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Child(i) ≡ {j ∈ Neighi : parj = i}

Tree(i) ≡ (rooti = i ∧ disti = 0 ∧ pari = i) ∨
(pari 6= i ∧ rooti = rootpari

> i∧
disti = distpari

+ 1)

Ownrmax(i) ≡ if (∀k ∈ Neighi : rooti ≥ rootk) then i

else j = {Mink∈Neighi
: rootj ≥ rootk}

Sat(i) ≡ Tree(i) ∧ Ownrmax(i) = i
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Idle(i) ≡ reqi = ⊥ ∧ fromi = ⊥ ∧ toi = ⊥ ∧ diri = ⊥

Asks(i, j) ≡ j ∈ Neighi ∧ reqi = i ∧ fromi = i∧
toi = j ∧ diri = ask ∧ Sat(j)∧
rooti = i < rootj ∧ pari = j ∧
∀k ∈ Neighi :
(rootk = rootj ⇒ distk = distj + 2)

ForwNa(i, j) ≡ j ∈ Neighi ∪ {i} ∧ toi = j ∧
pari = j ∧ diri = ask ∧ Sat(i)∧
fromi 6= i ∧ reqi 6= i ∧ reqi 6= ⊥∧
reqi = reqfromi

∧ ∀k ∈ Child(i) :
(rootk = rooti ⇒ distk = disti + 1)

ForwA(i, j) ≡ j ∈ Neighi ∪ {i} ∧ toi = j ∧
pari = j ∧ diri = grant ∧ Sat(i)∧
fromi 6= i ∧ reqi 6= i ∧ reqi 6= ⊥∧
reqi = reqfromi

∧ ∀k ∈ Child(i) :
(rootk = rooti ⇒ distk = disti + 1)

Rgcorrect(i) ≡ Idle(i) ∨ ∃j : ForwNa(i, j) ∨
(∃j : ForwA(i, j) ∧ dirfromi

= ask)

Grants(i, j) ≡ fromi = j ∧ diri = grant
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Coherent(i) ≡ Tree(i)∧

∀k ∈ Child(i) : distk = disti + 1∧
∀k ∈ Neighi : rootk = rooti
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Incoherent(i) ≡ ¬Coherent(i)

Onelocalfault(i, d, j) ≡ j ∈ Neighi ∧ ∃r > i :
Û�§

Incoherent(i)
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∀k ∈ Neighi :
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• rootk = r ∧ k ≤ r ∧ (k = r ⇒ distr = 0 ∧
parr = r)



• k 6= r ⇒ park 6= k ∧ distk > 0
×�§

∃k : Neighi = {k} ⇒
Å��+�������(�x���������¼­\���k����� ���|�

�5��� �xÈ

• ∀k′ ∈ Neighk \ {i} : rootk′ = r ∧ k′ ≤ r ∧
(k′ = r ⇒ distr = 0 ∧ parr = r)

• (k 6= r ∧ park 6= i) ⇒ distk = distpark
+ 1

• ∀k′ 6= i ∈ Child(k) : distk′ = distk + 1
Ú�§

∀k ∈ Child(i) : distk = d + 1 ∧ distj = d − 1Å��I� ¯ ���\�����x�É���������]�`��� ���k¬�� ���������,����� ©��x� j �xÈï|§,Å��I��� �  �� ���+��� ���H�x�?�Y�x�¼��� £ �����]�`��� ��� £ �������t�o�����¼­\���
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rooti = r ∧ disti = distpari

+ 1 ∧ Idle(i) ⇒

• |Child(i)| > 1∨
• ∃k : Child(i) = {k} ∧ ∃k′ 6= i ∈ Child(k) ∧

(∀k′ 6= i ∈ Child(k) : distk′ = distk + 1 ∨
pari = k)
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(rooti = r ∧ ∀k ∈ Child(i) : distk = disti + 1 ∧
Idle(i) ∧ parpari

6= i) ⇒
(distpari

= distparpari
+1∧∀k′ 6= i ∈ Child(pari) :

distk′ = distpari
+ 1)ñ¥§,Å��I��� �  �� ���+��� �����x�B�����\����©��x�����\� �xÈ

