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Optimal Reconfiguration of High-Performance
VLSI Subarrays with Network Flow
Junyan Qian, Zhide Zhou, Tianlong Gu, Lingzhong Zhao, Liang Chang
Abstract—A two-dimensional mesh-connected processor array is an extensively investigated architecture used in parallel processing.
Massive studies have addressed the use of reconfiguration algorithms for the processor arrays with faults. However, the subarray
generated by previous algorithms contains a large number of long interconnects, which in turn leads to more communication costs,
capacitance and dynamic power dissipation. In this paper, we propose novel techniques, making use of the idea of network flow, to
construct the high-performance subarray, which has the minimum number of long interconnects. Firstly, we construct a network flow
model according to the host array under a specific constraint. Secondly, we show that the reconfiguration problem of high-performance
subarray can be optimally solved in polynomial time by using efficient minimum-cost flow algorithms. Finally, we prove that the geometric
properties of the resulted subarray meet the system requirements. Simulations based on several random and clustered fault scenarios
clearly reveal the advantage of the proposed technique for reducing the number of long interconnects. It is shown that, for a host array
of size 512 × 512, the number of long interconnects in the subarray can be reduced by up to 70.05% for clustered faults and by up to
55.28% for random faults with density of 1% as compared to the-state-of-the-art.
Index Terms—Reconfiguration, processor array, high-performance, network flow, minimum-cost flow algorithm.

F

1

I NTRODUCTION

M

ESH is known to be an efficient topology for
several computational processes, such as matrix manipulation, image and signal processing, and it
is widely used in high-speed communication switching systems caused by its simplicity, scalability, structure regularity and easy of VLSI/WSI (very-large-scale
integration/wafer-scale integration) implementation. A
two-dimensional (2D) mesh-connected processor array
(i.e., the mesh array) is a type of a massively parallel systems that can process massive amounts of information in
parallel. With the advances in VLSI/WSI technologies,
a large number of processing elements (PEs) are now
integrated on a single chip with mesh communication
infrastructure. However, as the density of VLSI arrays
increases, the probability of faults being introduced in
the fabrication process also increases. On the other hand,
some ”soft faults” caused by overheating, overloading
or simply being occupied by another application also
make some PEs to be temporary unavailable for the
current application in run-time system. Thus, there is
no guarantee that all the PEs in the system are faultfree throughout their working lifetime. Moreover, these
faults will decrease the reliability of the system. Therefore, fault-tolerant techniques must be employed for the
improvement of the operability and dependability of the
system.
In fault-tolerant technologies, for reconfiguration, two
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approaches to fault tolerance have mostly been investigated: redundancy approach and degradation approach.
In the redundancy approach, a system is built with some
spare PEs and redundant links. These spare PEs can
be utilized to replace faulty PEs in the reconfigurable
system. Various techniques for redundancy approach
have been widely studied [1], [2], [3], [4]. Horita and
Takanami [5] have proposed an efficient switch model
such that the spare PEs are more flexibly placed in the
array by changing connections between spare PEs and
non-spare PEs. Zhang [6] has studied the linear arrays
and meshes, and proposed a fault-tolerant network with
a small degree by using a small number of spare PEs.
Fukushi et al. [7] have proposed a self-reconfiguration
method for mesh array based on simple column bypass and south directional rerouting schemes, which
combined advantages of high probability of successful
reconfiguration, low hardware overhead, and simplicity
of implementation. A new reconfiguration scheme and
a reconfiguration algorithm was presented in [8] by
collocating a suitable number of spare PEs located at
the best site of the network and joined by some wellconnected spare links. Lin and Shen [9] have proposed
a fault-tolerant router design to reduce the impacts of
faulty routers for 2D-mesh based chip multiprocessor
systems. A self-repairing circuit was proposed in [10] for
a mesh-connected processor array with faulty PEs which
are directly replaced by spare PEs on two orthogonal
lines at the edges of the array. This approach attempts
to achieve fault tolerance without reducing the size of the
array. However, the number of spare PEs are limited; in
addition, the dimension of the arrays is fixed. Thus, if all
faulty PEs cannot be replaced by spare PEs, the system
must be discarded as it cannot be reconfigured.
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The degradation approach differs from the redundancy approach in that there are no spare PEs and all
PEs of the system are treated in a uniform way. When
PEs faults occur in the system, fault tolerance is achieved
by constructing a logical subarray using as many faultfree PEs as possible. The most significant degradation
approaches developed before 1990 are summarized in
[11]. With a small number of transistor switches, an approach to extract a non-faulty subarray from the original
array was presented in [12]. Kuo and Chen [13] have
studied the problem of reconfiguring 2D degradable
VLSI arrays under three different switching and routing
constraints: 1) row and column bypass, 2) row bypass and
column rerouting, and 3) row and column rerouting. They
have demonstrated that most reconfiguration problems
under different rerouting constraints are NP-complete
[13]. An optimal algorithm based on a ”greedy” strategy
was proposed by Low and Leong [14], called G CR,
to construct a maximum target array (MTA) in linear
time, which contains the selected rows. This optimal
algorithm was employed in [15], resulting in an efficient
heuristic reconfiguration algorithm under the row and
column rerouting constraint. Wu and Srikanthan [16]
have simplified the row-selection scheme for the rows
to be excluded and proposed a partial rerouting scheme
in [17] to accelerate the reconfiguration of the target array. Fukushi and Horiguchi have proposed a hardwareoriented heuristic approach in [18] and utilized a genetic
approach in [19] and [20] to construct an MTA. A more
efficient algorithm was sequentially reported to further
increase the harvest in [21], based on an integrated row
and column rerouting constraint. A novel preprocessing
and partial rerouting technique to accelerate the reconfiguration of degradable VLSI arrays has been proposed
in [22].
For parallel algorithms of reconfiguration, Shen [23]
has proposed a parallel ”greedy” column rerouting algorithm to accelerate the algorithm G CR, and Wu [24]
has employed the multithread and divide-and-conquer
approaches for the parallel reconfiguration of meshconnected processor arrays with faults. Jiang [25] has
proposed an efficient algorithm based on a flexible
rerouting constraint, such that the usage of fault-free PEs
achieves considerable improvement. In addition, Zhu
[26] has presented a heuristic approach to accelerate the
reconfiguration of degradable VLSI arrays by identifying
fault-free PEs that cannot form the target array. Wu
[27] has proposed a temperature-aware reconfiguration
algorithm to construct the low-temperature target arrays.
Minimizing the total interconnection length (hereafter
referred to as inter-length) of a target array is well known
to lead to lesser routing costs, capacitance and dynamic
power dissipation. Bohr [28] and Sakurai [29] have reported the significant impact of interconnects on the
area, delay, and power dissipation of circuits as the scale
of the process technologies steadily shrinks and the size
of the designs increases. Thus, a dynamic programming
approach (denoted as A LG06 in this paper) was intro-

