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1. Introduction


	We propose a graph model for multiple-bus systems which can represent processor, bus , and link (partial bus).





2. Connectivity and Faults


2.1 Preliminaries


The PBL graph of Fig. 2a is (2,1,1)-FT.


 	{b1, b2} is a minimum critical bus-fault set in the BPL graph of Fig. 2a.





2.2 Processor Fault Tolerance


	P-nodes are connected in a PBL graph if and only if its PAG is connected.


	G can tolerance kp processor faults if and only if Gp is (kp+1)-connected.


Theorem 1. A PBL graph G is (((Gp)-1)-PFT where Gp is the PAG of G.


Corollary 1. The minimum critical processor-fault sets of a PBL graph G are the minimum node cuts of its PAG Gp.


The PBL graph of Fig. 3a is two-PFT because the connectivity of its PAG of Fig. 3b is three.  Fig. 4 is one-PFT and {p3, p5} is the only minimum critical processor-fault set.





2.3 Bus Fault Tolerance


Lemma 1. Let G by a PBL graph with no isolated P-node or B-node, and let G contain at least two P-nodes and two B-nodes.  The P-nodes of G are connected if and only if its B-node are connected.


�
(p(G) : the minimum neighborhood size of the P-nodes of a PBL graph G.


e.g. (p(G() = 2 for the PBL graph G( of Fig. 3a.





Theorem 2. Let G be a PBL graph that contains b B-nodes.  If (p(G) < b, then G is (min{((Gb), (p(G)} - 1)-BFT, where Gb is the BAG of G; otherwise, G is ((p(G) - 1)-BFT.





Corollary 2. Let Gb be the BAG of a PBL graph G.  Then the minimum critical bus-fault sets of G are given by the following three cases:


The minimum node cuts of Gb, if (p(G) < b and ((Gb) < (p(G);


The minimum neighborhoods of the P-nodes of G, if (p(G) = b, ((Gb) > (p(G), or ((Gb) = (p(G) = b-1;


All the minimum critical bus-fault sets described in the previous two cases, if ((Gb) = (p(G) < b - 1.


e.g. G( is one-BFT because ((Gb) = (p(G) = 2(b=3). Removing any two B-nodes from G( disconnects the P-nodes of G(.  Gig.4a is also one-BFT because ((Gb) = (p(G) = 2(b=4).  The minimum critical bus-fault sets of G(( are {b1, b2}, {b2, b3}, {b3, b4}.





2.4 Link Fault Tolerance


Lemma 2. The P-nodes of a PBL graph G with no isolated P-node are connected if and only if the edges of G are connected.





(p(G) : the minimum node degree of the P-node in G.


Theorem 3. A PBL graph G is (min{((Gl), (p(G)} - 1)-LFT where Gl is the LAG of G.


Corollary 3. Let Gl be the LAG of a PBL graph G.  Then the minimum critical link-fault sets of G are given by the following three cases:


The minimum node cuts of Gl, if ((Gl) < (p(G);


Edge sets, each of which contains all the edges incident with a P-node of degree (p(G), if ((Gl) > (p(G);


All the minimum critical link-fault sets described in the previous two cases, if ((Gl) = (p(G).


�
e.g. ((G(l) = 3 in Fig. 3d.  Therefore, the PBL graph G( is one-LFT because (p(G() = 2.  The minimum critical link-fault sets are {l1, l2}, {l6, l7}, and {l8, l9}.  ((G((l) = 2.  Its minimum node cuts are {l7, l10} and {l8, l12}.  Since (p(G(() = 2, PBL graph G(( is one-LFT, and its minimum critical link-fault sets are {l7, l10}, {l8, l12}, {l1, l2}, {l3, l4}, and {l8, l9}.





3. Applications


3.1 M-LANs(multichannel local area network)


Theorem 4. An M-LAB with p ( 2 processors and b buses is (p-2, b-1, b-1)-FT.





3.2 Spanning-Bus Hypercubes


Lemma 6. A w-wide d-dimensional spanning-bus hypercube is (d - 1)-BFT.


Lemma 7. A w-wide d-dimensional spanning bus hypercube is ( d - 1)-LFT.
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