
���������
	���
�� ����������������� �"!$#&%('�)
!�#�%�' *,+��-��	�./�10�2�3
465�7

System-Level Diagnosis for Multiprocessor Systems
in the Presence of Intermittent Faults8 9;:

† < =�> ? †

Daisuke Kiri Toshinori Yamada

1. @�ACBED
FHGJILKJMONQPSRUTWVYXJZ\[]TWVYXJZ_^a`YGYbdcOegf
[WhjiY[YkWlWmonHprqtsvuWw\xCy

Preparata z [3] {]|H}~W�J�,�t�
, � [�uJwrx\y PMC �]� G �]� ~H�6��� z�]~Y�,�
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{L� [¥¯H± �tµ ¡ �\� ��yjs � �·¶C¸ �L� .
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,
TOVHX

ZL¹W[�bLcJK]M�N�PSRL[ � y�ºd» �¥�]~ �\� �·¶Y¸ �d� .

¢ KJMONQPSRryv¼J½¿¾�ÀHÁ]²¥Â � ~YÃWÄ �r� KJMONQPÅR[vÆCÇU²   � ,
§J�È¤]¦ ��É � �ÈÊ\f���hWs zÌË 0

²
,
b

cÍ� ~ �J� ��Ê�f£�°hHs z°Ë 1
²jÎtÏ �L� . Ð � ,

¤H¦Ls
KYMvN�PaR �  ,Ñ ÆHÇCÒHÓdy¥¦ { ¤,� �j� ,

b\cd� ~ ���K�MON¨PÅRr[�ÆYÇÍytÔ � ½JÕ �ÍÖ s � §j[U� �Í� .
FCG

ILKJMONQPSRÍTWVYXJZL¹ �W \¡]� � KJMONQPSRd×tØU[tÆÇÍy
,
KCM�NUPSRr²ÌÙ �
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KYMtN�P�R

u �   Ñ KCM�NUP�R
v
[tÆ]ÇQ²¥ÚÍÛvÜ

(u, v)
�WÝ �Q� � {d|C} ~ ÚÍÛLkYl]m�WÝ �Q� � � �ÍÖ � . � [gkYl]m�²¥ÆYÇJÞ�ßJk]l]mr��àá
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²°ÆHÇCÞÍß]kWlYmg� �g� .

� h
,
ÆCÇCÒCÓdyvÆWÇCÞ

ß]kClCmW[¥ÚrÛ�ÜCâYã ¬¨z {0, 1} ä [¥åYæ σ
�C� ~tÝ �

� � � �LÖ � . σ
²jT\ÀUçaMWèjZU�oà á
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b�c�KCMtNUPSR

�\� t
²ÅéLêWs � � � Ñ ¶H¸L[Oë � , D ì [¥íWîd[CT�ÀUçMCèHZ {tï � ~ Ô ~ [vbdc\KJMON£PÅR�² ­ î { ×�¸ �ÍÖ

� s z°Ë , D
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t-
e�f�ðgñ �JÉ � �Sò ¡Y� � . Hakimi

�
Amin [2]

y
D � t-

eJfvð\ñ �]É � hji][°óWôWõYöj÷CøÍ²ù �°h
.

PMC �]� GrytúU[ 2 û [tüJý�qHsJþ�ÿQ²���� � ~ �s � : (1)
K]M�NUPSR � b\c�eJf\[¥³Í´ { bgc �L�t¬ §]�� s � . (2)
bLc � f��Uq �]É �t¬ §]� � s � . � � z [þtÿQ²���� �r� hCi { , Fu
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Beigel [1]

y
PMC �C� G²��\ë\[ | Ñ {	��
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K�MjNQPoRryt¤�¦
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,f��rq°b\cY[ ��� � ¬ [�¯H±Í²\� � , b\cve�fJ[Ì³Í´ {g�[v¯Y± �tµ ¡ �\� ��yjs � �·¶C¸ �L� .
� h

,
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Æ
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×v¸ �g�\� ��²��! �rÖ s � . "g��
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t
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(s, t)-

eJfvð\ñ �
É � �aò ¡C� � .. �J� � y , D � (s, t)-

erfWðrñ �gÉ � h]i\[Oó]ôJõö]÷�øQ² ù � .
� h

, D � (t, t)-
egfWðdñ �gÉ � � Ö { ,íYîU[]TLÀQçSMCèWZ {tï � ~ Ô ~ [t¦L©Obdc\KJMON£PÅR²�'�)�âJã;�aÔ ~ [v¤J¦UKJM�NQPÅR�²�'/)OâJã ¬,z0*��KJMON£PÅRCâJãÍ[vöYÞQ²(,rê ��1�2 ©3�54�G76Í¾98YZd²ù � .

