEOx1[x] - (0 + Mx0£f0[x0]1) < 100){
MfOx1[x] = log(exp(MfOx1[x] - (0 + Mx0f0[x0])) + 1) + (0 + MxOf0[x01);
Yelse{
MfOx1[x] = MfOx1[x];
}

for (int x

=0; x < 4 ;x++){
Mfix1[x] =

'H
for (int x2 = 0; x2 < 4; x2++){
for (int x3 = 0; x3 < 4; x3++){
int x = 0 © x2 ~ x3;
if (Mf1x1[x] == 0.00 && x2 == 0){
Mfix1[x] = 0 + Mx2f1[x2] + Mx3f1[x3];
Yelse{
if (Mf1x1[x] - (0 + Mx2f1[x2] + Mx3f1[x3]) < 100){
Mfix1[x] = log(exp(Mfix1[x] - (0 + Mx2f1[x2] + Mx3f1[x3])) + 1) + (0 + Mx2f1[x2] + Mx3f1[x3]);
Yelse{
Mfix1[x] = Mfix1[x];
¥

for (int x = 0; x < 4 ;x++){
Mf1x2[x] = 0;

for (int x1 = 0;
for (int x3

x1 < 4; x1++){
0;
int x -

= x3 < 4; x3++){
0 x1 ~ x3;

if (M£1x2[x] == 0.00 && x1==0){
Mf1x2[x] = 0 + Mx1f1[x1] + Mx3f1[x3];
Yelse{
if (Mf1x2[x] - (0 + Mx1f1[x1] + Mx3f1[x3]) < 100){
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Mf1x2[x] = log(exp(Mf1x2[x] - (0 + Mx1f1[x1] + Mx3f1[x3])) + 1) + (0 + Mx1f1[x1] + Mx3f1[x3]);
Yelse{
Mf1x2[x]

Mf1x2[x];
}

}

for (int x = 0; x < 4 ;x++){
Mf1x3[x] = 0;
¥
for (int x1 = 0; x1 < 4; x1++){
for (int x2 = 0; x2 < 4; x2++){
int x = 0 ~ x1 ~ x2;
if (M£1x3[x] == 0.00 && x1 == 0){
Mfi1x3[x] = 0 + Mx1f1[x1] + Mx2f1[x2];
Yelse{
if (Mf1x3[x] - (0 + Mx1f1[x1] + Mx2f1[x2]) < 100){
Mf1x3[x] = log(exp(Mf1x3[x] - (0 + Mx1fi[x1] + Mx2f1[x2])) + 1) + (0 + Mxifi[x1] + Mx2f1[x2]);
Yelse{
Mf1x3[x] = Mf1x3[x];
}

}

for (int x

=0; x < 4 ;x++){
Mf2x3[x] =

0;

for (int x4 = 0; x4 < 4; x4++){
int x = 0 ~ x4;
if (Mf2x3[x] == 0.00){
Mf2x3[x] = 0 + Mx4f2[x4];
}
if (M£2x3[x] - (0 + Mx4f2[x4]) < 100){
Mf2x3[x] = log(exp(Mf2x3[x] - (0 + Mx4f2[x4])) + 1) + (0 + Mx4f2[x4]);
Yelseq
Mf2x3[x] = Mf2x3[x];
}

for (int x = 0; x < 4 ;x++){
Mf2x4[x] = 0;

for (int x3 = 0; x3 < 4; x3++){
int x = 0 ~ x3;
if (M£2x4[x] == 0.00){
Mf2x4[x] = 0 + Mx3f2[x3];
}
if (Mf2x4[x] - (0 + Mx3f2[x3]) < 100){
Mf2x4[x] = log(exp(Mf2x4[x] - (0 + Mx3f2[x3])) + 1) + (0 + Mx3f2[x3]);
Yelse{
Mf2x4[x] = Mf2x4[x];
}
¥

/* REHEE */
double max;
max = -DBL_MAX;
for (int x = 0; x < 4; x++){
double 1h = prob[y[0]][x] + MfOxO[x];
if (max < 1h){
max = lh;
xh[0] = x;
}

max = -DBL_MAX;
for (int x = 0; x < 4; x++){
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double 1h = probly[1]][x] + MfOx1[x] + Mfix1[x];
if (max < 1h){

max = lh;

xh[1] = x;

}

max = -DBL_MAX;
for (int x = 0; x < 4; x++){
double 1h = prob[y[2]][x] + Mfi1x2[x];
if (max < 1lh){
max = lh;
xh[2] = x;
}

max = -DBL_MAX;
for (int x = 0; x < 4; x++){
double 1h = probl[y[3]][x] + Mfix3[x] + Mf2x3[x];
if (max < 1h){
max = lh;
xh[3] = x;
}

max = -DBL_MAX;
for (int x = 0; x < 4; x++){
double 1h = probly[4]][x] + Mf2x4[x];
if (max < 1h){
max = lh;
xh[4] = x;
}
}

/¥ SEEOYHIE/
if(n > 5){
if (1 && ((0 ~ xh[0] ~ xh[1]) == 0) && ((0 ~ xh[1] ~ xh[2] ~ xh[3]) == 0) && ((0 ~ xh([3] ~ xh[4]) == 0)){
break;
}
}
}

return;

/x EEROHE */
int count () {
int x[5];
int xh[5];
double a[5];
double d[6];
int num;
int x2 = genrand_real2() * ALPHABETSIZE;
int x4 = genrand_real2() * ALPHABETSIZE;

encode (x2, x4, x);
code2interval(x,a);
transmit(a,d);
decode(d,xh);

for (num = O;num < 5;num++){
if (xh[num] !'= x[num]){
break;
¥
}
return (num < 5);

}
// X2 TS LHARER (CTET)
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int main(){
unsigned long init[4] = {0x123, 0x234, 0x345, 0x456};
init_by_array(init, 4);

//ESBO LIHEAYV

int error = 0;

for(int j = 0;j < TRIAL ;j++){
error += count();

}

printf ("%f\n", (double)error/TRIAL);

