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10100]

subcodes
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linear code
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10111 01111} 11011]
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subcodes

O
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— O
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o
o
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linear code

OO
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O —0O
— O O

10111 01111} 11011]

(1100 0]

0001 1]

01100]

10100]

subcodes

O
O
— LO
— O
(@R |

— O
— O
O <
O
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O
o
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— O
i

o
o
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— O
— O

(@R |
O
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o
— O
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— O <
oo
— O

oo
oo
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O
— O

oo
Nk
—— O
o -0
— OO




linear code

higher weights

OO
OO
—— O
O —0O
— O O

10111 01111} 11011]

(1100 0]

0001 1]

01100]

10100]

subcodes

O
o
— LO
— O
(@R |

— O
— O
O <
O
oo

O
o
O Lo
— O
i

o
o
oo <
— O
— O

(@R |
O
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o
— O
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— O <
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— O
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Nk
—— O
o -0
— OO




linear code

higher weights

2

dlz
dy =
ds =

OO
OO
—— O
O —0O
— O O

10111 01111} 11011]

(1100 0]

0001 1]

01100]

10100]

subcodes

O
o
— LO
— O
(@R |

— O
— O
O <
O
oo

O
o
O Lo
— O
i

o
o
oo <
— O
— O

(@R |
O
— LO
o
— O
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o~
— O <
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— O
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O
— O
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Nk
—— O
o -0
— OO




subcodes

O
o
— LO
— O
(@R |

11011]
4

— O
— O
O <
O
oo

2
3

— N M

_ TS

higher weights

01111
4

O
o
O Lo
— O
i

10111]
4

OO

o - Nk
o - OO
oo < ——= O
— O o0
— O — OO

O O
—— O

O —0O

(1100 0]
2

linear code

— O O

(@R |
O
— LO
o
— O

0001 1]
2

o~
o~
— O <
oo
— O

01100]
2

oo
oo
™ o™
O
— O

(1010 0]
2




subcodes

O
o
— LO
— O
(@R |

11011]
4

— O
— O
O <
O
oo

AN D L0

— N M

_ TS

higher weights

01111
4

O
o
O Lo
— O
i

10111]
4

OO

o - Nk
o - OO
oo < ——= O
— O o0
— O — OO

O O
—— O

O —0O

(1100 0]
2

linear code

— O O

(@R |
O
— LO
o
— O

0001 1]
2

o~
o~
— O <
oo
— O

01100]
2

oo
oo
™ o™
O
— O

(1010 0]
2




higher weights

linear code

2
D

dJ_
i

AN D L0

— N M

_ TS

OO
OO
—— O
O —0O
— O O

10111 01111} 11011]

(1100 0]

0001 1]

01100]

10100]

subcodes

O
o
— LO
— O
(@R |

— O
— O
O <
O
oo

O
o
O Lo
— O
i

o
o
oo <
— O
— O

(@R |
O
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o
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— O <
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— O
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oo
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O
— O

oo
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—— O
o -0
— OO




linear code higher weights

10100 dy =2 i:
01100 dy=3 df=5
00011 ds = 5




linear code higher weights

10100 dy =2 di:2
01100 dy=3 df =5
00011 ds =5

U ={dy,...,ds}
V={n+l-d-_,_,,....,n+1—di}



linear code higher weights

10100 dy =2 i:
01100 dy=3 df=5
00011 ds = 5

U :{dl,...,dk} — {2,3,5}

V={n+l-dr_,_,,....,n+1—di} = {1,4}



linear code higher weights

10100 dy =2 di:2
01100 dy=3 df =5
00011 ds =5

U :{dl,...,dk} — {2,3,5}
V={n+l-dr_,_,,....,n+1—di} = {1,4}

Wei's Duality Theorem (1991)
JuV={1l,...,n} and UNV =g



Wel-type theorems



Wel-type theorems
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Wel-type theorems

L]
L]
]

( Graphs

: Codes (Wei 91) >[ Matroids }

Transversals

L]
]
L]