2. :<;
D
²¥ÚrÛLkYlJmr�]�

, V (D)
�

E(D)
² " ��=O� ÙYâã,�ÈÚLÛ°ÜCâCã_� �g� .

íWîL[
v ∈ V (D) {�ï � ~

Γ−

D
(v) = {u : (u, v) ∈ E(D)}, δ−

D
(v) = |Γ−

D
(v)|

Γ+
D

(v) = {u : (v, u) ∈ E(D)}, δ+
D

(v) = |Γ+
D

(v)|

� �L� .
� h

,
íWîd[

X ⊆ V (D) {¥ï � ~

Γ−

D
(X) =

⋃

v∈X

Γ−

D
(v)−X, δ−

D
(X) = |Γ−

D
(X)|

Γ+
D

(X) =
⋃

v∈X

Γ+
D

(v)−X, δ+
D

(X) = |Γ+
D

(X)|

� �L� .
� z°{ ,

δ−(D) = min
v∈V (D)

δ−
D

(v), δ+(D) = min
v∈V (D)

δ+
D

(v)

� �L� .

σ
²

D ì [£T¨À çtMÍèLZ � �_� . � s ¡ « , σ :

E(D) → {0, 1}
� �£� . V (D)

[HögÞ
(H, I, P )

yCú
[

2 û [¥÷HøÍ²?>gh � s z°Ë σ {�@BA �Ìs � ��ò ¡W� � .

• u, v ∈ H, (u, v) ∈ E(D)⇒ σ(u, v) = 0;
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• u ∈ H, v ∈ P, (u, v) ∈ E(D)⇒ σ(u, v) = 1.

� { , σ
y

(H, I, P ) {(@BA �Ìs � �O§oò Ñ .

|I | ≤ s ¬Yû |P | + |I | ≤ t
��É �\| Ñ s V (D)

[tíYî
[�öWÞ

(H, I, P )
�

, (H, I, P ) {?@�A �os � íjîr[CTJÀ�çMCèHZ
σ {tï � ~ , P ⊆ F ⊆ P ∪ I

²(>dh � F
²�� û� � 4�G 6Í¾98YZL² (s, t)-

bLcOe\f�4tG76r¾-8]ZQ�Ìà á
.

(s, t)-
brcjeLf�4OG76U¾�8JZ �����\�Í� D

y
(s, t)-

eLf
ð\ñ �JÉ � ��ò ¡H� � .

3. (s, t)- �
	���
��
|I | ≤ s ¬Yû |P | + |I | ≤ t

�\É �\| Ñ s σ {�@5A ��s
� V (D)

[�öYÞ
(H, I, P ) ¬,z+*Í� â]ãU² DD(σ, s, t)

�
Ý � .

�]ëY[¥¸Hndy���� { ù �Ì� � .

���
1 D � (s, t)-

eÍfCðrñ �LÉ � h�iL[Oó\ô�õgöJ÷gøy
,
úL[¥÷CøU²�>gh �Í� � �]É � : DD(σ, s, t) 6= ∅

�]É �íHîd[HT�ÀUçÈMWè�Z
σ
�

, σ {?@�A �Ìs � V (D)
[¥íjîd[

öYÞ
(H1, I1, P1)

�
(H2, I2, P2) {�ï � ~ , H1 ∩ P2 = ∅

¬Cû P1 ∩H2 = ∅
�YÉ � .

���
2 s, t

²
s ≤ t

²?>\h � ¤L[�� � � �g� . D � (s, t)-e�ftð\ñ �]É � hWi][°óWôCõHöW÷Yøgy ,
úd[

3 û [°÷HøU²>Lh �U� � �JÉ ���
(1) D

[°Ù � n ≥ 2t + 1;

(2) δ−(D) ≥ t + s;

(3) ¢ � � p (0 ≤ p ≤ t− s)
� ¢ X ⊆ V (D) (|X | =

n− 2t + p) {°ï � ~ δ+
D

(X) > p + 2s.