A5 EEZZE LT Sum-Product 88D X470 5 L

/1 (X270Y 3 L) ZiEZEML T un-Product 85 (HE) 1535317
#include <stdio.h>
#include <stdarg.h>

int row = 3;
int column
char pem[1
0
1
0

/x ATV NER */

int tprintf(int n, char *fmt, ...){
va_list arg;

while (n-- > 0){

putchar(’\t’);

}

va_start(arg, fmt);

int ret = vprintf(fmt, arg);
va_end(arg) ;

return(ret);

}

/* FEREET ex ESHROHERST +/
int encode(){

FILE *fp;

fp = fopen("test2.txt","w");

/* FFSERERET */
int j = 0;
int rank = row;

int index[5] = {0,1,2,3,4};//FHTEETS

for (int i = 0; i < row; i++){
//ITTANEZR
if (pem[i*column + j] == 0){
//0 22725 j+1,j+2.. FIOHHS5 1 ZRDOIF TR
int 1;
for (1 =1 ; 1 < column; 1++){
if (pem[i*column + 1] != 0){
break;
}
}

//IROHDBBH o II5E

if (1 >= column){
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rank--;
continue;

}

/IFIANEZ

for(int k = 0;k < row;k++){
int tmp = pcm[k*column + 1];
pem[k*column + 1] = pcm[k*column + jI;
pcm[k*column + j] = tmp;

}

int tmp = index[1];
index[1] = index[j];
index[j] = tmp;

}
for(int k = 0; k < row;k++){
if (k == i) continue;
if (pem[k*column + j] == 0) continue;

for (int 1 = 0; 1 < column;l++){
pem[k*column + 1] "= pcm[i*column + 1];

}
}
jt+s
}
/ISR

fprintf (fp,"\n");
fprintf (fp,"void encode(");

for (int j = rank; j < column ; j++){
fprintf (fp,"int x%d, ",index[jl);

}
fprintf (fp,"int x[1){\n");
/* BEROYIERE +/
int h;
j=0;
for (int i = 0; i < row; i++){
if (pem[i*column + j] == 0) continue;

fprintf (fp," x[%d] = 0",index[jl);

for(int jO = rank; jO < column; jO++){
if (pem[i*column + jO] == 0) continue;
fprintf (fp," ~ x%d",index[j0]1);

}
j++s
fprintf (fp,";\n");
¥
for (int i = rank; i < column; i++){
fprintf (fp," x[%d] = x%d;\n", index[i], index[il);
¥
fprintf (fp," return;\n");
fprintf (fp,"}\n");
fprintf (fp,"\n");
fprintf (fp,"int count O{\n");
fprintf (fp," int x[%d];\n", column);
fprintf (fp," int xh[%d];\n", column);
fprintf (fp," double al[%d];\n", column);
fprintf (fp," double d[%d];\n", column + 1);
fprintf (fp," int num;\n");

for(int i = rank; i < column; i++){
fprintf (fp," int x%d = genrand_real2() * ALPHABETSIZE;\n", index[il);
}
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fprintf (fp,"\n");

fprintf (fp," encode (") ;

for(int i = rank; i < column; i++){

fprintf (fp,"x%d, ", index[il);

}
fprintf (fp,"x");
fprintf (fp,");\n");
fprintf (fp," code2interval(x,a);\n");
fprintf (fp," transmit(a,d);\n");
fprintf (fp," decode(d,xh);\n");
fprintf (fp,"\n");
fprintf (fp," for (num = O;num < %d;num++){\n", column);
fprintf (fp," if (xh[num] !'= x[num]){\n");
fprintf (fp," break;\n");
fprintf (fp," F\n");
fprintf (fp," \n");
fprintf (fp," return (num < %d);\n", column);
fprintf (fp,"}\n");
fclose(£fp);
return (0);
}

/* 58 o BER «/

int code2interval(){

}

printf ("double code2interval(int x[],double al[l){\n");
tprintf (1, "double ul%d];\n", column);

tprintf(1,"for(int k = 0; k < %d; k++){\n", column);
tprintf(2,"alk] = expdistinv(rvariable(x[k]), SRCRATE);\n");
tprintf(1,"}\n");

printf("}\n");

/% BISEE */

int interval(){

printf("void transmit(double al[],double rcvtime[]){\n");
tprintf(1,"int i = 0;\n");

tprintf(1,"int j = 1;\n");

tprintf(1,"int k;\n");

tprintf(1,"double current_time = 0.0;\n");

tprintf(1,"int customer_num = 0;\n");

tprintf(1,"double sendtime;\n");

tprintf (1, "double service_end = 0.0;\n");

tprintf (1, "sendtime = a[0];\n");

tprintf (1, "rcvtime[0] = 0.0;\n");

tprintf(1, "while (i < %d || customer_num > 0){\n",column);
tprintf(2, "if (customer_num == 0 || (i < %d && sendtime < service_end)){\n",column);
tprintf (3, "current_time = sendtime;\n");

tprintf (3, "i++;\n");

tprintf (3, "if (i < %d){\n",column);

tprintf(4, "sendtime += al[i];\n");

tprintf(3, "}\n");

tprintf(3, "if (customer_num == 0){\n");

tprintf (4, "service_end = current_time + expdistinv(genrand_real2(), SERVICERATE);\n");
tprintf(3, "}\n");

tprintf (3, "customer_num++;\n");

tprintf(2, "}\n");

tprintf(2, "else {\n");

tprintf (3, "current_time = service_end;\n");

tprintf(3, "rcvtime[j] = service_end;\n");

tprintf (3, "j++;\n");

tprintf (3, "customer_num--;\n");

tprintf(3, "if (customer_num >= 1){\n");

tprintf (4, "service_end = current_time + expdistinv(genrand_real2(), SERVICERATE);\n");
tprintf(3, "}\n");

tprintf(2, "}\n");

tprintf(1, "}\n");
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tprintf (1, "return;\n");
printf("}\n");
}