duced in [30] and [31] for reducing the power dissipation
of a logical array by reducing the number of longinterconnects. Under a flexible rerouting constraint, Jiang
[32] has developed an efficient heuristic algorithm to
construct compact logical arrays by the reduction of the
inter-length of the target array generated by the algorithm
reported in [25]. However, there is no consideration
in A LG06 to minimize the total interconnection length.
Therefore, a divide-and-conquer algorithm (denoted as
A LG14 in this paper) was proposed for a tightly-coupled
MTA in [33], which resulted in significant improvements
over A LG06 in terms of the total inter-length. The main
difference between A LG06 and A LG14 is that A LG06
first needs to generate an MTA by G CR, and then it
refines each logical column in the right-to-left manner,
while A LG14 recursively refines the middle logical column of the residual array by using G CR to obtain the
boundaries of the middle logical column. However, there
is no assurance that the results of A LG06 and A LG14
are optimal, as the target array is constituted by local
optimal logical columns. Neither of the two algorithm
searches the optimal target array from the perspective
of the whole original array.
In this paper, we aim to construct the highperformance VLSI subarrays, which has the minimum
number of long interconnects. We propose novel techniques, based on network flow, to achieve this goal.
Compared with the previous works, A LG06 and A LG14,
the proposed techniques guarantee that the number
of long interconnects of the resultant logical array is
minimum. In addition, the proposed method does not
depend on any previous reconfiguration algorithms, and
the introduction of network flow method to the reconfiguration of the processor array makes constructing an
MTA and minimizing the interconnect length be carried
out at the same time.
The main contributions of this paper can be summarized as follows.
1) A network flow model is presented for reconfiguration of the high-performance VLSI subarrays under
the row bypass and column rerouting constraint.
2) We show that the reconfiguration problem of
high-performance VLSI subarrays can be optimally solved in polynomial time by using efficient
minimum-cost flow algorithms.
3) The geometric properties of the resulted subarray
are proved to meet the system requirements.
The remainder of this paper is organized as follows.
Section 2 presents the fault-tolerant architecture and the
basics of network flow. The problems studied in this
paper and a simple retrospection of the previous studies
are provided in Section 3. The motivation and the details
of the proposed network flow model are described in
Section 4. In Section 5, we show the experiment results
to highlight the performance of the proposed method.
Finally, we provide the conclusion to our study in Section 6.
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Fig. 1. Architecture of a 4 × 4 array linked by switches.

2

Fig. 2. Rerouting schemes.

P RELIMINARIES

2.1 Fault-tolerant
schemes

architecture

and

rerouting

Let H denote the 2D mesh-connected physical (host)
array with a size of m × n, where m and n are the
numbers of the row and column, respectively. Suppose
that some faulty elements exist in H. Assuming that
the fault density is ρ (0 ≤ ρ ≤ 1), then there are
N = (1 − ρ) · m · n fault-free PEs in H. An m0 × n0
subarray comprising fault-free PEs can be constructed by
changing the connections among the PEs. This subarray
is called a ”target array” or a ”logical array,” denoted
as T. The rows (columns) in the host array are called
physical rows (columns). The rows (columns) in the logical
array are called logical rows (columns).
Figure 1 shows the architecture of a host array with a
size of 4 × 4. As illustrated in Fig. 1, one track is placed
between two consecutive rows and columns. A switch
is allocated at each intersection point of tracks and
links in order to change the interconnection of adjacent
PEs. Each PE has two bypass links such that it can be
bypassed. The detailed layout of PEs, switches, tracks,
links, bypass controller, and some practical issues related
to the reconfigurable arrays can be found in [7].
Figure 2 shows the two basic rerouting schemes utilized to reconfigure the host array with faults. The gray
boxes in this figure represent the faulty PEs, while the
other boxes represent the fault-free PEs. Each circle represents a 4-port single-track switch for reconfiguration,
and there are four states for each switch, as shown in Fig.
2. Here, single-track implies the presence of only one
communication path along each horizontal or vertical
channel [3]. The advantages of a single-track switch
model arise from its inherent simplicity, which not only
saves the area, but also more realistically assumes faultfree switches and interconnection wiring. Hence, all
switches and interconnects in an array are assumed to
be free of fault, as they form a very simple structure in

