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_] (e}

HEH” dvtar dud dol=, S v

Jste] AmolA AgEE P4 and U@ HuA CRET 2 R &
Bl AL EguE AowA 1 AAE AR PEEE ofn] Bt 98 2 A ohd,

(]
of,
2
2

X,

%,
o

fo
o
oo
rf
=
i)
1,
2

AH e AT 2dad] 59 & Aua BUEE A9t 1 AT 49e A Aol
o aEa FEEE §olEe ¥ AN J5e aestel BoE SolERA ol AgA, Sgae o
EE wd Bl et gebd & gl

a2 JRAE olstell A TRAEE AAdlEel g EE Alo] ofyEt MR vE vt dEHE FdE 5 9l
O 9A 2 AAdES B A7E @AE RS s, & AAATE ok Zlaokell A S AA S 7Hd Al
A 7hALe] Ass = Ao, & A= F7Ee Wl o8 Adeojd oyt

S Az, 22 G (100)S Z2AA(110), EAIF(120) 2 W22 (130)S £3+at
TA A5 FAA G (100)S FdsEd 9
A" FHLAE By BAY, BE 42 8

S22 @G (100)2 dE Eol, melazZ AN, HdzHd AFH, UAE ZEAA, Fd&

tuto] 2~ Aloj7] T3 22 099 Egle AFH ALY EE AFH tulel~E XS ¢ 9k, ok, o]oﬂ

A E = AL olyu),

FSAA S2(100) 2] Z2AA (110 A
= AR G (100)9] EgE FALAE

22(130)°] AFH 8 2= 5
[e)

[H

J4(110) = &2

(11 130)0] AR $& Z2IRe TENI] Astel, $AH
ARE Aol %

(
2= Q. volrh, TRAA(110)E A7) <

l‘ﬂ_

EEA
7 o]

_u

_12_



[0057]

[0058]

[0059]

[0060]

[0061]

[0062]

[0063]

[0064]

[0065]

[0066]

[0067]

[0068]

[0069]

[0070]
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GE(100)°l] E3HE TAHLAE T Aok ' oldE HE =9E
ES
[

of

47 % Sk,
5

o]
0)¢] % A7 SE(100)7 A7 TEH(200) Abole] EA1S bsal e sh
T TFT 5 AT EF, ) FAR1200E, A% $R1000L st o] YEY 6] AAs)
3L 5} 3)
=

folr
off
tilo

AL S (100) 7 A1 S (200) Abele] BAIS s UEA A oo dEe toly 3 Al
o]
=

2 A A Bl mE YEYSAE 4 B FA
@A B2 (LAN: Local Area Network), 9AE &
2 5 Ao m=9, A7) dHESAs A9 dEetol=I(MW:World Wide Web)d <=
(
KR
=

B A elA AHE VEES HodA duE MESASER oy}, & HE]ASAME AR F AT

S @ (100) 9] WE(130)F ZEAA(110)8] T4 93 Z2aHE AT & i, d/F9E= dol
HES 9A e 97 AT = Aok, w=28(130)+= ZHA] w2 BFi(flash memory type), sH=TIZA
B} (hard disk type), HEIW|To] 7t= wlo]la & BY(multimedia card micro type), 7= EFe] wma] (<]
& 9 D E+= XD "WlEE &), #(Random Access Memory, RAM), SRAM(Static Random Access Memory), &
(Read-Only  Memory, ROM) , EEPROM(Electrically  Erasable  Programmable  Read-Only  Memory),
PROM(Programmable Read-Only Memory), A7] w|&2, A7] g3, Jy23a T & o= 39 el A3
AZ F3Hst = k. o33 wEE(130)= Z2AA(110)0] Aojol ste] 52 = 4 ).

Aol 28 AAde] wEd, A2 T (100)2] Z2AA(110)E Fa3td EA doly @ Hojk dr}o
Aol AEE F20aF SH (20002 HAFSIESF TAIF(12008 AT 4= Aok, a8a, $AI% @2 (100)2] =

=
3 dela AES e 2 A ok ARE AT  de JEE AFsEF A

y

2ZA4(110) = QKD= 3}

F(120)0 & A& 4 9t}

o] A, A @ (200)2 HolZ A& g 2 YR Wi FRE o] FuIE 5EA HolHE EIL
sist = 9k

o S ehd (W EA)2 SAlRE T (100) ol A AR (2000 2 AE5E FsslE 54 dolHE €33
HEl%, KDE T3 Asd ARE 23T 5 gy

A, =3 gEde Hola A& XE motd & glo], Fusld 54 dHeolHe HEs) oHY AHe
g3t 2" = 9

o)}, FAlA T (100)0] st Hoto] sl dlolE ME Wl gt AEE T 4 WA & 7S FFsHY
T3kt

AT EY o]l FEo ol B gaMo AHEE dx 2 )5y 2 AAGES B AZTEY] B
EEE 7EE F Uuh. V] AXE9o] BEE ZH7HE B gAlAdA AYEE s oY JE 2 AEs
3 ¢ Jguk. FHEE T2 aE oJoj2 Aoy AZE 0] ofZgAolHoR ATEYC Iyl FHEE £
ATH. 7] AZE O] s FAIX SE(100)9] #WEF(130)d A=, $AIR S (100)9] Z2ZAA (11
0)oll o3 ds<d 4 i),

FAR ST (200) ZZAA(210), EAF(220) @ w2 (230)S X33 5 o), ok, AEd A 8AE
2 AR @ (200)S FEEEE UM FFAHA A2 ofyo] A, AR @ (200) Yol EAE FAHL
25 2o BAY, B H2 FH8AES 7HE ¢ ).