/* ESERERET */
int decode(){
FILE *fp;
fp = fopen("test3.txt","w");

fprintf (fp,"void decode(double dep[], int xh[1){\n");

fprintf (fp," double ah[%d]l;\n", column + 1);
fprintf (fp," ah[0] = 0;\n");
fprintf (fp," for (int i = 0; i < %d; i++){\n", column);
fprintf (fp," xh[i] = expdistfunc(dep[i + 1] - dep[i], SRCRATE) * ALPHABETSIZE;\n");
fprintf (fp," ah[i + 1] = ah[i] + sym2interval(xh[il);\n");
fprintf (fp," Nn");

fprintf (fp,"\n");

/* O => OOEH#ER */
for (int i = 0; i < row; i++){
for (int j = 0; j < column; j++){
if (pcm[i*column + j] == 0) continue;
fprintf (fp," double Mx%df%d[4];\n",j, i);

}

}

fprintf (fp,"\n");

/+* O > ODEHIEfE */
for (int i = 0; i < row; i++){
for (int j = 0; j < column; j++){

if (pem[i*column + j] == 0) continue;
fprintf (fp," double MfY%dx%d[4] = {0,0,0,0};\n", i, j);
}
}
fprintf (fp,"\n");
fprintf (fp," for (int n = 1; n < 100; n++){\n");
/x O = O x/

for (int i = 0; i < row; i++){
for (int j = 0; j < column; j++){

if (pcm[i*column + j] == 0) continue;

fprintf (fp," for (int x=0; x < 4;x++){\n");

fprintf (fp," Mx%df%d[x] = w(dep(%d], depl[%d] ,ah[%d] + sym2interval(x))", j, i, j + 1, j, j);
for (int k = 0; k < row; k++){
if (k == i) continue;

if (pem[k*column + j1){
fprintf (fp," + Mf%dx%d[x1", k, j);

}
¥
fprintf (fp,";\n");
fprintf (fp," F\n\n");
}
¥

fprintf (fp, "\n\n\n");

/* 0> 0O */
for (int i = 0; i < row; i++){
for (int j = 0; j < column; j++){

if (pem[i*column + j] == 0) continue;

fprintf (fp," for (int x = 0; x < 4 ;x++){\n");
fprintf (fp," Mf%dx%d[x] = 0;\n", i, j);
fprintf (fp," N\n");

int ¢ = 03

for (int jO = 0; jO < column; jO++){
if (jO == j) continue;
if (pem[i*column + jO] == 0) continue;
c +=1;
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for(int p = O;p < c + 1;p++){
fprintf (fp," ");

fprintf (fp,"for (int x%d = 0; x%d < 4; xkd++){\n", jO, jO, jO);
fprintf (fp," int x = 0");
for (int jO = 0; jO < column; jO++){

if (jO == j) continue;

if (pcm[i*column + jO] == 0) continue;
fprintf (fp," ~ x%d",j0);

}

fprintf (fp,";\n");

fprintf (fp," if (ME%dx%d[x] == 0.00){\n",i,j);
fprintf (fp," Mf)dx/%d[x] = 0",1,3);

for (int jO = 0; jO < column; jO++){
if (jO == j) continue;
if (pem[i*column + jO] == 0) continue;
fprintf (fp," + Mx)df%d[x%dl", jO, i, jO);
}
fprintf (fp,";\n");
fprintf (fp," F\n");

for(int p = O;p < ¢ + 2;p++){
fprintf (fp," ");
}

fprintf (fp,"if (Mf%dx%d[x] - (0",1i,3);
for (int jO = 0; jO < column; jO++){
if (jO == j) continue;
if (pem[i*column + jO] == 0) continue;
fprintf (fp," + Mx%df%d[x%dl", jO, i, jO);
}
fprintf(fp,") < 100){\n");

for(int p = 0;p < c + 3;p++){
fprintf (fp," ");
}

fprintf (fp, "Mf%dx%d[x] = log(exp(Mfldx%d[x] - (0", i, j, i, j);

for (int jO = 0; jO < column; jO++){
if (jO == j) continue;
if (pem[i*column + jO] == 0) continue;
fprintf (fp," + Mx%df%d[x%dl", jO, i, jO);
}
fprintf(fp,")) + 1) + (0");

for (int jO = 0; jO < column; jO++){
if (jO == j) continue;
if (pem[i*column + jO] == 0) continue;
fprintf (fp," + Mx%df%d[x%dl", jO, i, jO);
}
fprintf (fp,");\n");
for(int p = 0;p < c + 2;p++){
fprintf (fp," ");
}

fprintf (fp,"}else{\n");

for(int p = O;p < ¢ + 3;p++){
fprintf (fp," ");

}

fprintf (fp, "Mf%dx%d[x] = Mf%dx%d[x];\n",i,j,1i,3);
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for(int p = O;p < ¢ + 3;p++){
fprintf (fp," ");
}

fprintf (fp,"}\n");

for (int jO = 0; jO < column; jO++){
if (jO == j) continue;
if (pem[i*column + jO] == 0) continue;

for(int p = ¢ + 2;p > 0;p--){
fprintf (fp," ");

¥

fprintf (fp,"}\n");

c-=1;

}
fprintf (fp,"\n");
}

}

/% RIAHE +/
fprintf (fp, "\n\n\n");
fprintf (fp," double max;\n");

for (int j = 0 ;j < column; j++){
fprintf (fp," max = -DBL_MAX;\n");
fprintf (fp," for (int x = 0; x < 4; x++){\n");
fprintf (fp," double 1h = w(dep[%dl, depl%d] ,ah[%d] + sym2interval(x))", j + 1, j, j);

for (int i = 0; i < row;i++){
if (pcm[i*column + j] == 0) continue;
fprintf (fp," + Mfldx%d[x]1", i, j);

}
fprintf (fp,";\n");
fprintf (fp," if (max < 1lh){\n");
fprintf (fp," max = lh;\n");
fprintf (fp," xh([%d] = x;\n",j,3);
fprintf (fp," HNa");
fprintf (fp," Nn");
fprintf (fp," ah[%d] = ah[%d] + sym2interval(xh[%dl);\n",j + 1, j, j);
fprintf (fp,"\n");
}

fprintf (fp," if (1");

for (int i = 0; i < row; i++){
fprintf (fp," && ((0");

for (int j = 0;j < column; j++){
if (pcm[i*column + j] == 0) continue;
fprintf(fp," ~ xh[/dl", j);

