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n packets is transmitted from »n outgoing links,
represented by an m X n matrix X €IF, " *"

each column of X is a packet
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each sink node can correctly
recover X from received packets

[F,-linear operation
at intermediate nodes
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information over link e is Xb, € [F " *1(b, E F n*1);
[f, -linear combination of packets in ﬁX3' X7
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o F -5 (BERD2EMRE) C) Fon, m=n

* TOF-IREHAITS C, & C, dimg,C, = dimg,Cy -1

o 2L C, & lEMaximum Rank Distance (MRD) 5.
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Silva-Kschischangi:[SK11]0 &£

F~##FEMRDFFS: C, and C,
(Cz cCC sz, m > n, dim ]quCQ =dim ]qucl - l)
[SK1T1, Theorem 7]

Silva-Kschischang®s € F,X'MN5X € B DERF AR, ®v
hO—OBBICKERY, EEDu <dim:,C; =dimg,C; — 1Y
VI DHEREICOWVWT SOBIHRZ—TRBL G,
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MO —UBEICREEY, EED:<(n-dimg,C)/2] > 7 T
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N Mlx=[xq,...,x,] € F’;,,JC') WT, x=[x],...,xl.
F-#RZER 2RV CFLICDWT, VI&{xi:xe V)

2 {VCF., :VisFp-linear,Vv = vi}
VEEV VIV 4 VI

@ VCF,NVel & VOERNF,DERTET 3.
IR0 EB € F, " DF,~fRE DS ZEE Z(By& U T,

(ByCF', :BeF,” =V cF, :Vel,dmg,V <ul.
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Relative Generalized Rank Weight (RGRW)

i-th RGRW
F RIS C) C L & K UHBDRSC, ¢ C1le DWW,

M i(Ci,C2)
2 min{dimg,,V : V € T,dimz,(C; N V) - dimz,,(C, N'V) = i}
= min{dimz,,V : V € I,dimz,,(C; N V) - dimz,,(C, N V) = i},

TCTC\.\ l.J, 0<i< dimCl/Cz = [,
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Gabidulin®Z > 7 E#

Z > EH [Gab85]
x € Fy, ICDWT, wg(x) = dimg, S(x).

&/N\Z >V U EH [Gab85]
Fn-#RFZER 3 ZEREIC € F2, 12 D W T di(C) = minfwg(x) : x € C\ {0},

MRDFFS : di(C) = n —dimg,C + &I FFSC C F,
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RGRWeE RN VU EH DR

1st RGRW MR,l(Cl,CQ)Lg, wRidbf{%D TULTDKD ‘:i“%ﬁ%

Mg, (C1,Cy) = minfwg(x) : x € C; \ Ca}.

=
RGRWERINT V7 EAHDER
Fp-fAFBC CFLICH LT, Mg, (C.{0) = di(C). }

RGRWIEGabidulin®&/NZ > 7 EHD—HigL
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Relative Generalized Hamming Weight & ®E{%
Vi={xeFl, :x=0if i¢ I) for T (l,...,n). dimg, V= ||

F-#RA5C, € €1 € Fi, D i-th Relative Generalized
Hamming Weight (RGHW) [LMHCO5]:

min {onmIF LV dime,(C; N V7)) —dimz,,(C, N Vi) > i}.
Ic(l,...n} q q q

Ci1MDi-th Generalized Hamming Weight (GHW) [Wei91]:

min {dimIF LV dimg, (C, N V) > i}.
Ic(l,...n} q q

< UL TRGRWI4,

min{dimz,,V: V € T,dimz,,(C; N V) - dimz,(C.N V) 2 i}.

RGRWERGHWDEZEWIE, C),C, & DILEESZENS 222
DESTEIT,
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RGRWOtEF 2 7%y M7= FB{EADITA

EE (RGRWOEF 27Xy k7= FSADIGH)
HIREDS DIE]HEZ jlog, ¢" (1 < j<dimg,Ci1/CHEY FUER
%

max {I(S;XB) :Be IF;X"} > J.
()
HEE > T Buh N RFFCL, C D j-th RGRW U £

K= Mg (Cy,Cy).

