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♣✉✐( ✉✬✐❧( (♦♥% *❡❧✐2( ♣❛* ✉♥ ❛*❝✳ ▲❡ (♦♠♠❡% s4 ❡(% ✉♥ ♣♦✐♥% ✐0♦❧&✳ d ❡% e (♦♥% ❞❡( ❛*❝( ♣❛!❛❧❧2❧❡0

♣✉✐( ✉✬✐❧( ♦♥% ❧❛ ♠1♠❡ ❡①%*2♠✐%2 ✐♥✐%✐❛❧❡ s3 ❡% ❧❛ ♠1♠❡( ❡①%*2♠✐%2 %❡*♠✐♥❛❧❡ s1✱ (s2, s3) ❡(% ❞♦♥❝
✉♥ ❛*❝ ♠✉❧%✐♣❧❡✳ ▲❡ ❣*❛♣❤❡ ♥✬❡(% ♣❛( (✐♠♣❧❡ ♣✉✐( ✉✬✐❧ ❛ ✉♥❡ ❜♦✉❝❧❡ ❡% ❞❡( ❛*❝( ♣❛*❛❧❧A❧❡(✱ |G| = 4 ❡%

||G|| = 5✳

✸



✶✳✸✳✸ ▼✉❧&✐♣❧✐❝✐&* ❞✬✉♥❡ ♣❛✐0❡ ❞❡ 1♦♠♠❡&1

▲❛ ♠✉❧%✐♣❧✐❝✐%) ❞✬✉♥❡ ♣❛✐.❡ ❞❡ /♦♠♠❡%/ (sj , sk)✱ ♥♦%❡) m+
G(sj , sk)✱ ❡/% ❧❡ ♥♦♠❜.❡ ❞✬❛.❝/ ❞✉ ❣.❛♣❤❡ G

❛②❛♥% sj ❝♦♠♠❡ ❡①%.)♠✐%) ✐♥✐%✐❛❧❡ ❡% sk ❝♦♠♠❡ ❡①%.)♠✐%) %❡.♠✐♥❛❧❡✳

❖♥ ♣♦/❡ m−

G(sk, sj) = m+
G(sj , sk) ❡% mG(sj , sk) = m+

G(sj , sk) +m−

G(sk, sj)✳
❙✐ sj 6= sk✱ ❛❧♦./ mG(sj , sk) ❡/% ❧❡ ♥♦♠❜.❡ ❞✬❛.❝/ ❛②❛♥% ✉♥❡ ❡①%.)♠✐%) ❡♥ sj ❡% ✉♥❡ ❡♥ sk✳

❙✐ sj = sk✱ ❛❧♦./ mG(sj , sk) ✈❛✉% ❞❡✉① ❢♦✐/ ❧❡ ♥♦♠❜.❡ ❞❡ ❜♦✉❝❧❡/ ❡♥ sj ✳

✶✳✸✳✹ ▲❡ ♣✲❣0❛♣❤❡

❙✐ ❞❛♥/ ✉♥ ❣.❛♣❤❡ G ❧❡ ♥♦♠❜.❡ ❞✬❛.❝/ <✉✐ ✈❛ ❞✬✉♥ /♦♠♠❡% sj = ✉♥ /♦♠♠❡% sk ♥❡ ♣❡✉% ❡①❝)❞❡. ✉♥

♥♦♠❜.❡ p✱ ♦♥ ❞✐% <✉✬♦♥ ❛ ✉♥ p✲❣"❛♣❤❡ ♦✉ <✉❡ p ❡/% ❧❛ ♠✉❧*✐♣❧✐❝✐*- ❞✉ ❣.❛♣❤❡✳

❉❛♥/ ❧✬❡①❡♠♣❧❡ ✸✱ G ❡/% ✉♥ 2✲❣.❛♣❤❡ ♦✉ <✉❡ 2 ❡/% ❧❛ ♠✉❧%✐♣❧✐❝✐%) ❞❡ G✳

✶✳✹ ❘❡❧❛'✐♦♥+ ❡♥',❡ ❧❡+ -❧-♠❡♥'+ ❞✬✉♥ ❣,❛♣❤❡

✶✳✹✳✶ ❘❡❧❛&✐♦♥1 ❡♥&0❡ 1♦♠♠❡&1

A♦✉. ✉♥ ❛.❝ <✉❡❧❝♦♥<✉❡ (sj , sk)✱ sj ❡/% ❧✬❡①*"-♠✐*- ✐♥✐*✐❛❧❡ ❡% sk ❡/% ❧✬❡①*"-♠✐*- *❡"♠✐♥❛❧❡✳ ❖♥ ❞✐% ❛✉//✐

<✉❡ sj ❡/% ✉♥ ♣"-❞-❝❡22❡✉" ❞❡ sk ♦✉ <✉❡ sk ❡/% ✉♥ 2✉❝❝❡22❡✉" ❞❡ sj ✳ ▲✬❡♥/❡♠❜❧❡ ❞❡/ ♣.)❞)❝❡//❡✉./

❞❡ sk /❡ ♥♦%❡ Γ
−

G(sk) ❡% ❧✬❡♥/❡♠❜❧❡ ❞❡/ /✉❝❝❡//❡✉./ ❞❡ sj /❡ ♥♦%❡ Γ
+
G(sj)✳

❉❡✉① /♦♠♠❡%/ sj ❡% sk /♦♥% ❞✐%/ ❛❞❥❛❝❡♥*2 ♦✉ ✈♦✐2✐♥2 /✬✐❧/ /♦♥% .❡❧✐)/ ❡♥%.❡ ❡✉① ♣❛. ❛✉ ♠♦✐♥/ ✉♥ ❛.❝✳

▲✬❡♥/❡♠❜❧❡ ❞❡/ ✈♦✐/✐♥/ ❞✬✉♥ /♦♠♠❡% sj /❡ ♥♦%❡ ♣❛. ΓG(sj)✱ ✐❧ ❡/% ❞♦♥♥) ♣❛. ΓG(sj) = Γ+
G(sj)∪Γ

−

G(sj)✳
❙✐ ΓG(sj) = ∅✱ ♦♥ ❞✐% <✉❡ sj ❡/% ✉♥ /♦♠♠❡% ✐2♦❧-✳

❉❛♥/ ❧✬❡①❡♠♣❧❡ ✸✱ s3 ❡/% = ❧❛ ❢♦✐/ ✉♥ /✉❝❝❡//❡✉. ❡% ✉♥ ♣.)❞)❝❡//❡✉. ❞❡ s1✳ Γ+
G(s1) = {s1, s3} ❡%