}
fprintf (fp,") == 0)");

}
fprintf (fp,"){\n");

fprintf (fp," break;\n");
fprintf (fp," HNn");
fprintf (fp," \n");

fprintf (fp," return;\n");

fprintf (fp,"}\n");
fprintf (fp,"\n");

fclose(fp);

return (0);

}
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int main(){
//encode() ;
code2interval();
//interval();
//decode();

A6 EIEZZEL T Sum-Product 5

//588%ZER LT Sum-Product 85 (0D 155317
#include <stdio.h>

#include <math.h>

#include <stdarg.h>

#include <float.h>

#include <stdlib.h>

#include "random.h"//ELEERK

//HEAL— b [symbol/s]

#define SRCRATE (1/2.7182818284590452353602874713527)//L— bk
//#define SRCRATE (0.9/2.7182818284590452353602874713527)
//#define SRCRATE (0.8/2.7182818284590452353602874713527)
//#define SRCRATE (0.7/2.7182818284590452353602874713527)
//#define SRCRATE (0.6/2.7182818284590452353602874713527)
//#define SRCRATE (0.5/2.7182818284590452353602874713527)
//#define SRCRATE (0.4/2.7182818284590452353602874713527)
//#define SRCRATE (0.3/2.7182818284590452353602874713527)
//#define SRCRATE (0.2/2.7182818284590452353602874713527)
//#define SRCRATE (0.1/2.7182818284590452353602874713527)

#define ALPHABETSIZE 4 //PVRILE
#define SERVICERATE 1.0 //H—EZXL—k
#define TRIAL 100 //&E{TEIHK

/% BERTH +/
double rvariable(int x){

return ((2 * x + 1) * 0.125);
¥

/* DHRBEROBEEE +/
double expdistinv(double x, double rate){
if ((1-x) <0){
printf ("%d %f\n"
exit(1);

, __LINE__, 1 - x);

}
return(-log(l - x) / rate);
¥

/* MRE#R +/
double sym2interval(int sym){

return(expdistinv((sym + 0.5) / ALPHABETSIZE, SRCRATE));
}

/* IEEDEOIHEE +/
double expdistfunc(double x, double rate){
return(l - exp(-x * rate));

}

/x KINEER +/
double max(double a, double b) {
if (a > b)
return a;
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else
return b;

}

/* w(ZERZ, RERZOV LD, EERZD +/
double w(double dep, double pdep, double arr){
double servicetime;
if (dep < arr){
return (-1.0e+100);//RD A< -olIEVMEZRE HTELHER)
//return (-10000);
}

servicetime = dep - max(pdep,arr);

if (servicetime < 0){
printf ("#7");
exit(1);

}

return(-servicetime);

}
/% ARTOATSLHAER (TTHB) */
/* TISE */

void encode(int x2, int x4, int x[1){
x[0] = 0 ~ x2 = x4;
x[1] = 0 =~ x2 = x4;
x[3] = 0 ~ x4;

x[2] = x2;
x[4] = x4;
return;

}

/x [FSiE — BEE +/
double code2interval(int x[],double a[]){
double u[5];
for(int k = 0; k < 5; k++){
alk] = expdistinv(rvariable(x[k]), SRCRATE);

}
}
/* BIEEE */
void transmit(double a[],double rcvtime[]){
int i = 0;
int j = 1;
int k;

double current_time = 0.0;
int customer_num = O;
double sendtime;

double service_end = 0.0;
sendtime = a[0];
rcvtime[0] = 0.0;

while (i < 5 || customer_num > 0){
if (customer_num == 0 || (i < 5 && sendtime < service_end)){
current_time = sendtime;
i++;
if (i < 5){
sendtime += alil;
}
if (customer_num == 0){
service_end = current_time + expdistinv(genrand_real2(), SERVICERATE);
}
customer_num++;
}
else {
current_time = service_end;
rcvtime[j] = service_end;
jt+s

customer_num--;
if (customer_num >= 1){
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}
return;

}
/* BSa */

service_end = current_time + expdistinv(genrand_real2(), SERVICERATE);

void decode(double dep[], int xh[1){

double ah[6];

ah[0] = 0;

for (int i = 0; i < 5; i++){
xh[i] = expdistfunc(dep[i + 1] - dep[i], SRCRATE) * ALPHABETSIZE;
ah[i + 1] = ah[i] + sym2interval(xh[il);

}

double MxO0fO0[4];
double Mx1f0[4];
double Mx1f1[4];
double Mx2f1[4];
double Mx3f1[4];
double Mx3f2[4];
double Mx4f2[4];

double Mf0x0[4] = {0,0,0,0};
double MfOx1[4] = {0,0,0,0%};
double Mfix1[4] = {0,0,0,0};
double Mf1x2[4] = {0,0,0,03};
double Mf1x3[4] = {0,0,0,0};
double Mf2x3[4] = {0,0,0,0};
double Mf2x4[4] = {0,0,0,0%};

for (int n = 1; n < 100; n++){
/x O => 0O %/
for (int x=0; x < 4;x++){
Mx0f0[x] = w(dep[1], dep[0] ,ah[0] + sym2interval(x));
}

for (int x=0; x < 4;x++){
Mx1f0[x] = w(dep[2], dep[1] ,ah[1] + sym2interval(x)) + Mfix1[x];

for (int x=0; x < 4;x++){
Mx1f1[x] = w(dep[2], dep[1] ,ah[1] + sym2interval(x)) + MfOx1[x];

for (int x=0; x < 4;x++){
Mx2f1[x] = w(dep[3], dep[2] ,ah[2] + sym2interval(x));

for (int x=0; x < 4;x++){
Mx3f1[x] = w(dep[4], dep[3] ,ah[3] + sym2interval(x)) + Mf2x3[x];

for (int x=0; x < 4;x++){
Mx3£f2[x] = w(dep[4], dep[3] ,ah[3] + sym2interval(x)) + Mf1x3[x];

for (int x=0; x < 4;x++){
Mx4f2[x] = w(dep[5], dep[4] ,ah[4] + sym2interval(x));