Wel-type theorems

L]
L]
]

( Graphs [ Demi-matroids | }

: Codes (Wei 91) >[ Matroids }

Transversals [ Demi-matroids || }

L]
]
L]



Wel-type theorems

L]
L]

L]
L]
]

: Graphs \ L [ Demi-matroids | }
~ Codes (Wei 91) [ Matroids }

" Transversals / S [ Demi-matroids |l }
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(A) = all elements beneath A

ideal



(A) = all elements beneath A

ideal






dual



dual
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linear code




linear code

OO
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—— O
O —0O
— O O

o<

10111 01111} 11011]

(1100 0]

0001 1]

01100]

10100]

subcodes

O
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O
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O
o
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— O
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(1100 0]

0001 1]
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subcodes
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C
D OO
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linear code higher weights

5
O
/\ 10100 dy =2 dp =3
16" 20 o3 01100 dy =4 d;" =5
00011 i’ =5
@)
4

U ={dr,...,d'} = {2,4,5}
V=_{n+1-d"" . n+1-d-T} = {1,3}



linear code higher weights

5
O] —
/\ 10100 dy =2 dp =3
107 20 o3 01100 dy =4 dy" =5
00011 dl =5
o
4
U={dl,....dJ} = {2,4,5}
V={n+1-d-"  ...n+1-d-T} ={1,3)
Poset Code Wei Duality Moura & Firer 2010

BJMS 2012
UuV=A{l,...,n} and UNV =g Barg & Purkayastha 2012



linear code

10100
01100
00011

U :{dl,...,dk} — {2,3,5}
V={n+l-dr_,_,,....,n+1—di} = {1,4}

Wei's Duality Theorem (1991)
JuV={1l,...,n} and UNV =g



linear code  Re(x,y) = )  art®)=rylAl=r4)

ACE
10100
01100
00011

U ={d,....dy} = {2,3,5)

V={n+l-d-, ,,....n+1—di} = {1,4}

Wei's Duality Theorem (1991)
JuV={1l,...,n} and UNV =g



kK n—k
linear code  Re(x,y) =)  af®)oWylAimrl = NN iy
ACE i=0 =0
10100
01100
00011

U :{dl,...,dk} — {2,3,5}

Ve={n+tlod, , ...n+1—d'} ={1,4)

Wei's Duality Theorem (1991)
JuV={1l,...,n} and UNV =g



N

n_

k
linear code  Re(w,y) = Y o/ rWyAmoD = NN "y iy

ACE 1=0 5=0
65?188 = 6+ 92 + 522 + 23 + 5y + y? + day + 2%y
00011

U :{d17°°°7dk} — {27375}

V={n+l-dr_,_,,....,n+1—di} = {1,4}

Wei's Duality Theorem (1991)
JuV={1l,...,n} and UNV =g



linear code Re(z,y) :ZT@-]- xiyj = 6+ 9z + ba® + a° + by + dzy + 22y + y°
]

10100
01100
00011

U :{dl,...,dk} — {2,3,5}
V={n+l-dr_,_,,....,n+1—di} = {1,4}

Wei's Duality Theorem (1991)
JuV={1l,...,n} and UNV =g



linear code R(j(ZE,y) :ZT@-]- xiyj = 6+ 9z + ba® + a° + by + dzy + 22y + y°
6]

10100 o
01100 Rouz,y) Z Ty = 6+ 9y + 5y + 4 + b + day + vy2 + 22
00011

U :{dl,...,dk} — {2,3,5}

Ve={n+tlod, , ...n+1—d'} ={1,4)

Wei's Duality Theorem (1991)
JuV={1l,...,n} and UNV =g



linear code R(j(ZE,y) :ZT@-]- xiyj = 6+ 9z + ba® + a° + by + dzy + 22y + y°
6]

10100 o
01100 Reulz,y)= Ti#xzyj = 6+ 9y + 5y* +y° + bx + dxy + zy? + 2°
00011 17




linear code Re(z,y) :Zrij xiyj = 6+ 9z + ba® + a° + by + dzy + 22y + y°
]