TR @EEH(200)2 olE Fof, vholARZEAM, w1z HFH, HAYE Z2AM, F
tnpe] s Alo7] gt &2 <1ele] Ejlel FHFH AlAE E= FSFE tblelaE Y 5

AR = AL ohT,

A G2H(200)9] ZRAA(210)= 44
= AR @2 (200)0] ETHE FAHLAE
B (2300 AgE &8 = =

4

v

(=)
=



[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

[0081]

[0082]

[0083]

[0084]

[0085]
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ZAA210)= WE2(230)°] AFE 8 T2aRs FL5sH] f8ke], AR @E(200)9] AL
ofgt 4 QT Uob}, TRAN2I0)E A7 $4 mzade] TEE slak], Fu
825 F A% E o4& AE el FANA F Atk
B(220)%, FAAF TE00)T F44 BE100) Aole] BAE el ah s
SAth. EF, 7] BAR(220)5, SR GE200)E St ol ge] WEDL s
i

A BE(20007 SR HE(100) Abele] BAL AAsE VEDIE doo Feel dHoly 2 A% 5
FRAT o dole] f7A B2 MEAAY + A

TR T (200)0] WEE(230)= ZEAA(210)9] TS A% ZR2IFE AT £ AL, 4/EYEE ol
HES 9A e 97 AL = Aok, w=28(230)+= ZH#A w2 BFi(flash memory type), sH=TI&A
B} (hard disk type), HEW|Te] 7t= wlo]laZ BY(multimedia card micro type), 7+= EFe] wma] (<]
& 59 D E+= XD "WEE &), #(Random Access Memory, RAM), SRAM(Static Random Access Memory), &
(Read-Only  Memory, ROM), EEPROM(Electrically  Erasable  Programmable  Read-Only  Memory),
PROM(Programmable Read-Only Memory), A7] w|&E2, A7] g3, Jy23a T A o= 349 el A3
AS F3st = ok, o3 W] (230)= Z2AA(210)0] Aojol gste] & = 4 ).

A B2 Ao mad, FARE R (200) 9] ZE2AA(210)= FAIN-(22005 F& F-astd 54 de]
B 2 Aol shte] Hola AES $AA GE(100) 2 FAE %Ur. agjar, FAAF @E(200)9] TR
A (210)= QDS Sl HAola A& 7ie B Aol td AR FAT = = Ars D F v

o] A%, FAA (20009 A= Heola AEe] A R A dEd RE o

dlolefol A dlola das AN F, 533s 73T 5 U,

rE

b, =R dR(vEAD 2 F-33)

o it

EA dolHE ZH3dEs, KDE Ed AsE ARE gx3 4
kel

ATk, wEbA, 22 gEe Heola AE YAE et  glo], FEstE 54 dolEe Hasrt o9
s d3ts wad 4 o).

ol3), 1A ©@E(200)0] 3= Hete] Ashd dloly AL W didh AW ® 4 2 & 85 HFxsh]
L3t

AL Eo]Hl FHo| o5, E WaAoA AHYEE Aa E T 2 AAGELS HEo AXE] L
EEZ T7EE F Ut AV AZEY BEEE 44E B wWAACGA AWEE shu o) 7 2 &S
s 4 drk. HHEI TR dolE Aoz AZEY ] ofZgAolHoR AZTES =y FIE
ATE. A7) AZE o] s AR SE(200)9] #WEF (23000 A=, AR SE(200)9] Z2AA (21
0)ell s Aa= 4 9o,

5 4= B A9 2 Ao wE Hete] F3le dolE ME WHES Awelr] ¢ EHolth

2 A1) HQte] AstE dlolH AE W2 X 19 ZAIE LT codedll 718 4= Qo). FAHo= ) 2 7)A ¢
Heto] Z3lg dlolg A% HMHE LT codedll A #Ho)la A& (fake symbol)d #HE AN HAHSo] Fr714d
AT

714, Hola A8 = @E(300)9 EAE Fasty] g A5 F drk. & JIAY Beto]l Asle
ole] A W Fola HEe AE QKDE F3 HFE random keysE ©]83ste] AAT 5 vt o] AL,

A
A @ (300)2 ol Ame] AR AAE o 4 gl "k

webA, B o)A mote] sk deold A WS EFA WE(300)e] AHAAA Aol MBS AASA ¥

T 45 Fzshd, Hola HE 91X (Fake symbol positions, 301)& random keyE &3 212 ©H(100) ol

=
A AR G (200) Ho2 AFE F Ak, o7|A, FAIA @ (100)> LT encoding EFY 4 Aot
g ar, AR GE(200)S LT decoding =Y 4 Atk
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[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

[0100]

[0101]
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B oA el B AAde] wzd | QkbE AA ¥¥ A9 (quantum channel)®} t]X" A9 (digital channel)<

E o AREST. 53], QKDE YXE AEs T3 $A12F T (100) 7 AR S (200)9] FEE A ARE
F2317] 98] polarizer =¥ basis® HEeA Bt a8y, = 490X E keyrt EF YA 1 AEHETGE
AL &7 Al zFeFe Al %AF Y (Quantum Ch.) BHS Fd AEsteE 2o g2 EAES .

)
B 9)x](301)l 83 encoded symbold} XOR A4k =
£(302)& Hola A& 9X (30Dl st F-a3te Al

e

%, $AAF S (100)2 =R T (300)2 =4S Walsty] HdE FastE AEd Hela AES ¥IAA
Ak, 2, $Ax @G (100) Holz AEo] 3y Boslw AlEo] ek LT code ¥H HAHE FAIA o
F(200) 00 A A5 4 Aot

olet, €12 ©2(100)°] LT code & HARE F212} (200) Al AEates g 3 Age = 5 Yx

, TH(200)2 LT code?] HZ3t=E Y&l 319 layerol Aol CRC checkE 3l 3}el% erased symbol
ok ol Hola HAE X dlFsts HES erased symbolZ et 4 Qit}. =}

, AL @k (200)2 LT
coded| Al #lo]a AES AAT 7 vy, 7|A, doja AEL FAIA B (200)dd oal] AAH7] wjiol &