/x 0= O %/

for (int x = 0; x < 4 ;x++){
Mf0x0[x] = 0;

}

for (int x1 = 0; x1 < 4; x1++){

43



int x = 0 7 x1;
if (M£0x0[x] == 0.00){

MfOxO[x] = O + Mx1fO[x1];

Yelseq{

if (M£0x0[x] - (0 + Mx1fO[x1]) < 100){
Mf0xO0[x] = log(exp(MfOxO[x] - (0 + Mx1f0[x1])) + 1) + (0 + Mx1f0[x1]);

Yelse{

MfOxO0[x] = Mf0xO[x];

¥
}

for (int x =
MfO0x1 [x] 0;

}

for (int x0 =
int x = 0 x0;
if (M£Ox1[x] == 0.00){

0; x < 4 ;x++){

0; x0 < 4; x0++){

MfOx1[x] = O + Mx0fO0[x0];

}

if (MfOx1[x] - (0 + MxOfO[x0]) < 100){
MfOx1[x] = log(exp(MfOx1[x] - (0 + MxOfO[x0])) + 1) + (0 + MxOfO0[x0]);

Yelseq{

MfOx1[x] = MfOx1[x];

Y
}

for (int x = 0; x < 4 ;x++){

Mfix1[x] = O;
}

for (int x2 = 0; x2 < 4; x2++){
for (int x3 = 0; x3 < 4; x3++){
int x = 0 ~ x2 ~ x3;
if (Mf1x1[x] == 0.00 && x2 == 0){
Mfix1[x] = 0 + Mx2f1[x2] + Mx3f1[x3];

Yelse{

if (Mf1x1[x] - (0 + Mx2f1[x2] + Mx3f1[x3]) < 100){

Mfix1[x]
Yelse{

Mfix1[x]
¥

log(exp(Mfix1[x] - (0 + Mx2f1[x2] + Mx3f1[x3])) + 1) + (0 + Mx2f1[x2] + Mx3f1[x3]);

Mfix1([x];

for (int x = 0; x < 4 ;x++){

Mf1x2[x] = 0;
}
for (int x1 = 0;
for (int x3

int x = 0

x3 < 4; x3++){

x1 < 4; x1++){
03
~ x1 © x3;

if (Mf1x2[x] == 0.00 && x1==0){
Mf1x2[x] = O + Mx1f1[x1] + Mx3f1[x3];

Yelse{

if (Mf1x2[x] - (0 + Mx1f1[x1] + Mx3f1[x3]) < 100){

Mf1x2[x]
Yelse{

Mf1x2[x]
}

}

log(exp(Mf1x2[x] - (0 + Mx1f1[x1] + Mx3f1[x31)) + 1) + (0 + Mx1fi[x1] + Mx3f1[x3]);

Mf1x2[x];

for (int x = 0; x < 4 ;x++){

Mf1x3[x] = 0;
}

for (int x1 = 0; x1 < 4; x1++){
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for (int x2 = 0; x2 < 4; x2++){
int x = 0 ~ x1 ~ x2;
if (Mf1x3[x] == 0.00 && x1 == 0){
Mf1x3[x] = 0 + Mxi1f1[x1] + Mx2f1[x2];
Yelse{
if (Mf1x3[x] - (0 + Mx1f1[x1] + Mx2f1[x2]) < 100){
Mf1x3[x] = log(exp(Mf1x3[x] - (0 + Mx1fi[x1] + Mx2f1[x2])) + 1) + (0 + Mx1f1[x1] + Mx2f1[x2]);
Yelseq{
Mf1x3[x] = Mf1x3[x];

[

}

}

for (int x = 0; x < 4 ;x++){
Mf2x3[x] = 0;
}
for (int x4 = 0; x4 < 4; x4++){
int x = 0 ~ x4;
if (Mf2x3[x] == 0.00){
Mf2x3[x] = 0 + Mx4f2[x4];
}
if (M£2x3[x] - (0 + Mx4f2[x4]) < 100){
Mf2x3[x] = log(exp(Mf2x3[x] - (0 + Mx4f2[x4]1)) + 1) + (0 + Mx4f2[x4]);
Yelse{
Mf2x3[x] = Mf2x3[x];
}

for (int x = 0; x < 4 ;x++){
Mf2x4[x] = 0;

for (int x3 = 0; x3 < 4; x3++){
int x = 0 ~ x3;
if (Mf2x4[x] == 0.00){
Mf2x4[x] = 0 + Mx3f2[x3];
}
if (Mf2x4[x] - (0 + Mx3f2[x3]) < 100){
Mf2x4[x] = log(exp(Mf2x4[x] - (0 + Mx3f2[x3])) + 1) + (0 + Mx3£2[x3]);
Yelse{
Mf2x4[x] = Mf2x4[x];
}

/* RIEHE */
//x0 ZHE
double max;
max = -DBL_MAX;
for (int x = 0; x < 4; x++){
double 1h = w(dep[1], dep[0] ,ah[0] + sym2interval(x)) + MfOxO[x];
if (max < 1h){
max = lh;
xh[0] = x;
}

}
ah[1] = ah[0] + sym2interval(xh[0]);

//x1 Z#E
max = -DBL_MAX;
for (int x = 0; x < 4; x++){
double 1h = w(dep[2], dep[1] ,ah[1] + sym2interval(x)) + MfOx1[x] + Mfix1[x];
if (max < 1h){
max = lh;
xh[1] = x;
}
}
ah[2] = ah[1] + sym2interval(xh[1]);
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//x2 ZHE

max = -DBL_MAX;

for (int x = 0; x < 4; x++){
double 1h = w(dep[3], dep[2] ,ah[2] + sym2interval(x)) + Mfix2[x];
if (max < 1h){

max = lh;
xh[2] = x;
}
}
ah[3] = ah[2] + sym2interval(xh[2]);
//x3 ZH#E
max = -DBL_MAX;

for (int x = 0; x < 4; x++){
double 1h = w(dep[4], dep[3] ,ah[3] + sym2interval(x)) + Mfix3[x] + Mf2x3[x];
if (max < 1h){

max = lh;
xh[3] = x;
}
}
ah[4] = ah[3] + sym2interval(xh[3]);
//x4 BHE
max = -DBL_MAX;

for (int x = 0; x < 4; x++){
double 1h = w(dep[5], dep[4] ,ah[4] + sym2interval(x)) + Mf2x4[x];
if (max < 1h){
max = lh;
xh[4] = x;
}

ah[5] = ah[4] + sym2interval(xh[4]);

if (n > 5){
if (1 && ((0 ~ xh[0] ~ xh[1]) == 0) && ((0 ~ xh[1] ~ xh[2] ~ xh[3]) == 0) && ((0 ~ xh([3] ~ xh[4]) == 0)){
break;
}
}
}
return;