Γ−G(s1) = {s1, s2, s3}✱ ❞♦♥❝ ΓG(s1) = {s1, s2, s3}✳ ❖♥ ❛ ΓG(s4) = ∅✱ s4 ❡/% ✉♥ /♦♠♠❡% ✐/♦❧)✳

✶✳✹✳✷ ❙♦♠♠❡& ❛❞❥❛❝❡♥& = ✉♥ ❡♥1❡♠❜❧❡ ❞❡ 1♦♠♠❡&1

❙✐ E ⊂ S✱ ♦♥ ♣♦/❡ ΓG(E) =
⋃

s∈E ΓG(s)✳
❙✐ s ∈ ΓG(E) ❡% s /∈ E✱ ♦♥ ❞✐% <✉❡ s ❡/% ✉♥ /♦♠♠❡% ❛❞❥❛❝❡♥* = ❧✬❡♥/❡♠❜❧❡ E✳
❉❛♥/ ❧✬❡①❡♠♣❧❡ ✷✱ ♦♥ ❛ ΓG({s2, s3}) = {s1}✱ s1 ∈ ΓG({s2, s3}) ❡% s1 /∈ {s2, s3}✱ ❞♦♥❝ s1 ❡/% ❛❞❥❛❝❡♥%

= ❧✬❡♥/❡♠❜❧❡ {s2, s3}✳

✶✳✹✳✸ ▲❡ ❞❡❣0* ❞✬✉♥ 1♦♠♠❡&

▲❡ ❞❡❣"- ❡①*-"✐❡✉" ❞✬✉♥ /♦♠♠❡% s✱ ♥♦%) d+
G(s)✱ ❡/% ❧❡ ♥♦♠❜.❡ ❞✬❛.❝/ ❛②❛♥% s ❝♦♠♠❡ ❡①%.)♠✐%) ✐♥✐%✐❛❧❡✳

❖♥ ♣❡✉% .❡♠❛.<✉❡. <✉❡ d+
G(si) =

∑n
j=1 m+

G(si, sj)

▲❡ ❞❡❣"- ✐♥*-"✐❡✉" ❞✬✉♥ /♦♠♠❡% s✱ ♥♦%) d−G(s)✱ ❡/% ❧❡ ♥♦♠❜.❡ ❞✬❛.❝/ ❛②❛♥% s ❝♦♠♠❡ ❡①%.)♠✐%)

%❡.♠✐♥❛❧❡✳ ❖♥ ♣❡✉% .❡♠❛.<✉❡. <✉❡ d−G(si) =
∑n

j=1 m−

G(si, sj)

d+
G(s) + d−G(s) = dG(s) ❡/% ❧❡ ❞❡❣"- ❞❡ s ❞❛♥/ ❧❡<✉❡❧ ❝❤❛<✉❡ ❜♦✉❝❧❡ )%❛♥% ❝♦♠♣%)❡ ❞❡✉① ❢♦✐/✳
❯♥ /♦♠♠❡% ❡/% ♣❛✐" ✭.❡/♣❡❝%✐✈❡♠❡♥% ✐♠♣❛✐"✮ /✐ /♦♥ ❞❡❣.) ❡/% ✉♥ ♥♦♠❜.❡ ♣❛✐. ✭.❡/♣❡❝%✐✈❡♠❡♥% ✐♠♣❛✐.✮✳

❙✐ dG(s) = 0✱ s ❡/% ✉♥ /♦♠♠❡% ✐2♦❧-✳

❙✐ dG(s) = 1✱ s ❡/% ❞✐% /♦♠♠❡% ♣❡♥❞❛♥*✳

❙✐ %♦✉/ ❧❡/ /♦♠♠❡%/ ♦♥% ♠G♠❡ ❞❡❣.)✱ ❧❡ ❣.❛♣❤❡ ❡/% ❞✐% "-❣✉❧✐❡"✳

▲♦./<✉❡ G ❡/% ✉♥ ❣.❛♣❤❡ /✐♠♣❧❡✱ ❧❡ ❞❡❣.) ❞✬✉♥ /♦♠♠❡% s ❡/% )❣❛❧ ❛✉ ♥♦♠❜.❡ ❞❡ /♦♠♠❡%/ ❛❞❥❛❝❡♥%/
= s✳

✹



G δ(G) = min {dG(s), s ∈ S}
G ∆(G) = max {dG(s), s ∈ S}

G

d(G) =
1

|S|

∑

s∈S

dG(s)

G = (S, A)

∑

s∈S d−G(s) =
∑

s∈S d+
G(s)

∑

s∈S dG(s) = 2||G||

∑

s∈S dG(s) = 2p p ∈ N

∑

s∈S d−G(s) =
∑

s∈S d+
G(s)

∑

s∈S dG(s) = 2||G||

∑

s∈S

dG(s) =
∑

s∈S et dG(s) mod 2=0

dG(s) +
∑

s∈S et dG(s) mod 2=1

dG(s).

G = (S, A)



▲❡" ❞✐✛&'❡♥)" ❞❡❣'&" ❞❡" "♦♠♠❡)" ❞✉ ❣'❛♣❤❡ "♦♥) ❞♦♥♥&❡" ❞❛♥" ❧❡ )❛❜❧❡❛✉ "✉✐✈❛♥)✿

Sommet x s1 s2 s3 s4 s5 s6 s7 Total

d+
G(x) 5 2 3 2 0 0 0 12

d−G(x) 1 2 1 3 4 1 0 12
dG(x) 6 4 4 5 4 1 0 24

❖♥ ♣❡✉) ✈&'✐✜❡' 7✉❡ ✿

•
∑

x∈S d+
G(x) = 12 =

∑

x∈S d+
G(x)✳

•
∑

x∈S dG(x) = 24✱ ✉♥ ♥♦♠❜'❡ ♣❛✐'✳

•
∑

x∈S dG(x) = 2× 12✱ 12 ❡") ❧❛ )❛✐❧❧❡ ❞❡ G✳

• ❉❡✉① "♦♠♠❡)" s4 ❡) s6 "♦♥) ❞❡ ❞❡❣'& ✐♠♣❛✐'✳

• ▲❡ ❣'❛♣❤❡ ♥✬❡") ♣❛" '&❣✉❧✐❡'✱ ❧❡" "♦♠♠❡)" ♥✬♦♥) ♣❛" )♦✉" ❧❡ ♠=♠❡ ❞❡❣'&✳

• dG(s6) = 1✱ s6 ❡") ✉♥ "♦♠♠❡) ♣❡♥❞❛♥)✳

• dG(s7) = 0✱ s7 ❡") ✉♥ "♦♠♠❡) ✐"♦❧&✳

• ▲❡ ❣'❛♣❤❡ ♥✬❡") ♣❛" "✐♠♣❧❡ ❝❛' dG(s1) ❡") ❞✐✛&'❡♥) ❛✉ ♥♦♠❜'❡ ❞❡ "♦♠♠❡)" ❛❞❥❛❝❡♥)" @ s1✳