relation to the PEs [30], [33].
In this paper, ei,j indicates the PE located at the position (i, j) in the host array, and row(u) (col(u)) denotes
the physical row (column) index of the PE u. If ei,j+1
is a faulty PE, then ei,j can directly communicate with
ei,j+2 , and data will bypass ei,j+1 through an internal
bypass link without being processed. This scheme is
called a row bypass scheme. The column bypass scheme can
be similarly defined. If ei,j can directly connect to ei,j 0
with external switches between two adjacent columns,
where |j − j 0 | ≤ d, then this scheme is called a column
rerouting scheme, where d is termed the compensation
distance [30], [33]. In practice, it is important to keep the
compensation distance small for reducing the overhead
of the switching mechanisms. As assumed for d in [30],
[33], in this paper, d is also limited to 1. As shown in Fig.
2, for the example of the column rerouting scheme, ei,j
is directly connected to ei+1,j−1 by changing the states
of switches. The row rerouting scheme can be similarly
defined. Throughout this paper, we use the row bypass
and column rerouting constraint as the rerouting scheme.
Based on the limitation of the compensation distance,
the lower adjacent set Adj + (u) and the upper adjacent
set Adj − (u) of each fault-free PE u in the row Ri are
defined as follows:
Definition 1. For each fault-free PE u in Ri :
1) Adj + (u)={v : v ∈ Ri+1 , v is fault-free and |col(u) −
col(v)| ≤ 1 } for 1 ≤ i ≤ m − 1.
2) Adj − (u)={v : v ∈ Ri−1 , v is fault-free and |col(u) −
col(v)| ≤ 1 } for 2 ≤ i ≤ m.
3) For arbitrary v ∈ Adj + (u) (Adj − (u)), v is called the
lower (upper) left adjacent, the lower (upper) middle
adjacent, or the lower (upper) right adjacent of u if
col(v) − col(u) = −1, col(v) − col(u) = 0, col(v) −
col(u) = 1, respectively.
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2.2 Network flow and disjoint path
A network is a directed graph G = (V, A), where V is the
set of nodes, and A is the set of arcs. Let i = 1, · · · , |V|
and (i, j) ∈ A denote the node index and arc from node
i to node j, respectively, where | · | is the cardinality of
a set. A flow F is a function of A, i.e., F : A → R+ ,
with F(i, j) denoting the flux in arc (i, j). Each arc (i, j)
is associated with a capacity interval [Lij , Uij ], where Lij
and Uij denote the minimum amount and the maximum
amount that can flow on the arc (i, j). A flow must satisfy
the capacity constraints, i.e., Lij ≤ F(i, j) ≤ Uij , ∀(i, j) ∈
A. Each arc is also associated with a linear
P cost per unit of
flow: Cij . The total cost of a flow F is (i,j)∈A Cij F(i, j).
Each node i ∈ V is associated with a real number b(i),
termed as the divergence. b(i) > 0 suggests that node i is
a source node, and the amount of flow is generated from
this node; b(i) < 0 means that node i is a sink node, and
the amount of flow is destroyed at this node, and b(i) =
0 indicates that the amount of flow entering the node is
equal to the amount of flow leaving the node. A valid
flow in a network must satisfy the ”divergence conserved
constraint.” That is, the total amount of flow created at
the source node is always equal to the total amount of
flow destroyed at the sink node, and the rest of the nodes
have a divergence of 0. The minimum-cost maximum
flow problem is to find as much flow as possible from the
source nodes to the sink nodes but at the minimum-cost
subject to the capacity and divergence constraints. For
more details of network flow and relevant algorithms,
see [34].
A set of paths in G is edge-disjoint if each edge in
G appears in at most one of the paths. Similarly, a set
of paths in G is node-disjoint if they do not have any
node in common, except for the source and the sink. For
a given integer k, the disjoint paths (DP) problem is to
find k paths P1 , P2 , · · · , Pk from the source to the sink
such that the paths share no common arcs (or nodes).
In this paper, we treat the mesh-connected processor
array as a network, where each logical column is regarded as a path from a source to a sink and all the paths
are node disjoint. Thus, our aim is to find the maximum
number of node-disjoint paths with a minimum total
cost for constructing the high performance VLSI subarrays. As pointed out in [34], [35], the DP problem with
a minimum total cost of a graph can be solved in polynomial time by applying standard network flow methods,
which is equal to solve the minimum-cost maximum
flow problem. Thus, the problem for constructing highperformance VLSI sub-arrays can be solved in polynomial time by using efficient network flow methods.

3

P ROBLEMS

AND PREVIOUS ALGORITHMS

In this section, we provide the definitions of the problems studied in this paper and briefly review the previous algorithms. Let R1 , R2 , · · · , Rm be the rows of
the given host array. Without the loss of generality, we
assume that the target array contains the selected rows

Fig. 3. Short and long interconnects.
R1 , R2 , · · · , Rm . Here, a target array T is said to contain
the selected rows if each logical column in T contains
exactly one fault-free PE from each of the selected rows
[14], [30].
Problem P. Given an m × n mesh-connected host array,
find a maximal sized target array (MTA) that contains the
selected rows under the constraint of row bypass and column
rerouting.
The problem P is optimally solved in linear time by
applying the greedy column rerouting (G CR) algorithm
[14]. All operations in G CR are conducted on the lower
adjacent sets, and the logical columns of the target array
are constructed in a left-to-right manner one by one. For
generated a logical column, the G CR algorithm initially
selects the leftmost fault-free PE, say u, of the row R1 as
the first element of the logical column. Next, the leftmost
PE in Adj + (u), say v, is connected to u. This process
is repeated as follows: In each step, G CR attempts to
connect the current PE u to the leftmost PE of Adj + (u),
which has not been previously examined. If there does
not exist any valid PE in Adj + (u), then the connection is
not made, and a logical column that contains the current
PE u cannot be formed. This leads to backtracking to the
previous PE w that was connected to u, and attempting
to connect w to the leftmost and unexamined PE of
Adj + (w) − u. This process is repeated until either a
PE v in the last row Rm is connected to a PE in the
previous row Rm−1 or G CR backtracks to the PE in R1 . In
each iteration, G CR produces the current leftmost logical
column. A detailed description of G CR can be found in
[14].
Theorem 1. G CR solves the problem P in linear time and
produces the maximal sized target array [14].
As shown in Fig. 3, there are six possible types of
link-ways for a target array [30], [31], [33], which can
be categorized into two classes based on the number
of switches used. One is called the short interconnect
that uses one switch to connect neighboring PEs, while
the other is called the long interconnect that uses two
switches. In Fig.3, (a) and (d) are short interconnects,
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(a) MTA

(b) HPTA

Fig. 4. Example of MTA and HPTA.

while the others are long interconnects. Note that (a),
(b) and (c) are used for row rerouting, while (d), (e) and
(f) are used for column rerouting.
Suppose that the length of a short interconnect is
d and the width of a PE is w. Thus, the length of a
long interconnect is d/2 + w/2 + d + w/2 + d/2, i.e.,
2d + w. Notably, the large part of a long interconnect
usually is the width w of a PE, as d corresponds to the
distance between two PEs [33]. Obviously, the smaller
the number of long interconnects of the target array, the
lesser the routing cost, capacitance and dynamic power
consumption.
Definition 2. A maximal sized target array with the minimal
number of long interconnects is called the high-performance
target array (HPTA) [31].
Problem HP. Given an m × n mesh-connected host array,
find a high-performance target array under the constraint of
row bypass and column rerouting.
Figure 4 shows two target arrays on a 4 × 4 host
array with two faulty PEs. Both are maximal sized target
arrays. However, the left one is an MTA with six long
interconnects produced by G CR, while the other is an
HPTA with only two long interconnects.
Wu and Srikanthan have shown that the problem HP
is very hard for a host array of arbitrary sizes with the
random distribution of faulty PEs. This is a classical
combinatorial optimization problem, and there exists at
least one instance where the problem HP takes at least
Ω(2m ) time to be solved [31].
Suppose that Bl is the ith logical column generated
by G CR [14] in the left-to-right manner, and Br is the
(k−i+1)th logical column generated by G CR in the rightto-left manner (where k is the total number of logical
columns). Then, A[Bl , Br ] indicates the area that consists
of the PEs bounded by Bl and Br (including Bl and
Br ). A[Bl , Br ) indicates the same area as above including
Bl but excluding Br . As presented in the reference [30],
Bl and Br are not independent, i.e., there must exist at