AR BE(100)0] FAT Hola AR PEaE ARie AN Ei oA & Fa a4t okd F 9

T @2 (200) erased symbolS A9 U] Al =g HEsb] AREEY] 98] ERI(31DE 5+ QU

=

o
i

AR S (200)2 erased symbolS A3 Y] Al AES o]&sle HE8H(312)E T 4
AR @2 (200)& CRC Check(313)E 43 E
o2k (200) 0] =33+ CRC Check(BlB)«l Aol ool

ol source symbol H&o] o]Foz

>

X H

1

4

¢

©jo 3 o
=T

oX,

of

_|2i

10

r’l

oY)

ok
i
b
s

[}

O,
PN

o
-

o
-

F(200)°] LT code #H AHE 212 DL (100)2HE Flete e sk d¥L = 8%

(

2 4
_{01, [z
mi? 2
o
—E =)

ol
ot

2H(300)2 LT code] Ex3E 93] 3¢ layerol el CRC checkE =3 3<% erased symbol
CEAA @ (300) Hoja AES AMSES A H AS, dola AdEel g wEE $1X
erased symbol® 3o}t o= vk, = =H2F TE(300)2 Flol= *:Pi«l AAE AstA & 5 7] W
, Hola A& YAE o= =T Futdl vk, 2Ean, E=AAF B (300) AR o ol A=
erased symbol® ok

o

a o

=)
H
12
net
4

Md

to =2 fu o ro
|\
o

st
>
30
i)

o7, EAA @E(300)2 erased symbolS A3 vpwA] 54 A ES o] &3}
S

& o BEH(DE FAY 5
o, a93, =R B (300)2 CRC Check(323)& Fdste], Hu3le] HF =

59
BT 5 o

i

EHA G300 HEsfel AdPrkn werd A5, HolA JE thE 92 S5, erased symbol Z 3

obgt , U] Fal AES o] gdte], H53H(322) 2 (RC Check(323)3h= ¥4 S ukEat &= Q).

, =R SE(300)2 Hol= AEe] AV AgeAl dAE WA Fed AAHE
sh AT 4 Aok EI, EA BEE00) A% akE A8 dHela

= o
[§} =
4 2rbsd & Ao

% 5t R JlAe] Wy Axde] mE S weke] Sashs nere] FaE delH A% wyel duE A
7] 9% B Eolt, £ 62 ¥ A W AAlde] whi 4 Buke] ol A% Agsh dola AR
A% sk PEel e 4Psy] 9% Edold, K 72 W AN Y Axdo] wE A% Giol
Mol= A2E ol§3te] transmit synbolS Y= el AE ey AT Holth, E 8 ¥ A
By AAee] B =Y tue] HelL H¥e] EH AL Hus s e AaE AYs] A% =
wlolth
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[0102]

[0103]

[0104]

[0105]

[0106]

[0108]

[0109]

[0110]

[0111]

[0112]

[0114]
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Aol Aol dig Al 2 ARE AT 5 UTH(S110).

TAAo R, FAA G (100)2] Z2AM(110)+= FY A< (quantum channel)S B3 FAIA dd=z Af

Al A2 (key sequence) B AFET AES MFE ol&ate], #Al 1 AKX 2 A 2 ARE AAT & Avk. o7]A,
7] APD2E FAR G (100) oA FARF T (200) 2 AY o] P Y-S 8 AEHE 7 =]
7122 A4E 4 Ak, ouk, oldf = AL ofyr).

Ful FAHoR, $a12 GE(100)2] ZZAA(110)
o]

’ = 7] Al Aol 2 AFE Al s Al 1 FE
(32 Do) g8 gtoz alo], A 1 AR AP 5 9

ATt

4 1

o

2
T

- [amie)

o714, f= A7) #Hola Ao Jjgrelar, len(key)= 7] A|@29 Zoloja, ng HEE AEo| JfFS on
[si3

B, 44 BR(10009) Z2AN10)E AET DB ASE A 2 FEAGRA 2)9) 94Y @gow aol
A2 4EE AT = A

784 2

p = [log, n]

714, pe oz AEo Y= H|E(bit)2 eI grolal, ne AEsE A Eo] frE Jnd 4 g, =
TPz pE AlEo] XY= ¢ X (erasure position)E bit2 YEM #Y & drt. =, 7] AA2E pot
97 UHA & Aok, a2, AYAE 97 n®oh 299 modulo-n 9IS B3 nmtl FA A" S

olet.

X}'/H]é] Oﬂ'g‘ Eé y = 6% %]1—}_6‘}'?_:], 1’1:1000, len(key):gzﬂ 73_(')_ 7] }\]%]__/_‘\__O/] OE_]_‘?‘% E:Pﬂ f=30] 5_41‘ Z_]'
erasure position< 125, 23, 57} & 4 Au}. 47|14, 23 Mog,nl g0z 10230125k n=10004.6F =17]
el modulo-1000 A4S Fal AHE #d + A

w22 S (100) 3 AR @ (200) 4242 3] 7] BHlE S A E erasure positiono] 421
Ao} =212p zbzte] wlE] A HA fgh(fmin) B, HAd) {3H(fmax) Rtk A0 erasure positiond 23}
o] o8] W9 source blocks HA¥oll AHEE 5= 9t}

dE E5of, =170, fmax=bZ s A slhe] 7] AlA~E Falste] i-HA source blockel] AF&3leH,
P 3% Bl fl=4, f2=4, £3=4, f4=5°2 J=& 5 v}

T4 3

m= L.f ] )

fi = fmax, i=1,.. me«

if M fpge '=fothen fi=f; =1, i=1,.c,m* firae —fo-
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[0115]

[0116]

[0118]

[0119]

[0120]

[0121]

[0123]

[0124]

[0126]

[0127]

[0128]

[0129]
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o714, fix i-"HA source blockol] AF&3l= fake symbol® 7W4E oJu|dlc},

g2 & B9, {=170]3, fmin=32 AAT AL, F2 45 S f1=4, {2=4, {3=3, {4=3, {5=32= =
[e]

784 4

m=[ !
fmin
fi :fml’n, i=1,..,me

if m*fom !=fthen fi=f; +1, (=1, ., [ =M froin,

o714, A7) fie i-HA source blockol] AF&3FE= fake symbold] 7|42 9w dit},

B oA e 28 Ao wEW | f-value(fmax 2 fmin)e] W= =9 erasure position?] FAH HFR=
¢} fake symbol 7H<=ol w2 Block Error Rate(BLER), QKD A%ES 11este] AHsid 4 du}.