10100 o
01100 Reulz,y)= Tz#xzyj = 6+ 9y + 5y* +y° + bx + dxy + zy? + 2°
00011 17

= O1 © O
O = B~ O

O OO

M = [ry]



linear code Re(z,y) :Zrij :I:iyj = 6+ 9z + ba® + a° + by + dzy + 22y + y°
]

10100
01100 Reuz,y) ZT Ty = 6+ 9y + 5y + y® + 5z + dzy + zy? + 22
00011

6 51 6 9 51

9 40 5410

510 1 000

1 00

M = [’I“ij] M+ = [TL]



linear code Re(z,y) :Zrij xiyj = 6+ 9z + ba® + a° + by + dzy + 22y + y°
]

10100
01100 Reuz,y) ZT Ty = 6+ 9y + 5y + y® + 5z + dzy + zy? + 22
00011

6 51 6 9 51

9 40 5410

510 1 000

1 00

M = [ri] M~ = [ry] = [rji] = M"



linear code

— O O
Lo — O
o O
O O

— O O O
Lo T — O
O O O

OO
OO
—— O
OO
— OO

[rji] = M7

M+ = Ir;

[7is]

M



linear code

10100 6 51 6 951
01100 9 4 0 5410
00011 510 1 000
1 00
M:[Tij] MJ‘_[’I“iJ;
Lemma

The non-zero entries of M and M~ form Ferrers shapes.



linear code

10100 6 51 6 9 51
01100 9 4 5 4 1
00011 5 1 1

1

M:[Tij] MJ‘:[’I“iJ;
Lemma

The non-zero entries of M and M~ form Ferrers shapes.



linear code

10100 6 5 1
01100 9 4
00011 5 1
1
M = [r;]
Lemma

o d; —1 = #0sin row ¢ of M
L . . . 1
» dy—j = #0sinrow j of M




linear code

10100 6 51 6 951
01100 9 4 5 4 1
00011 5 1 1
1
M = [ri] M= =[rj] = [rz] = M*
Lemma

s d; —1 = #0sinrow ¢ of M
il . . : 1 : :
» dy—j = #0sinrow jof M~ = #0sin column j of M



linear code

10100 6 51 6 951
01100 9 4 di—1=1 5 4 1
00011 5 1 1
1
M = [ri] M= =[rj] = [rz] = M*
Lemma

s d; —1 = #0sinrow ¢ of M
il . . : 1 : :
» dy—j = #0sinrow jof M~ = #0sin column j of M



linear code

10100 6 5 1 6 951
01100 9 4 di—1=1 5 4 1
00011 51 do —2 =1 1
1
M = [ri] M= =[rj] = [rz] = M*
Lemma

s d; —1 = #0sinrow ¢ of M
il . . : 1 : :
» dy—j = #0sinrow jof M~ = #0sin column j of M



linear code

10100 6 5 1 6 951
01100 9 4 di—1=1 5 4 1
00011 51 do —2 =1 1
1 ds — 3 =2
M = [ri] M= =[rj] = [rz] = M*
Lemma

s d; —1 = #0sinrow ¢ of M
il . . : 1 : :
» dy—j = #0sinrow jof M~ = #0sin column j of M



linear code

10100 6 5 1 6 951
01100 9 4 di—1=1 54 1 di — 1=
00011 51 do —2 =1 1

1 ds —3 =2

M = [ry] M+ = [ry;] = [rji] = M*
Lemma

s d; —1 = #0sinrow ¢ of M
il . . : 1 : :
» dy—j = #0sinrow jof M~ = #0sin column j of M



linear code

10100 6 5 1 6 9 5 1
01100 9 4 di—1=1 5 4 1 df —1=1
00011 5 1 do —2 =1 1 dy — 2 =
1 dz —3 =2
M = [rij] M+ =[] = [rj] = M*
Lemma

s d; —1 = #0sinrow ¢ of M
il . . : 1 : :
» dy—j = #0sinrow jof M~ = #0sin column j of M