least one intersection between Bl and Br , and the area
A[Bl , Br ] is the largest area available to produce the ith
logical column of the target HPTA.
A LG06 is the first algorithm for reducing the number
of long interconnects in the logical columns of the MTA.
Given an MTA with the columns C1 , C2 , · · · , Ck , where
k is the maximal number of logical columns, A LG06
eliminates as many of its long interconnects as possible
in the column by column manner and in the reverse
order of the columns, i.e., Ck , Ck−1 , · · · , C1 . In further
detail, A LG06 starts by refining the kth logical column Ck
on the area to the right of Ck (including Ck ), resulting in
a better logical column, say Yk , to the area. Then, A LG06
works on the area A[Ck−1 , Yk ), refining Ck−1 to a better
one, say Yk−1 , followed by working on A[Ck−2 , Yk−1 )
resulting in Yk−2 , and so on , until the better logical column Y1 in A[C1 , Y2 ) is produced. Notably, each resultant
logical column Yi is the shortest to the corresponding
area, for i = k, k − 1, · · · , 1. This is because, A LG06
regards Yi as the shortest path from row 1 to the row
m in the corresponding area of the host array, where
the shortest path is calculated by developing a dynamic
programming approach. For further details, see [30], [31].
Unlike A LG06, A LG14 first refines the middle (bk/2cth)
logical column for the whole host array. After obtaining
the middle logical column Cmid , where mid = bk/2c, the
host array is divided into two parts by Cmid , then ALG14
recursively straightens the middle logical column based
on a divide-and-conquer strategy on the left and right
areas of Cmid , respectively. For generating the area at
which the middle logical column located, ALG14 initially
uses the algorithm G CR to construct the first leftmost
logical column C1L and the first rightmost logical column
C1R in the left-to-right manner and right-to-left manner,
respectively. If C1L touches C1R , the area to generate Cmid
is A[C1L , C1R ]. Otherwise, A LG14 alternately constructs
the j th leftmost logical column CjL and the rightmost
L
R
logical column CjR in the area A(Cj−1
, Cj−1
), for j =
L
R
L
2, 3, · · · , until Cj touches Cj−1 or Cj touches CjR . For
further details, see [33].
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(a) Simple network of MTA.

(b) Simple network of HPTA.

Fig. 5. Simple network of Fig.4.

It is evident that the essential difference between
A LG06 and A LG14 is the chronological order used to
refine each logical column. Although we can obtain the
largest area of each logical column of the target array by
using the G CR algorithm [30], these areas often overlap
each other, which leads to the number of long interconnects of the target array being different due to the
various chronological orders used to refine each logical
column. Neither algorithm A LG06 nor algorithm A LG14
can guarantee that the target array has the minimal
number of long interconnects.
As shown in Fig. 4, it is clear that there is no PE or link
in common for any two logical columns. Let U be the set
of logical columns in the target array that pass through
each of the rows, i.e., U = {C1 , C2 , · · · , Ck }. Thus, we
define a partial order on logical columns in U as follows
[30], [31].
Definition 3. For any two logical columns, Cp and Cq , p 6=
q:

1) We say that Cp < Cq if the ith PE in Cp lies to the left
of the ith PE in Cq for 1 ≤ i ≤ m.
2) We say that Cp ≤ Cq if the ith PE in Cp lies to the left
of, or is identical to, the ith PE in Cq for 1 ≤ i ≤ m.
3) We say that Cp and Cq are independent, if Cp < Cq or
Cp > Cq .
Thus, the target array T consists of k independent
logical columns that pass through each of the rows, and
all the columns of T has a partial order as C1 < C2 <
· · · < Ck .

4

N ETWORK - FLOW

MODEL OF RECONFIGURA -

TION

4.1 Motivations
Given a host array H of size m × n, let R1 , R2 , · · · , Rm
be physical rows of H. To simplify the description of
the method, we assume all the physical rows are the
selected rows for inclusion into the target array. Then, it
is obvious that the host array can be divided into several
layers due to the simplicity and structural regularity
of mesh. Each layer corresponds to a row in the host
array. Thus, we can treat the host array as a layered
directed graph G = (V, E), where V is the set of nodes
representing the fault-free PEs in the host array and E
is the set of arcs representing the valid interconnects. In
addition, if we add a source node s and a sink node t
to G such that each PE u in R1 has an arc from s to u
and each PE v in Rm has an arc from v to t, we obtain
an m + 2 layered directed graph G0 (V, E, s, t).
For instance, Fig. 5 shows the sample graph derived
from Fig. 4, where both figures are a six-layered graph
containing 16 nodes. Here, we only drew the arcs related
to s and t to keep the graph simple. Then, there are some
paths from s to t (s-t path for short). From Fig. 5, it is
evident that each logical column of the MTA or HPTA
is part of a s-t paths. However, as mentioned in the
previous section, neither MAT nor HPTA has a common
PE or link that belongs to any two logical columns, and
all logical columns keep a partial order in the left-to-right
manner on the host array. Thus, all the s-t paths of the
graph must be node-disjoint and have a partial order like
logical columns to guarantee a one-to-one relationship
between the s-t paths and logical columns. The difference
between (a) and (b) is that (b) holds the maximal number
of s-t paths with the minimum total length (cost), i.e., the
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(a) Model after introducing arcs.

(b) Final model after splitting the nodes between layer 2 and layer 3.