/x EEROHE */
int count () {
int x[5];
int xh[5];
double a[5];
double d[6];
int num;
int x2 = genrand_real2() * ALPHABETSIZE;
int x4 = genrand_real2() * ALPHABETSIZE;

encode (x2, x4, x);
code2interval(x,a);
transmit(a,d);
decode(d,xh);

for (num = 0; num < 5; num++){
if (xh[num] !'= x[num]){
break;
¥
}
return (num < 5);

}
// X2 TOT S LHARER (CTET)
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int main(

){

unsigned long init[4] = {0x123, 0x234, 0x345, 0x456};
init_by_array(init, 4);

//BSROLEBEAY Y F
int error = 0;
for(int j = 0;j < TRIAL ;j++){

e

}

rror += count();

printf ("%f\n", (double)error/TRIAL);

A7 S YRILMAP ES

//>>RILVAP BS (55 31T

#include
#include
#include
#include
#include

//HAL— b [symbol/s]
#define SRCRATE (1/2.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.

//#define
//#define
//#define
//#define
//#define
//#define
//#define
//#define
//#define

<stdio.h>

<math.h>

<float.h>

<stdlib.h>
"random.h"

SRCRATE
SRCRATE
SRCRATE
SRCRATE
SRCRATE
SRCRATE
SRCRATE
SRCRATE
SRCRATE

7182818284590452353602874713527)

9/2.
8/2.
7/2.
6/2.
5/2.
4/2.
3/2.
2/2.
1/2.

7182818284590452353602874713527)
7182818284590452353602874713527)
7182818284590452353602874713527)
7182818284590452353602874713527)
7182818284590452353602874713527)
7182818284590452353602874713527)
7182818284590452353602874713527)
7182818284590452353602874713527)
7182818284590452353602874713527)

#define ALPHABETSIZE 4 //¥ YR
#define SERVICERATE 1.0 //H—EXL—Fh
/ /AT E

#define TRIAL 1000000

#define N
#define M

624
397

#define MATRIX_A 0x9908b0dfUL /* constant vector a */
#define UPPER_MASK 0x80000000UL /* most significant w-r bits */
#define LOWER_MASK Ox7fffffffUL /* least significant r bits */

/* FERTE +/
double rvariable(int x){
return ((2 * x + 1) * 0.125);

}

/% DHRBEROEREE +/
double expdistinv(double x, double rate){

if ((1 - x) < 0{

printf ("%d %f\n",

e

}

xit(1);

LINE

—_ ——>

1-x);

return(-log(1l - x) / rate);

}

/* FERZE# +/
double sym2interval(int sym){
return(expdistinv((sym + 0.5) / ALPHABETSIZE, SRCRATE));

}
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/* IEESHODHEAK +/
double expdistfunc(double x, double rate){
return(l - exp(-x * rate));

}

/% KINEEEE */
double max(double a, double b) {
if (a > b)
return a;
else
return b;

}

/* w(RER, BERZOV Lo, RERZD) +/
double w(double dep, double pdep, double arr){
double servicetime;
if (dep < arr){
return (0.0);
}

servicetime = dep - max(pdep,arr);

if (servicetime < 0){
printf ("#&T");
exit(1);

}

return(exp(-servicetime));

/¥ ARTATSLHAER (CTHB) */

/* e +/
void encode(int x2, int x4, int x[]1){
x[0] = 0 ~ x2 ~ x4;
x[1] =0 =~ x2 = x4;
x[3] = 0 = x4;
x[2] = x2;
x[4] = x4;
return;
¥

/x [FSgE — BEE +/
double code2interval(int x[],double a[]){
double u[5];
for(int k = 0; k < 5; k++){
a[k] = expdistinv(rvariable(x[k]), SRCRATE);
}
}

/* BISEE +/
void transmit(double a[],double rcvtime[]){

int i = 0;

int j = 1;

int k;

double current_time = 0.0;//IRTERZ

int customer_num = 0; /12 AT LROINT Y

double sendtime; /I ROBVETF ERFZ]

double service_end = 0.0; //H¥—E R THEZ

sendtime = a[0]; //RIEFERZ

rcvtime[0] = 0.0; // HFEF]

// TRSEOHLIHEDET) or TEERRICNTY FHFE-o>TWVWSE

while (i < 5 || customer_num > 0){
/! TORFLRISNT Y DRV or DROTBRE & D H—E R TEIDVNS LB
if (customer_num == 0 || (i < 5 && sendtime < service_end)){

1/INT Y RS AT LRICABISE
current_time = sendtime;
i++;
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/I ROBIERZ % EH
if (i < 5){
sendtime += al[il;

}

/12 AT LRICINT v RHBRWES
if (customer_num == 0){
service_end = current_time + expdistinv(genrand_real2(), SERVICERATE);

}

customer_num++;

}

else {
1INT Y b ZRTF LD SHTUWIRS
current_time = service_end; //IRERZ% Y —E XK TEZICEH
rcvtime[j] = service_end; //HEEZI%EY —E XK TRZICEH
jt+;
customer_num--;

/12 RATLRICNT Y b DB BHE
if (customer_num >= 1){

service_end = current_time + expdistinv(genrand_real2(), SERVICERATE);
}

}

return;

/* 858 */
void decode(double depl[],int xh[]){

/* L VRILMAP 8BS +/
double ah[6];