(rooti = r ∧ Idle(i) ∧ parpari
= i ∧ pari 6= i) ⇒

∀ k ∈ Child(pari) \ {i} : distk = distpari
+ 1
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Onelocalparfault(i, d, j) ≡ pari 6= i∧j ∈ Neighpari
∧

∃r > pari :Û�§
Incoherent(pari)
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∀k ∈ V oisinspari
:
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• rootk = r ∧ k ≤ r ∧ (k = r ⇒ distr = 0 ∧
parr = r)

• k 6= r ⇒ park 6= k ∧ distk > 0
×�§

V oisinspari
= {i} ⇒

Å��+���������x�'�"�����¼­\��������� ���|�
�5��� �xÈ

• ∀k′ ∈ Neighi\{pari} : rootk′ = r ∧ k′ ≤ r ∧
(k′ = r ⇒ distr = 0 ∧ parr = r)

• ∀k′ 6= pari ∈ Child(i) : distk′ = disti + 1
Ú�§

∀k ∈ Child(pari) : distk = d + 1 ∧ distj = d − 1Å��I� ¯ ���\�����x�É���������]�`��� ���k¬�� ���������,����� ©��x� j �xÈ
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(rootpari

= r ∧ distpari
= distparpari

+ 1 ∧
Idle(pari)) ⇒

• |Child(pari)| > 1∨

• Child(pari) = {i} ∧ ∃k′ 6= pari ∈ Child(i) ∧
(∀k′ 6= pari ∈ Child(i) : distk′ = disti + 1 ∨
parpari

= i)
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(rootpari

= r ∧ Idle(pari) ∧ parpari
= i ∧

pari 6= i) ⇒ ∀k ∈ Child(i) \ {pari} : distk =
disti + 1
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Onerootparfault(i) ≡ pari 6= i∧

∀k ∈ Neighpari
: (k < pari) ∧ (rootk = pari)∧

∀k ∈ Neighi \ {pari} : k < pari ∧ rootk = pari ∧

∀k ∈ Child(pari) : distk = 1
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pari 6= i

Oneparfault(i) ≡ Onerootparfault(i) ∨
∃(d, j) : Onelocalparfault(i, d, j)
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∃d : Onelocalfault(i, d, j) ∧ ∀k : ¬Asks(i, k)
 ����� �
	��
rooti = i; pari = j; reqi = i;
fromi = i; toi = j; diri = ask;

�
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	��

∀(k, d) : ¬Onelocalfault(i, d, k) ∧ ¬Tree(i)∧
∀k : ¬Asks(i, k) ∧ ¬Oneparfault(i)
 ����� �
	��
rooti = pari = i; disti = 0;
reqi = fromi = toi = diri = ⊥;
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	��

Tree(i)∧ Ownrmax(i) 6= i ∧ Sat(Ownrmax(i))∧
∀k ∈ Child(i) : (rootk = rootOwnrmax(i) ⇒

distk = distOwnrmax(i) + 2)
 ����� �
	��
reqi = i; fromi = i; toi = Ownrmax(i);
diri = ask; rooti = i; pari = Ownrmax(i)

'
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� 	 � ����� ������������
	��

∃j : Asks(i, j) ∧ Grants(j, i) ∧ distj + 1 ∈ INf
 ����� �
	��
rooti = rootj ; pari = j; disti = distj + 1;
reqi = fromi = toi = diri = ⊥;

(
i ����� � � ��� ����� #$�	
 � !
����� ���$� �	
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	��

∀(k, d) : ¬Onelocalfault(i, d, j) ∧ Sat(i)∧
¬Rgcorrect(i)
 ����� �
	��
reqi = fromi = toi = diri = ⊥;

)
i(j) ����� � � � ����
 ����� #$�	
 � ������������
	��

Sat(i) ∧ Idle(i) ∧ (Asks(j, i) ∨ ForwNa(j, i))
 ����� �
	��
reqi = reqj ; fromi = j; toi = pari; diri = ask;

*
i ����� � � 	 ��� �
� 	������ #$�	
 � ������������
	��

Sat(i) ∧ i = rooti ∧ ForwNa(i, i)
 ����� �
	��
diri = grant;

+
i ����� ��� �	� � � � 	 � ������������
	��

Sat(i) ∧ ∃j : (ForwNa(i, j) ∧ Grants(j, i))
 ����� �
	��
diri = grant;
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