ED
HIEY > T ED Mg (Ch, CHRBTHNIER Y hT—IEICK

FEISOBERII—TIESEWL
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C1, C = REMRDRF S ICEE U 7zls, Silva-KschischangDE
BE—395 DFD,

MR,l(C;, Cf) =dim quCQ + 1.
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nd, C,CEBEEMRDFEICERE L,
Silva-Kschischang D EE & —%9 3. DFD,

MR,l(Cl,Cz) =n—-dim quCI +1
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F,=TFs, n=2, m—ld)*‘/ I\'7 IEFEICEWTEEE ST
@,u = 1 U /7 %mﬂ?g ml IL:\'fTﬁU@%

é:B ={[1,0],[0, 1], 1, 1]}.

source node

X =[a, b]

C.. .0
[1,0] [0,1]
(1,01 [0 1] wiretapper

d=r =D
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B MBAvE—IS eFs (1= 1)EREEICRSIT &L
EULLIRTOY VY /—RICEET 3.

COEER, FIZIF—KEAERcFsZAWNT, S eFsZXALLT
DEIICHFFILL THB,

X =1[3S +2R,2S +4R]
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I5E, EDQu=1YrIh5HSDEMISI—UIREL AR,

source node

35+2 25+4R
S+2R 25+4
¢ @
3S+2R | 5S+6R =RETF; | 2S+4R %
wiretapper
(u=1)

3542R, R W, sinknodes @, 2514R, R
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Relative Network Generalized Hamming
Weight (RNGHW)
(RIGHWZ Xy N —OUFERICIEERLU XS E WS IRIET T
ICEE INYZ11, 2Z09).
fef2 U, AZN—HIILRRETIERW,

e Xy NT—VBEZREE, m=1.

e FLEDXYRT—=UDIRTDY Y TeDRFSLNRY b

b, DEE

° Ty 2 FOWPHAEATROSNDBEBLEEOES

i-th RNGHW:

min{dimz,,V : V € Tr,dimg, (€ NV) —dimg,(C2 N V)

RGRWDI(xw kT —=7T3EKEF)ZYs(RY N T—TKEF)ICE
Z5Z & TRNGHWIC 73 5.
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RGHW & Wiretap Channel Il (825 8X)

Wiretap Chanell [| [OW84], #Z &L [Sha79]:
o WEAYE—IS eF, X e FLICHFSL L TRERZXE
o REEEIIXDEEDUY VNI % KEE
e SICEAT ZBHREZRBEEICHSSIALDICEET DI EN
B
SHEXNDFFZTIEIEC, ¢ C) C F, I & SNested Coset
Coding.
TFXa17RY NT—UFRSCDEHRLBRT —REHBRES.
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X=[Xy,.... X\l € Fl., Xr=(X;:iel)for1cfl,...,n}.

FE (RGHW®DWiretap Chanell Il - TZEHEA D5 )
HIFE NS DEWZ jlog,q" (1 < j<dimg,C1/CH)EY MUALER
%

max {/(S;Xr): 7 C{l,...,n}} > J.
g
I’:’:EHE‘DVﬁ)lxﬁuﬁﬂﬁﬁ%CﬂCf@j-th RGHW L E
u > j-th RGHW of ¢; and C;.

%
EERS Y IRILEDCE, C+D1st RGHWHKE TH N IES DIFRIF

—yIES5SNnEWn |
FR0fEEIE DOI: 10.1587/transfun.E95.A.2067 [KUM11] TR
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http://dx.doi.org/10.1587/transfun.E95.A.2067

Fh1c 5 DIRERDHIED 1T

. Wiretap Channel I(WC2) - WEDE: E¥a2 77XV KD
7 S DRHRT — R
o IRFLRTE DRelative Generalized Hamming Weight
(RGHW) [LMHCO5, Wei91]: WC2 - MEZ D EUCEH 1T BT
FEDLEEZRITFFT/INTA—F

|/

XY NT—=UF5{EDHRT, WC2 - WESEERCGHWDE
REEAKROEFRZ, FS/(TX—FDRERENSETHEE

Relative Generalized Rank Weight 2014/12/10 SITA2014 48 /40



mREHREICET 5T

[(#fw] &EMNETY OE—[CTO6]:

H(AIB) £ Z P4 p(a,b)log

acA,beB PAlB(alb)
= ) Ps()H(AIB = b)
beB

= H(A) - I(A; B)
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I(S;XB) = HXB)— HXB|S).
SEXD—HENFHERELTWDE, XIEZC,DLEREZRREELT
DS 2—KKDmOEEREE. D eENS, LUTHRRIL, 8
H(XB) = log,» the number of possible XB
= log,n limage of map C; — {XB: X € C}|
=dim Fq,,,Cl —dim Fm (Cy N Ker (B)),

H(XBIS) = log,» the number of possible XB given § = s
= log,» the number of possible XB given y(S) = C,
= log,n limage of map C; — {XB: X € Gy}
=dim Ipq,,,Cz —dim Fm (C> N Ker (B)).

&£>7T, IS;XB)=H(XB)-HXBIS)
=dimg,Cy —dimg,C>
= (dimg,, (Cy N Ker (B)) —dimg,, (C2 N Ker (B))).
MERDAHIEEEANITY FOE—[CTO6] &> ¢ LR - TRZEH.
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Extension of Forney’s second duality lemma
F iR B0 22[EC, C FL, & ZDEAIFTSC, ¢ C, EEDED
ZEREV CFLIc2PWT
dimg,(C;NV)—dimg,(C2NYV)
= dimg,C,/C; - dimg, (C; N V*) +dimg, (C; N VY).

I(S;XB) = dim,C, — dim,,C
— (dimg,, (C, N Ker (B)) —dimz,,(C, N Ker (B)))
=dimg,, C1/C~dim,,, (C NKer (B)*)+dims ,, (CLNKer (B))
= dimg,, (C; N Ker (B)") — dimg,, (Cy N Ker (B)")
= dim,,(C: N (B)) — dim g, (Ct N (B))
- Ker (B)* = F-18IZFNZEREK(B) £ (Bx : x € ') C Fl.
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RGRWOtEF+ 2 7%y M7= FES{EADICHADE
E DA

MEBREZIS;XB) = fB2HICHERERE) VIV BOER/N
B,

min {u: I(S;XB) = j}

BeF,

= min {u: dimz,,(C5 N (B)) - dimg,,(C} N (B)) = j)

BeF;*

= min{dimz,,V : dimz,,(Cy N V) - dimz,,(Ci N V) = j]
= Mg ;(C5,Cy)
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Relative Dimension/Intersection Profile
(RDIP) N
TRIEREOEEO—MRL EF, IR ER D¢ REDHEEH
5,

max {I(S;XB) :Be IFZX”}

= max {dimg,,(Cy N(B)) —dimg,,(C N (B))]

XL
BeF,

- . N L )
- VeI",dIi%ijm Veu {d'qum (C; NV)—dimg, (Cy N V)}

= dimg,,(Cr N V)—dimg,.(C-NV
ver i oo, Jdim,, (€5 0 V)~ dim g, (€0 V)

i-th RDIP
Fo-#RERSC) CFL B X OBARSCr S CLIEDWT,  Kgi(C1,Co) 2
max {dimg,,(Ci N V) - dimg,,(C; N V) : V e T,dimg,, V = i}.
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EE (RDIPOEF 2 7%y NT—0FESADIGA)
UARDEER) VI SRERT %S DIEREDRKNIEIL,

max {I(S:XB) : B € Fy*} = Kg,(C5.C}).

u]
]
I
ut
it
i
<
¢
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F—RA B \DILIR
HESRZHA, B € XDWEERDT Py, PpRIOENT > kO E—[CTOB]:

Pa(a)
D(A||B) = P 1 .
(AlIB) ZX A(@)log -

BEEZTHC c YDNEZ5NTcEZEDA, B e XDFREMETHEERY
8P, PpcEDENIT Y kO E—[CTO6]:

. Paic(xly)
D(A||B|C) = P P 1 .
(AllBIC) yzy c(y));( aic(xly) log PocGly)

Un: ALD—IRDTMDEREZH, ERODHICHKESS, XIEWUL T,
I(S;XB) < dimg,,(C3 N (B)) —dimg,, (C{ N (B)) + DX||Uys)IS),
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