• δ(G) = 0 ❡) ∆(G) = 6✳

✶✳✹✳✹ ❘❡❧❛'✐♦♥+ ❡♥',❡ ❛,❝+ ❡' +♦♠♠❡'+

❆!❝ ✐♥❝✐❞❡♥' ( ✉♥ *♦♠♠❡'

• ❯♥ ❛'❝ ✭❛'=)❡✮ ❡") ✐♥❝✐❞❡♥% @ ✉♥ "♦♠♠❡) "✐ ❝❡ "♦♠♠❡) ❡") ✉♥❡ ❡①)'&♠✐)& ❞❡ ❝❡) ❛'❝ ✭❛'=)❡✮✳

• ❯♥ ❛'❝ ✭❛'=)❡✮ ❡") ❞✐) ♣❡♥❞❛♥% "✬✐❧ ❡") ✐♥❝✐❞❡♥) @ ✉♥ "♦♠♠❡) ♣❡♥❞❛♥)✳

• ❙♦✐) a = (x, y) ✉♥ ❛'❝✳ a ❡") ❞✐) ✐♥❝✐❞❡♥) ❛✉ "♦♠♠❡) x ✈❡)* ❧✬❡①%.)✐❡✉) ❡) ✐♥❝✐❞❡♥) ❛✉ "♦♠♠❡)

y ✈❡)* ❧✬✐♥%.)✐❡✉)✳

❉❛♥" ❧❛ ✜❣✉'❡ ✶✳✺ ❞❡ ❧✬❡①❡♠♣❧❡ ✹✱ ❧✬❛'❝ (s1, s5) ❡") ✐♥❝✐❞❡♥) ❛✉ "♦♠♠❡) s1 ✈❡'" ❧✬❡①)&'✐❡✉' ❡) ✐♥❝✐❞❡♥)

❛✉ "♦♠♠❡) s5 ✈❡'" ❧✬✐♥)&'✐❡✉'✳ ▲✬❛'❝ (s1, s6) ❡") ✉♥ ❛'❝ ♣❡♥❞❛♥) ♣✉✐"7✉❡ s6 ❡") ✉♥ "♦♠♠❡) ♣❡♥❞❛♥)✳

❆!❝ ✐♥❝✐❞❡♥' ( ✉♥ ❡♥*❡♠❜❧❡ ❞❡ *♦♠♠❡'*

❙♦✐) E ⊂ S✳

• ❙✐ ❧✬❡①)'&♠✐)& ✐♥✐)✐❛❧❡ ❞✬✉♥ ❛'❝ a ❛♣♣❛')✐❡♥) @ E ♠❛✐" ♣❛" "♦♥ ❡①)'&♠✐)& ✜♥❛❧❡✱ ♦♥ ❞✐) 7✉❡ a
❡") ✉♥ ❛'❝ ✐♥❝✐❞❡♥% 0 ❧✬❡♥*❡♠❜❧❡ E ✈❡)* ❧✬❡①%)✐❡✉)✳

• H❛' ❝♦♥)'❡✱ "✐ ❧✬❡①)'&♠✐)& ✜♥❛❧❡ ❞✬✉♥ ❛'❝ a ❛♣♣❛')✐❡♥) @ E ♠❛✐" ♣❛" "♦♥ ❡①)'&♠✐)& ✐♥✐)✐❛❧❡✱ ♦♥

❞✐) 7✉❡ a ❡") ✉♥ ❛'❝ ✐♥❝✐❞❡♥% 0 ❧✬❡♥*❡♠❜❧❡ E ✈❡)* ❧✬✐♥%.)✐❡✉)✳

✻



• ❙✐ a ❡#$ ✐♥❝✐❞❡♥$ ( ❧✬❡♥#❡♠❜❧❡ E ✈❡.# ❧✬❡①$0.✐❡✉. ❛❧♦.# ♦♥ ♥♦$❡ a ∈ ω+
G(E)✳

• ❙✐ a ❡#$ ✐♥❝✐❞❡♥$ ( ❧✬❡♥#❡♠❜❧❡ E ✈❡.# ❧✬✐♥$0.✐❡✉. ❛❧♦.# ♦♥ ♥♦$❡ a ∈ ω−G(E)✳

• ▲✬❡♥#❡♠❜❧❡ ❞❡# ❛.❝# ✐♥❝✐❞❡♥$# ( ❧✬❡♥#❡♠❜❧❡ E ❡#$ ♥♦$0 ωG(E) = ω+
G(E) ∪ ω−G(E)✳

❉❛♥# ❧❛ ✜❣✉.❡ ✶✳✺ ❞❡ ❧✬❡①❡♠♣❧❡ ✹✱

#✐ E = {s3, s5}✱ ❧✬❛.❝ (s1, s5) ❡#$ ✐♥❝✐❞❡♥$ ( ❧✬❡♥#❡♠❜❧❡ E ✈❡.# ❧✬✐♥$0.✐❡✉.✱ ❡$ ❧✬❛.❝ (s3, s2) ❡#$ ✐♥❝✐❞❡♥$
( ❧✬❡♥#❡♠❜❧❡ E ✈❡.# ❧✬❡①$.✐❡✉.✳

ω+
G(E) = {(s1, s5), (s2, s5)} ❡#$ ❧✬❡♥#❡♠❜❧❡ ❞❡# ❛.❝# ✐♥❝✐❞❡♥$# ( E ✈❡.# ❧✬✐♥$0.✐❡✉.✳