����� �"! [�#Yã ì ,
óHôH÷Hød[� %$Cy�& Ö

,
õYöj÷Cød[

x\² ù � .' n)( {Í| � D
y

(1)(2)(3)
[O÷gø,²	>�h � ��� Dy

t-
eUf]ð�ñ � s � �°¶L¸ �¨� . � [,� Ö ,

É � T£ÀçÌM]èYZ
σ {Oï � ~ , P1 ∩ H2 6= ∅, |I1|, |I2| ≤ s ¬\û

|I1 ∪ P1|, |I2 ∪ P2| ≤ t
�gÉ �g| Ñ s+* û [ @3A ��s �

V (D)
[vöCÞ

(H1, I1, P1)
�

(H2, I2, P2) �+�,���L� .
�

� , n− 2t ≤ |H1 ∩H2| < n− t− s
�JÉ ��� �v² ù � .

f = |(I1∪P1)∩(I2∪P2)|
� �\� . � [d� Ö , |H1∩H2| =

n − |I1 ∪ P1| − |I2 ∪ P2| + f ≥ n − 2t + f ≥ n − 2t
�

É � .

|H1∩H2| ≥ n−t−s
��¶W¸ �g� .

íOîL[
w ∈ P1∩H2 {

û]� ~ �Yê � .
É � v ∈ H1∩H2 {¥ï � ~ (v, w) ∈ A(D)�gÉ � ��¶J¸ �r� . (H1, I1, P1)

y
σ {$@3A �¥s � [ � ,

σ(v, w) = 1
��É � .

� h
, (H2, I2, P2)

y
σ {$@5A �vs

� [ � , σ(v, w) = 0
��É � . � � y @�A �JÉQ� , (v, w) /∈

A(D)
�CÉ � .

�Ìh �L} ~ , Γ−

D
(w) ⊆ V (D)−(H1∩H2)−

{w}
�YÉ��

, δ−
D

(w) ≤ n−(n−t−s)−1 = t+s−1
�Ss � .

� � yÌ÷Cø (2) {?@BAY�L� . |W} ~ , |H1∩H2| < n− t−s

�]É � .� ì [ � � ¬Ez , |H1 ∩ H2| = n − 2t + p
�rÉ �r|Ñ s"� � p(0 ≤ p < t − s) �,�-�r�U� . |H1 ∩ H2| ≥

n−2t+f
�YÉ � [ � , f ≤ p

�YÉ � .
� h

, .0/ [21jp | �
Γ+

D
(H1∩H2) ⊆ ((I1∪P1)∩(I2∪P2))∪(I1∩H2)∪(H1∩I2)��É � [ � , δ+

D
(H1 ∩H2) ≤ f + |I1| + |I2| ≤ p + 2s

�
s � . � � y¥÷]ø (3) {�@!AJ�d� . |H} ~ , D

y
(s, t)-

e
ftð\ñ �YÉ � . 3 �-�54%6

4. 798:�
	�;�<>=@?+A
B
D
²

(t, t)-
eJftð�ñ �YÉ � ÚgÛ�kjlHmL� �g� .

¸Wn
2 |�

δ−(D) ≥ 2t
��É �\� � {DC î �¥� h � . � [Í� Ö , D

{¥ïJ�g� (t, t)-
bgcve]f 4�G 6L¾08CZ\²��Yë { ù � .

function (t, t)-fault-diagnosis(D, σ, t)

{

F = ∅

for(∀v ∈ V (D)){

if (|{u : σ(u, v) = 1}| ≥ t + 1)

then F ← F ∪ {v};

}

return(F );

}

E
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5. S9TgB. �W� � y , D � (s, t)-
eJftð�ñ �]É � hWi][¥ójôCõCö÷CøU² ù �°h

.
� h

D � (t, t)-
eJf�ð�ñ �JÉ � � Ö { , D

{vï]�d� (t, t)-
bgc�eJf 4vG 6L¾ 8CZg²9,dêCh

. UWV [2Xÿdy
D � (s, t)-

eJf�ð�ñ �JÉ � � Ö { , (s, t)-
bgcve�f34

G 6d¾+8WZg²9,Lê �J� � �YÉ � .
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