Fig. 6. Network-flow model of a 4 × 4 host array.

minimum number of long interconnects.
Thus, the reconfiguration problem of the VLSI array
under the constraint of row bypass and column rerouting
can be considered as a nodes-disjoint paths problem in
the graph G0 (V, E, s, t). For constructing an MTA, it is
equal to find the maximum node-disjoint paths such that
each path has a partial order. In addition, the problem of
constructing an HPTA is equivalent to find the maximum
nodes-disjoint paths with a minimum total cost such that
each path has a partial order.
In the following section, we will give the details for
constructing the network flow model from the host array
and prove that this method is correct.
4.2 The network-flow model of HP
For a given m × n host array, our goal is to build
the corresponding network. In the host array, each PE
u is connected by switches. However, because of the
limitation of compensation distance, in practice, at most
six PEs can be connected with PE u, one half of which
is in the (row(u) + 1)th row, while the other is in the
(row(u) − 1)th row. It is said that if we treat such a PE
as a node in the network, then the node has at most three
arcs emanating itself and at most three arcs entering it.
Thus, with two specified nodes, s and t, we can obtain
a network N = (V, A, s, t), where V is a set of nodes, A
is the set of arcs, s is the source node, and t is the sink
node. The nodes of the network are divided into m + 2
layers counting from 0 to m+1. There is only one source
node in layer 0, while the sink node is in layer m + 1.
The nodes in layer i correspond to the fault-free PEs in
the ith row in the host array, for i = 1, 2, · · · , m.
We introduce an arc from the source node to each
node in layer 1 and an arc from each node in layer

m to the sink node. Generally, the successors of the
nodes in layer i are set to the node in layer i + 1, for
i = 1, 2, · · · , m − 1. For the node u in layer i and the
node v in layer i + 1, if v ∈ Adj + (u), we introduce an
arc from node u to node v. Meanwhile, we assume that
all the arcs have the unit capacity, which generally is
1 for simplicity. Because the PEs of the host array are
interconnected by single-track switches, each link in the
host array is used only once. The cost of the arc from u
to v is defined as c(u, v) = |col(u) − col(v)|, i.e., the cost
of a short interconnect and a long interconnect are 0 and
1, respectively. However, we do not need to consider the
interconnects of row rerouting, because the host array is
reconfigured under the row bypass and column rerouting
constraint, i.e., the ith logical row must lie in the ith
selected row in the host array. When the process of the
reconfiguration is finished, the position of the logical row
is uniquely determined.
Figure 6(a) shows an example of the directed graph of
a 4×4 host array with two faults. There are 16 nodes with
27 arcs, and the nodes of the network can be divided
into six layers. The vertical arrow line indicates the short
interconnect and the oblique arrow line indicates the
long interconnect. As can be clearly observed, there are
at most four s-t paths in the network. But as mentioned
in Section 4.1, no two logical columns (s-t path in the
network) have the same PEs (or node in respect of the
network). These four s-t paths clearly do not satisfy this
constraint. In network flow algorithm, we cannot directly
limit that at most one s-t path passes through a node,
but an arc can be guaranteed to belong to at most one
s-t path by setting the capacity of the arc to 1. Thus, to
guarantee that each node belongs to at most one s-t path,
we split each node u in N , other than s, t and the nodes
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in layer 1 and layer m, into two node u0 and u00 and add
an arc from u0 to u00 . All the arcs in N entering node u
now enter node u0 and all the arcs emanating from node
u now emanate from node u00 . The similar technique
can be found in the reference [34]. Notably, the arc from
node u0 to u00 is considered as a short interconnect, such
that the capacity and cost of this arc are also 1 and 0,
respectively, then at most one s-t path can pass through
this arc, i.e., it guarantees that at most one s-t path can
pass through node u0 and u00 , which is equivalent to the
requirement that node u belongs to at most one s-t path
in the original graph. Figure 6(b) illustrates the result of
Fig. 6(a) produced by the above method. It is evident that
there are at most three s-t paths. The maximal number
of s-t paths in Fig. 6(b) is equal to the maximal number
of logical columns in the MTA.
However, if we want to keep the partial order of the
logical columns of the target array, we must guarantee
that there does not appear to be any case that any
two node-disjoint paths have some arcs crossing each
other, as the node-disjoint paths exhibit a one-to-one
relationship with the logical columns, and the nodedisjoint paths also need to keep a partial order. To ensure
this, we define a partial order on the node-disjoint paths.
Definition 4. For any two s-t paths, πγ and πι , γ 6= ι,
1) We say that πγ < πι if the ith node at level i in πγ lies
to the left of the ith node at level i in πι for 1 ≤ i ≤ m.
2) We say that πγ ≤ πι if the ith node at level i in πγ lies
to the left of, or is identical to, the ith node at level i in
πι for 1 ≤ i ≤ m.
3) We say that πγ and πι are independent, if πγ < πι or
πγ > πι .
As shown in Fig. 6(b), only the oblique arrow lines
between layer 1 and layer 6 have the possibility to be
crossed, which correspond to the long interconnects. This
case leads to sharing the same physical track between
two long interconnects, which does not satisfy the demand that the neighboring PEs are connected to each
other by a 4-port single-track switch.
Therefore, if we use N 0 = (V 0 , A0 , s, t) to denote the
network derived from the host array, where V 0 is the
set of nodes and A0 is the set of arcs after splitting, s is
the source node and t is the sink node, then we have
the following lemma to show that all the node-disjoint
paths with a minimum total cost of N 0 are independent.

disjoint paths problem in this paper can be solved by the
successive shortest path algorithm [34], [36].
First, it is clear that if two node-disjoint paths exist
−
→
→
−
such that the arc ad intersects the arc bc, the node c and d
must be available. Suppose that the length |πsa | = |πsb |,
and that the shortest (with respect to the arc costs) s-t
path P1 of the residual network passes through node a
−
at the moment, i.e., path P1 consists of πsa , →
ac, and πct ;
−
→
or πsa , ad, and πdt ; then, our goal is to show that it is
−
→
→
−
impossible for the arc ad to intersects the arc bc. Thus,
we only need to prove that path P1 cannot pass through
node d. Here, there are three cases where this is true
caused by the length of the paths πct and πdt .
−
→
−
1) If |π | < |π |, then |π + →
ac +π | < |π + ad+π |.
ct

dt

sa

ct

sa

dt

Thus, path P1 must pass through node c.
−
→
−
2) If |πct | = |πdt |, then |πsa + →
ac + πct | < |πsa + ad +
−
πdt | due to the length of arc →
ac being less than the
−
→
length of arc ad. Thus, path p1 must pass through
node c;
3) If |πct | > |πdt |, and |πct | − |πdt | = 1, then |πsa +
−
→
→
−
ac + πct | = |πsa + ad + πdt |. In this case, no matter
which nodes (node c or d) path p1 will pass, P1
has the same length. However, at this moment, the
shortest path from node a to the layer of node c
−
and d is →
ac. The successive shortest path algorithm
will choose node c to be the next node. Thus, path
p1 must pass through node c. On the other hand,
−
if |πct | > |πdt |, and |πct | − |πdt | > 1, then |πsa + →
ac +
−
→
πct | > |πsa + ad + πdt |. In this case, path P1 will
not be the shortest path of the residual network,
→
−
as there exists a path P2 that consists of πsb , bd,
and πdt such that the length of P2 is less than that
of P1 . This is contradictory to the hypothesis that
the shortest s-t path of the residual network passes
through node a at the moment.
Thus, from the above analyses, we conclude that no
case exist where any two arcs of these paths will cross
each other. All the node-disjoint paths with a minimum
total cost of the network N 0 from the source node s to
the sink node t are independent.