ω−G(E) = {(s3, s2)} ❡#$ ❧✬❡♥#❡♠❜❧❡ ❞❡# ❛.❝# ✐♥❝✐❞❡♥$# ( E ✈❡.# ❧✬❡①$.✐❡✉.✳

ωG(E) = {(s1, s5), (s2, s5), (s3, s2)} ❡#$ ❧✬❡♥#❡♠❜❧❡ ❞❡# ❛.❝# ✐♥❝✐❞❡♥$# ( E✳

✶✳✹✳✺ ❆%❝' ❛❞❥❛❝❡♥-'

❉❡✉① ❛.❝# ✭❛.?$❡#✮ #♦♥$ ❞✐$# ❛❞❥❛❝❡♥&' #✬✐❧# ♦♥$ ✉♥❡ ❡①$.0♠✐$0 ❝♦♠♠✉♥❡✳

❉❛♥# ❧❛ ✜❣✉.❡ ✶✳✺ ❞❡ ❧✬❡①❡♠♣❧❡ ✹✱ ❧❡# ❞❡✉① ❛.❝# (s1, s5) ❡$ (s2, s5) #♦♥$ ❛❞❥❛❝❡♥$# ♣✉✐#B✉❡ ❧❡ #♦♠♠❡$
s5 ❡#$ ✉♥❡ ❡①$.0♠✐$0 ❝♦♠♠✉♥❡✳

✶✳✹✳✻ ◗✉❛❧✐✜❝❛-✐❢' ❞❡' ❣%❛♣❤❡'

❙♦✉# ❣%❛♣❤❡ ❡♥❣❡♥❞%,✱ ❣%❛♣❤❡ ♣❛%.✐❡❧ ❡♥❣❡♥❞%, ❡. #♦✉#✲❣%❛♣❤❡ ♣❛%.✐❡❧

❙♦✐$ ✉♥ ❣.❛♣❤❡ B✉❡❧❝♦♥B✉❡ G = (S, A)✳

• ❙♦✐$ E ⊂ S✱ ❧❡ '♦✉' ❣,❛♣❤❡ ❡♥❣❡♥❞,/ ♣❛, E ❡#$ ❧❡ ❣.❛♣❤❡ ♥♦$0 GE ❞♦♥$ ❧❡# #♦♠♠❡$# #♦♥$ ❧❡#

0❧0♠❡♥$# ❞❡ E ❡$ ❞♦♥$ ❧❡# ❛.❝# ✭❛.?$❡#✮ #♦♥$ ❧❡# 0❧0♠❡♥$# ❞❡ A ❛②❛♥$ ❧❡✉.# ❡①$.0♠✐$0# ❞❛♥# E✳

• ❙♦✐$ U ⊂ A✱ ❧❡ ❣,❛♣❤❡ ♣❛,&✐❡❧ ❡♥❣❡♥❞,/ ♣❛, U ❡#$ ❧❡ ❣.❛♣❤❡ (S, U) ❛②❛♥$ ❧❡ ♠?♠❡ ❡♥#❡♠❜❧❡ ❞❡
#♦♠♠❡$# B✉❡ G✱ ❡$ ❞♦♥$ ❧❡# ❛.❝# ✭❛.?$❡#✮ #♦♥$ ❧❡# 0❧0♠❡♥$# ❞❡ U ♦♥ 0❧✐♠✐♥❡ ❞❡ G ❧❡# ❛.❝# ❞❡

A− U ✳

• ❯♥ '♦✉'✲❣,❛♣❤❡ ♣❛,&✐❡❧ ❞❡ G ❡#$ ✉♥ #♦✉#✲❣.❛♣❤❡ ❞✬✉♥ ❣.❛♣❤❡ ♣❛.$✐❡❧ ❞❡ G ♦✉ ✉♥ ❣.❛♣❤❡ ♣❛.$✐❡❧

❞✬✉♥ #♦✉#✲❣.❛♣❤❡ ❞❡ G✳

❊①❡♠♣❧❡ ✺ ✿ G♦✉. ❧❡ ❣.❛♣❤❡ G #✐ ❛♣.H# ✿

•
s4

•
s3

•

s1
•

s2
a

d e
c

b

❋✐❣✉.❡ ✶✳✻✿ ❯♥ ❡①❡♠♣❧❡ ❞✬✉♥ ❣.❛♣❤❡

❧❡ ❣.❛♣❤❡ #✉✐✈❛♥$ ✿

✼



•
s3

•

s1
•

s2
a

c

❋✐❣✉$❡ ✶✳✼✿ ❙♦✉, ❣$❛♣❤❡ ❡♥❣❡♥❞$2

❡,3 ✉♥ ,♦✉, ❣$❛♣❤❡ ❞❡ G ❡♥❣❡♥❞$2 ♣❛$ ❧✬❡♥,❡♠❜❧❡ ❞❡, ,♦♠♠❡3, {s1, s2, s3}✱
3❛♥❞✐, 9✉❡ ❧❡ ❣$❛♣❤❡

•
s4

•
s3

•

s1
•

s2

d

b

❋✐❣✉$❡ ✶✳✽✿ ●$❛♣❤❡ ♣❛$3✐❡❧

❡,3 ✉♥ ❣$❛♣❤❡ ♣❛$3✐❡❧ ❡♥❣❡♥❞$2 ♣❛$ ❧✬❡♥,❡♠❜❧❡ ❞❡, ❛$<3❡, {b, d}✳

❙♦✐❡♥3 S ❧✬❡♥,❡♠❜❧❡ ❞❡, ✈✐❧❧❡, ❞❡ ❧✬❆❧❣2$✐❡ 9✉✐ ♦♥3 ✉♥❡ ❣❛$❡ ❡3 A ❧✬❡♥,❡♠❜❧❡ ❞❡, ✈♦✐❡, ❢❡$$2❡,

❧❡, $❡❧✐❛♥3✳

❙✐ S1 ❡,3 ❧✬❡♥,❡♠❜❧❡ ❞❡, ✈✐❧❧❡, ❝❡♥3$❡ ❞✬❆❧❣2$✐❡✱ ❛✈❡❝ ✉♥❡ ❣❛$❡✱ ❡3 A1 ❧✬❡♥,❡♠❜❧❡ ❞❡, ✈♦✐❡, ❢❡$$2❡,

❧❡, $❡❧✐❛♥3✱ ❧❡ ❣$❛♣❤❡ G1 = (S1, A1) ❡,3 ❧❡ ,♦✉,✲❣$❛♣❤❡ ❞✉ ❣$❛♣❤❡ G = (S, A) ❡♥❣❡♥❞$2 ♣❛$ S1✳

▼❛✐♥3❡♥❛♥3 ,✐ ♦♥ ❝♦♥,✐❞C$❡ A2 ❧❡ $2,❡❛✉ ❚●❱✳ ▲❡ ❣$❛♣❤❡ G2 = (S, A2) ❡,3 ✉♥ ❣$❛♣❤❡ ♣❛$3✐❡❧
❞❡ G✳
❙✐ A3 $❡♣$2,❡♥3❡ ❧❡ $2,❡❛✉ ❚●❱ $❡❧✐❛♥3 ❧❡, ✈✐❧❧❡, ❞✉ ❝❡♥3$❡ ❞✬❆❧❣2$✐❡✱ ❧❡ ❣$❛♣❤❡ G3 = (S1, A3)
❡,3 ✉♥ ,♦✉, ❣$❛♣❤❡ ♣❛$3✐❡❧ ❞❡ G✳