= 7hAe] B Ao mEd, QRDe] HE 7|1 Tp= 4 55 ol&dte] 2T 4 3.

gxg Mgy 49 iﬂﬁ—o” 23 "4Eo] 22 X Mbps, Y Mbps©|il, source block Z7]% Z MB, symbol 7W<¢
+ n, fake symbol 7R 9 A%, 7 MBE YAE LS 58] dEsie=d 3 A2 7+8/1024 (s)7F 2
83kt FYUAE S %‘% NS BalAE Zx8Y/X (bit)E AET 4 Atk dHolz A= X
Mogznl pitm @ 7Meatnz thgs} ¢ A 37 e 2e

T84 6
-
Tp= ,;?{6=1.500

A% Sol, 34 68 FxaW, A AYS Y A A AY ALe 1A W oA, o2 Sol,
X=1000, Y=10, Z=1, n=1024, f=5%1 ZH$ A xﬁg% E3) 80KbitS AET 4 omz Uxd Y 1600
AHE Al EE Ad 1S AEStH H T

mlo
—

=, KD AE HE7F digital oi¥] =gggds #Hela AE AAE xds= bit dol7t XA ‘8}% Lkl
olyel, T2 = 12 ¥ = 139 AT gz & 3

%Z7] "ol QRDE F3 keys Hola AE X =2 FE38] A 5 At
F2A2F SH(100) 7 AR S (2000 ] oA e HolT 4l
secure random keyE ©]-83lo fgA & 4 9o, dkA =
Adolo] HES AL F HE3(decoding) & T3 Zi% 337t 43 w7hA wEESjof gttt o7iA, =
AR Boste] A3/A9 oJF= (RCE &3l & + STt

_17_



[0130]

[0131]

[0132]

[0133]

[0134]

[0135]

[0136]

ZIHSd 10-2022-0040349

Aol Bl fal, BPAT BE dola ARE ARS APel BEsh HFehe Ao ek, ols A
gk,

n
AR, A% AR A4 nolx, el Auel Aok 19 49, A Selikie) gue A8 5 ws
= FPsof Ik, o= Eo], n=1000 (information symbol size k=500, code rate=0.5), f=3¢1 7%,
decodinge T 1000+499,500+166,167,000=166,667,500H& sagjof 3}, wof B53} 13 F F3PA|7to]
Imso] AL FTA ZF 46717+ B33t A7re] "QadA "ok, =R ©E(300)S AlE-S independently and
identically distributed(i.i.d.)& X|$-7] W&o B33} Hit 53 35 AU 3] slo dulo] & 5

ATt

F 12 n fol W2 Al decoding 8 55 YebATh, AukH oz po|l AXW H5 3 Lar el F7teHA|
gF B Ael = vlale] HAE ] HEEl 13 AE T A8 AlZke] Ims?l H337](decoder) AMES 71
oo 4o Ay B35 8 35 div] =R JEE f s dS we] 5538 58 s5e) vE Y
Ebdict.
F 1
(n
M
number of deceding processing time (hour) <z (n}
ey | il
n=500, f=3 2.1 x 107 5.8 99.4%
n=500, f=4 2.6 x 10° 720.5 99.2%
n=500 =5 2.6 x 101 7.2 % 10% 99.0%
n=1000, f=3 1.7 x 107 463 99.7%
n=1000, f=4 42 x 10" 12 x 10* 99.6%
n=1000, =5 83 x 10" 2.3 x 10° 99.5%
n=2000, f=3 1.3 x 10° 370.4 99 8%
n=2000, f=4 6.7 x 10" 19 x 10° 99.8%
n=2000, =5 2.7 x 104 7.4 x 107 99.7%
F 14 E 03 (7 AZFE 553 53 35 Aegor FUkEt. 53], fghel ul$- wgsA Sk
AL A3 4= k. wEhA, $AA G (100)2> =R G2 (300)2] EFEE Eol7] 918 symbol dimension
S A n& ST AY, Hola AE AAIF FHEE JIFE TN EA (5 T £ Q. o
g B9, A dH(100)2 A2 HolE EF9 Zolrt B A4S, ZHzte] AlE Z7]7F 1KB 9l 1024709 4
22 AR EAY, B ng E7HA717] Y8l 409671 2] 256B A ES ALgE 40
A2 @ (300)2 no] foll HlE] wl$ & A9, A9 [ S g, Agg Holm HAE HAE B2V
o, AA Hz3} 2217k 99%0) S X EHAl Hrk. whEhd, 2R HH(300) Al | o] =EHUYE
AA B33t oAzt s A9 WE) gl dvk. E3, AR} (73S BEE F$eds, SR 24
7} AA (R A ARG 9= AS . = over-erasure AT AE BaE AL 357 FH o ZvhE
) dEe] EYAE A4 (i 2o g Hsm 2588 S48 ¢ Av. 2, o A (7 b
& A97F 99%01739] decoding A8AITHE AA|E7] wliEel] AA A EEE £8 A= Ao WElyt g |
o},
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[0137]

[0138]

[0139]

[0140]

[0141]

[0142]

[0143]

[0144]

[0145]

[0146]

[0147]

[0148]
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e 54 2o olgatel, dola Aol Aol UF Al 1 4w % el AR 9K U A 2 4w
44T 5 AT 7IA, SR BRI FHE B B, 7] Az o] B)e A Ade
Fal A%gel mel Y= B, EPA BR300)0] Gobd & gl Fuolh

=
o
H
>,
[
o
=
4
HE,
Ho
Al
il
u2
(o3
)
=
rlr
oy
o
=

o
HAola Aol e R AAE AAste], =AA G (300)°
aL, ARAR H3skE offA & ¢ Uk

A 52 Fxsd, $A2 ©E(100)9] ZTEAAM(110)E A 1 AR 2L A 2 ARE API T B A9
2 AES F3gsle], CRAANS 2 B¢ U9 FastE AES I5F 4 d0h(S120).
FAROZ, FAA GH(100)9] Z2HA(110)= H5 /Y 22 AE Z2Z-E symbol-wise XOR3IS, SF/FAA

= 2
59 e ole) BEa AEE BHT 4 A oA, eRARREE AF AWM WA A% A4

= E’]v —
g AT & Ao T, ol @R AL o,

A SE(100) 9] ZRAA(110)E SFRARFE L B o] 7

%
sl AEe HSe] olel, B4 sle] A2 el slxslel, Molm shbel (RC(Cyclic Redundancy
Check) A2 A4S & ok, o], ZAALL)E B4 e 22 4% 2 (RC AR P58 shol, ©
FAAYE L 25 e $ESE RS (5T 5 Ak o714, (RC ARE R EBE0)NN BE8hE
ST ¥, BEssh gPHoR SauUEA delshid o] g8 otk thik, old] @guE e okt
B oS ®R Aadel mEw, $A4 HE(10009] ZRANI0)E LRARNE % Yasd Jue 95
B AL A 2 Al Aasfe], NS s 4 F AolE el AuE Aol el

e, TRANI0E Hojw shie] Mol A% 2219 A 1 AAE AT & Ak E=F, ZRAAAL
0 B3 e REshE A% F A1 AN hese Holw shtel Rash AES 94 £ ok, w4,
Z2AA0E Al 1 9K et olx shte] Rastd A% 473} Holw shtel dAola AR 77
QeI AT, XOR A4h# = Atk a3, TRAN0E A 1 A6 geats Ao shte] vashE A
B A7E A 25 R, X8 A8 2o @) Ao AT 4 sivh. the, ool @A A ok
o,