Lemma 1. For a given network N 0 = (V 0 , A0 , s, t), all the
node-disjoint paths with a minimum total cost between the
source node s and the sink node t are independent.
Proof: To show that all the node-disjoint paths with
a minimum total cost are independent, we just need
to prove that there does not exist a case that any two
arcs of these paths will cross each other. As shown in
Fig. 7, let πsa and πsb indicate the path from the source
node s to node a and node b, respectively; then, πct
and πdt indicate the path from node c and node d to
the sink node t, respectively. We assume that the node-

Fig. 7. Crossed node-disjoint paths.
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It is worth pointing out that the result of Lemma 1
is also satisfied by other minimum-cost flow algorithms
in the network N 0 = (V 0 , A0 , s, t), such as the capacity
scaling and cost scaling algorithms. Thus, we can obtain
the independent node-disjoint paths by using more efficient minimum-cost flow algorithms. According to the
definition of the independent node-disjoint paths and the
result of Lemma 1, it is easy to find that all the nodedisjoint paths with a minimum total cost have a partial
order as P1 < P2 < · · · < Pk corresponded to the order
of logical columns in the target array.
In order to produce the optimal solution, our method
also needs to maximize the number of node-disjoint
paths in the network N 0 such that it is equal to the
maximal number of logical columns in the target array.
To this end, the following lemma is presented to explain
the relationship between the number of logical columns
in an MTA and that of the node-disjoint paths with a
minimum total cost in the network N 0 .
Lemma 2. For a given network N 0 = (V 0 , A0 , s, t), the
maximal number of node-disjoint paths with a minimum total
cost in the network N 0 is equal to the maximal number of
logical columns in an MTA.
Proof: Generally, in the case of all the node-disjoint
paths with a minimum total cost in the network N 0 ,
it is obvious that any node-disjoint path corresponds
to a logical column in the target array. As shown in
[15], the maximum number of logical columns can be
obtained using the G CR algorithm. Assume that there are
k logical columns generated by the G CR algorithm; then,
the network N 0 will have at least k node-disjoint paths.
However, if there are actually k + 1 node-disjoint paths
in the network N 0 , then, we can find another logical
column that consists of the PEs corresponding to the
nodes in the (k + 1)th node-disjoint path. Thus, there
are k + 1 logical columns. This is inconsistent with the
hypothesis. Hence, the maximal number of node-disjoint
paths with a minimum total cost in the network N 0 is
equal to the maximal number of logical columns in an
MTA.
Suppose the proposed method takes O(t1 + t2 ) times,
where t1 and t2 are the time required to construct the
network N 0 and solve the problem of node-disjoint paths
with minimum total cost in N 0 , respectively. It is clear
that t1 is liner and t2 is polynomial. Thus, the final
time complexity of the proposed method is polynomial.
As is known that, the specific time complexity depends
on the particular minimum-cost flow algorithm as there
are kinds of algorithms to solve the minimum-cost flow
problem. For more details of the minimum-cost flow
algorithm, see [34] and [37].
From Lemmas 1 and 2, we conclude that the problem of constructing a high-performance target array can
optimally solved in polynomial time by using efficient
minimum-cost flow algorithm. The following theorem
summarizes this section.

Algorithm 1: N MHP(Network-flow Model of HP)
Input: an m × n host array.
Output: an m × k high-performance MTA.
Step 1: Construct an m + 2 layers network N with a
source node s and a sink node t, where node s is in
layer 0 and node t is in layer m + 1; The nodes in
layer i correspond to the fault-free PEs in the ith
row in the host array, for i = 1, 2, · · · , m.
for each node u ∈ layer 1 do
add an arc from s to u;
c(s, u) = 0;
for each node v ∈ layer m do
add an arc from v to t;
c(v, t) = 0;
for i = 1 to m − 1 do
for each node u ∈ layer i do
for each node v ∈ adj + (u) do
add an arc from u to v;
c(u, v) = |col(u) − col(v)|;
Step 2: Split each node u between layer 2 to layer
m − 1 in N into two node u0 and u00 , resulting in N 0 .
for i = 2 to m − 1 do
for each node u ∈ layer i do
u ⇒ u0 ∪ u00 ;
add an arc from u0 to u00 ;
c(u0 , u00 ) = 0;
all arcs entering node u now enter node u0 ;
all arcs emanating from node u now emanate
from node u00 ;
for each arc (u, v) ∈ N 0 do
Set the capacity of arc (u, v) to be 1;
Step 3: Call the minimum-cost flow algorithm to
calculate the flows from s to t and its costs. The
value of flows is the maximum number k of logical
columns and the value of costs is the number of
long interconnects of the target array.

Theorem 2. For an m × n mesh-connected host array, the
problem HP can be optimally solved in polynomial time by
using efficient minimum-cost flow algorithms.
From the above analysis, the proposed method, denoted as N MHP, can be formally described as Algorithm
1, which can be divided into three steps. The first step
is to construct an m + 2 layers network N with a source
node s and a sink node t from the host array. Next, for
guaranteeing that each node in network N only belongs
to at most one s-t path (i.e., a logical column), we split
the node u between layer 2 to layer m − 1 in network
N into two nodes u0 and u00 , resulting in a 2m layers
network N 0 . Finally, the minimum-cost flow algorithm
is called to calculate the flows from s to t and its costs,
where the value of flows is the maximum number k of
logical columns and the value of costs is the number of
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TABLE 1
Performance Comparison of Algorithms A LG 06, A LG 14 and N MHP for Random Faults of Uniform Distribution,
Averaged over 20 Random Instances.
Host array

Target array

Performance

Size
m×n

Fault
(%)

Size
m×k

L B of
nlis

64 × 64

0.1
1
5
10

64 × 63
64 × 61
64 × 55
64 × 48

128 × 128

0.1
1
5
10

A LG 06

nlis
A LG 14

N MHP

74
181
264
373

77
438
843
881

76
332
644
738

128 × 126
128 × 123
128 × 110
128 × 95

282
562
1074
1023

499
2644
4224
3856

256 × 256

0.1
1
5
10

256 × 253
256 × 247
256 × 222
256 × 193

1082
2124
3391
4613

512 × 512

0.1
1
5
10

512 × 508
512 × 495
512 × 447
512 × 388

2730
6462
12402
16196

imp14(%)