●!❛♣❤❡ &②♠)*!✐,✉❡

❯♥ ❣$❛♣❤❡ ❡,3 ❞✐3  ②♠#$%✐'✉❡ ,✐ ♣♦✉$ 3♦✉3❡ ♣❛✐$❡ ❞❡ ,♦♠♠❡3, x ❡3 y✱ ✐❧ ❡①✐,3❡ ❛✉3❛♥3 ❞✬❛$❝, ❞❡ ❧❛
❢♦$♠❡ (x, y) 9✉❡ ❞✬❛$❝, ❞❡ ❧❛ ❢♦$♠❡ (y, x)✳
❯♥ ❣$❛♣❤❡ ❡,3 ❛♥$✐ ②♠#$%✐'✉❡ ,✐ ♣♦✉$ 3♦✉3 ❛$❝ ❞❡ ❧❛ ❢♦$♠❡ (x, y)✱ ✐❧ ♥✬❡①✐,3❡ ♣❛, ❞✬❛✉3$❡ ❛$❝ ❞❡ ❧❛
❢♦$♠❡ (x, y) ♦✉ ❞❡ ❧❛ ❢♦$♠❡ (y, x) ✭❈✬❡,3 ✉♥ ✶✲❣$❛♣❤❡✮✳

✽



❋✐❣✉$❡ ✶✳✾✿ ●$❛♣❤❡. .②♠12$✐3✉❡ ❡2 ❛♥2✐.②♠12$✐3✉❡

●!❛♣❤❡ ❝♦♠♣❧❡*

❯♥ ❣$❛♣❤❡ ❝♦♠♣❧❡& ❡.2 ✉♥ ❣$❛♣❤❡ ❞♦♥2 2♦✉. ❧❡. .♦♠♠❡2. .♦♥2 ❛❞❥❛❝❡♥2.✳

❋✐❣✉$❡ ✶✳✶✵✿ ●$❛♣❤❡ ❝♦♠♣❧❡2

❈❧✐-✉❡

❯♥❡ ❝❧✐(✉❡ ❡.2 ✉♥ ❣$❛♣❤❡ .✐♠♣❧❡ ❡2 ❝♦♠♣❧❡2✳ ❯♥❡ ❝❧✐3✉❡ ❞✬♦$❞$❡ n .❡ ♥♦2❡ Kn✳
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❋✐❣✉$❡ ✶✳✶✶✿ ▲❡. ❝❧✐3✉❡. K2✱ K3✱ K4 ❡2 K5✳

❇✐♣❛!*✐

❯♥ ❣$❛♣❤❡ G = (S, A) ❡.2 ❞✐2 ❜✐♣❛,&✐ .✐ ♦♥ ♣❡✉2 ♣❛$2✐2✐♦♥♥❡$ ❧✬❡♥.❡♠❜❧❡ ❞❡ .❡. .♦♠♠❡2. S ❡♥ ❞❡✉①

.♦✉.✲❡♥.❡♠❜❧❡ ✭❝❧❛..❡.✮ S1 ❡2 S2 ❞❡ 2❡❧❧❡ .♦$2❡ 3✉❡ ❞❡✉① .♦♠♠❡2. ❞❡ ♠D♠❡ ❝❧❛..❡ ♥❡ .♦✐❡♥2 ♣❛.

❛❞❥❛❝❡♥2.✳ ❖♥ ❧❡ ♥♦2❡ ♣❛$ G = (S1, S2, A)✳

✾



G = (S1, S2, A) S1

S2

S′ S
{s2, s4, , s5}

G = (S, A) n Ḡ = (S, Ā)
n

A Ā G ∪ Ḡ Kn



❋✐❣✉$❡ ✶✳✶✹✿ ●$❛♣❤❡ ❡. /♦♥ ❝♦♠♣❧5♠❡♥.❛✐$❡

✶✳✺ ▼❛%&✐❝❡* ❛**♦❝✐,❡* - ✉♥ ❣&❛♣❤❡

✶✳✺✳✶ ▼❛%&✐❝❡ ❞✬✐♥❝✐❞❡♥❝❡ -♦♠♠❡%✲❛&❝

❙♦✐# G ✉♥ ❣'❛♣❤❡ ,❛♥, ❜♦✉❝❧❡ ❞✬♦'❞'❡ n ❡# ❞❡ #❛✐❧❧❡ m✳

▲❛ ♠❛#'✐❝❡ ❞✬✐♥❝✐❞❡♥❝❡ %♦♠♠❡(%✲❛+❝% ❞❡ G ❡,# ✉♥❡ ♠❛#'✐❝❡ A = (Aij) ❞❡ ❞✐♠❡♥,✐♦♥ n×m✱ #❡❧❧❡ 6✉❡

❝❤❛6✉❡ ❧✐❣♥❡ i ❝♦''❡,♣♦♥❞ ❛✉ ,♦♠♠❡# si ❞❡ G ❡# ❝❤❛6✉❡ ❝♦❧♦♥♥❡ j ❝♦''❡,♣♦♥❞ 7 ❧✬❛'❝ aj ❞❡ G✳ ▲❛