B QdE, ZTEAA0E A 1 JRE olgste], Aok shtel sola A% zAzel A 1 ANE ANT
AT EE, TRAN0E B5 )Y REsE A% F Al 196 dgshs Aolw shtel Yastd A
22 ANT 4 Aok 293, ZRAAQ0E A 1 AR et Holw shie REsE 4% A7 A
of shie] Mola A% ZAom YA & Art.

A% o, ® 78 FxY, 99 58 44 2a AR(EE, 99 F2Gnput symbol)) & LEHATH A1z
59 A47te $EsE AR vehit, geln, 93 =3 2 A4Y 59 44 94d de Tostd 4%
2 AHEY) 98 AHEE 2a ARS e

TAHSR, FA2 FE(100)9] ZRAA(110)E &2 AEESES XR Artste] F3ste AEs A4 +
Ak, F, HEsE A8 G A AE FE symbol-wise XORE 33 Y 4 vk, Ela, Z2AA(11
0= #ola A& f1A9 A& Fs dlola AEs WA & Ark. dF 5], = 40 =AE upeh o] FA
AR G (100) 8] Z2AA (110)= Aol A& AX7F 3% A5, SHA fA3 A= @S dola A= #4162
2 giAste], FAIRF 2 (20002 AFE AF AlE(transmit symbol);l TAE =gk, gk, olo] dAE =
& ofyrt

ki

W, ® 8% FRW, B UREOS A% HEE 2], BERE £9¥ & dvh. PAGeR,
714 @ g

A @H(300)L MP(message passing) E3.3+

X%’\ oh;}_ Uig]_ L=y

HHEsk 4 glth
=, dAd" Mol 3}el received symbol & #Holm AlEola, Holm AEo] EHZIE AE gk
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[0149]

[0150]

[0152]

[0153]

[0154]

[0155]

[0156]

[0157]

[0158]

[0159]

[0160]

[0162]

[0163]

[0164]

[0165]
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EAld o2 v PHEo] FouaiAy, Hosle AF3d ¢ givk. 9, AEd A EC] vk Ee =AA)
59 AT 4d3vt dAE $ Q.
A = 58 &, 42 @2 (100)9] ZRAA(110)= B4 /e R azte

Em}g:

[ )
o

%_
Aol el HolA @%i WA g, Aol shte] Hola A&, B¢ 7H4 533}
o] Holz AEz WAy 2 YA AE 2 oFAGEEE YAE AdS T3
= TAE(120)0 5 AT 4 JUH(S140).

= B IA Y $A1x S (10009 ZEAA(110)E B33t A8 F dEE dHola AER WAL § o=
AEs7] uldel doly AEe WS =d 4 ).

T 9% 2 JIAe E2E Ao wE FAIR; whdo] sk Hoto] ZtslE dolE HAE whHe ddE AT
3171 93t sE=o|

T 98 EEH, FAA @ (20009 ZEAACI0)E HAYE AEE FE 55 Y AE 2 S/FAHYRISE
SAAE G (100) ZHE A 4 dTR(S210).

o] A%, ZRAM210)= S @E(100)2HH dY Hds T3l Abdel FAld 71 Al 2 B Tie] A
TE ol&ste], Hola AEe] el i Al 1 AR B Aol AEe) fAe W Al 2 JEE YA

oI71M, Al 1 AR 2 A 2 AEE Adshs WHS $AA SE(100)% FL WY
& Fxsto] AAE] AWE vk, AR A e

o
a

St AR BE(200)2] TEAA(21I0)E A 1 AR 2 A 2 ARE A T oA 1 AR D A 2 AR V)
ste], B4 Y AE FollA Aol e Hola HES AAT & ArH(S230).

%3}

afar, FAR G (200) 9] ZRAM(210)= H R AE FolA AY] Aol dhue] dHola AEol AAY

A e 8 A7 QRAAFSE ol&ste], Ho3kd A& (decoded symbol)S FE5T 4 9Irh(5240).

TAASR, ZEAAM(210)E LFALTSE ol&sto], Holk el Fola AEo]l AXE A s

AEs 54T 5 dd. 2ga, ZEAAQCIOE 549 A8 3 ymA AES Hostete], Hostd Aas

958 = vk, gk, oldl = AL okt

2 A FEAR] 2R AAde] mEd, FAR G (20002 A" B e AEL 55 e Rastd

Aa B A7 Aol she] Hela AEs 3T -’F urk. 2L, B oo REstdE AES B Y &

2 AEo Vx| AAd ) AE B B e a2 AEo] F4l
=

HEs 01%3}04 8734 OE Hiﬁ‘r HAEA oAFE <l
g ATt

=102 B JRA e F7EARD S Aol whg Hote] ZstE wlolH HE: WS HAWsty] 9% =doltt
T 112 9 E57 (RC AES bl Wie] delE AYshy] 9g =dolth

= 109 AdeMe = 38 Fxste] AWk nete] Zste dloly HF WA F7F4 SR random keyE ©

2 IRAIY] Helel ZEE doly AF WRelAd AbgstE QD= ARHACE HEE HESE protocolol
ofUth, wepd, B iAo Bl eRAAFTE ALer] #F MW random keyE:

Generator (RNG) H+=, Hash &9} 72 ¥9] seed valued o|&3tth. &, & JA]9 Bt SRAAFEE A
g3t7] 93 ®HH2 random keyE ©]€3t%] seed valueE AlE WAHSIY o FE7Fsslal dwo] EFEH S

random number& WHEIL, o|& o]&3it},

Random Number

G2 (100) 2 A2 A& (source symbol)< 7|HFO. 2 (RCE AAISte] s Ao 7}
E]J_’— SAIZF @ (100)2 84 E-=(Func. Block, 902)2 o]&35lo], RNG ®=+ Hash St
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[0166]

[0167]

[0168]

[0169]

[0170]

[0171]

[0172]

[0173]

[0175]

[0176]

[0177]

[0178]

[0179]

[0180]

[0181]
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ek

et

T gt

Y

st 4= k. o7, 4 BF(902)2 random keyE 7o R
gt B4 S et g9 v 4 Q.