76
298
523
617

1.30
31.96
37.96
29.97

0.00
10.24
18.79
16.40

0.34
0.41
0.47
0.47

0.68
0.72
0.79
0.79

12.83
20.09
26.68
25.09

423
1725
3031
3051

393
1406
2419
2435

21.24
46.82
42.73
36.85

7.09
18.49
20.19
20.19

1.93
2.23
2.28
2.20

3.90
4.08
4.30
4.14

83.81
166.82
228.31
214.11

3634
14650
18878
17050

2547
9027
13396
13479

2216
7112
10303
10665

39.02
51.45
45.42
37.45

13.00
21.21
23.09
20.88

8.23
9.43
9.39
8.94

17.60
19.04
19.84
19.20

757.63
1622.31
2230.69
2068.36

24253
71758
81116
72021

13484
42408
58825
57321

11081
32089
44671
44524

54.31
55.28
44.93
38.18

17.82
24.33
24.06
22.33

52.18
56.98
55.22
51.82

109.71
119.04
119.18
114.28

7671.62
16537.40
21950.80
20771.50

long interconnects of the target array.
It is easy to find that the size of the final network N 0
is larger than the host array, which has 2m layers and
approximately 2(1 − ρ) · m · n nodes. Thus, to reduce
the size of the network, we identify PEs that cannot be
utilized to form a target array by using the technique
addressed in [26] and then regard those identified PEs
as faults, i.e., for any PE u in the host array, if Adj + (u)
or Adj − (u) is empty, PE u is treated as a fault.

5

Runtime(ms)
A LG 14
N MHP

imp06(%)

E XPERIMENTAL R ESULTS

We have implemented the proposed method N MHP and
the algorithms A LG06 and A LG14 in C++ language. The
implementation of the proposed method is based on the
LEMON library [37], a library for efficient modeling and
optimization in networks. We use the LEMON library
as a black-box, i.e., we do not modify any codes of
this library, and all the options are set as default. The
computer used to run these algorithms has a Intel(R)
Xeon(R) E5607 2.27GHz processor with 4GB of memory,
and the operating system is CentOS 6.4 Linux. All the
algorithms were compared against each other on the
same input instances.
Following most previous studies, such as the references [30], [31] and [33], our algorithms were tested on
both a random fault model and a clustered fault model.
In the random fault model, the faults are randomly
distributed in the host array, and the fault density ρ
ranges from 0.1% to 10% for the experiments. In the
clustered fault model, we model the clustered faults as
a subarray that has 80% random faults, and where the
location of fault clusters is randomly generated in the
host array.

A LG 06

Note that we use the Suurballe algorithm in the
LEMON library to implement the proposed method.
Suurballe algorithm is an algorithm for finding arcdisjoint paths with a minimum total length (cost) from
a given source node to a given target node in a digraph;
in reality, it is actually an efficient specialized version of
the successive shortest path algorithm [37].
The following notations are utilized in this section
for the performance evaluation of the algorithms. The
nlis and L B are the same as in [30], where nlis is the
number of the long interconnects of a target array, and
L B is the lower bound of nlis. L B is an optimistic
estimate of the optimal value of nlis, and is calculated by
ignoring the overlap of the area of each logical column.
So in most cases, the real optimal value of nlis cannot
reach the lower bound L B. For details of the method
for calculating L B, see [30].
• imp06: The improvement over A LG 06 in terms of
nlis, which is calculated by
(1 −
•

nlis of N MHP
) × 100%.
nlis of A LG 06

imp14: The improvement over A LG 14 in terms of
nlis, which is calculated by
(1 −

nlis of N MHP
) × 100%.
nlis of A LG 14

Table 1 presents the experimental results on the host
arrays of different sizes from 64 × 64 to 512 × 512, averaged over 20 random instances. The fault distribution
in the whole array is in a uniform way with four fault
densities, 0.1%, 1%, 5% and 10%, which correspond to
a random fault model. It can be seen that the nlis
values produced by N MHP are clearly less than those
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Fig. 8. Comparison of N MHP, A LG06, A LG14 and L B for random faults, averaged over 20 random instances.
TABLE 2
Performance Comparison of Algorithms A LG 06, A LG 14 and N MHP for Clustered Faults of Uniform Distribution on a
512 × 512 host array, Averaged over 20 Random Instances.
Clustered faults
Area
size
number

Target array

Performance

Size
m×k

L B of
nlis

16 × 16

1
2
4
8

512 × 483
512 × 481
512 × 475
512 × 462

32 × 32

1
2
4
8

A LG 06

nlis
A LG 14

N MHP

4510
6694
8875
8821

61896
58175
54534
48449

29420
32303
32434
29737

512 × 466
512 × 459
512 × 437
512 × 414

4414
8112
10898
14492

46721
46090
42134
40293

48 × 48

1
2
4
8

512 × 450
512 × 440
512 × 400
512 × 347

4265
10322
12536
13425

64 × 64

1
2
4
8

512 × 434
512 × 413
512 × 360
512 × 266

4174
8564
11316
11435

Runtime(ms)
A LG 14
N MHP

imp06(%)

imp14(%)

18536
20178
21521
20110

70.05
65.31
60.54
58.49

37.00
37.54
33.64
32.37

5.99
6.62
7.50
8.34

113.66
114.26
113.74
115.92

15743.50
16011.20
15612.50
17047.40

27815
31423
30117
30903

14934
19495
20149
23017

68.04
57.70
52.18
42.88

46.31
37.96
33.10
25.52

8.43
9.05
9.96
9.77

116.62
116.98
114.63
117.50

15210.90
16345.20
15771.90
17612.30

42867
43458
38171
33004

27116
31677
28688
26496

14762
21163
20602
20027

65.56
51.30
46.03
39.30

45.56
33.19
28.19
24.42

9.30
10.06
10.81
9.85

114.15
113.96
108.21
98.64

14238.60
16262.50
15100.60
14111.50

40881
41404
33476
24087

26813
27196
24882
19445

14992
18736
18241
15671

63.33
54.75
45.51
34.94

44.09
31.11
26.69
19.41

10.57
10.28
11.47
9.40

118.22
116.06
108.68
87.23

14596.60
15629.90
14054.20
10756.30

produced by A LG 06 and A LG 14, and are also nearer to
the lower bound. On the 512 × 512 host array with 1%
faults, for example, the nlis values are 71,758 and 42,408
for A LG 06 and A LG 14, respectively, while these values
are significantly reduced to 32,089 by N MHP; thus, the
improvements on nlis over A LG 06 and A LG 14 are great
than 55% and 24%, respectively. Generally, in the case
of a smaller fault density, such as 0.1% ≤ ρ ≤ 1%,
the improvement on nlis increases with increasing fault
density. However, for 5% ≤ ρ ≤ 10%, the improvement
on nlis decreases with increasing fault density. This
phenomenon is caused by the decreased ratio of the
logical column for the smaller fault density being lower
than that for 5% ≤ ρ ≤ 10% with increasing fault density.