♠❛#'✐❝❡ A ❡,# ❞8✜♥✐❡ ❝♦♠♠❡ ,✉✐# ✿

• Aij = 1 ,✐ ❧❡ ,♦♠♠❡# si ❡,# ❧✬❡①#'8♠✐#8 ✐♥✐#✐❛❧❡ ❞❡ ❧✬❛'❝ aj ✱

• Aij = −1 ,✐ ❧❡ ,♦♠♠❡# si ❡,# ❧✬❡①#'8♠✐#8 #❡'♠✐♥❛❧❡ ❞❡ ❧✬❛'❝ aj ✱

• Aij = 0 ❞❛♥, ❧❡, ❛✉#'❡, ❝❛,✳

◆♦#♦♥, 6✉❡ ❧❡ ♥♦♠❜'❡ ❞❡ ✈❛❧❡✉', 8❣❛❧❡, 7 (+1) ✭'❡,♣❡❝#✐✈❡♠❡♥#✱ (−1)✮ ❞✬✉♥❡ ❧✐❣♥❡ i ❞♦♥♥❡ ❧❡ ❞❡❣'8
❡①#8'✐❡✉' d+

G(si) ✭'❡,♣❡❝#✐✈❡♠❡♥#✱ d−G(si) ✮ ❞✉ ,♦♠♠❡# si ❝♦''❡,♣♦♥❞❛♥#✳

▲❛ ♠❛#'✐❝❡ ❞✬✐♥❝✐❞❡♥❝❡ ,♦♠♠❡#,✲❛'❝, ❛,,♦❝✐8 ❛✉ ❣'❛♣❤❡ ,✉✐✈❛♥#✿

❋✐❣✉'❡ ✶✳✶✺✿ ❯♥ ❣'❛♣❤❡

❡,# ❞♦♥♥8❡ ♣❛'✿

A =









1 −1 −1 0 0 0 0
−1 1 0 1 1 1 0
0 0 0 −1 −1 0 −1
0 0 1 0 0 −1 1









❖♥ ♣❡✉# '❡♠❛'6✉❡' ♣❛' ❡①❡♠♣❧❡ 6✉❡ ✿ d+
G(s1) = 1 ❡# d−G(s1) = 2✳

✶✶



✶✳✺✳✷ ▼❛&'✐❝❡ ❞✬❛❞❥❛❝❡♥❝❡ ♦✉ ❞✬✐♥❝✐❞❡♥❝❡ 1♦♠♠❡&1✲1♦♠♠❡&1

▲❛ ♠❛#$✐❝❡ ❞✬❛❞❥❛❝❡♥❝❡ ♦✉ ❞✬✐♥❝✐❞❡♥❝❡ (♦♠♠❡+(✲(♦♠♠❡+( ❞✬✉♥ ❣$❛♣❤❡ G ❞✬♦$❞$❡ n ❡0# ✉♥❡ ♠❛#$✐❝❡

A = (Aij) ❝❛$$1❡ ❞❡ ❞✐♠❡♥0✐♦♥ n × n✱ ♦3 ❝❤❛4✉❡ ❧✐❣♥❡ ❝♦$$❡0♣♦♥❞ 6 ✉♥ 0♦♠♠❡# ❞❡ G ❡# ❝❤❛4✉❡

❝♦❧♦♥♥❡ ❝♦$$❡0♣♦♥❞ 1❣❛❧❡♠❡♥# 6 ✉♥ 0♦♠♠❡# ❞❡ G✱ #❡❧❧❡ 4✉❡ ❧✬1❧1♠❡♥# Aij $❡♣$10❡♥#❡ ❧❡ ♥♦♠❜$❡ ❞✬❛$❝

❞❡ ❧❛ ❢♦$♠❡ (ai, aj)✳
❉❛♥0 ❝❡##❡ ♠❛#$✐❝❡ ♦♥ ❛

∑n
j=1 Aij = d+

G(si) ❡#
∑n

i=1 Aij = d−G(sj)✳
▲❛ ♠❛#$✐❝❡ ❞✬❛❞❥❛❝❡♥❝❡ ♦✉ ❞✬✐♥❝✐❞❡♥❝❡ 0♦♠♠❡#0✲0♦♠♠❡#0 ❛00♦❝✐1❡ ❛✉ ❣$❛♣❤❡ ❝✐✲❞❡00♦✉0

❋✐❣✉$❡ ✶✳✶✻✿ ❯♥ ❣$❛♣❤❡

❡0# ❞♦♥♥1❡ ♣❛$✿

A =









0 1 0 0
1 0 2 1
1 0 0 0
0 0 1 1









❖♥ ♣❡✉# $❡♠❛$4✉❡$✱ ♣❛$ ❡①❡♠♣❧❡✱ 4✉❡

∑4
j=1 A2j = d+

G(s2) = 4 ❡#
∑4

i=1 Ai2 = d−G(s2) = 1✳

✶✳✺✳✸ ❋♦'♠❡ ❝♦♥❞❡♥16❡ ❞❡1 ♠❛&'✐❝❡1 ❝'❡✉1❡1

▲❛ ♠❛#$✐❝❡ $❡♣$10❡♥#1❡ ♣❛$ ❧❛ ✜❣✉$❡ ❋✐❣ ✶✳✶✼ ❛ ✉♥ ♥♦♠❜$❡ ✐♠♣♦$#❛♥# ❞✬1❧1♠❡♥#0 ♥✉❧0✳ ❖♥ ❞✐# 4✉✬♦♥

❛ ✉♥❡ ♠❛#$✐❝❡0 ❝$❡✉0❡✳

A =

























0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1
0 0 1 0 0 0 0 0
0 0 0 0 1 0 0 1
0 0 0 0 0 1 0 1
0 0 0 0 2 0 0 0
0 0 1 0 0 0 0 0
0 0 0 0 0 0 0 0

























❋✐❣✉$❡ ✶✳✶✼✿ ▼❛#$✐❝❡ ❞✬❛❞❥❛❝❡♥❝❡ ❞✬✉♥ ❣$❛♣❤❡

■❧ ❡0# ♣♦00✐❜❧❡ ❞❡ ♣$10❡♥#❡$ ❝❡##❡ ♠❛#$✐❝❡ 0♦✉0 ❢♦$♠❡ ❝♦♥❞❡♥01❡✱ ❝✬❡0# 6 ❞✐$❡ ❞❡ $❡♣1$❡$ ❧❡0 #❡$♠❡0