S FAIR G (100) S S BE(902)04 AAE fvel CRCZF F7HE A AlEol AEAS symbol-wise

XOR =& convolutione B3l F 719 Al@BA(sequence)E AXsle] N2 & A|FAE Wtes AAHS 53 &

ste] g og Apge = 9l

cﬂ%— = 7,4_01 b EAF ARzl tlg synbol-wise XOR A4 98] T BF(902)) 4] module — (RS
ATk, 4714, len(CRC)+= CRC Al&=+A1E9] 29 (dimension)S WERTE.

i 00)2 FA4lA T2 (100)9] 4 EF(902)% 543 T4 EF091D)E 7HE 5 Aok, 1y
3, FARE DE FE SAIAEEE F OHL% W AA2E S 85509119 A= Fh(seed value) &= A}
£33 5 Qg aga, AR g (20002 ¢ ESQ1DA EHEE 49 Fy Bt gs o] &3}
CRC Check(912)E5 a3 & Ur}.

oE W, BP4 9GS FRF ARE BES® £ vk agn, B34 9000 BasE g
dstel CRC Check(921)& F@3tel, Buale] 4 of%2 L BAR, B4 BRE0)S §4
(

E5(902 = 91D elA AAE e fd(iv)E & 7] witel A4A< CRC Check(921) & 34T 4 JUot.
%, EAE CRC AEol 2499 A 5L3A o, (RC AEES B3 Ho3 A oF Flo] EresiA #
=

= 10& =3P, len(CRC)=12, CRC value=3458, pseudo RNGS] output value=610091 %= 71434,

fv=20047} 3L ©]& CRC symbol®} A4tsl= o] dAIE EAISHSIH.

(3

WA Shannon ©]&o] W= message Z°]9} random key Zdol7} & A 9 Hto] 7p53kA HTk.

r

message®l CRC A &3 WY 7](random key)?l fve] Hol7t 2 AL ATt o] A5, #Hola A& (RC

« 2len(CRC)
AEel 29 7IME SAdl ARSE A () -2 el H5sks o d
=, BAA GE200)0] HEeE FAstE A AMEd Brbsd 7k S gl

12 8 & 132 & JhA ) meto]l Fstel dlold HE Wl o AlEdeld dxE AdWshr] §d =wel

£

= 12 ‘;‘ % 138, LT code 7|4kl secure FECE AF&3}= 7)Mol ths] source datacll thdk =412 ©+2(200)
T =AZ S (300)9] Block Error Rate(BLER)S veldit).

Al EH oA AL t&a Zrh. LT coded parameter24, delta=0.2, constant value=0.05¢1 RSD
distributionS AF&3}al, source data®l 7] (=source symbol 7§14 x symbol dimension): 500Kbit, source
symbol 7H4= k=250, 500, 1000, Z#]iL code rate=1/2< AF&3tc}h. LT decodingS MP decoding 7]HS A3+
o}

TAHR, = 12& dHola AE HlEd wmE FAlA @ed(200) 3%
Tefolnh, melar, T Aol grAlAR TE(200)2
.

20 FAHoR, & 1204 k=500 W] erasure rateo] WE BLERS WEMATE. =0& E JjA|9] ®Heto] 7
shyl dlole A% WS AMSHA @v S YT UHAE FEsE 4AlE oib] dela AEe] vESs
Editt. o & Eo], {.0.012 doja AE H&o] 1%% A& JERAT. AR S (200) A HAela Al
S AA] ditel dola AEES A ¥e A9-¢t Hluste] 19 REo] AEel B 44l 4
sHA Fo] k7ol A5 Asrb LAEHAl ")

Sel, EAA GH300)S HolZ A gl 0.5%91 £0.005¢ Aol BEst 4EsE AL Ae e
Aoz Ve,

A

., = 132 FLdF o] Hola Azl Wal kel vhE =g #ke] BLERO] thgh —1efszo

=A@ (300)2] BLERe] oigh
Bobo. & 7]AEtaL, = A ©H(300)2 Eve® 7] A5

ro

=



[0182]

[0183]

[0184]

[0186]

[0187]

[0188]

[0189]

[0190]

[0191]

[0192]

[0193]

[0194]
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(r
)
o

I

B9 FAMOR, © 13% FESW, dod RS A8SA Gt 49, dvdow A =
[e)

%, ERA GWE00)9] BEHE AN k(AR AR ((ela AR AF)} B T AL
speg 4 g,
o= Sol s wastel, £44 930000 ALY BEsE

A
o
s Pehs Ae ST 5 drh.rh, olo] @RuE Ae okt

E 1 B NS ANdEe] TEE 5 Qe A AFY @e) did ANl s wA gt
®ONAge] AwAom st olge] UFE FolA AW F A AFE HaAsks FPolst palstel A%
QA W, YA L AANE Jle 2o mEEw AgEe] W/EE ol axEdeld Ao
24 789 5 Qo 4 & 9 Aol

QuHom, B @AM BES 540 BAAE FASAY 549 F4 dely §¥e TAGE T,
ZeAA, Z2ad, FEUE, dely &, Jlv 552 Tach. =9, GgAew 2 A e wal-
ZEAM Et dEZAd ARE 29, UPFE, dqezdy AFHE B8 929 ¥, dsds
AFY AA, vhol AR T2 ANV B ZRadsks A AF, 78 SE(E 44 sht o de dAw
A% Aol BAY 4+ J)S MEW 0 AFH A2Y FHoE N8 & drke AL & @ Aolu
wogNe AeE ANdES =3 ofd HiaaSe] B4 YEAAS Ba ddsel g A4 A gA sl
o) saARE B4 AFE BAGA AND S AT B4 AFY @40, Z2od wEe 24 9 944 o
we A% 44 vl 948 F v