//x0 ZH#E
double max0 = -1.0;
for (int x0 = 0; x0 < 4; x0++){
double pra = 0;
ah[0] = sym2interval(x0);
for (int x1 = 0; x1 < 4; x1++){
ah[1] = ah[0] + sym2interval(xl);
for (int x2 = 0; x2 < 4; x2++){
ah[2] = ah[1] + sym2interval(x2);
for (int x3 = 0; x3 < 4; x3++){
ah[3] = ah[2] + sym2interval(x3);
for (int x4 = 0; x4 < 4; x4++){
ah[4] = ah[3] + sym2interval(x4);
if ((x0°x1) !'= 0 || (x1°x2°x3) != 0 || (x3°x4) '= O
continue;
}
pra += w(dep[1],dep[0],ah[0])
* w(dep[2],dep[1],ah[1])
* w(dep[3],dep[2],ah[2])
* w(dep[4],dep[3],ah[3])
* w(dep[5],dep[4],ah[4]);

}

}

if (max0 < pra){
max0 = pra;
xh[0] = x0;

//x1 ZH#E
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double maxl = -1.0;
for (int x1 = 0;x1 <4 ;x1++){
double prb = 0;
for (int x0 = 0;x0 < 4;x0++){
ah[0] = sym2interval(xO);
ah[1] = ah[0] + sym2interval(xl);
for (int x2 = 0; x2 < 4; x2++){
ah[2] = ah[1] + sym2interval(x2);
for (int x3 = 0;x3 < 4;x3++){
ah[3] = ah[2] + sym2interval(x3);
for (int x4 = 0;x4 < 4;x4++){
ah[4] = ah[3] + sym2interval(x4);
if ((x0°x1) !'= 0 || (x1°x2°x3) !=0 || (x3°x4) '= O){
continue;
}
prb += w(dep[1],dep[0],ah[0])

* w(dep[2] ,dep[1],ah[1])
w(dep[3],dep[2],ah[2])
w(dep[4],dep[3],ah[3])
w(dep[5],dep[4],ah[4]);

* ¥ ¥

}

}

if (maxl < prb){
maxl = prb;
xh[1] = x1;

}

//x2 ZHE
double max2 = -1.0;
for (int x2 = 0; x2 < 4 ;x2++){
double prc = 0;
for (int x0 = 0; x0 < 4; x0++){
ah[0] = sym2interval(x0);
for (int x1 = 0; x1 < 4; x1++){
ah[1] = ah[0] + sym2interval(x1l);
for (int x3 = 0; x3 < 4; x3++){
ah[2] = ah[1] + sym2interval(x2);
ah[3] = ah[2] + sym2interval(x3);
for (int x4 = 0;x4 < 4;x4++){
ah[4] = ah[3] + sym2interval(x4);
if ((x0°x1) '= 0 || (x17x27x3) != 0 || (x37x4) != 0){
continue;
}
prc += w(dep[1],dep[0],ah[0])
* w(dep[2],dep[1],ah[1])
w(dep[3],dep[2],ah[2])
w(dep[4],dep[3],ah[3])
w(dep[5],depl[4],ah[4]);

* ¥ ¥

}

¥

if (max2 < prc){
max2 = prc;
xh[2] = x2;

}

//x3 ZH#E
double max3 = -1.0;
for (int x3 = 0;x3 <4 ;x3++){
double prd = 0;
for (int x0 = 0;x0 < 4; x0++){
ah[0] = sym2interval(x0);
for (int x1 = 0; x1 < 4; x1++){
ah[1] = ah[0] + sym2interval(xl);

50



for (int x2 = 0; x2 < 4; x2++){
ah[2] = ah[1] + sym2interval(x2);
ah[3] = ah[2] + sym2interval(x3);
for (int x4 = 0;x4 < 4; x4++){
ah[4] = ah[3] + sym2interval(x4);
if ((x0°x1) !'= 0 || (x17x2°x3) != 0 || (x3"x4) !'= 0){
continue;
}
prd += w(dep[1],dep[0],ah[0])
* w(dep[2],dep[1],ah[1])

* w(dep[3],dep[2],an[2])
* w(dep[4],dep[3],ah([3])
* w(dep([5],dep[4],ah[4]);
}
}
}
}
if (max3 < prd){
max3 = prd;
xh[3] = x3;
}
}
//x4 ZHE

double max4 = -1.0;
for (int x4 = 0; x4 < 4 ; x4++){
double pre = 0;
for (int x0 = 0; x0 < 4; x0++){
ah[0] = sym2interval(x0);
for (int x1 = 0; x1 < 4; x1++){
ah[1] = ah[0] + sym2interval(x1l);
for (int x2 = 0; x2 < 4; x2++){
ah[2] = ah[1] + sym2interval(x2);
for (int x3 = 0; x3 < 4; x3++){
ah[3] = ah[2] + sym2interval(x3);
ah[4] = ah[3] + sym2interval(x4);
if ((x0°x1) !'= 0 || (x1°x2°x3) != 0 || (x3°x4) '= 0O){
continue;
}
pre += w(dep[1],dep[0],ah[0])

* w(dep[2] ,dep[1],ah[1])
w(dep[3],dep[2],ah[2])
w(dep[4],dep[3],ah[3])
w(dep[5],dep[4],ah[4]);

* ¥ ¥

}
}
if (max4 < pre){
max4 = pre;
xh[4] = x4;
}
}
return;

¥
/* BSROYIE =/

int count(){
int x[5];
int xh[5];
double a[5];
double d[6];
int num;
int x2 = genrand_real2() * ALPHABETSIZE;
int x4 = genrand_real2() * ALPHABETSIZE;

encode (x2, x4, x);

code2interval(x,a);
transmit(a,d);
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decod

e(d,xh);

for (num = 0; num < 5; num++){
'= x[num]){

i

}
}

return (num < 5);

}

f (xh [num]
break;

/I X2 TOT S LHAER (CTET)

int main(

M

unsigned long init[4] = {0x123, 0x234, 0x345, 0x456};
init_by_array(init, 4);

//IBSROLIBEAI U

int e

rror = 0;

for(int j = 0; j < TRIAL; j++){
rror += count();

e

}

printf("%f\n", (double)error/TRIAL);

A8 fStL—kh7

//H¥SkL
#include
#include
#include
#include
#include

//HAL—k [symbol/s]
#define SRCRATE (1/2.
(0.
(0.
(.
(.
(.
(0.
(0.
(.
(.