♥♦♥ ♥✉❧0 0♦✐# ♣❛$ ❧❡✉$ ♣♦0✐#✐♦♥ ❞❛♥0 ❧❛ ♠❛#$✐❝❡ ✭❋✐❣✳✶✳✶✽✮ ✿

✶✷



























2 8 1
3 3 1
4 5 1
4 8 1
5 6 1
5 8 1
6 5 2
7 3 1

























❋✐❣✉$❡ ✶✳✶✽✿ *$❡♠✐,$❡ ❢♦$♠❡ ❞✬✉♥❡ ♠❛3$✐❝❡ ❝♦♥❞❡♥56❡

♦✉ ❜✐❡♥ ♣❛$ ✐♥❞✐9✉❡$ ♣♦✉$ ❝❤❛9✉❡ ❛$❝✱ 5♦♥ ❡①3$6♠✐36 ✐♥✐3✐❛❧❡ ❡3 5♦♥ ❡①3$6♠✐36 3❡$♠✐♥❛❧❡ ✭❋✐❣✳✶✳✶✾✮ ✿





























a1 s2 s8

a2 s3 s3

a3 s4 s5

a4 s4 s8

a5 s5 s6

a6 s5 s8

a7 s6 s5

a8 s6 s5

a9 s7 s3





























❋✐❣✉$❡ ✶✳✶✾✿ ❉❡✉①✐,♠❡ ❢♦$♠❡ ❞✬✉♥❡ ♠❛3$✐❝❡ ❝♦♥❞❡♥56❡

✶✳✻ ❱♦❝❛❜✉❧❛✐+❡ ❧✐- . ❧❛ ❝♦♥♥❡①✐1-

✶✳✻✳✶ ❈❤❛&♥❡✱ ❝❤❡♠✐♥✱ ❧♦♥❣✉❡✉1

❯♥❡ ❝❤❛#♥❡ ❞❡ ❧♦♥❣✉❡✉$ q > 0 ❞❡ G ❡53 ✉♥❡ 569✉❡♥❝❡ ❞✬❛$❝5 a = (a1, a2, · · · , ap) 3❡❧❧❡ 9✉❡ ♣♦✉$ 3♦✉3❡
i✱ 1 ≤ i ≤ q − 1✱ ai ❡53 ❛❞❥❛❝❡♥3 D ai+1✳

❯♥❡ ❝❤❛E♥❡ &❧&♠❡♥)❛✐+❡ ❡53 ✉♥❡ ❝❤❛E♥❡ ♥❡ $❡♥❝♦♥3$❛♥3 ♣❛5 ❞❡✉① ❢♦✐5 ❧❡ ♠F♠❡ 5♦♠♠❡3✳

❯♥❡ ❝❤❛E♥❡ ,✐♠♣❧❡ ❡53 ✉♥❡ ❝❤❛E♥❡ ♥✬✉3✐❧✐5❛♥3 ♣❛5 ❞❡✉① ❢♦✐5 ❧❡ ♠F♠❡ ❛$❝✳

❯♥ ❝❤❡♠✐♥ ❞❡ ❧♦♥❣✉❡✉$ q > 0 ❡53 ✉♥❡ ❝❤❛E♥❡ a = (a1, a2, · · · , ap) 3❡❧❧❡ 9✉❡ ♣♦✉$ 3♦✉3 i✱ 1 ≤ i ≤ q−1✱
❧✬❡①3$6♠✐36 3❡$♠✐♥❛❧❡ ❞❡ ai ❝♦G♥❝✐❞❡ ❛✈❡❝ ❧✬❡①3$6♠✐36 ✐♥✐3✐❛❧❡ ❞❡ ai+1✳

❯♥❡ ❝❤❛E♥❡ ✭✉♥ ❝❤❡♠✐♥✮ ❡53 ❞✐3❡ ❢❡+♠&❡ 5✐ ❧❡5 ❞❡✉① 5♦♠♠❡35 ❛✉① ❡①3$6♠✐365 ❞❡ ❧❛ ❝❤❛E♥❡ ❝♦G♥❝✐❞❡♥3✳

❉❛♥5 ❧✬❡①❡♠♣❧❡ 5✉✐✈❛♥3✱ ❞❡ ❧❛ ✜❣✉$❡ ✶✳✷✵✱ a = (a1, a4, a5, a6) ❡53 ✉♥ ❝❤❛E♥❡ 6❧6♠❡♥3❛✐$❡✱ 5✐♠♣❧❡ ❞❡
❧♦♥❣✉❡✉$ ✹✳ ▲❛ ❝❤❛E♥❡ a = (a1, a4, a5, a6) ♥✬❡53 ♣❛5 ✉♥ ❝❤❡♠✐♥✳ *❛$ ❝♦♥3$❡✱ ❧❛ ❝❤❛E♥❡ a = (a2, a3) ❡53
✉♥ ❝❤❡♠✐♥ 6❧6♠❡♥3❛✐$❡✱ 5✐♠♣❧❡ ❞❡ ❧♦♥❣✉❡✉$ ✷✳

✶✸



❋✐❣✉$❡ ✶✳✷✵✿ ❈❤❛.♥❡ ❡0 ❝❤❡♠✐♥

✶✳✻✳✷ ❈♦♥♥❡①✐*+

❯♥ ❣$❛♣❤❡ G ❡50 ❞✐0 ❝♦♥♥❡①❡ 5✐ ♣♦✉$ 0♦✉0❡ ♣❛✐$❡ ❞❡ 5♦♠♠❡05 ❞✐50✐♥❝05 si ❡0 sj ✱ ✐❧ ❡①✐50❡ ✉♥❡ ❝❤❛.♥❡

$❡❧✐❛♥0 si ❡0 sj ✳

❯♥❡ ❝♦♠♣♦'❛♥)❡ ❝♦♥♥❡①❡ ❞❡ G ❡50 ✉♥ 5♦✉5✲❣$❛♣❤❡ ❝♦♥♥❡①❡ ❞❡ G ❞✬♦$❞$❡ ♠❛①✐♠❛❧✱ ❝✬❡50✲=✲❞✐$❡ >✉✐

♥✬❡50 ❝♦♥0❡♥✉ ❞❛♥5 ❛✉❝✉♥ ❛✉0$❡ 5♦✉5✲❣$❛♣❤❡ ❝♦♥♥❡①❡ ❞❡ G✳
❯♥ ❣$❛♣❤❡ ❡50 ❝♦♥♥❡①❡ 5✐ ❡0 5❡✉❧❡♠❡♥0 5✬✐❧ ♥✬❛ >✉✬✉♥❡ 5❡✉❧❡ ❝♦♠♣♦5❛♥0❡ ❝♦♥♥❡①❡✳