AFHE BA4H o7 gUdIAFY BE571s wMAS T3k, AT o A JFed uiA] =4
2 on 3 A v AA A (transitory) 2 U] YA (non-transitory) WA, o]F2 % H]-o]%F2] wA=
o}, Algte] ol o 2A], HFEH BEILE wiAlE AFH #d57ts A viA 2 AFH #H57s AS

ST LS I~
s 4 9

R o
ool
i ot ox

o
==
>

AFH #5715 A wiAE HFEH #5575 WHo, dolE Fx, 29 BE & 7|EF dHolEe 2
ARE AFsle Ao WY T ViR FARE A 9 ngaA i), dAE 2 a-dA]H oA, o)
2l 9 wolFya wiAE xgett, AFEH HE5rbs A oA RAM, ROM, EEPROM, ZeiA] w22 =i 7]El
g 7)<, CD-ROM, DVD(digital video disk) T¥ 718 33 2z A &x, A7) FFAE, 27] Hol=, A
7l Y3 A AA E=e 7)EF A7) A FA, B HAFEHA g8 dAlzE = Qo 93 ARE AFse

A8 4 e Aol JE WAE TFAT, ofe] #HHA gt

B 57 dAE5 ujAs BAAHo® wkEyl(carrier wave) X 7|8} A% WA Y (transport mechanis

Elél'_jr pus [¢)
m)T e 3Mz dolE AlZ(modulated data signal)dll AFE A=71% HEHo], dolgy %, Z213 IE
EE 7|E HlelH S =

S FEs RE AR AY wAE 233, oz dolg AsEte foE A5 Yol A

& JIYGIEE I I EAE F Sh olde A EE HMAAZ AIZE oudtt, Aglo] ofd
dz2A, AFEH B=E71s AS vAE 4 YEYZ == AH 9l A& (direct-wired connection)d S &
% rehsit), e vAlE S doe A

1}

AFE(1102)5 23ehs AN i SHUES FHshs A §74(1100)°] HeEhHolA gem, A
FE(1102)& A2 &A(1104), AJ=5 W22 (1106) % AR BA(1108)5 £3aeh. A28 B2 (1108) =
A=) R (1106) (o]l A H A F5) 5 R A=R AXVESS A A (1104)e] AT, Az
AA(1104) = g 48 Z2AXE T oo ZaAMY F k. FE Z2AA 8 71E dEZRAA o}
I8 E A AP AA(1104)2A o828 5 st

B
il
e

Al A (1108) = e B, A wa 8 g e

A wzel FHHoR 4 Add e 2 M #98 s TE

(1106)+= #=5 518 #E(ROD(1110) 2 WHE A2 wZ(RAD(1112)E EFAT. 712 94/
=
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[0195]

[0196]

[0197]

[0198]

[0199]

[0200]

[0201]
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(1102) We] FAHLAE FH ARE A$dles 48 55 7|84 FES g3}, RAM(1112)S F3F dlo]H

£ JNsH7] flsk 44 RAM 59 S RAMS 233 4 Q).

AFE (1102) 5 E=3 WAE = vy =2lo| B (HDD)(1114) (& E9°1, EIDE, SATA)—o] W& 3= g3
) el 948 52 FHE F e, AV F23 gz

sgho]lH (1114)& B3 At A (=A] AJ=F

Z2o] B (FDD) (1116) (& E°, o] 54 "4/\5’)\](1118)°i—rE1 AE5E A 2 715E 87 A% Ad), Z
F g3 =gho]H(1120) (& £, (D-ROM tl2==(1122)E #H53tAY DD 59 7Ie 18 4 vz 2 5-F
d=5E 7y 20 715 shr] g ﬁ%‘)%— 23, = taa =gtolH(1114), A7) tlaz Edoln
(1116) 2 ¥ 2= =gho]B(1120)= 7247t 8= f2= =lolB ol d|o] 2~ (1124), A7) v2A Zglolr <l
ElFo] 2~ (1126) B ¥ Zglo]H QIE o]~ (1128)] 23] Al2gl W(1108)dl AZE = Arh. 4FE =gl
B 7S 93 Qg o]~ (1124)= dE E°], USB(Universal Serial Bus) % IEEE 1394 ¢lEjHlolx 7|& S
ok 3 e 1 F oE g,

o) Edfoln W st AE PHE WHEIs oA
7

dolg, dolg %, 7AFEH Adrts o], e

A
p
[e]

T

s NI AGES AFeh. FAFE(1102)9] A, =tolH B uiAl= ¢loje] HoJHE X*% g OxdE 3
Aoz Ast= Aol dlgdttl. AdrielAe] AFY wE7EE A wiAlel gk Aol HD, °olE2] A7 Tl
A, 2 D T DV F9 olsd F wAE AFsta AAR, FgAHA F =Epo]B(zip drive), 1P71
FHE, Ed4 vxy k=, FFEYA], 7|E 559 AFHA o8 A5 EP% o] A mMAE GA
AN & FHAANA ALEE = lom HE Q1o ol g wiA|7t & JjAIY] WRHES FHsr] A% ﬁ-ir‘rEi

_4_4

21
AYbe BHolE TR & Aok AL T Ao

o}

£ AA(1130), dtb o]Ate] ofZg Aol TR (1132), 7]EF TR

27 a8 BE(1134) 2 Z2a go]y
(1136) 5 H|F3 thge] T2 a3 mEo] =glo]B 2 RAM(1112)o] AFE &
E 3

&9 AA, ofEeAlA,

(]

2 5 gtk
BE Q/EE dolge] A Ei 1 dFel E RN AW 5 ek E A oles Ao

2 ol 87bsd 9 AA w29 AME 2PAA AL # Aok AL T 2 Al

AgAE St olgel FAH/FA 4 AN, AF Hol, 7lHS(1138) R hEA(140) B9 EAY FAE B

8 BREI0A B R ANE YA S Atk A0 Y AR A vlel, [k AR, Fol A

g, 19 s, zudes @, B2 239, Je S50 9e A olF % /8 48 A7 33 A-

@ M0 Aol S A gA Al (1E $9 Ad A0 G, 9

4_4

IEEE 1394 A4 X E A XE, USB 2E, IR QIEHoo|2, 7|E} 559 71} AHIH o)z 93] AZ24d 5 3
c}.