A LG 06

A LG14 and the lower bound on the number of long interconnects (nlis) for random faults. It is clear from both
figures that N MHP significantly improves the previous
algorithms, as the nlis of N MHP is closer to the lower
bound. However, it is worth pointing out, as mentioned
in the beginning of this section, that the lower bound
of nlis can not be achieved in most cases, as the logical
columns with the lower bound have the possibility to
use the same PEs and links [30]. The results in Fig. 8(a)
is collected on 128×128 host array with 0.1%, 1%, 5% and
10% random fault density. For the low fault density, all
the three algorithms are nearly optimal as their nlis are
close to the lower bound. However, with the increasing
fault densities, N MHP significantly outperforms A LG06
and A LG14.

Figure 8 shows the comparison of N MHP, A LG06,
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Fig. 9. Comparison of N MHP, A LG06, A LG14 and L B for clustered faults on 512 × 512 host arrays, averaged over 20
random instances.
Fig. 8(b) also reflects an significant improvement of
N MHP over A LG 06 and Alg14, especially for host arrays
of lager size. For example, the improvement over A LG 06
and A LG 14 is 46.82% and 18.49% for a host array of
size 128 × 128 with 1% faults, while they are 55.28%
and 24.33% for a host array of size 512 × 512 with 1%
faults, respectively. Moreover, from Table 1 and Fig. 8, it
is evident that imp14 is always less than imp06, which
reflects the fact that A LG 14 is more efficient than A LG 06
[33].
Table 2 shows the data for the uniform fault distribution in different localized portions of the mesh to
exhibit the clustered fault model. In Table 2, the data are
averaged over 20 random instances, for a 512×512 sized
host array. The clustered fault area consists of 16 × 16
PEs, 32 × 32 PEs, 48 × 48 PEs and 64 × 64 PEs, and the
number of the clustered fault areas in the host array
is set to 1, 2, 4 and 8, respectively. Except for these
fault clusters, the random fault density is set to 1%.
The investigations reveal that, the improvement is more
significant on a relatively small clustered fault area. For
example, the improvement of N MHP over A LG 06 on a
host array with single 16 × 16 clustered faults is 70.05%,
and it becomes 68.04% and 65.56% on host arrays with
single clustered faults of 32 × 32 PEs and 48 × 48 PEs,
respectively. This is because the ratio of inherent nlis to
the total interconnect units of the target array tends to
increase with the increasing faults.
Figure 9 shows the comparison of N MHP, A LG06,
A LG14 and the lower bound on nlis for clustered faults.
The data are collected for the 512 × 512 host arrays,
averaged over 20 random instances. From Fig. 9(a) and
Fig. 9(b), it is obvious that the improvement of N MHP
over A LG 06 and A LG 14 decreases with the increasing
number of clustered fault areas. For example, in Fig. 9(a),
the improvement of N MHP over A LG 06 is 68.04% on
the single clustered faults of 32 × 32, while it is 42.88%
on 8 clustered faults. This happens because the number

of logical columns in the target array rapidly decreases
with the increasing number of the clustered fault areas.
On the other hand, Fig. 9(b) indicates that improvement
of N MHP also decreases with the increasing size of
clustered fault area despite there is the same number
of the clustered fault area.
From both tables, however, the run time of N MHP
is longer than A LG06 and A LG14. There are two major causes of this phenomenon. On the one hand, the
network-flow model constructed by the proposed technique is enormous. As described in Section 4.2, the
network has 2m layers and approximately 2(1 − ρ) · m · n
nodes. For example, there are about 519,045 nodes for
a 1024 layers network derived from a 512 × 512 host
array with 1% fault density. On the other hand, the time
performance of the proposed technique depends heavily
on the efficient implementation of the minimum-cost
flow algorithm. Compared with the open source library
LEMON, lots of high-efficiency commercial software for
modeling and optimization in networks, such as CPLEX
[38], can be utilized to achieve a more efficient time
performance in practice.
It is clear that, in all the cases, the proposed method
N MHP gives much better results than the A LG 06 and
A LG 14 algorithms. However, in the clustered fault
model, N MHP is more efficient than that in the random
fault model. The reason for this phenomenon is that
there are excessive overlaps between the local areas in
the clustered fault model, which leads the performance
of A LG 06 and A LG 14 is worse than that in the random
fault model. Thus, we can say that, for all the cases, the
proposed method gives a high-performance target array
that leads to the lesser communication costs, capacitance
and dynamic power consumption.

6

C ONCLUSIONS

We have presented a novel reconfiguration technique to
construct a high-performance target array on a mesh-
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connected degradable VLSI array under the row bypass
and column rerouting constraint. The major advantage
of the proposed technique is that it is capable of optimally constructing a high-performance VLSI subarray
in polynomial time, which has the least number of
long interconnects. This leads to less communication
costs, capacitance and dynamic power dissipation while
improving the overall reliability. The proposed technique
first establishes a network flow model of the host array
and then models the reconfiguration problem of highperformance VLSI subarray as the node-disjoint paths
problem with a minimum total cost in the network.
Thus, we can optimally construct a high-performance
VLSI subarray in polynomial time by using efficient
minimum-cost flow algorithms. As compared with thestate-of-the-art described in the literatures in terms of
the number of long interconnects, the proposed method
achieves significant performance. The experimental results clearly demonstrate the superiority of the proposed
technique for both random and clustered faults in the
VLSI array. In the future, we will consider reducing the
size of the network and designing efficient algorithms
for this special network to further improve the time
performance for constructing a high-performance target
array. Furthermore, the other factors, such as the temperature of the PEs, will be considered to add to the
network for further improvement of the operability and
dependability of the system.
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