❉❛♥5 ❧✬❡①❡♠♣❧❡ ❞❡ ❧❛ ✜❣✉$❡ ✶✳✷✶✱ ❧❡ ❣$❛♣❤❡ ♥✬❡50 ♣❛5 ❝♦♥♥❡①❡ ❝❛$ ✐❧ ♥✬❡①✐50❡ ♣❛5 ❞❡ ❝❤❛.♥❡ $❡❧✐❛♥0

s3 ❡0 s9✳ ■❧ ♣♦55B❞❡ 0$♦✐5 ❝♦♠♣♦5❛♥0❡5 ❝♦♥♥❡①❡5✱ ❧❡5 5♦✉5✲❣$❛♣❤❡5 ❡♥❣❡♥❞$C5 ♣❛$ ✿ {s1, s2, s3, s4, s5}✱
{s6, s7, s8} ❡0 {s9}✳

❋✐❣✉$❡ ✶✳✷✶✿ ▲❛ ❝♦♥♥❡①✐0C ❡0 ❧❡5 ❝♦♠♣♦5❛♥0❡5 ❝♦♥♥❡①❡5

✶✳✻✳✸ ❈②❝❧❡ ❡* ❝✐0❝✉✐*

❯♥ ❝②❝❧❡ ✭✉♥ ❝✐-❝✉✐)✮ ❡50 ✉♥❡ ❝❤❛.♥❡ ✭✉♥ ❝❤❡♠✐♥✮ 5✐♠♣❧❡ ❡0 ❢❡$♠C❡✳

❯♥ ❝②❝❧❡ /❧/♠❡♥)❛✐-❡ ✭❝✐$❝✉✐0 /❧/♠❡♥)❛✐-❡✮ ❡50 ✉♥ ❝②❝❧❡ ✭✉♥ ❝✐$❝✉✐0✮ ♥❡ $❡♥❝♦♥0$❛♥0 ♣❛5 ❞❡✉① ❢♦✐5 ❧❡

♠I♠❡ 5♦♠♠❡0✱ ❡①❝❡♣0C ❧❡ 5♦♠♠❡0 ✐♥✐0✐❛❧ >✉✐ ❝♦J♥❝✐❞❡ ♥C❝❡55❛✐$❡♠❡♥0 ❛✈❡❝ ❧❡ 5♦♠♠❡0 ✜♥❛❧✳

✶✹



(a3, a4, a5) (a3, a4, a5)
(a1, a2)

µ+ µ−

1, 2, · · · , p
µ = (µ1, µ2, · · · , µp) R

p

µi =







0 i /∈ µ+
⋃

µ−

+1 i ∈ µ+

−1 i ∈ µ−

(a3, a4, a5)
µ = (0, 0,−1,−1, 0, 0)

E ⊂ S ωG(E) = ω+
G(E)

⋃

ω−G(E)
E

ωG(E)

{

ωG(E) 6= ∅
ω+

G(E)
⋂

ω−G(E) = ∅

ω+
G(E) ω−G(E) ωG(E)

ωG(E)
E E ωG(E) = ω+

G(E) ωG(E) = ω−G(E)
E = {s2, s3, s4} ω+

G(E) = {a1} ω−G(E) =
{a2, a6} ωG(E) = {a1, a2, a6}

E′ = {s1, s2, s3, s4} ωG(E
′) = ω−G(E

′) = {a6} {a6}



❋✐❣✉$❡ ✶✳✷✸✿ ❊①❡♠♣❧❡ ❞❡ ❝♦❝②❝❧❡ ❡4 ❝♦❝✐$❝✉✐4

❙♦✐❡♥4 G1 = (S1, A1) ❡4 G2 = (S2, A2) ❞❡✉① 7♦✉7 ❣$❛♣❤❡7 ❝♦♥♥❡①❡7 ❞✬✉♥ ❣$❛♣❤❡ ❝♦♥♥❡①❡ G =
(S, A) 4❡❧7 ;✉❡ ✿







S1 6= ∅, S2 6= ∅
S1

⋂

S2 = ∅
S1

⋃

S2 = S

▲✬❡♥7❡♠❜❧❡ ❞❡7 ❛$❝7 $❡❧✐❛♥4 G1 ❡4 G2 ❡74 ❛♣♣❡❧> ❝♦❝②❝❧❡ %❧%♠❡♥(❛✐+❡✳

❉❛♥7 ❧❛ ✜❣✉$❡ ✶✳✷✹✱ {a3, a5} ❡74 ✉♥ ❝♦❝②❝❧❡ >❧>♠❡♥4❛✐$❡✱ ❛✈❡❝ S1 = {s1, s2, s3} ❡4 S2 = {s4, s5}✳

❋✐❣✉$❡ ✶✳✷✹✿ ❊①❡♠♣❧❡ ❞❡ ❝♦❝②❝❧❡ >❧>♠❡♥4❛✐$❡

❖♥ ♣❡✉4 ❝♦$$❡7♣♦♥❞$❡ E 4♦✉4 ❝♦❝②❝❧❡ ωG(E) ✉♥ ✈❡❝4❡✉$ ω = (ω1, ω2, · · · , ωm) ❞❡ R
m
✱ ♦Fm = ||G||✳

▲❡ ✈❡❝4❡✉$ ❡74 ❞>✜♥✐ ♣❛$ ✿

ωi =







0 i /∈ ωG(E)
+1 i ∈ ω+

G(E)
−1 i ∈ ω−G(E)

G❛$ ❧❛ 7✉✐4❡✱ ♦♥ ❝♦♥❢♦♥❞$❛ ✉♥ ❝♦❝②❝❧❡ ♦✉ ✉♥ ❝♦❝✐$❝✉✐4 ❛✈❡❝ 7♦♥ ✈❡❝4❡✉$ ❛77♦❝✐> ❡4 ♦♥ ♣❛$❧❡$❛ ❞❡

7♦♠♠❡ ❞❡ ❝♦❝②❝❧❡7 ♦✉ ❞❡ ❝♦❝✐$❝✉✐47✳

G♦✉$ ❧✬❡①❡♠♣❧❡ ❞❡ ❧❛ ✜❣✉$❡ ✶✳✷✹ ❝✐✲❞❡77✉7✱ ❧❡ ✈❡❝4❡✉$ ❛77♦❝✐> ❛✉ ❝♦❝②❝❧❡ {a1, a2, a6} ❡74 ❞♦♥♥> ♣❛$
ω = (1,−1, 0, 0, 0,−1)✳

✶✻