//#define
//#define
//#define
//#define
//#define
//#define
//#define
//#define
//#define

/12 2RIV

-k
<stdio.h>
<math.h>

<stdarg.h>

<float.h>

<stdlib.h>

SRCRATE
SRCRATE
SRCRATE
SRCRATE
SRCRATE
SRCRATE
SRCRATE
SRCRATE
SRCRATE

#

7182818284590452353602874713527)

9/2.
8/2.
7/2.
6/2.
5/2.
4/2.
3/2.
2/2.
1/2.

#define ALPHABETSIZE 4

//HSER
//int 1len;
//int len
int lengt

/ /BB
//int ran
//int ran

[symbol]
gth = 900
gth = 20;
h = 5;

@&l - 1D

7182818284590452353602874713527)
7182818284590452353602874713527)
7182818284590452353602874713527)
7182818284590452353602874713527)
7182818284590452353602874713527)
7182818284590452353602874713527)
7182818284590452353602874713527)
7182818284590452353602874713527)
7182818284590452353602874713527)

dom = 360;//540 {TDEF
dom = 12;//8 SIDEF
int random =2;//3 7D

/* DEAROTRK «/
double expdistinv(double x, double rate){
if ((1-x) < 0){
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printf("%d %f\n"
exit(1);

, __LINE__, 1 - x);

}
return(-log(1l - x) / rate);
}

/*x SVRILDSRERBICERR */
double sym2interval(int sym){

return(expdistinv((sym + 0.5) / ALPHABETSIZE, SRCRATE));
}

int main(){
/&S VRIVERRICEET
double inter;
for(int i = 0;i < 4;i++){
inter += sym2interval(i);

¥
/1073 DT VRILENENICHD BB DT [s/symbol]
double ave = inter / ALPHABETSIZE;

//1 D2OFSEEEET BDICHDBEHH [s]

double time = ave * length;

/5 1 DOBEHRE [bit]
int info = random * 2;

//BE{EL— b [bit/s]
double code_rate = info / time;
printf ("%f\n",code_rate);

A9 BIERITIIHS

//BISRTTS (BEE)

#include <stdio.h>
#include <math.h>

#include <stdarg.h>
#include <float.h>
#include <stdlib.h>
#include "random.h"

/x HAL—b «/

#define SRCRATE (1/2.7182818284590452353602874713527)
//#define SRCRATE (0.9/2.7182818284590452353602874713527)
//#define SRCRATE (0.8/2.7182818284590452353602874713527)
//#define SRCRATE (0.7/2.7182818284590452353602874713527)
//#define SRCRATE (0.6/2.7182818284590452353602874713527)
//#define SRCRATE (0.5/2.7182818284590452353602874713527)
//#define SRCRATE (0.4/2.7182818284590452353602874713527)
//#define SRCRATE (0.3/2.7182818284590452353602874713527)
//#define SRCRATE (0.2/2.7182818284590452353602874713527)
//#define SRCRATE (0.1/2.7182818284590452353602874713527)

#define ALPHABETSIZE 4 //< VRILEK
#define SERVICERATE 1 //#—EXL—Fh
#define TRIAL 900 /718

/* BERTH +/
double rvariable(int x){

return ((2 * x + 1) * 0.125);//1/8
}

/x DTEBOLREE +/

53



double expdistinv(double x, double rate){
if ((1-x) < 0){
printf("%d %f\n"
exit(1);

, __LINE__, 1 - x);

}
return(-log(1l - x) / rate);
}

/* RICER */
double sym2interval(int sym){

return(expdistinv((sym + 0.5) / ALPHABETSIZE, SRCRATE));

}
/* BIEE */

void transmit(double al[l,double rcvtime[]){

int i = 0;
int j = 1;
int k;

double current_time = 0.0;
int customer_num = O;
double sendtime;
double service_end = 0.0;
sendtime = a[0];
rcvtime[0] = 0.0;
while (i < TRIAL || customer_num > 0){
if (customer_num == 0 ||
current_time = sendtime;
i++;
if (i < TRIAL){
sendtime += a[il;
}

if (customer_num ==

0){

service_end = current_time +

}

customer_num++;

else {
current_time =
rcvtime[j] = service_end;
j+t;
customer_num--;
if (customer_num >= 1){

service_end;

(i < TRIAL && sendtime < service_end)){

expdistinv(genrand_real2(), SERVICERATE);

service_end = current_time + expdistinv(genrand_real2(), SERVICERATE);

}
}

return;

}

int main(void)

{

unsigned long init[4] = {0x234, 0x456, 0x345,0x123},

init_by_array(init, length);

char x[TRIAL]; / /BIEREHT
double a[TRIAL]; / /bR
double d[TRIAL + 1]; //:BIEERD&H & DB

char xh[TRIAL];
int count [ALPHABETSIZE] [ALPHABETSIZE] = {

for (int j =
for (int i =

0; j < 100000; j++){
0; i < TRIAL; i++) {

length = 4;

int rand = (double)genrand_real2() * ALPHABETSIZE;

x[i] = rand;
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al[i]l = sym2interval(x[il);
transmit(a,d);

if ((d[i + 1] - d[il) < -(log(0.75)/SRCRATE)){

xh[i] = 0;

Yelse if((d[i + 1] - d[i]) < -(log(0.50)/SRCRATE)){
xh[i] = 1;

Yelse if((d[i + 1] - d[i]) < -(log(0.25)/SRCRATE)){
xh[i] = 2;

Yelse{
xh[i] = 3;

}

/* BIESERITIER BEE) */
for(int k = 0; k < ALPHABETSIZE; k++){
for(int 1 = 0; 1 < ALPHABETSIZE; 1++){
if (x[i] == k && xh[i] == 1){
count [k] [1] += 1;
}

for(int k = 0; k < ALPHABETSIZE; k++){
for(int 1 = 0; 1 < ALPHABETSIZE; 1++){
printf("%d ",count[k][1]);
printf("\n");

return O;
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