T UE (1144)
W 2 (1108) 9]l
M EE FXH(

iy

Ee ge §39 gadde] FHE 94 ML oW (1146) 59 AEdo] 2T Fal AxH
AARG. RUE(14) Prste], AFEE Ao 237, =, g 559 g F
w4 AEHE

AFEH(1102) = F4 D/ 74 A4S S3 94 AFH(E)(1148) 59 sty o]de] ¥4 HFHZS =3
A AdE AF‘-’Lo}O# YEAstE $AAA 548 4 Atk 924 HFE(E)(1148)+= FAzHolA, A AT
H, 2g5H, JA249 AFH, Fd izixﬂﬂ—ﬂﬂ& = 7171, 9o A E= 7E 549 Ml
3 wrsol 4 9lon <luka d 7led TAAess T ous B A
Hol . EAIHY v =
7 = 1J(WAN)(1154)01M FA /A AAS E3F)
%‘?} Ql Ao, JAEY
w,

=4
RS [e
o BT zw A BFE

o
)
=
—
o

_‘M
é
&

Agk, 2rEpsks e, WEe A ](1150)“}0 LA
(LAN)(1152) %/%= ¢ & YEYZ, d5 59, 94
olZ|gk LAN ¥ WAN UIEZ] 342 AHFA 9 3| ALof A
F(enterprise-wide computer network)E -&ols}Al 35
Ao 449 5 U,

LAN HEH Ao AeE v, AFE(1102)E F4 L/Es B4 54 JEYT AH oA Ee ofHE
(1156) 5 Fa 22 YEYJA(1152)0] AZHTH. oWEI(1156)= LAN(1152)91¢] FA4 T M B 0|5
A &E ¢ o, o] LAN(1152)8 mTak YA oJHE](1156)8 BAl67] &l 2o AXHo] gl FA A

IJQEES Eﬂ%}ﬁ ATH. VAN HIESA BAelA Abgd o, 75FH(1102)+ =ZH(1158)S X3d + AAY,
S Ao AAHAY, = AEYS T 5, WAN(1154)S S 541 AAFs= 7| 4§

@GS Zter. UFE E2e o3y 2§44 e B AXY ¢ de ER(1158)2 AE XE I I o]~ (114
A M 2=(1108) o AZHT. WESIshd Ao, AFE (1102)0 1‘41611 AYE =

1e] gyaol A W/ A A (1150) e AdE = vk, A WEL T AZo] dA]F
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[0202]

[0203]

[0204]

[0205]

[0207]

SIHS31 10-2022-0040349

W AFEHE Atolol BA YAE ARSE Ve el AHSE £ ke A 2 & Aolu,

HIFE(1102) = 74 F2o2 X 5o F4sts 499 T4 A e A, A8 5o, ZdH, 24, -
23% 2/wm= Fd8 758, PDA(portable data assistant), T4 $A, T4 HAE7Ms "o d#d 99
o] A e FAh, R sty FAlE e &S . o3 HAox Wi-Fi 2 & Sl 5}t

otk mEbAd, Al FYo] UEIdA e Zo] mE AHojE Fxo|A

O
o =& EAl(ad hoc communication)¥ 4 Ut}.

off 3o i

R

Py

Wi-Fi(Wireless Fidelity)E 4 glo]= il

Eol, AFEE AdlelA 2 ALeA, = 71A5e] Sk U] opf oAy HolEE HE

A AT A dstet 22 A4 st v ehdsta AFA dom a&l B AAS
sl7] 18l IEEE 802.11(a,b,g, 7IED gL Sh= F4 7]&S AMEsth. AFEE AR, AU 2
EQ)A(IEEE 802.3 H=&= oltul& AR&EHol AAA717] A8l Wi-Fizl AH&2 4 o, Wi-Fi MEH A=
7F 2.4 2 5 Gz F4 digdel A, «E E°f, 11Mbps(802.11a) HEi= 54 Mbps(802.11b) ©lo]E #HolE

Av, &F A (7 g)s ek AN 22 5+ v

ofell A

(
i

=

of
X
ol
-

offt
o
lo
>
>,
H2L
rir
£
N
2
:\é
_).,4
it
>
>
2
urt
A
i r—‘i—l‘
e
ol
ol
£
e
o,
it
i~
o2
%
2
>

tob
il
ek
u2
=
Ak
mlx
mv)
N
il
o
)
_>‘~I_,
ol
[
g
2
)
1o
o
:Cg

fuomt Mo
4
e
S
>
i
=y

o0

o,
:Olz"
SO,
P
3l
1
o,
iih)
i
2
1o,
ol
1 &

U p
|
N
2
X
il
o =
o
il
1o
N
olr
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g e
e
ol
2
o
>

g e
z
(o
fru

H
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ol
o

[N

py
i
ol
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ol
N
_)IL, jg
= k)
N :
N[yom oo N

X
rir
S
N

o tjshe] Fahe 4
S48 o Zel 7ol
Aol welE Holus Aew AdEol e ¢ 1 Aol

o714 AAE HeFek A
EE(article)o2 8= 5
FH Z23% = A (nedia)E X3, GE £o, AFH-A57Ms A A= A7 A FA (o

=9, 8= yaa, FRy Y, A 2EY, §), G5 vaA(ds
= H

2
2
2
= 10 0@ o o2 it 2 o

_m
iy X

=4
ol
o
o
iy} il
o©
rot
%
1
il
fr

o,
[
rlo
e
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30,
ui
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il
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N
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k1
g
[\

Redun. packets (hse) Source packets (ki)

I~

# Data connection

| Source packets (k) [ '| Redun }aEkEtE Meshe) |
\ | \ |
! | \ J
LU g D wal
} % encoder } } V’ decoder }
}Reference packets (kz) | | Reference packets kz |
\ \ \ \
\ \ \ \
\ 7 A | | 7 7 \
7 | S 7R |
\ ; ; | \ ; ! |
\ ] | \ o | |
} Reference { } Reference }
| database (k) | | database (kn) j
L _____ _ L ______ J
0T 207
EH3
100 200
0T G AT G
110 210
LZHIA A
120 ) . 220
sHg Shig
130 230
i 1=5) =5
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£

=

B
H

Source
symbols

301
J

Fake symbol
positions

fo

" Adding CRC

™
symbols

f
Fake
symbols

Y

— 38 g Decoged
| reparing 1~ Decode
™ input symbols (CRCcheck = ¢/mbols
200
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