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[ D = (E,s,t) is a demi-matroid ]
if and only if, forall X CY C F,
. 0 < s(X) < s(Y) <Y
. 0< HX) < HY) <Y
o |F—X|—-5s(F—X)=tF)—tX)

' Dual | D* = (BE,t,s)

:Supplement] D = (E,5,t) where
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linear code higher weights

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

Jdipt = {2,3,5}

{d
{n+1—¢%kh”wn+l—@}::ﬂA}
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Wei's Duality Theorem (Wei '91)

UuV ={l,...,n} and UNV =@
& J
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minimal size of a bond = 2
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min. # edges in 2 distinct bonds = 4
min. # edges in 3 distinct bonds By, By, B3, B3 g BiUB, =5

> o
W N
Il

c1 = minimal size of a cycle = 3
co = Mmin. # edges in 2 distinct cycles = 5

Set U = {b1,br,b3} = {2,4,5}
and V={54+1—-cp,54+1—-c1}={1,3}.



minimal size of a bond = 2

o
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I

min. # edges in 2 distinct bonds = 4
min. # edges in 3 distinct bonds By, By, B3, B3 g BiUB, =5
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c1 = minimal size of a cycle = 3
co = Mmin. # edges in 2 distinct cycles = 5

Set U = {b1,br,b3} = {2,4,5}
and V={54+1—-cp,54+1—-c1}={1,3}.

[ UuvV = {1,2,3,4,5} and UNV =0 }




G = a multigraph on n edges

Define
k = # edges in a spanning forest of G
b; = min. # edges in ¢ bonds, none contained in the union of the others

c; = min. # edges in j cycles, none contained in the union of the others

Uz{bl,...,bk}
V={n+1l—-c,pt,....,.n+1—c1}.

[BritzQOO?: UuVvV =4{1,...,n} and Uﬂ\/:@}
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M = a matroid of rank k£ on n elements

Define
fi = max{|X] : pp(X) =i}
fi=max{|X]| : pp=(X) =3}

U:{f0+1,---,fk—1+1}

V:{n_ ;;_k_l,...,n_fS}.

BJMS 2012

[UUV:{L---/’L} and UﬂV=(Z)} Larsen 2005

Proof. Assume that the theorem is false.
Then fi4+1=n— f]i" for some 1, j.
Let A C FE satisfy |A| = f;f and ry(A) = j.
Then |[E—Al=fi+1,sory(E—A)>i+1.
Since |[E — Al + ry(A) —r(M*) = ry(E — A),

~fititrzitl.
Similarly,

n—fiti—r=>j5+1.

Hence, 1 =n— f; — f;‘ > 2, a contradiction. |
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E = a set on n elements

s,t = integer functions on 2& with k = s(E)

D = (F,s,t) is a demi-matroid if and only if, for all X CY C F,
o 0 < s(X) < s(Y)<|Y]
o 0 < #(X) < HY) < |Y]
o |FE—X|—s(F—X) =t(F)-—t(X)

s; = max{|X]| : s(X) =1} S ={n—-—s4_1,...,n— 80}
t; = max{|X| : t(X) = j} T ={to+1,...,t,_r_1+1}
o; = min{|X| : s(X) =i} U={o1,...,0L}

= min{|X]| : #(X) = j} V={n+l-7 p....,n+1—-71}
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FE = a set on n elements

s,t = integer functions on 2& with k = s(E)

D = (FE,s,t) is a demi-matroid if and only if, for all X CY C F,
o 0 < s(X) < s(Y) <Y
o 0 < H(X) < tY) < |Y]
o |[E—X|—s(E—X) = t(F)—t(X)

s; = max{|X| : s(X) =i} S ={n—-—s;,_1,...,n— 80}

t; = max{|X| : t(X) = j} T ={to+1,...,t,_r_1+ 1}

o; = min{|X| : s(X) =i} U={o1,...,0L}

7, = min{ | X| : t¢(X) = j} V={n+l-7,_4....n+1—11}
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BJMS 2012: UUV ={1,...,n} and UnNV=10
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a set
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= a poset on E
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a demi-matroid (FE,s,t)

— a poset on FE

min{ [(X)p| 1 s(X) = i}
min{ (X)+| : t(X) = j}
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&

— a set

>

— a demi-matroid (F, s,t)

v

= a poset on E

s{j =max{|E - (E - X)p| : s(X) =i}
th = max{ |E — (B — X)p| : t(X) = j}
of = min{ [(X)p| : s(X) =i}

P=min{|(X)p| : t(X) = j}
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— a set on n elements
a demi-matroid (F,s,t) with k = s(F)

v U
[

= a poset on E

sP=max{|E—(E—X)p| :s(X) =i} SP={n—sl ... ,n—sk}

) =max{|E— (B=X)pl| :6(X) =j} TP={tg+ 1. +1)
O'Z-Pz min{|<X>p| :s(X) :z} UP: {0_{37.”70_5}

P=min{|(X)p| : t(X) = j} VP=fn+1-7L . n+1-+F



E = a set on n elements
D = a demi-matroid (F,s,t) with k& = s(EF)
P = a poset on E

®
|

t; =max{|E—(E - X)p| :t(X) =4} TV={tf+1,....t_, 1 +1}
oP = min{ |{X)p| : s(X) = i} UP = (o], o)
JP min{ [(X)5| : t(X) = j} VP=fn+1-7L . n+1-+F
BJMS 2012: SPuTP= {1,...,n} and SPNTP =0
BJMS 2012: UPUVP= {1,...,n} and UPNVP = ¢




E = a set on n elements

D = a demi-matroid (FE,s,t) with k£ = s(F)

P = a poset on E

sP=max{|E—(E - X)p| :s(X)=1i} SI'= {n—skp_l,...,n—sg}

th =max{|E— (B - X)p| :t(X) =4} TP={f+1,... ¢, ;+1}
o= min{|(X)p| : s(X) =i} Uf ={o{,...,04}

f min{ |(X)5| : t(X) = j} VP=fn+1-7L . n+1-+F

BJMS 2012: SPuUTP= {1,...,n} and SPNTF =0
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BJMS 2012: UPUVP= {1,...,n} and UPNVP = ¢
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[ Poset generalisation of Wei’'s Duality Theorem }

Moura & Firer 2010
Barg & Purkayastha
BJMS 2012
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