linear code

10100 6 5 1 6 951
01100 9 4 di—1=1 5 4 1 df —1=1
00011 5 1 do —2 =1 1 dy — 2 =
1 ds —3 =2
M = [rij] M+ =[] = [rj] = M*
di =2 df-:
d2: d%‘:
ds =
higher weights
Lemma

s d; —1 = #0sinrow ¢ of M
? dj—j — #0s in row j of M+ = #0s in column j of M



Wei's Duality Theorem (1991) U = {d;}
UuV ={1,....n} and UNV =g V={n+1-d}



Wei's Duality Theorem (1991) U = {d;}
UuV ={1,....n} and UNV =g V={n+1-d}

Proof



Wei's Duality Theorem (1991) U = {di}

UuV ={1,....n} and UNV =g V={n+1-d}
Proof
dz'—’l,
h
_%ﬁ




Wei's Duality Theorem (1991) U = {di}

UuV ={1,....n} and UNV =g V={n+1-d}
Proof
0 ] n—k
0
1 dz'—’l,
N
_|'ﬁ
k e}




Wei's Duality Theorem (1991) U = {d;}
UuV ={1,....n} and UNV =g V={n+1-d}

Proof

di+dy = (di—i)+(d7 —j)+i+




Wei's Duality Theorem (1991) U = {d;}

UuV ={1,....n} and UNV =g V={n+1-d}
Proof
0 j n—k
0
i i d’i—|_d3L — (dz_i)+(dj_])+2+]
- < (n—k+1)—(+1)
- Sk 1) — (1) it
k !




Wei's Duality Theorem (1991) U = {d;}

UuV ={1,....n} and UNV =g V={n+1-d}
Proof
0 j n—k
0
i i — 0 di+dJL: (dz_i)+(dj_])+2+]

- < (n—k+1)—(+1)

e +k+1)—(i+1)+i+j = n
k !




Wei's Duality Theorem (1991) U = {di}

UuV ={1,....n} and UNV =g V={n+1-d}
Proof
h
_'%ﬁ
d@'—z

Case |



Wei's Duality Theorem (1991) U = {di}

UuV ={1,....n} and UNV =g V={n+1-d}
Proof
0 jn—k:

0
T
_'%ﬁ

) d; — 1

k

Case |



Wei's Duality Theorem (1991) U = {d;}

UuV ={1,....n} and UNV =g V={n+1-d}
Proof
0 jn—k
0
‘e . o 1 . .
| di+dy = (di—i)+ (&7 —j)+i+]
_|°h
) d; — 1
k




Wei's Duality Theorem (1991) U = {d;}

UuV ={1,....n} and UNV =g V={n+1-d}
Proof
0 jn—k
0
= di+dy = (di—i)+(dF—j)+i+7

T
d;
|V

m—k+1—g)+k+1—0)+14+7




Wei's Duality Theorem (1991) U = {d;}

UuV ={1,....n} and UNV =g V={n+1-d}
Proof
0 jn—k
0
= di+dy = (di—i)+(dF—j)+i+7

T
d;
|V

m—k+1—g)+k+1—0)+14+7




Wei's Duality Theorem (1991)
UuV ={1,....,n} and UNV =9

Proof




Wei's Duality Theorem (1991)
UuV ={1,....,n} and UNV =9

Proof

In either case, d, + djL £n+1

"~
|

o
s

Case |




Wei's Duality Theorem (1991) U = {d;}

UuV ={1,....n} and UNV =g V={n+1-d}
Proof
di —1 T

- e

| d; —1

R

Case | Case |

di+d <n di +di >n+2

In either case, di+d]*7én+1 — soUNV =g,



Wei's Duality Theorem (1991) U = {d;}

UuV ={1,....n} and UNV =g V={n+1-d}
Proof
di—z T

- E

| di —i

RN

Case | Case |

di+d <n di +di >n+2

Ineithercase,dierj;énJrl — soUNV=0y.
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